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Abstract: This paper refers to the use of virtual agents in order to  enhance products devoted at visualizing, communicating, divulgating and teaching Mathematics and Physics at elementary or intermediate levels. Specific examples are provided by some videos and multimedia produced by us with the aim of introducing and explaining the theory of Special Relativity in few minutes and introducing fundamental notions of Euclidean Geometry for pupils of primary schools.

Introduction
In order to explain and visualize Physical and Mathematical concepts in an easily understandable and simple way - offering rigour and, at the same time, attractive frameworks - a profitable use of agents and multimedia technologies can be made.

Due to advances in Computer Graphics, human-computer interface applications profited in fact from the realization of visually appealing synthetic agents, either based on real video, cartoon-style drawings or even model-based 3D graphics, apparently living on the screens. They convincingly take the roles of virtual presenters, synthetic actors, team-mates and tutors. One of the most successful applications of life-like character technology is provided by “computer-based learning environments”, where embodied agents can perform in several student-related roles, especially as tutors or trainers. A common characteristic underlying their life-likeness as conversational partners resides in computational models that give them affective functions (synthetic emotions and personalities), and implement human interactive behaviour or presentation skills. They may embody the interface between humans and computers, thus improving poor communicative abilities of computational devices (see [1] and ref.s quoted therein for a more detailed discussion).
At the ESG we are currently working in this field of research, that intertwines domains proper of Computer Graphics and Information Technologies with the domains of Foundations and Education in Science. Starting back in the 90’s with the first experiments with agents [2], a virtual visual community prototype (Campus Game) has been created and experimented in 2002. The collaborative learning environment was formed of different interactive rooms, populated by interactive characters, designed so to increase a sense of presence and participation [3].

We shall discuss specific projects already developed in their main structure within the research framework related to the PhD Courses in “Psychology of Programming and Artificial Intelligence” (see the website of ESG activities: http://galileo.cincom.unical.it/). In particular we discuss here two main projects:

· a short video and interactive multimedia on the fundamental concepts of the Theory of Special Relativity, realized by some of us [4], [5];

· a series of didactic videos and interactive products concerning specific topics of elementary Mathematics [6], that we are currently working on.
In order to reach the aforementioned goals in Visualization one should use fully coherent and highly specialized graphical and audiovisual methodologies that rely on modern techniques of Digital Art [7], [8], so to allow one to conjugate products of optimal graphical quality together with a rigorous technical-scientific structure (as far as the single scientific contents are concerned). By this we mean modern and palatable presentations that do not exceed in drastic simplifications or resort to scientific approximation (as unfortunately happens in some of the current multimedia strategies of Divulgation of Physics and Mathematics, where scientific quality might be underestimated or, conversely, where a perfect scientific structure might be accompanied by poor graphics unable to provide stimuli in the target). The potential offered by Digital Art is well suited to find wide spaces of application into this specific sector of Multimediality, with the explicit aim of producing Scientific Communication and  Visualization objects - as well as aids for Divulgation and Teaching – at a more efficient level. A great step forward can be achieved by producing didactical and audiovisual communication products in which high scientific quality and rigorous technical frames are conjugated with well-designed artistic realizations enriched by special effects, so that their visual effectiveness, based on virtual frameworks, enhance their ability of attracting the interest of the audience and help to soften difficulties intrinsically related with the transmission of an abstract scientific message that is in principle far from common experience [9],[10].

“E=mc2”: an Interactive Multimedia to Divulgate Special Relativity [4] [5]
As already mentioned in the Introduction some of us (MF, MGL) have recently produced the multimedia “E=mc2”, based on a short video aimed at introducing Einstein’s Theory of Special Relativity at an elementary level, without renouncing to rigour and at the same time accepting the challenge of “explaining Relativity in about five minutes” (as required by the “Pirelli Relativity Challenge” [11]; for a short description see [4],[5],[12]; deeper scientific insights accompanied by historical, foundational and critical discussions have been posted as a “Special Report” in the Web Portal http://www.ricercaitaliana.it/ that the Ministry of Education, University and Research has devoted to review some of the “most attracting” research activities in Italy).

The three main characters of this video are two youngsters (a boy and a girl) who argue about the Universe, accompanied by a computer that assumes from the very beginning the human aspect of Einstein. The idea of using two real characters (Figure 1) - virtualized in the video to represent a curious and not yet expert public – together with the avatar of an expert man, idealized by the great German scientist, allowed us to structure the video under the form of a continuous dialogue in which the teen-agers enquire the expert to receive clear and exhaustive answers to their doubts. 

