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Abstract
This paper presents a series of high-end interactive technologies designed to support the
communication needs and strategies of the Puccini Set Designer museum exhibit. Organized with
the support and collaboration of Milan’s renowned La Scala opera theater, the exhibit took place
from September 2003 to February 2004 at the Ragghianti Foundation in Lucca, Italy. This paper
focuses on the methodology followed to analyze and address the museum storytelling needs, and
the solution adopted. The paper also describes criteria which define museum intelligence: guiding
principles and modeling approaches for the effective use and implementation of interactivity in
museums. Finally we illustrate the interactive installations designed for the exhibit and explain how
these respond to the analysis and modeling criteria previously defined. The museum space enhanced
by these new narrative tools based on innovative technologies resembles a stage set where the main
characters are the objects themselves, a set complete with special effects and stage tricks expressly
designed to delight the spectator, and keep his interest alive.
Keywords: interactive technologies, communication needs, storytelling needs, museum intelligence.

Zusammenfassung
Unser Referat präsentiert eine Reihe von high-endigen Technologien, die zur Unterstützung der
Kommunikationsanforderungen und -strategien der Ausstellung „Puccini Set Designer“ entworfen
wurden. Die mit der Unterstützung und in Zusammenarbeit mit Milans renommiertem La Scala
Opernhaus organisierte Ausstellung war vom September 2003 bis zum Februar 2004 in der
Ragghianti Stiftung in Lucca, Italien, zu sehen. Diese Präsentation konzentriert sich auf die verfolgte
Methodologie, den Bedarf des Museums an Storytelling zu analysieren und zu behandeln sowie auf
das angewandte Lösungskonzept. Es werden außerdem Kriterien für eine Definition der
Museumsintelligenz beschrieben. Dabei handelt es sich um Richtlinien und Annäherungen an die
Modellbildung für eine effektive Nutzung und den effektiven Einsatz von Interaktivität in Museen.
Schließlich werden wir die interaktiven Installationen, die für die Ausstellungen entworfen wurden,
veranschaulichen und erklären, wie diese mit den zuvor definierten Analyse- und
Modellbildungskriterien übereinstimmen. Der um diese neuen, auf innovativen Technologien
basierenden, narrativen Tools erweiterte Museumsraum gleicht einem Bühnen-Set, bei dem die
Objekte selbst die Hauptdarsteller sind, ein Set komplett mit Spezialeffekten und Bühnentricks,
speziell dafür konzipiert den Zuschauer zu erfreuen und sein Interesse wach zu halten.
Schlüsselwörter: interaktive Technologien, Kommunikationsbedürfnisse, Bedarf an Storytelling,
Museumsintelligenz.
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Résumé (FR)
Cet article présente une série de technologies interactives avancées conçues pour satisfaire les
besoins de communication et les stratégies de l'exposition “Puccini Set Designer”. Organisé avec
le soutien et la collaboration de l'Opéra rénové de La Scala de Milan, l'exposition a eu lieu de
septembre 2003 à février 2004 à la Fondation Ragghianti à Lucca, en Italie. Cette communication
détaille les méthodologies adoptées pour analyser les besoins narratifs du musée, et la solution
conçue pour les satisfaire. L'article décrit également les critères qui définissent l'"intelligence de
musée" : principes de base et approches de modélisation pour une installation et un usage pertinent
de l'interactivité dans l'exposition. Nous décrivons les dispositifs réalisés pour l'exposition et nous
expliquons en quoi ceux-ci répondent à l'analyse et aux critères de modélisation précédemment
définis. L'espace de musée mis en valeur par ces nouveaux outils narratifs basés sur des
technologies innovantes ressemble à une scène sur laquelle les personnages principaux sont les
objets eux-mêmes, un décor accompagné d'effets spéciaux et d'astuces scénographiques destinées à
enchanter le spectateur et à maintenir son intérêt.
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I. Narrative Spaces and Interactive Entertainment
Museums’ role in society has changed in the last few decades. Unlike early museums — called
Wundekammer or “room of wonders” — holding collections of items destined to awe the viewer,
museums today have become institutions that promote diffusion of culture and education [Falk and
Dierking, 1992]. For today’s museum curators the focus has shifted from collecting items to
defining their communication strategies and storytelling styles. Curators need to address difficult
issues such as how to communicate with people from different age groups and which have different
education or cultural backgrounds. Together with the exhibit designers, they need to find an
arrangement of space, objects, sign, images, and labels that can convey effectively the exhibit’s
message [Hodge and D’Souza, 1999]. Museums have become narrative spaces, able to compete
with other popular entertainment places such as cinemas or theaters, to attract and entertain their
visitors.
Traditional storytelling supports for museums have been: signs and text labels, spread across the
exhibit space; exhibit catalogues, typically sold at the museum store; guided tours, offered to groups
or individuals; audio tours, and more recently video or multimedia kiosks with background
information on the displayed objects. Each of these storytelling aids has advantages and
disadvantages. Catalogues are usually attractive and well done, yet they often too are cumbersome to
carry around during the visit as a means to offer guidance and explanations. Guided tours take away
from visitors the choice of what they wish to see and for how long. They can be highly disruptive
for the surrounding visitors, and their effectiveness strictly depends on the knowledge, competence,
and skills of the guide. Panels and labels with text placed along the visitors’ path can interrupt the
pace of the experience, as they require a shift of attention from observing and contemplating to
reading and understanding [Serrell, 1996].
Audio tours are a first step towards improving the museum communication strategies. Yet when they
are button activated, as opposed to having a location identification system that triggers them, they
can be distracting for the visitor. People are cognitively busy identifying numbers on the museum
walls and punching them into the interface, rather than relaxing and enjoying the artwork. The
information conveyed is also limited by the medium: it’s only audio. It is not possible to compare
the artwork described with previous relevant production of the artist, nor show other relevant images.
Interactive kiosks are more frequently found today in museum galleries. Yet they are usually
physically distant from the work they describe thus not supporting the opportunity for the visitor to
see, compare, and verify the information received against the actual object. When extensive web sites
are made available through interactive kiosks placed along the museum galleries, these may absorb
lengthy amount of time from the visit, thereby detracting from, rather than attracting to, the objects
on display. More recently some museums have adopted small handheld computers as virtual guides
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through the museum space. While these can certainly provide additional information and description
of the objects, they can sometimes also be cumbersome and boring. When the additional material
offered by the handhelds is presented on the small screen of the device as small text accompanied
by icon-size images, this adds an additional burden on the visitor who has to read small items on a
small screen and push buttons to learn more about this or that. Transposing web authoring
techniques to handheld devices, which have much smaller screens than the desktop computers
monitors that typically show web content, is not an effective communication technique. A
storytelling oriented approach needs to be undertaken to make the narrative more compelling for the
public.
Today’s museums can take advantage of the new most recent technologies to create a sense of
wonder not solely through the objects on display but, all the more so, through the tools used to
display them. Paradoxically, for the sophisticated 21st century audience already amply bombarded
by information, what sparks greater interest, emotion, surprise is the new means of communication,
which in turn predisposes it for the playful learning experience at hand. The exhibition “La Scena
di Puccini” (“Puccini Set Designer”), held in the fall of 2003 at the Ragghianti Foundation in
Lucca, uses a wide range of state-of-the-art technologies to convey most effectively to the audience
Puccini’s work as set designer. The new technologies turn the museum’s rooms into body-driven
interactive multimedia narrative spaces. Synchronized projections on museum walls and on the
private eye of wearable computers, audiovisual or 3D animation of various exhibition materials all
join with the playful spirit of exploration made possible by interactive technologies to spark in the
visitor a sense of wonder, curiosity, genuine interest in the objects on show. The following sections
describe the technologies employed, the guiding principles used to communicate effectively to the
public, and the content, applications, and installations designed and built for the specific needs of the
exhibit. The author illustrated in detail these installations in a companion paper [Sparacino, 2004].
The focus of this paper is on the methodology adopted to address the museum communication
objectives for the exhibit, to introduce the notion of museum intelligence in regard to the interactive
technology solutions proposed, and to illustrate how these principles have been applied in the design
of the interactive installations built for the exhibit.

