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Abstract— This paper describes a virtual museum with ~ phenomena can involve students. Moreover, by progid
introduces the interactive VR and MEMS applications  various interactive hands-on paths, it is possitile
this museum, the user can learn the history of thdynamical topics like physics and mathematics. Furthermorees
systems and build the Chua’s circuit, connecting ito an the pioneering experiments in hands-on approach of
interactive screen in order to visualize chaotic Hsavior, and . . .
Museums such as La Villette, Paris, The Exploratuari

changing the systems parameters. Thus he/she wikalize : ) h :
artistic artifacts, transforming attractors into sounds and  San Francisco (just to cite a few), a Virtual Musehas

music. Regarding the educational path, we carriedt an ~ become a compelling metaphor by which it is posstbl
experimentation with students of different school ankings.  create high scaffolding educational environments.
Then, we used these emotional- driven activities to The aim of this paper is to present a VirtMaiseum
implement the Virtual Museum of Chua’s Attractors, also  in which visual and auditory representations ofe¢hr
with the aim to widen the _ex_perimentation t_)y the ne The dimensional chaotic and complex objects show the
paper presents a description of the virtual museum  gimpjicity of science learning. This tool has naeh
architecture and a detailed explanation of its apptations. designed for advanced users and is an easy-tceasyg;
to learn, and stand-alone environment. In particulae
present the user’s interaction we have plannedderao
advance her/his capability to understand chaos and
complexity.

l. INTRODUCTION The paper has 5 sections: Section 2 introdsciesice
The advantages of integrating techn0|ogies in edtuca dissemination and the use of new teChnOIOgieS.i(BEGt
environments have been widely discussed in liteeafls, ~ Presents the main scientific topics displayed &\frtual
2]. Nowadays, Virtual Reality allows the creatioh o Museum. Section 4 deals about the virtual envirattme
multimodal and multi-activities environments foiiestce ~ With a detailed description of the interaction syss we
education, by which the user can have an active rolhave developed. Section 5 concludes the paperdngyi
exploring the contents and learning by doing oyipig.  future directions of this work.
Hence, the virtual space is not only a tool for
representation, but also a tool for action andrauton,
integrating constructivist theories as well [3]. Ma
authors suggest that the interaction with virtualScience learning could be also a creative actmwitych
environments and immersive 3D scenes involve§an also involve the students’ emotional-cogniside if
learning, but not all the environments imply ediaaf4, they are rightly motivated to develop scientific dan
5]. The users can learn and improve their skilsduse creative artifacts by using different multimediaol®o as
the interaction mechanisms strongly stimulate dbgni images, sound and music. We think that it is esaletat

capacities such as eye-hand coordination and visudransmit this message to young generations in oraler
spatial representations. involve them into scientific studies. Traditionallyn

) ) formal context, such activity needs to be learntain
_Virtual environments could be used to presem a (igorous way, missing the creative side of sciewbich
disseminate many scientific topics [6]. Moreover,is” instead experienced by scientist [8]. Museum and
a_udltory d|_splay techniques combined Wlth_ immersiVescience centre are becoming places where a strongly
virtual environment could be used both to improlie t interaction among scientific research, art, crétgtiand
comprehension of scientific phenomena by using 3Dypjications of new technologies are increasingly
modeling and music, and to use science for artistieyeloped. A wide number of interactive exhibite ar
purposes [7]. Many authors suggest that digitainié@  ncorporated into galleries in order to enhance the
application can stimulate students’ interest alsoatplex \jsiiors’ experience [9, 10]. Frequently museumsspnt
scientific topics. The students’ lack of interesttoi  oyhibitions developed to facilitate new forms of
scientific topics originates from the difficulty to articipation in science, and often attempt to
understand  specific phenomena. However,  the ISOmmunicate science in novel ways to the publicniva

visualization of scientific objects, associatedhwieal- ,useums in the world exploit the new media poténtia
time interaction, and the simplification of the quex

Index Terms—Chaos, Virtual learning technologies, Science
dissemination.