We attribute a particular importance to the choices we adopted to represent the character of Einstein; first the choice of a face realized ad hoc in 3D-graphics [13],[14] endowed with elementary motions, based on investigation on various photographic archives concerning Einstein, in order to realize for him a virtual character not exceedingly fictitious and as faithful as possible with respect to the original pictures (Figure 2); secondly the voice of Einstein, that was realized by a professional actor (A. Adamo), who reproduced the very peculiar accent belonging to original recordings of Einstein’s voice. Special effects - realized with the aid of the software “Adobe After Effects” - have been used in order to make the video more attractive for a substantially inexperienced audience (wave effects, sound effects, explosions). The stars backgrounds are simulations of real images of the Universe on the native town of Einstein (Ulm) and have been realized with the help of the freeware “Stellarium”.
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Figure 1. 
Figure 2.
To realize the final version of the video standard compositing techniques [15] have been adopted, on the basis of simple 2D-cartoon sequences integrated with 3D-graphics and accompanied by dialogues and musical backgrounds, that were chosen according to Einstein’s musical preferences within Bach’s “Violinenkonzerten”. A few moving images have been realized through the cinematographic technique of “blue screen”, to be later extracted and inserted into the video where appropriate [16]. The stylized images of the Tower of Pisa, of Galileo and the final image of the “Virgo Site” have been virtually reconstructed on the basis of real images (Figure 3).
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Figure 3.

The final version of the video lasts about 5 minutes and is “embedded” into the interactive multimedia named “E=mc2” [4],[5]. For the sake of convenience the video embedded into the multimedia has been cut into eleven separate parts, each one corresponding to consequential specific and homogeneous scientific sectors. These chapters are in turn accompanied by in-depth scientific texts, that can be recalled by means of suitable buttons at the beginning of each single section if one desires to obtain a deeper perspective  by means of elementary but rigorous explanations of the corresponding issues visualized in the video and shortly evoked in the dialogues. 

As already mentioned above, the multimedia - selected by the Pirelli Foundation among the best products to explain Relativity in about five minutes - was prepared in the framework of the “Pirelli Relativity Challenge” [11] on the occasion of UNESCO’s World Year of Physics (WYP 2005). This was in fact a preliminary step for us, drastically limited by the exceedingly severe time restrictions;  we are currently working on a longer version, of about 20 minutes, explicitly devoted to an even stronger interactivity; it will contain scientific applets about “gedankenexperimenten” on Special Relativity: short movies and further animations aimed at visualizing the relativity of motion, its differences within the Galilean and Einsteinian frameworks, the problems of time synchronization, as well as the apparent spacetime paradoxes which are typical of Special Relativity (see [5]). This longer version is being realized, together with further applications to other branches of XX century Physics (in particular, to General Relativity), in the framework of the project “Più veloce della luce” financed under the law 6/2000 (Initiatives for the Diffusion of Scientific Culture).  

Didactic Videos for Elementary Euclidean Geometry
We are currently working on the realization of a series of lessons (didactic videos) addressed to children in the age between 6 and 10 years, concerning a few specific topics of Mathematics. In order to make more interesting and attractive to children’s eyes the basic mathematical concepts chosen we explain them in a simple and amusing way so to avoid the difficult and hard approaches that often characterize the learning of Mathematics. The lessons will concern specific elementary topics of Euclidean Geometry and Pythagorean Arithmetic. The path followed mainly refers to the use of “equality of figures” (congruence and equivalence criteria, rigid motions and similitude of triangles). At the same time we also explain fractions, proportions, regular polygons, the notions of circle and Euclidean distance; the pupils learn also to manage addition, subtraction, multiplication and division operations on integers. The aim is to show kids how all these fundamental topics of Mathematics are deeply intertwined; in particular, we aim to contribute to the understanding of how Geometry provides a more intuitive and simpler approach to visually manage abstract topics that are a less intuitive in “standard” algebraic and analytic formulations. At the moment we have realized the screenplay of four lessons, the first and fourth one of which (on basic notions and regular polygons) are fully reported in Appendix (in their original Italian version).

Lesson two is structured to explain fractions and the measurement of lengths starting from the notion of half-cutting through the construction of the middle point. In lesson three we talk about triangles and their angles. At the end of lesson four we shortly introduce the intuitive notion of area, to be further deepened in lesson five, where we will talk about the similitude criteria of triangles. Further lectures are currently under construction.

As for “E=mc2”, the main objective is again to produce videos that conjugate rigorous contents at an elementary level with attractive and enjoyable graphics and audiovisual effects. To this purpose we have created two funny characters who follow children along didactics with gag and funny lessons able to attract their interactive attention. The choice for representing these two characters led us to select the two emblematic instruments of Euclidean Geometry: a set of “compasses” and a “square” (Figure 4) best suited for explaining the fundamental concepts through rigid motion and Pythagorean theorem.
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Figure 4.