II. Puccini Set Designer: Defining the Communication Objectives of
the Exhibit.
A team composed by the main curator, Professor Vittorio Fagone, head of the Ragghianti
Foundation; Vittoria Crespi Morbio, the curator of scenography for the Theatrical Museum of the
La Scala Opera theater of Milan, Italy; and the multimedia and interactive experience curator (the
author), later joined by a world renown opera scenography expert, Helen M. Greenwald, from the
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New England Conservatory of Music, discussed the communication objectives and strategies of the
exhibit. A true innovator in opera set design, Giacomo Puccini broke new ground through the use of
both modern technologies, such as electric stage lighting, and a narrative structure closer to the
audience of his day. The exhibit wanted to communicate that Puccini was not only a great opera
composer, but also, among the first composers during his times, a talented set and costume designer
and a special effects inventor. He employed all the visual and scenic elements available to him to lure
the public into the story, he used scenic elements to recreate mythical places, designed costumes to
achieve believability for his characters, created lighting effects to induce moods in the viewer. He
paid maniacal attention to every single detail of his operas, including the libretto, and desperately
searched to obtain a full harmony of the visuals, the words, and the musical elements of his operas
[Greenwald, 1998, 2001]. Some of the most interesting materials at our disposal in mounting this
exhibition were the original set designs Puccini commissioned for his operas, along with
illustrations of respective main characters in full costume. Yet a traditional museum display of this
material would not have fulfilled the communication objectives of the exhibit. Even if the curators
had decided to use extensive text labeling to explain the various innovations Puccini introduced in
opera set design, it would have been nearly-impossible through these to illustrate some of the most
interesting aspects of Puccini’s production such as for example his sophisticated use of lighting.
The archival drawings and images on display needed explanations, history, highlight, and
development. The exhibit was a classic one, yet it wanted to attract visitors of all ages. While
recognizing that the printed catalogue is certainly an indispensable tool for the curious, the student
or the expert, the curators did not want to leave uniquely to it the task of introducing the visitor to the
complex work of a composer who became a precursor of the contemporary figure of the film or
theater director. Below the reader will find summarized the exhibition message and design
guidelines that resulted from the curators’ meetings:
Museum message:
1. Puccini as the precursor of the modern figure of film director
Explain the historical relevance of Puccini’s work as a set designer: he was among the first
composers of this time to focus not just on music but on all aspects of opera performance as
we know it today (set design, costume design, theatrical lighting, libretto, acting, narrative
plot).
2. Illustration of Puccini’s opera sets.
These were recreations of mythical places that the public could dream about and imagine. Of
course, no television was available at the time. Opera was a popular entertainment venue,
which allowed people to “see” unknown and mysterious places such as the Far West,
Japan, the heart of Paris, etc.
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3. The use of light in Puccini’s operas.
Lighting was the “new technology” of the early 19th century. Puccini used lighting as a
special effect on stage to establish the mood of a scene, to symbolize the passage of time,
and to create a sense of place. [Greenwald, 1998, 2001].
4. Puccini as a costume designer.
Puccini was an amazing creator of characters. Through the combined use of costumes,
words, and music, he gave life even to the marginal characters of his operas.
5. The beauty of Puccini’s music.
In addition to the iconographic material available the exhibit, curators wanted to display
segments of Puccini’s arias and music to highlight his work as a composer.
6. Puccini today as an author that appeals to people of all ages.
Puccini’s work is still widely represented today. Several Broadway shows are modern reinterpretations of Puccini’s operas. Puccini’s music has been cited in more that fifty movies
of all subjects and styles in cinema in the last twenty years.
7. Puccini: the man and the places he lived in: his numerous houses, his favorite landscapes
the places where he composed his operas.
Exhibit Objectives:
1. To disclose to the public for the first time Puccini’s work beyond the musical realm.
According to the curators all previous exhibits about Puccini, especially in Italy, his
native country, and in Lucca, his native city, had focused uniquely on his musical
production. The exhibit curators wanted to shift focus to a different aspect of Puccini’s
work, his visual production, and wanted to break ground in this respect with previous
approaches to Puccini in the museum domain.
2. To attract not just the opera lovers, but all people, tourists, curious, students, seniors,
people with all sorts of personal and cultural background as well as people of all ages.
3. An explicit objective was also to innovate in regard to the exhibit style, and to involve an
interaction technology and experience designer, the author, since the very first steps of
the design and production.
Exhibit design guidelines:
1. Minimize if not eliminate the use of large poster boards with text as storytelling and
explanation tools in the exhibit rooms
2. Maintain as much as possible a coupling between the visuals on display and the music
associated to them.
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3. Use all the available new technologies to achieve public involvement and effective
communication of the museum message.
4. Do not relegate the multimedia installations in separate corners or rooms away from the
exhibit path, but fully integrate the technology-augmented displays in the path and texture of
the exhibit design.
5. Use technology to turn the museum space into a narrative space with an emphasis on
storytelling. Do not use technology to create a button-activated digital catalogue of the
objects on display.
6. Interactivity should be used as a way to involve the public and lure people into the story to
be told. Interactivity should be natural, nearly magical, with no cumbersome or complicated
devices that need special training or instruction to use.
7. The museum space enhanced by the new narrative tools based on interactive technologies
should ideally resemble a stage set where the main characters are the objects themselves — a
set complete with special effects and stage tricks — expressly designed to delight the
spectator, and keep his interest alive.
The following section will introduce the reader to the criteria driving the technological installations
built for the exhibit. Specifically the author will describe the notion of “museum intelligence” and
the guiding principles employed to endow the exhibit spaces with intelligence.