Il.  SCIENCE DISSEMINATION AND NEW TECHNOLOGIES
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and offer concrete opportunities for learning andcomplex system is a collection of many simple roedir
education. units that operate in parallel and interact locally
Basic research and science communication arg veproducing an emergent behavior.
crucial and important aspects for progress and A complex dynamical system evolves in the spafce
development. The lack of interest in key sciengac® phases (the set of variables that define the sththe
and mathematics has been linked to the way they amystem) delineating a particular evolution. In Chao
taught from the earliest age. Therefore, greatgshaxsis Theory, we consider non-linear dynamical systena th
needs to be placed on the development of moreteffec evolve in an unpredictable behavior from initial
forms of learning method, and analytical skillsvesdl as  conditions, even though their behavior is deterstii
the improvement of techniques for stimulating imsic  and well structured. Chaotic systems exhibit both
motivation for learning science. Many researcheswsh complex behavior and stable dynamics in a wellroefi
that learning by non traditional methods is a sasfié  region of space known as "attractor".
experience. Research in Psychology indicates tttatea Chaotic attractors themselves are markedlyepat,
learning (the physical construction of knowledgeusing  often having elegant, fixed geometric structuresspite
the hands in coordination with the eyes) -couldthe fact that the trajectories moving within theppear
remarkably enhance students’ learning efficiency].[A  unpredictable. The geometric shapes of the chaotic
rich interaction can offer participant feelings ahénce, attractors are the order underlying the appareabsh
benefit students’ active learning, and promote b  Chua's oscillator [14, 15] is a canonical system for
effects. An immersive environment allows a directresearch in chaos, since it can be realized iralwerld
approach to science, influencing the formationritfoal  setting as a simple electronic circuit. It is theest
thought, the development of psychological and docieelectronic circuit in which the presence of chaas heen
relationship, scaffolding the learning process. Tisers proved mathematically. The circuit exhibits a ricriety
are active subjects in the virtual environment keadn by of bifurcations and chaos and it has become a arad
performing different activities. On the side of teyestem  for chaos theory [16, 17, 18, 19]. For these resason
development, the construction thfe Virtual Museunof  Chua's Oscillator and its mathematical model candes
Chua’s Attractorshas been an interdisciplinary effort in many different tasks such as research on naatin
and many problems of attractors representation idynamics and chaos, chaos theory demonstration, and
graphics have been already solved [12], but afletork  also for educational purposes and science disséntna
needs to be done. Due to the difficulty of chaosThe Lorenz attractor generates only few classes of
visualization, the quality of the interaction with dynamics and their associated patterns [20]. On the
dynamical systems that it is possible to realizd #re  contrary, Chua’s circuit, and all the systems basedthe
development of compelling paths on complexity andcircuit, produces a broad variety of chaotic stues, of
chaos is still at the beginningVe want to exploit the many different shapes and sizes [21]. Today moaa th
cognitive advantages of learning by a virtual museén  one thousand attractors have been visualized [22FP@
an immersive audio-visual three-dimensional scdie  variety and richness of the chaotic shapes prodiged
complexity of many physical phenomena can't belgasi Chua’s circuit and its generalizations inspired ithea of
understood, this is even at the base of the chas#ab creating a Gallery to collect them. The Gallerywshdhe
mythological concept developed by the ancient Gseek complexity and the beauty of the chaotic patternd a
Contemporary science tried to understand the piesi presents science through an artistic interpretation
of chaos theory. In particular, Chua [18yented the first Simulation of chaos produces not only a wide varagt
circuit able to visualize chaos. In the followin@ gears three dimensional model of attractors but also rich
of research on this topic, many studies haveollection of sounds and music [27].
experimentally, mathematically  and physically
demonstrated chaos. This effort changed the way we
perceive science and the scientific discoveriesoiciety,
developing larger and more complex visions of the The virtual museum software architecture is as Emp
phenomena. Basically the aim of research is to apen as powerful.
new access to science matter for everybody andmgt There are only three different layers: one for Hiagd
for scientists. In this view, the Virtual Museum Wave user interface, one for managing scenes, and angCfo
developed try to activate a new way of learningsce, Audio and 3D Video render (simply called Render
linking our everyday life to scientific improvemenfThe Engine). The user interface layer can receive aadage
museum promotes also collaborative and social sskill the inputs provided by different user controlless\alii-
based on shared learning and joint activities amongote, mouse and keyboard. Then the processed input
students. signals are control by the scene manager that epdaé
user’s avatar position and the point of view.
The scene manager also sends requests to rendae eng
for drawing the virtual 3D world and playing sosnahd
music from exposed objects. The main employed
Chaos and Complexity theories are some ofbset technologies (Fig. 1) comes from free and open c&ur
remarkable achievements of science in tHE@éhtury. A projects: users’ inputs are managed and filtered by

IV. EDUCATIONAL VIRTUAL MUSEUM

Ill.  CHAOS AND COMPLEXITY
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GlovePIE [28] and then translated in a compatisdyy  entertainment purposes. The setting consists ohgles
for the user interface layer. The Scene Manager3hd navigable area divided by panels showing pictures o
video Render are guied by Irrlicht [29]. The 3D mud attractors and chaotic evolution. The visitor camtml
rendering are controlled by OpenAL [30]. 3D Obijects his/her position by using the general map of museum
Musics and Sounds enjoyable in the virtual museanm, located on the right bottom site of the screen. The
generated at run-time in a systematic way, or rarhglo museum symbolically contains five sections, likeefi
different typologies of artistic productions comimgit

from chaotic system simulations. An avatar fundias
Users inputs guide in the space exploration (Fig. 2).