The agents are again created and animated using a 3D technique, integrated into two-dimensional graphics, upon which lessons are based for creating tutor-characters well designed to obtain a greater visual impact [17]. 
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Figure 5. 




Figure 6.
We have finally decided to follow up the characters’ physical structure: square and compasses are simple and well known mechanical instruments formed by rigid parts easier to animate (Figure 5) and we used this stiffness to define their movements and the style of  the animations (Figure 6) so to give them a characterization and a personality as adequate as possible to the context [17],[18]. Dialogues and voices are constructed and recorded so to stimulate children’s attention. These videos form the core of the PhD Thesis that one of us (CS) is finalizing in the framework of the aforementioned PhD Course [6].

“Context-based design” and Conclusions

Our strategies belong to the so-called “context-based design”, that focuses on situations in which technology is used in activities relating to it and social contexts as well. A significant evolutionary shift occurred in human-computer interaction (HCI) design; prior to this shift computer software designers tended toward a “computer-centered design” approach that at best assumed the needs and preferences of end users. This approach prioritized the attributes of the technology itself, often resulting in solutions that were in search of problems. Its limitations gave rise to a “human-centered design” in which users articulated their needs in designs. Unlike the technology push of computer-centered design, human-centered design emphasizes human needs and objectives and the technology that serves these purposes. Another shift has begun now to a “context-based design” where the use, design and evaluation of technology are socially co-constructed and mediated by human communication and interaction. Context-based design calls for designers and evaluators to reflect on the elements of their own context and on the way that this space interacts with the space of technology use [19]. The final step is building a collaborative virtual community where human users and software agents co-exist and interact, and social interaction between users is actively mediated and facilitated by various kinds of co-operative agents who support their learning activities in the virtual environment as well [20]. 

We stress once more that techniques of Digital Art may be conveniently used with the aim of an efficient Scientific Communication and Teaching, at all levels, of major themes of Physics and Mathematics, that in view of their difficulties and natural distance from common experience, often require the help of graphic and audiovisual exemplifications of innovative type. In situations strictly related with everyday experience a traditional way to Visualization might be often enough, but something else is needed to speak of things that also a well trained mind can find to be difficult to be understood. For such situations only advanced instruments of Visualization may fill the existing gap due to the lack of “primordial information” in the user’s mind [21]. 

As far as experimentation for didactical purposes is concerned, we mention that - as soon as they will be fully ready - the package of lessons on Elementary Geometry will be used in experimental programs of teaching at elementary level through the collaboration of a few Primary Schools; for this we also plan to write up a short accompanying text to help Teachers in an optimal and efficient use of the whole package. The video and multimedia “E=mc2” have been the subject of various public presentations in High Schools and/or Scientific Exhibits, both for large public and for the formation of Teachers, usually accompanied by lectures on Spacetime and PowerPoint ® presentations; see [5] for an exhaustive list of events.
Appendix: Examples of Screenplay (Lessons One and Four)

Lesson 1 

(Compasso e Squadretta discutono sul loro ruolo riguardo alla rappresentazione di figure geometriche; ciascuno dei due vanta per sé il primato).

Compasso: (tracciando circonferenze e rivolgendosi a Squadretta) Un concetto fondamentale è la distanza tra due punti…Guarda come sono bravo! Io riesco a tracciare infinite circonferenze di raggio qualunque, aprendomi o chiudendomi di più. Squadretta, ma tu sai cosa significa? Cosa è una circonferenza? E che cosa è il suo raggio?

Squadretta: (un po’ stizzita) certo che lo so…una circonferenza è una figura geometrica in cui tutti i punti si trovano alla stessa distanza dal centro e questa distanza si chiama raggio. E allora?! Io, invece, posso tracciare segmenti di retta e angoli retti, vedi? (traccia segmenti e costruisce angoli retti)

C:. (ride) …costruire un angolo retto…? e che ci vuole?! questo riesco a farlo anch’io! mi basta un segmento e….

Voce Fuori Campo: Basta!!! Così i bambini non capiscono niente! Voi avete il difficile ed impegnativo compito di spiegare alcuni dei concetti più importanti della geometria quindi, smettetela di litigare e cercate di andare per ordine. Spiegate innanzi tutto cos’è una retta.