III. Museum Intelligence
The rapid evolution of computers’ processing power, progress in projection and display technology,
and their low cost accompanied by recent progress in mathematical modeling, make available to
museums today sophisticated technologies which were once accessible only to advanced research
institutions or companies. This section describes the guiding principles and modeling approaches
that enable a robust modeling of user input and communication strategies for digital content
presentation. The following section of this paper discusses how these technologies have been
applied to the design of the many interactive installations of the “Puccini Set Designer” exhibit,
together with comments about their impact and validity.
1. Perceptual Intelligence
In order to transform the museum space into a computer and sensor-driven narrative space we need
to be able to interact with the digital content on display in ways that are not as limiting as when we
interact with the familiar keyboard and mouse. Furthermore, it is unrealistic to encumber participants
with gloves, cables, or heavy virtual reality glasses: these fail to fully engage the audience as the
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technology dominates over the experience. Touch-based screens or hardware-based sensors tend to
wear and break after use by hundreds of people and therefore require frequent replacement and a
high maintenance load. Ideally we want to endow our interactive spaces with eyes, ears and
perceptual intelligence so that they can interpret people’s natural movement, gestures, and voice. Our
spaces should be aware of visitors approaching an artwork, of how they approach it, (speed,
direction, pauses), they should be able to understand pointing gestures as commands, as well as
occasionally understand more sophisticated gestures (zoom-in, zoom-out, rotate, move up, move
down, me, you, etc.) and voice commands. Unencumbering computer vision interfaces or other
wireless sensors, such as infrared sensors, electric field sensors, civil use sonars and radars, are the
ideal input device or communication interface with the artwork on display. These are reliable, can be
quickly installed and require little or no maintenance.
It is also important to ensure the full responsiveness and reliability of the system throughout the
entire period of exposure of the artwork, whether months or years. If the interface breaks often or
does not work consistently, the “magic” of involvement and immersion in the interactive experience
vanishes. Therefore ideally more than one sensor should be used to capture the participant’s input.
Cooperation of sensor modalities which have various degrees of redundancy and complementarity
can guarantee robust, accurate perception. We can use the redundancy of the sensors to register the
data they provide with one another. We then use the complementarity of the sensors to resolve
ambiguity or reduce error when an environmental perturbation affects the system.
2. Interpretive Intelligence
To make good use of reliable measurements about the user, we need to be able to interpret our
measurements in the context of what the user is trying to do with the digital media, or what we
actually want people to do to get the most out of the experiences we wish to offer. The same or
similar gesture of the public can have different meanings according to the context and history of
interaction. For example the same pointing gesture of the hand can be interpreted either as zoom-in
command gesture, or more simply, as a selection gesture. In a similar way, the system needs to
develop expectations on the likelihood of the user’s responses based on the specific context of
interaction and content shown. These expectations influence in turn the interpretation of sensory
data. Following on the previous example, rather than teaching both the user and the system to
perform or recognize two slightly different gestures, one for zoom-in and one for selecting, we can
simply teach the system how to correctly interpret slightly similar gestures, based on the context and
history of interaction, by developing expectations on the probability of the follow-on gesture. In
summary, our systems need to have a user model which characterizes the behavior and the
likelihood of responses of the public. This model also need to be flexible and should be adaptively
revised by learning the user’s interaction profile. Together with a user model the system should
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build a model of the “situation” in which it is involved together with the participant (context
modeling).
3. Narrative Intelligence
In order to turn computers into articulated storytellers that respond to people’s natural gestures and
voice, we cannot simply model interaction as a list of coupled inputs and outputs. This simply
defines a map of causes and effects that associates an action of the visitor to a response produced by
the interactive space. Systems authored with this method tend to produce applications that are
repetitive and shallow. We need instead narrative machines that are able to orchestrate stories whose
composition and length can vary as a function of the publics’ interests. Just as a museum guide
adapts his/her explanation of the artwork on display according to the visitors base knowledge and
curiosity, our narrative engines should be able to take into account and adapt to the publics’ needs.
To accomplish this goal we need to model the story we wish to narrate so that it does takes into
account and encompasses the user’s intentions and the context of interaction. Consequently the
story should develop on the basis of the system’s constant evaluation of how the user’s actions
matches the system’s expectations about those actions, and the system’s goals.
4. Intelligence Modeling
Over the last decade, a method of reasoning using probabilities, variously called belief networks,
Bayesian networks, probabilistic causal networks, influence diagrams, knowledge maps, etc., has
become popular within the AI community, and the machine learning, and pattern recognition
communities [Jordan and Sejnowski, 2001]. Bayesian networks are the ideal intelligence modeling
tool as they can be used effectively to model respectively perceptual, interpretive, and narrative
intelligence. (Dynamic) Bayesian networks have been successfully applied to a variety of perceptual
modeling tasks such as multimodal sensing for gesture recognition and sensor fusion, speech
recognition, and body motion understanding, or to understand human actions such as sitting,
walking, getting up, hugging, squatting etc. Research in user and context modeling applies Bayesian
networks to model the behavior of a participant in a computer game, to interpret a car driver
behavior, to understand the needs of a human software user [for a bibliography see: Sparacino,
2003]. More recently Bayesian networks have also been used for story modeling and content
selection in sensor-driven interactive narrative spaces [Sparacino, 2002 a]. The point here is that
Bayesian networks provide a unifying mathematical framework to model sensor data (body tracking,
gesture recognition, sensor fusion), to estimate users’ interests and context, and to perform content
selection (perceptual, interpretive, and narrative intelligence) [Sparacino, 2003].
The above modeling tools and principles don’t have to be all applied in the design and
implementation of a successful interactive narrative space or installation. In some cases for example
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simple pointing gestures can already enhance the presentation of digital artwork. Nevertheless, the
layered and modular modeling of perceptive, interpretive, and narrative intelligence via Bayesian
networks guided the design and implementation of the “Puccini Set Designer” exhibit as described
in the following sections.