‘ User Interface Layer ‘

é Processed inputs

’ Scene Manager Layer ‘

é Rendering requests

‘ Render Engine Layer ’

(< 4 & L
3D Video i 3D Audio ’

Figure 1. Architecture.

. Figure 2. The avatar that accompanies visitoriénexploration of the
The Gallery of Chua attractors has become a V'rtua\}’irtual Museum of Chua’s Attractors. In the originaea of this

museum available both to researchers and to nodharacter, the avatar is Professor Leon Chua whwsithe different
specialists. Within the museum, visitors can malaifgu  patterns of chaos to the visitors.

the chaotic shapes, change their parameter vatueste ) ) ) ) ]
new attractors and listen to music and sounds gester Moreover he can interact with three dimensionalotica
by their dynamics. In this way, users can discavew objects. Models of attractors in rotation are pthde

and unexpected dimensions of chaos, beyond anythirfg?”trm position _and_ utter Fheir characteristicrabu
they could previously imagine. The first section is dedicatéa the attractors produced

Visitors to the museum are accompanied by aaav PY theChua’s Oscillator. The second section is dedicated

that acts as a guide. It describes the generd Present visual representation of pattegaserated by
characteristics of Chua systems and their genatilizs ~ the System with dimensionless equatioBsher sections
(including formal aspects) together with the display images from theubic functionsandsingle point
characteristics of the specific system the visgdooking ~ Of equilibrium systemsThe central parts of the Museum
at. The system allows visitors not just to admine t are dedicated to n-_scrohyper chaotlc_ and syr_1chron|zed
shapes but to manipulate them in a 3D environmengYStém. Many rotating attractors are in the middleach
using special glasses for stereoscopic vision @ftiapes 00, like sculptures. The user can listen to seumkden
and data gloves for interacting with the patternam he comes up to attractorSpecial cameras, mounted on
unconventional way. This kind of immersive intefant ~the sculptures, provide alternative views of theseum,
with an artificial world provides visitors with ansight ~ directly under the user's control. The novelty frinto
into the full complexity of chaos. The investigatiof ~ the last issue of Museum is a more user friendigrface
chaotic domain still requires much work. Nonethgles @nd @ new interaction system MEMS technology based.
there can be little doubt that the approaches and

technologies we have developed provide new ways @ |nteraction system

exploring chaos, and expanding our scientific krezlgke. Moving round the museum, the avatar (and the user)

can interact with attractors, listen to music aodrgls
A. Interface produced. The environment supports other forms of
The main goal of the virtual Museum of Chaomiske Interaction. By controlling the avatar users canveno
use of science in a creative approach and arougesity ~ ffom room to room interacting with the objects tteyd
and interest of a wide auditory about chaotic phesiea.  there. Moreover he can visualize, modify and hear the
The virtual Museum tries to realize a concrete igga €volution of chaotic trajectory. But the successsoth
edutainment tool that combines the educational an¥irtual “direct experience” depends heavily on tesign
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of interface and interaction techniques. For thressons,
the interaction between wusers and the
environment has been realized by

IMMETSIVE, Applications

In the Virtual Museum of Chua’s Attractors we bav
implemented 4 main sections, which correspond to 4
different types of interaction. In the first theeuscquires
knowledge on the main concepts related to chaos and
complexity theories, by some short video that hlaeen
realized for making simple difficult concepts.

In the second section, more action-oriented, the user
reconstructs the Chua’s circuit in 20 steps, bgrantting

in a 3D environment by using a computer screena in
room in which other people are making the sameviagti

The construction is visualized in a wide shared 3D
screen, and it is possible to use the single user's
interaction or the shared users’ interaction. Thamt
forth sections are about the visualization of patte
generated by chaos and the realization of sound and
music by using Chua’s attractors.

Figure 3. An user interacting with the environméyt using a Wii . L . o
Remotecontrolby Nintendo Entertainment System. The first section is related to stories on the Chuaaicuit.