C. ed S.: (si guardano imbarazzati)

C.: …ha ragione…(girandosi verso la camera) Allora, bambini, (fissa due punti A e B ad una certa distanza l’uno dall’altro) una retta è un ins…(si gira di scatto verso Sqd) allora Squadretta vuoi darti da fare? Non posso mica fare tutto da solo?!

S.: si, certo, scusa (traccia una retta che passa dai due punti fissati da Compasso)

C.: dicevamo, una retta è un insieme di punti allineati tra loro. Il tratteggio che vedete agli estremi sta ad indicare che la retta si estende illimitatamente da entrambe le parti, a sinistra e a destra…anche se noi ne vediamo solo una parte…(la camera si avvicina e fa vedere che in realtà la retta è formata da punti. Poi la camera si allontana di nuovo e Compasso riprende) La figura che vedete, in realtà, è composta da tre pezzi; infatti oltre gli estremi si trovano due semirette (vengono colorate diversamente); quello che vedete al centro si chiama, invece, segmento ed è facilmente riconoscibile perché ha un inizio (viene messo in evidenza il punto A) ed una fine (viene messo in evidenza il punto B). La semiretta di destra inizia nel punto B ma non termina mai e non si sa dove va a finire. Al contrario la semiretta di sinistra non ha un inizio, ma va a finire nel punto A. Ogni punto di una retta, infatti, la divide in due parti che chiamiamo semirette; e questo punto lo chiamiamo origine (appare la vignetta “ciao, io sono l’origine”), perché in quel punto la semiretta inizia verso destra (freccetta luminosa) o finisce arrivando da sinistra (freccetta luminosa).

S.: e un angolo cos’è? 

C: un attimo, Squadretta, ora ci arrivo. L’angolo è la parte di piano compresa fra due semirette aventi l’origine in comune (le due semirette si staccano dal segmento centrale e vanno a formare un angolo qualsiasi; dopodichè appaiono varie figure di sfondo con angoli ben in evidenza: forbici aperte, piramide, ecc.). Ben vedete, bambini, che l’angolo è una parte illimitata di piano, perché sono illimitate le semirette che lo racchiudono. Attenzione, però! C’è un angolo interno e ce n’è anche uno esterno! Quello esterno è quello che contiene il prolungamento delle due semirette. Quello interno è più piccolo ed è quello che per noi sarà il vero angolo formato dalle due semirette…

Voce F.C.: si, è vero! Ma che succede se le due semirette sono una il prolungamento dell’altra? (figura)

SQD e Comp (insieme): In questo caso il piano si divide in due parti uguali e ciascuno dei due angoli si chiama un angolo piatto! Esterno ed interno sono allora indistinguibili…

C.: Quando l’ampiezza dell’angolo è metà di un angolo piatto, cioè quando le semirette ed i loro prolungamenti dividono il piano in quattro parti uguali, si dice che ciascuno di questi quattro angoli è un angolo retto (le semirette si spostano fino a formare un angolo retto e nel frattempo appaiono figure di sfondo con angoli retti (tavolo, mattonella, ecc.)
S.: (si fa avanti e inizia a disegnare un angolo retto)

C.: Ferma!!! Cosa stai facendo?

S.: disegno un angolo retto!?

C.: nooo! Questo posso farlo anch’io! Basta una riga ed io, da solo, posso costruire un angolo retto!

S: si è vero, ma ti serve una riga! Io sono più brava perché oltre alle rette disegno subito gli angoli retti…tu continua a disegnare circonferenze e non invadere il mio campo…(gli occhi di compasso si riempiono di lacrime)

Voce F.C.: Squadretta, non essere antipatica! Sai benissimo che, lavorando insieme e da buoni amici, riuscirete a costruire un angolo retto in meno tempo ed anche molte altre figure…

S.: (rivolgendosi a Compasso) Scusami, Compasso. Non è vero che servi solo a disegnare circonferenze… (traccia un segmento AB). Ecco ora puoi costruire anche tu angoli retti.

C.: (C. punta in A, poi fa un saltello e punta in B, trova C e C’ e SQD unendo C e C’ trova il punto M) bambini vedete? Insieme abbiamo costruito ben 4 angoli retti: infatti CB, CA, C’A e C’B sono tutti angoli retti.

(Compasso e Squadretta si guardano sorridendo)

S.: Sono proprio soddisfatta del nostro lavoro! siamo una forza!!!

C.: Hai ragione, tu ed io insieme faremo molte cose…

Lesson 4

(Compasso osserva divertito un triangolo equilatero che ruota su se stesso…)

C.: Non mi stancherò mai di guardarlo!!! Lo puoi ruotare verso destra, verso sinistra e, comunque, sia i lati che gli angoli si sovrappongono sempre esattamente!!!
S.: Compasso, ma tu sai che esistono altre figure geometriche che ruotandole hanno sempre i lati e gli angoli che si sovrappongono perfettamente?