IV. Puccini Set Designer
The principles and guidelines described above led to the definition of both the traditional and
technology-augmented portions of the exhibit. First the curators compiled an accurate list of all the
available objects for display:
1. A large number of original drawings of Puccini’s sets and characters in costume
(“figurini”) from the Theatrical Museum of the La Scala Opera theater of Milan, Italy
2. A smaller number of drawings of landscapes and scenes, available from the “Maggio
Fiorentino”
3. The original posters that publicized the operas when they were first performed
4. Some of the original costumes that were used for the first performance of Turandot in
New York city.
5. Small scale reproductions of some of the sets made of wood and velvet
6. Photographs of the performers on stage during the rehearsals or performances of
Puccini’s operas
7. A large historical portrait of the composer
Then there was some discussion among the curators about the physical layout the exhibit should
have. One curator wished to use a modern presentation style with rooms dedicated each to a color
that dominated in Puccini’s visual production at different stages of his life. The idea was to have a
room for black and dark, one for white, one for reds, etc. Another curator wished to adopt a more
traditional approach with separate exhibit areas, one per opera. Given that Puccini’s most well know
operas are limited in number, this was a viable solution. While the first approach seemed more
attractive at first, the second option prevailed because the exhibit wished to attract people of all ages
and background, and not just the opera lovers, who have some background knowledge about
Puccini’s production. We thought that the color-themed approach could have been disorienting for
the general public.
The exhibit occupied eleven rooms. There was an introductory room, with Puccini’s portrait and
some sketches, followed by rooms dedicated respectively to: “Il Trittico”, “Manon Lescaut”,
“Fanciulla del West”, “Tosca”, “Turandot”, “Madame Butterfly”, “Bohème”. Visitors would
check out museum wearables [Sparacino, 2002 a] at the entrance, and carry them along the exhibit.
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Three rooms, placed along the visitors’ path were dedicated to the interactive installations, as shown
in figure 1.