On a wide 3D screen, which enables stereoscopignyis
an interface more usable and receptive to the siserthe history of the Chua’s circuit has been recamcséd in
needs, taking in account the experimentation wee hava film, which uses 3D VR and mixed VR technologies.
done in a real class situation [31]. Since natgesitures User can view the film and observe the 3D patténns
can improve the efficiency of the interaction bedwdhe stereoscopic vision to detect uncovered particulairs
learner and the interface for exploring chaoticpglsawe  these shapes. Furthermore he/she can operate itawrev
choose to use a Wii Remoteontrol by Nintendo the main stream of the story. A movie of this setthas
Entertainment Systelffrig.s 3 and 4). been devoted to the relationship among dynamical

We organized the museum like an immersive 30®ystems, human creativity and arts, especiallyaliauts
environment that links pedagogical issues with gamé32]. The educational aim of this section is toegsome
elements. The real-time interaction permit to esplo preliminary concepts about chaos, dynamical systems
scientific topic usually dedicated to specialists an  creativity and science, how it is possible to detbe
original fashion. The museum space contains a nainy beauty in these mathematical patterns and transfoem
components, and each encapsulates specific areddto sound and music.
sculpture of attractors, painting and agent-bastaiface.
Understanding the relationship between educationa(l:
needs and environment elements will allow us tcetbgy
the improvement of this educational museum.

The second section has an application whicwallthe
hua’s circuit construction. Users are in a roornwirich
they are connected to the 3D screen by a compitst.
they watch at a 3D short movie which illustrates2i
steps how it is possible to connect the circuitreets for
allowing the system’s working. Then they have tddu
the circuit by themselves both in real and virtual
environment. Again the activity could be done tsirggle
user or by many users together.

This method is based on the idea that the méatipn
experience can be very effective in this contekiydral
construction of the electronic circuit can stimalahe
creativity and curiosity of the students, coversigp by
step the assembly of circuit components. The image
Fig. 5 shows “The Chua’s Circuit Virtual BuilderThe
arrows in the down corners of the screen allow tiead
user’s interaction which consent the users to raeig
through the different steps of the circuit buildinbhe
construction of the circuit, as shown in Fig. 6s heeen
Figure 4. By using the Wii Remobentrol, the user can easily direct the @gain transposed in a virtual application to letstudents
avatar and interact with the systems visualizetiénGallery. to experience and learn all different steps.

This tool could provide sufficient motivation engage _ 1he third and fourth applications in the dhgection
learners in knowledge discovery, while at the saime of theVirtual Museumof Chua’s Attractorsallows the

it develops new skills. modification of the 3D models of the attractorshwa
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real time interaction by controlling the system
parameters.

Driving the MEMS interaction tool, students can
experiment the modification of chaotic attractond diear
the acoustic signal produced by themselves.

As is possible to see in Fig. 7, a specific masigped
like a star, appears on the screen allowing the tee
have a visual feedback of the change applied on th
values of the parameters. The system allows also
multiuser interaction in the virtual experience @raotic
system understanding, like shown in Fig. 8.

Figure 7. Interaction interface

Figure 5. Chua’s circuit virtual builder

Figure 8. Multiuser interaction system
Figure 6. Construction of the Chua’s circuit

The systems allows the registration of the souadks

The developed system allows the user creatingian produced by the students and of the patterns of the
and sound from chaotic shapes. attractors visualized on the screen.

The mathematical models used in this enviroriraes
the dimensionless equations for Chua’s Oscillatbiese
models, as the other generalizations of Chua’suitjrc V. CONCLUSION AND FUTURE WORK
generate the sequence of numbers used to prodund so In this paper we have presented new applicgtioithe
and music. Alternatively to the above mentionedVirtual Museunof Chua’s Attractor After experimenting
interaction, a learner can use a MIDI Input Devikat the constructivist approach with different classefs
makes possible to change both the control parametet  students, from elementary to high school, we detie
the initial values, in order to obtain differenin@s of implement new applications, transferring physical
sound and music. This process is very important foactivities into virtual ones, by using VR techndkgyand
grasping the intrinsic nature of chaos as thesmblas many related software we have developed for the
are related to the sensibility to initial condit®orof visualization, musification and sonification of Gisl
chaotic behavior. Furthermore, many translationesod attractors.
have been developed, which allow a new way of The creative artifacts the students have redl&ich as
understanding and studying chaos and complex8}; [3 images, sound and musical compositions, as waheis
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emotion during the educational path, allow us tmkh
very positively about this system and its potestidlhe

environment can be studied on the net and futurek wo
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