C.: (Ci pensa un po’, poi inizia a disegnare vari poligoni “strani” inscritti nella circonferenza, li ruota ma nessuno va bene)

S.: (sghignazzando) Compasso, ti vedo in difficoltà…!? 

C.: (Tutto sudato disegna poligoni sempre più velocemente, ma non ne trova nessuno che vada bene)

S.: prova a farlo con soltanto quattro lati!

C.: (riprova ma non ci riesce. Disegna un trapezio, vari parallelogrammi, un rombo, un rettangolo, ma niente). 
S.: (ridendo) Non vorrai dirmi che non lo sai?

Voce F.C.: …SQUADRETTA…

S.: Che sto facendo!! Perché mi sgridi? Non lo sa!!! (Poi rivolgendosi a Compasso) Ma è la figura geometrica più famosa!!! Guarda! (disegna un quadrato inscritto nella circonferenza)

C.: Ma certo! Come ho fatto a non pensarci prima!!! IL QUADRATO!!! Infatti ha quattro lati uguali e tutti gli angoli sono retti, quindi uguali tra loro. Ovviamente, ruotandolo, lati e angoli si sovrappongono sempre!!! (intanto il quadrato ruota)

Voce F.C.: Bene, Squadretta, visto che sai sempre tutto, dimmi quale altra figura geometrica formata da quattro lati ha tutti gli angoli uguali.

S.: (Inizia a disegnare vari rombi più aperti, più chiusi, più grandi, più piccoli.) 

C.: (Ridendo) Ma questi sono rombi! Hanno i lati uguali ma gli angoli sono diversi! O meglio, gli angoli sono uguali a due a due, vedi? (figura) È come se fosse formato attaccando tra loro due triangoli isosceli (figura di rombo tagliato in due). Il quadrato è un caso particolare di rombo…quando gli angoli non sono soltanto uguali a due a due, ma sono tutti e quattro uguali. Se dividiamo un quadrato in due triangoli isosceli, questi ultimi non solo sono due triangoli isosceli ma sono, contemporaneamente, triangoli rettangoli (figura).
Ma c’è un altro tipo di figura geometrica che ha tutti gli angoli uguali e ha sempre quattro lati, come il quadrato. È il rettangolo! (figura) Solo che il rettangolo, a differenza del quadrato, ha i lati uguali a due a due (i lati del rettangolo vengono colorati a due a due). In realtà anche in questo caso, il quadrato è un caso particolare di rettangolo. Infatti quando un rettangolo non ha i lati uguali solo a due a due ma li ha tutti e quattro uguali, si chiama quadrato. Se taglio il rettangolo con questo segmento (si vede il rettangolo che viene diviso in due dalla diagonale) che si chiama diagonale, i due triangoli in cui viene diviso sono due triangoli rettangoli uguali tra loro (il rettangolo si divide in due triangoli rettangoli che vanno poi a sovrapporsi).

S.: …?? (confusa) Rombi che si dividono in triangoli isosceli?! Triangoli rettangoli che uniti insieme formano quadrati e rettangoli?!! Non ci capisco più niente!

C.: va bene; allora te lo spiego usando il solito vasetto di vernice. Vediamo quanta vernice occorre per colorare il rettangolo.

(S. versa un vasetto di vernice sul rettangolo e ne colora solo una metà)

C.: non vedi che non basta? Ne serve dell’altra!

(S. versa un altro vasetto e riesce a colorarlo tutto, riempiendo anche la seconda metà)

C.: allora, Squadretta, quanta vernice occorre per colorare la parte di piano occupata da questo rettangolo?

S.: due vasetti. E allora?

C.: aspetta…!! (intanto sulla scena il rettangolo torna bianco, si divide in due all’altezza della diagonale, e i due triangoli rettangoli si staccano) Ora vediamo quanta vernice devi adoperare per riempire di colore la parte di piano occupata da questi due triangoli rettangoli!!

(S. versa un vasetto di vernice e riesce a colorarne uno solo. Poi con un altro vasetto colora anche l’altro triangolo rettangolo)
S.: ma certo! Come ho fatto a non capirlo prima!!! Ci vogliono sempre due vasetti di vernice perché la quantità di spazio da colorare è sempre la stessa!!!!

C.: brava…ora sai dirmi in linguaggio matematico come si chiama la misura della porzione di piano che hai dovuto colorare?

S.: …mmm…(ci pensa un po’) Ma certo!!! Ho colorato l’AREA del rettangolo!!!
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