V. Interactive Installations and Content Production
This section provides selected highlights about the exhibit design and technology installations in
light of the above considerations. A full comprehensive description of the interactive installations
created for the “Puccini Set Designer” exhibit can be found in [Sparacino, 2004]. These
installations were designed by the author and built by a team of sixteen people, including the author,
plus a few helpers — the Sensing Places interactive technology studio — in the span of a full year
of intense work.
5.1. 3D reconstructions of Puccini’s theatrical sets
5.1.1 Museum message: Illustration of Puccini’s opera sets.
To illustrate Puccini’s opera sets we created fully realistic 3D computer reconstructions of
numerous Puccinian sets [figures 2-16]. We selected one scene per opera from each of the most
famous operas, Gianni Schicchi, Manon Lescaut, Fanciulla del West, Tosca, Madame Butterfly,
Bohème, and we also completed the 3D models for all the sets (five sets) that Puccini designed for
his last opera, Turandot. These served as a basis for the 3D light and camera animations described
in 5.3. From these 3D models, made with special techniques that ensure exact resemblance with the
original drawings [see Sparacino, 2004], we also generated holograms of the opera sets (see 5.2).
5.1.2 Exhibit design guidelines: see 5.2 and 5.3.
5.1.3 Museum Intelligence: see 5.2 and 5.3.
5.2. Holograms
5.2.1 Museum message: Illustration of Puccini’s opera sets.
From the 3D reconstructions of the opera sets we made full color holograms, of about 300x400mm
in size. These were produced with the purpose of enhancing the public’s appreciation of the opera
sets.
5.2.2 Exhibit design guidelines:
In the museum we placed the holograms next to the drawings of the scenes they represented. The
presence in the exhibit of the wood models, real 3D reproductions of the sets, together with the
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holograms created a variety of accents and highlights that fully illustrated the beauty of Puccini’s set
design.
5.2.3 Museum Intelligence:
For future editions of the exhibit the author would like to take the display technology a step further.
Using 3D displays, and computer vision based hand tracking technology, it will be possible for the
public to explore the 3D model of the set using simple hand movements and gestures [Sparacino et
al., 2002 b]. By stimulating an active role of the visitor these new holo-video-like installations will
produce curiosity, awe, and a long-lasting memory of Puccini’s work.
5.3. 3D light and camera animations
5.3.1 Museum message: Illustration of Puccini’s opera sets, The use of light in Puccini’s operas
To illustrate the use of light in Puccini’s operas we created light animations within the 3D
reconstructed sets of Fanciulla del West and Madame Butterfly. We accurately followed indications
by scenography expert Helen Greenwald [Greenwald, 1998, 2001]. One important remark here is
that it would have been hard to show such lighting effects with drawings or 2D animations. Using
Alias Wavefront Maya 4.0 we recreated as accurately as possible Puccini’s reproduction of the
California sunset inside the Polka saloon, (Fanciulla del West) followed by the lighting of the lamps
inside the saloon. Using a professional modeling and animation package such as Maya we were
able to “give life” to the set drawings and to fully illustrate Greenwald’s contribution to the
catalogue, as well as her explanation of Puccini’s use of light during the video interview.
Similarly we created camera animations inside the sets of Gianni Schicchi, Manon Lescaut, Tosca,
and Bohème. These animations allow the viewer to appreciate all the finer details of Puccini’s set
design. The camera travels all around the set, and visually highlights individual objects, colors, and
textures of the scene. We dedicated particular attention to Bohème, where we also inserted the
“figurini” (original drawings) of the characters that appear in this crowded set (act 2, scene 1), a
street market scene with several people and street vendors. It would have been impossible in the time
frame (and budget) available to make 3D reconstructions and animations of all the characters on set.
We therefore inserted the characters only as 2D cutouts inside the 3D set. Then we created a followcamera mathematical relationship between the virtual camera and the 2D figurini so that each
character would give the camera his/her “best side” or angle at any time during the animation.
Using this solution we were able to use the 3D animation to highlight both the beauty of the set
design as well as Puccini’s great effort to define all the characters of his operas, even the minor
ones, both visually and music-wise.
5.3.2 Exhibit design guidelines:
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For the Italian version of the exhibit the camera and light animation were on display in the interactive
art documentary presentation table (see 5.6) with an audio commentary by opera scenography
expert Helen M. Greenwald. Future editions of the exhibit will consider instead that the animations
be displayed next to the drawings of the scene they animate, using a computer screen. Alternatively
they will be played by the museum wearables when the wearer approaches the drawings of the
corresponding scene (see 5.7). These alternative choices are guided by the fact that it is always a
more effective communication technique to “give life” to a museum object with an installation
placed right next to the object itself, as opposed to postponing the explanation or illustration of the
artwork to another location in the museum space.
5.3.3 Museum Intelligence: see 5.2.3.
5.4. 3D character and costume animations
5.4.1 Museum message: Puccini as a costume designer.
To capture the beauty of the costumes designed by Puccini, we elaborated 3D computer generated
character animations whose costumes are as true to the original sketches as possible. Because the
exhibit featured the original costumes that the singers wore for the first performance of Turandot in
New York city, we selected significant moments of that same opera. Consequently we produced a
total twelve minutes of character and cloth animation, a ground-breaking result for a museum
exhibition [figures 17-42]. For more details on the techniques that we used to produce these
character and cloth animations see [Sparacino, 2004].
5.4.2. Exhibit design guidelines:
The character and costume animations are all displayed in the immersive cinema (see below section
5.5). While the immersive cinema creates a quasi-magical space, of a strong visual and emotional
impact on the public, it would still be desirable to show examples of cloth animation right next to a
representative set of “figurini”, the corresponding drawings on display along the museum walls. In
future editions of the exhibit this will be made possible by the museum wearables (section 5.7). This
will entail generating even a few seconds of character animation and character introduction, in a
theatrical sense, that is activated by the visitor’s presence next to the original artwork. As a result
people will have the illusion of seeing the “figurini” come alive as they approach the corresponding
drawing: the character will “spring out” of the paper and make a nice welcome gesture for the
visitor.
5.4.3. Museum Intelligence:
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To turn the above scenario into reality the museum simply needs to extend the location system
deployed for the museum wearables to include more “location bulbs”, or location emitters, close to
the selected “figurini”. The museum space needs to be location-aware, and to be able to
communicate to each visitor when he/she is approaching an object of interest. Location awareness
can be considered an expression of perceptual intelligence of the space.
5.5. Immersive cinema
5.5.1. Museum message: Puccini as a costume designer.
To feature the costume animations described in section 5.4, the author designed an immersive
cinema [figure 43], a full body-driven interactive space. It consists in an animated interactive carpet
of light covering much of the floor, and in a large vertical projection occupying the full expanse of a
wall. On the carpet is a map specifying the topics the user can explore. By moving on it the visitor
selects the themes he prefers. They then appear on the vertical screen. Pointing an arm toward the
screen, he activates the chosen items (videoclips, animations, images or texts). The interaction
metaphor is: the carpet of light is like a common computer mousepad; the person moving on it is
like the mouse selecting information; the vertical screen is like the computer monitor that shows the
chosen information.
5.5.2. Exhibit design guidelines:
The immersive cinema fully responds to the exhibit design criteria and objectives described in
section 2. A traditional approach to exhibit design would have maybe chosen to display the
animations in sequence on a large screen, and would have created seats for visitors to watch the
screen passively. Or, alternatively, a poor interaction design would have led to adding to the space
button-activated kiosks or touch screens. These devices are now obsolete, and they represent only a
first historical step in the field interaction design. People are no longer enchanted by these
technologies and in addition they tend to approach kiosks with a “button-pressing attitude”,
wanting to explore all the possible options offered by the interface, rather than experiencing the
beauty of the story being told.
The immersive cinema takes up an entire room of the museum and it is placed right next to the space
containing the actual costumes for Puccini’s Turandot world premiere. It is an integral part of the
exhibit’s path, and not simply an optional side turn. It is designed and staged so that it is fully
intuitive for any visitor to understand how it works. It is governed by the principle of natural
interaction: people move their body around the space to activate and trigger content display.
5.5.3. Museum Intelligence:
The perceptual intelligence of the space comes from the cameras and the real time computer vision
software that elaborates the cameras’ images and finds, moment by moment, the location of the
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visitor on the carpet of light. The system also recognizes the form of the body’s silhouette while
people point towards the screen, and detects the pointing direction. The space has also interpretive
intelligence: it can distinguish a deliberate pointing gesture from “noise”: people in Italy for
example could be using their hands while talking to their friends and relatives, and this should not
trigger any new action by the system. The Immersive Cinema has only limited narrative intelligence:
it is a responsive system as it couples directly inputs (the visitor’s position on the carpet of light and
his gestures) to outputs (the animation played on the vertical screen) [for a classification of
interactive systems, see: Sparacino, 2000a].
A great advantage of using a camera-based perceptive intelligence system is that cameras are sensors
that rarely break. If the software that processes the camera’s image, is robust, such as in our case,
the interactive installation can function continuously and smoothly for an unlimited amount of time.
As opposed to other types of pressure or contact-sensors, the system is not affected by the number
of visitors that experience the installation and that could damage the sensor through repetitive use,
tampering, or natural wear.
5.6. The interactive documentary presentation table
5.6.1. Museum message: Puccini as the precursor of the modern figure of film director, Puccini
today as an author that appeals to people of all ages, Puccini: the man and the places he lived in.
To convey the complex messages of: Puccini as the precursor of the modern figure of film director;
the author designed an interactive table, a non-linear multimedia art documentary presentation device
to be consulted almost as if a game. This interactive documentary presentation table also showed
video segments that illustrated various aspects of Puccini’s life and work: the man and the places he
lived in, and the use of Puccini’s music today in movies and theater. By moving a selector-object
along an animated visual map of contents, projected onto the table, people can build their
personalized art documentary about the exhibit that they see come on the vertical wall in front
[figures 44-46]. Visitors can choose to watch from a minimum of three minutes to a maximum of
two hours of interviews, animations, and explanations and choose the topics and sequence that best
match his interests. Traditional exhibits sometimes show a linear video documentary in a separate
room of the museum. During the production of these art documentaries however a problem often
arises: if the final edit of the documentary is short, ten or twenty minutes, it ensures a quick rollover
of visitors, but it lacks depth and detail. If instead it is longer, an hour or more, while it tends to
satisfy most viewers’ curiosity, it is often skipped by people who don’t have enough time or who do
not wish to wait until the end, to start watching the documentary from the very beginning. With the
interactive documentary presentation table instead people explore the different sections of the
exhibit’s video documentary in a non-linear way, they can start any time and can select the order and
sequence of topics according to their interests and available time.
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5.6.2. Exhibit design guidelines:
While the immersive cinema is designed in a way to produce a strong emotional impact on people,
the interactive documentary table wants to stimulate the visitors at a cognitive level, to think and
make sense of the deeper messages of the exhibit. The choice of a table as an interface is not casual:
people usually sit at the table to work, to make to new projects, to look at maps while planning a trip,
and to discuss important items in small groups. The metaphor of interaction is exactly that of
planning a trip through the land of Puccini: the projection on the horizontal surface of the table is
like the map, and the large projection on the vertical surface of the wall is like the landscape people
see during the trip. For more details on the visual style chosen to shoot the art documentary for this
particular type of non-linear“cinema” see [Sparacino, 2004].
5.6.3. Museum Intelligence:
Such as in the immersive cinema space, the perceptual intelligence of the space comes from vision
sensing: a camera placed above the table detects in real time the selector-object position, from its
unique combination of shape and color. The system is smart in that it has been tested with several
people’s hands onto the table in the camera field of view, with visitors leaning over the table, with
hands covering the selector-object from the camera view, with people shaking the selector object all
around very fast, or by removing it from away the table: in none of these cases is the system
confused or breaks. The author believes that such robustness is mandatory for interactive
installations for public spaces: if the interface breaks often or does not work consistently, the
“magic” of involvement and immersion in the interactive experience vanishes.
5.7. Museum Wearables
5.7.1. Museum message: . Puccini as the precursor of the modern figure of film director; The
beauty of Puccini’s music.
Visitors of the “Puccini Set Designer” exhibit are invited to explore the museum rooms using the
provided wearable computer audio and video-guides. The wearable computer - called Museum
Wearable [Sparacino, 2002 a]- is an interactive enhanced-reality device for museum use. It is made
of a small size and lightweight computer, housed in a shoulder bag or belt pouch, connected to a
heads-up display and headphones [figures 47-49]. The display, also called private eye, generates a
picture in picture effect in the field of view of the wearer [figure 50]: people see the space around
them, and virtually embedded in it, the computer generated image of the private eye. The wearable
dynamically builds an audio and visual documentary that explains and illustrates the artwork as a
function of the visitor’s path along the museum galleries.
We created the content shown by the museum wearables with a strong emphasis on visual
storytelling. The wearables are not portable kiosks, which show internet-like web pages with lots of
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text, multiple links, a few images, and occasionally a video clip. The wearables are mobile cinema
[Sparacino, 2000 b]: they virtually turn the museum into a cinema stage set, where the museum
objects are the actors telling a story, and the wearer is a real time editor that composes the movie
along his or her chosen path in the museum.
5.7.2. Exhibit design guidelines:
With the museum wearables we were able to fulfill some important exhibit design requirements. As
smart earphones, the wearables supply the exhibition’s soundscape: they play Puccinian arias
according to the specific area the visitor is in thereby creating, wherever and whenever possible, a
coupling between the visuals on display and the music associated to them They also show an
introductory videoclip to the works on display in the room. This means there is no need for the
explicatory info boards which usually accompany an exhibition, interrupting the flow of visitors as
they stop to read the relative texts.
The museum wearables can be considered an alternative, or a high-end complement, to handhelds,
which have recently become popular in museums. The main difference between these two devices is
that with the wearables the information is brought right up to the field of view of the visitor: people
don’t have to look down towards the small screen on their hand, but they can keep walking around
and look directly at the artwork in a natural way.
The museum wearable relies on an infrared emitter/receiver system to determine the visitor’s
location in the exhibition space (see below). Thus he must press no button to start the animation, nor
deal with any other similar distraction. This is an important issue: when people are cognitively busy
identifying numbers or signs placed along the museum walls they cannot fully enjoy the emotional
experience of the visit, which requires that their spirit is fully open to the impact the artwork may
have on them. Similarly, if they are given a complex input interface, with numerous buttons and
options, they are distracted by a device that demands constant attention, rather than helping them
concentrating on and enjoying the visit.
5.7.3. Museum Intelligence:
In the “Puccini Set Designer” exhibit the museum wearables are driven by an infrared long-range
location system, which communicates to the mobile units worn by visitors their position in the
museum space. We placed location emitters at the two sides of each point of passage between
museum rooms. Therefore the storytelling engine would know if people enter or exit a space, and if
they have previously visited a location. According to this information, the system plays a video
introduction to the artwork presented in each room upon entry, followed by selected arias pertaining
to the area of the exhibit in which the visitor is standing. With the arias, the words of the libretto
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play synchronously on the wearable’s eyepiece. If the visitor returns back to a room, the wearables
do not repeat themselves: they play new arias from the Puccini opera shown in the same room.
The museum intelligence that enables the museum wearable experience is one that relies on
“location bulbs”, or emitters, placed along points of interest in the galleries. To preserve visitors’
privacy, we distributed several emitters in the space, while the receiver is worn by the visitor, and
connected to the mobile computer. With this deployment architecture it is impossible for a central
system to know at a global level where all the visitors are in the museum and track them along. Each
wearable computer can instead receive locally relevant position information that signals to the mobile
computer the wearer’s vicinity to objects of interest.
5.8. The Opera Fan Corner
5.8.1. Museum message: The beauty of Puccini’s music
To highlight the beauty of Puccini’s music and to meet the expectations of opera lovers we created
an opera fan corner where people can sit and listen to a selection of Puccini arias behind an invisible
sound wall. People sit in a large and comfortable leather couch and face a large computer screen that
shows the words of the libretto in perfect synchrony with the music and the singing.
5.8.2. Exhibit design guidelines:
Again, also for this exhibit space, we did not want to use a traditional approach with headphones or
the like. We chose among the highest-end technology available for sound projection: the audio
spotlights. With these we created an open space invisibly delimited from the neighbor space by an
artificial sound wall generated by the audio spotlights, thereby maintaining the overall magical theme
of the exhibit design.
5.8.3. Museum Intelligence:
We were not able to make this space intelligent, in the sense described in section 3, due to time and
budget constraints.
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Fig. 1: Overall layout of the “Puccini Set Designer” exhibit
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Fig. 2 and 3: Examples of 3D set modeling for the operas: Madame Butterfly (above) and Tosca (below)
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Fig. 4 and 5: Above: original, Below: 3D reconstructed 3D model of Puccini's Manon Lescaut set. Please note in
the reconstructed set the light coming in from the window, and the projected shadows.

Fig. 6 and 7: Snapshots from the 3D camera animations we produced for Puccini's Manon Lescaut opera set
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Fig. 8 and 9: Left: original and right: 3D reconstructed model of Puccini's Fanciulla del West. Please notice on the
reconstructed model the light coming from the lamps and the shadows these generate.

Fig. 10 and 11: Snapshots from the 3D camera animations we produced for Puccini's Fanciulla del West

Fig. 12 and 13.: Left: original, right: reconstructed 3D set of Puccini's Bohème, act 2.
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Fig. 14 and 15.: Details of the Bohème reconstructed 3D set with characters

Fig. 16.: Detail from the 3D reconstruction of Puccini's Boheme, Act 2.
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Fig. 17 18 19 20.: Left: original "figurini" characters from Puccini's Turandot.
Right: 3D reconstruction of characters with costumes. Above: Turandot, below: Pang
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Fig. 21 22 23 24. Left: original "figurini" characters from Puccini's Turandot.
Right: 3D reconstruction of characters with costumes. Above: Turandot, below: Ping
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Fig. 25 26 27 28. Left: original "figurini" characters from Puccini's Turandot.
Right: 3D reconstruction of characters with costumes. Above: Calaf, below: Timur
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Fig. 29 and 30. Examples of body and mouth animation work displayed in the immersive cinema installation.
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Fig. 31 32 33 and 34. Snapshots from the 3D costume animation work in Puccini's Turandot, last act. .Please
notice how the costume's drapes follow body movement, and the glow on the character's face and hands created to
make the characters looks like ghosts that spring from Puccini's own reconstructed imagination.
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Fig. 35 36 37 and 38. Example of animation of Turandot's long dress as she walks up the stairs.

Fig. 39 40 41 and 42. Example of mouth animation as Turandot starts singing an aria.
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Fig. 43: The Immersive Cinema Interactive installation
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Fig. 44 and 45: The interactive documentary presentation table
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Fig. 46: Side view of the interactive documentary presentation table

Fig. 47: An image of the exhibit section that shows the original costumes used for Puccini's Turandot's
world premiere performance
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Fig. 48: Visitors exploring the costumes section of the exhibit (figure 46) with the museum wearables

Fig. 49: Visitors appreciating drawings from Puccini's Tosca with the museum wearables
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Fig. 50: Example (simulation) of the picture in picture effect generated in the viewer's field of view by the private
eye of the museum wearable. In this example, scenography expert Helen M. Greenwald introduces the visitor to the
artwork on display in the Manon Lescaut room.

VI. Discussion and Conclusion
In this final section the author will comment upon the validity of the methodology and the technical
solutions employed for the “Puccini Set Designer” exhibit so far described. A discussion about the
evaluation of the exhibit itself can be found in [Sparacino, 2004]. Rather that asking visitors to fill
lengthy questionnaires on their way out, which is usually a boring task, not always leading to
significant results, the author decided to rely on a more informal, yet effective, evaluation method.
We asked our numerous group of exhibit guardians to attentively observe visitors, and to provide
answers to the following questions:
Are the interactive installations easy and intuitive to use ?
Do they work consistently or do they break at times ?
Do the interactive installations actually help get the museum message across ?
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Is the technology deployed in the museum a burden to maintain for the museum
personnel or was maintenance easy ?
Are people intimidated by the technology and the new scenic devices or are they curious
and eager to try them ?
Visitors reacted enthusiastically to the technology and several people spontaneously stopped at the
staff desk, on their way out, to share their favorable impressions about the exhibit. The technology
was easy to maintain. The museum staff in charge of starting the installations in the morning, and of
surveillance on site, was mostly composed by college students of the nearby art and humanities
college, who had some basic familiarity with computers. The author run several training sessions for
the museum personnel both on the week before and during the very first week after the opening, to
ensure that as many people as possible on site became familiar with all the interactive installations.
After the training phase was completed, our team did not need to provide any further technical
assistance to the museum. The exhibit did attract people of all ages: children were seen leaving the
exhibit humming Puccini’s arias. A nephew of Puccini himself who came to visit a week after the
opening commented that for the first time he was happy to see what he called “a different crowd
that the usual opera-goers” at an exhibit about his famous ancestor.
The installations were immediately intuitive if the public could see somebody else using them. We
therefore asked the exhibit guardians to show people what to do in case no other visitors were
present in the room. Alternatively we could have created a short introductory video sequence with
instructions that automatically plays if nobody uses the space for a certain time, ready for the next
group of visitors.
We did encounter a technical problem with the museum wearables, which affected their use for the
first couple of weeks: people wearing them would tend to play with and pull the cable connecting the
computer to the eyepiece. As a result the eyepiece became disconnected. We quickly ruggedized the
affected parts and after this operation the wearables functioned reliably for the entire time the exhibit
remained open. The exhibit was open for about five months, which is a standard time for exhibits in
Italy, and hosted nearly twice as many people as the museum typically hosts during the same
season. During this time nobody damaged, vandalized, or stole any of the equipment we had
installed. We did ask people to leave behind a picture ID in order to check out the wearables, so as
to discourage theft, and we allowed children to use the wearables only if assisted and accompanied
by an adult. The wearables’ batteries lasted for a bit less than three hours, which was largely enough
time to visit the exhibit in detail. Batteries had to be recharged in place during the day, so that each
visitor could start the visit with fresh batteries each time. The choice of batteries is a delicate one: we
could have chosen batteries that last all day long, but this would have made the wearable computer
much heavier, which is not desirable. We used standard camcorder batteries, which are commonly
available and recharge fast.
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An issue that arose both for the immersive cinema and the interactive table was for us to decide if
people could interrupt the ongoing video clip or animation with their next choice, as opposed to
having the system wait until the content segment reaches the end before playing a new one. The
author initially chose the same for both installations: to allow people to interrupt if they were not
interested, and to move on to the next topic or animation they select. Not only did our collaborators
in the museum notice that people rarely took advantage of this option. In addition they reported an
unexpected usage of the immersive cinema space: children, were so intrigued by the carpet of light,
which responded to their presence on the hotspots, the triggering points, with fancy animations, that
they kept jumping from hotspot to hotspot, as in a game, thereby causing the system to jump from
one animation to the next on the vertical screen, which was unpleasant to watch and listen to. We
therefore made the animations uninterruptible in that space. We also decided to make the system
even more children-friendly: rather than waiting until people point towards the vertical screen to start
or activate an animation, we made the animation start as soon as people stepped on a hotspot on the
carpet of light. The simpler interaction modality made the installation even more intuitive to use, and,
as opposed to the author’s expectation, still effective and interesting for the general public.
The curators also discussed the interaction modality on the interactive table. The author had
previously designed two similar devices: one for the “Unbuilt Ruins” exhibit, held at the MIT
Compton gallery at the beginning of 1999 [Sparacino, 1999] and one also that served as the original
prototype for MOMA’s “Unprivate House” exhibit [Sparacino, 2000 a], held in the summer of the
same year The first interactive table used two types of selector-objects to allow visitors to select
content: people in a small group could collaborate and take turns in moving the selector objects on
the animated table surface. MOMA instead chose to have an interactive table with separate identical
“place mats” for individual visitors: several people sat around the table and each interacted
individually in his own space. When confronted with the choice of designing an installation for a
small group of people, or an installation for individual visitors, all the curators voted for the first
option. Our local group of observers in the museum reported that group interaction did not seem to
be a problem: people spontaneously took turns or politely waited until the first group had finished
to take over. Sharing the same experience with others was actually a desirable feature for our public.
Should the number of visitors in the museum be very high, several identical interactive tables can be
distributed in the galleries, each still serving small groups.
The author’s final remarks are that for how sophisticated may be the technology we deployed in the
museum, it should not be seen as mere technology, but instead as a stage trick, as a theatrical special
effects capable of engaging people into the story and the message of the exhibit. Rather than calling
our work: interactive installations, it would be more appropriate to call our narrative spaces: scenic
devices. In this respect, Puccini not only proved to be an extremely interesting subject for a museum
exhibit but also a source of inspiration for us all. His main contribution to the history of
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scenography was to help opera move away from “number opera”, a performance during which
singers would step on an empty stage to sing, one after the next. Puccini instead devoted great
attention to the whole production, from the details of the story the opera told, to the scene, the
costumes, the acting, and the special effects. Guided by Puccini, we hope that our work will also
inspire others to move away from the idea of the museum as simple container of precious objects,
and to transform it into a more complex and attractive place, a set complete with special effects and
stage tricks expressly designed to delight the spectator, and where people can feel deeply engaged
by the story being told.

© Archives & Museum Informatics Europe, 2004

38

ICHIM 04 - Digital Culture & Heritage / Patrimoine & Culture Numérique

Acknowledgements
The author would like to thank all of the contributing collaborators from our work group, Sensing
Places. Tracie Lee, Ian Ingram, George Snow, Brian Huffman, Erik Trimble, Claudio Bellizzi, Eric
Hilton, Chin Yan Wong, Teresa Hernandez, Dave Berger, Jeff Bender, Antonella D’Anna. Many
thanks also to all of those who helped during the various development phases of the project: Ari
Benbasat, Zoe Teegarden, George Cairns, Steve Owens, Karen Crook. Holograms were printed at
the MIT Media Lab by holographer Steven Smith with the support of Prof. Steve Benton. Boston’s
Northern Light Productions helped with the video interviews shot in the US. Prof. Stan Sclaroff of
Boston University contributed two silicon graphics workstations that were used during the testing
phase of the exhibit. Our translators Rosemary Merenda and Penny Dyer worked hard to produce
all the video subtitles in time for the opening. All the personnel of the Ragghianti Foundation:
Giuliana Baldocchi, Angelica Giorgi, Elena Fiori, Dora Bertolacci, Laura Bernardi, Francesca Pozzi
were extremely helpful during the preparation of the exhibit. The author would like to thank Vittorio
Fagone, director of the Ragghianti Foundation, and Vittoria Crespi Morbio, curator of scenography
for the Theatrical Museum of the La Scala Opera theater of Milan, who initiated this project.
Musicologist Francesco Degrada, from University of Milan, helped clarify several important exhibit
themes. Professor Gabriella Biagi Ravenni thoroughly introduced our team of videographers to the
beauty of the houses Puccini lived in, around Lucca, Italy, and was our local expert. Special thanks
to Helen Greenwald who has been a nearly-infinite source of knowledge, resources, and kindness.
Without her contribution the exhibit would not have been so successful.

© Archives & Museum Informatics Europe, 2004

39

ICHIM 04 - Digital Culture & Heritage / Patrimoine & Culture Numérique

References
Falk J. H. and Dierking L. D. (1992) The Museum Experience. Washington, DC: Whalesback
Books.
Greenwald, H. M. (1998). Realism on the Opera Stage: Belasco, Puccini, and the California Sunset.
In: Radice Mark A. (Ed.) Opera in Context. Essays on Historical Staging from the Late
Renaissance to the Time of Puccini, Amadeus Press.
Greenwald, H. M. (2001) Picturing Cio-Cio-San: House, Screen, and Ceremony in Puccini's
'Madama Butterfly', Cambridge Opera Journal, 12/3 (2001): 237-259.
Hodge, R. and D’Souza W. (1999). The museum as a communicator: a semiotic analysis of the
Western Australian Museum Aboriginal Gallery, Perth. In: Eilean Hooper-Greenhill (Ed.) The
Educational Role of the Museum, Routledge, 53-63.
Jordan M. I. and Sejnowski T. J. eds. (2001) Graphical Models. Foundations of Neural
Computation, MIT Press.
Serrell B. (1996). Exhibit Labels. An Interpretive Approach. Rowman and Littlefield Publishers.
Sparacino, F., Larson, K., MacNeil, R., Davenport, G., Pentland, A. (1999) Technologies and
methods for interactive exhibit design: from wireless object and body tracking to wearable
computers. International Conference on Hypertext and Interactive Museums, ICHIM 99,
Washington, DC, Sept. 22-26, 1999
Sparacino, F., Davenport, G., and Pentland, A. (2000 a) Media in performance: Interactive spaces for
dance, theater, circus, and museum exhibits. In: IBM Systems Journal Vol. 39, N. 3&4, 2000, pp.
479–510.
Sparacino, F., Davenport, G., Pentland A. (2000 b) Wearable Cinema/Wearable City: bridging
physical and virtual spaces through wearable computing. IMAGINA 2000, invited presentation,
Montecarlo, January 31st-February 3rd 2000
Sparacino, F. (2002 a) The Museum Wearable: real-time sensor-driven understanding of visitors'
interests for personalized visually-augmented museum experiences. In: Proceedings of Museums
and the Web (MW2002), April 17-20, Boston, 2002.
Sparacino, F., Wren C., Azarbayejani A., Pentland A. (2002 b) Browsing 3-D spaces with 3-D
vision: body-driven navigation through the Internet city. In: Proceedings of 3DPVT: 1st
International Symposium on 3D Data Processing Visualization and Transmission, Padova, Italy,
June 19-21 2002
Sparacino, F. (2003) Sto(ry)chastics: a Bayesian Network Architecture for User Modeling and
Computational Storytelling for Interactive Spaces. In: Proceedings of Ubicomp 2003, The Fifth
International Conference on Ubiquitous Computing 2003: Seattle, WA, USA
Sparacino F. (2004). Scenographies of the past and museums of the future: from the
wunderkammer to body driven interactive narrative spaces. In proceedings of: ACM Multimedia
2004, October 10-16, 2004, NY, NY, USA.

© Archives & Museum Informatics Europe, 2004

40

