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Abstract

This paper proposes a drama-based interaction metaphor for the presentation of
information on mobile devices. The metaphor relies upon an artificial character, that
presents information according to a scripted drama. The system architecture is
typical of BDI agents, and operates as a script organizer over a repository of
elementary audiovisual units (script units), that can be combined in order to
effectively react to the user’s inputs. In particular, this paper focuses on the
preliminary results achieved in the implementation of the audiovisual fluency, i.e.
the seamless combination of script-units, that increases the overall believability of
the character. This combination is achieved by adopting Hollywood-style film
editing techniques, encoded in a set of parameters and functions that can implement
a number of plausible transitions between the Script-units.

1. Introduction

The design of applications for nomadic computing is concerned with accounting for users’ localisation and the
system adaptability to users’ profiles. The issues raised in the nomadic context are actually typical of all the
applications dealing with presentation of information to users where the major aspect to be tackled by an
application designer is to provide orientation in a potentially huge and not always relevant information space, a
design issue that can be addressed by adopting suitable metaphors for human-computer interaction. Viable
metaphors can be imported, after a careful craftwork on the communication languages, from the domain of
visual and performing arts, domain with which most of the users are familiar (Gershon & Page 2001). In recent
years, an increasing attention has been devoted to artificial characters as a communication metaphor, although
not for mobile devices: character-mediated presentations are considered to be more compelling, as a persona has
been shown to have a positive effect on the user’s attitudes (Lester et al., 1997). An appropriate and well-
calibrated level of emotional arousal conveyed by the dramatic component helps focusing the attention and
facilitates the understanding (Picard 1997). Moreover, interactivity with the characters increases their
believability and contributes to adapting the presentation to the users’ needs (Cassel et al. 2000).

In this paper we describe preliminary research on a system architecture for an artificial character, Cyrano,
implemented on a mobile device supported by a wireless network, by using off-the-shelf PDAs and a wi-fi LAN.
The goal of Cyrano (see also Damiano et al. 2003) is to generate interactive, drama-like presentations, acted by
an artificial character who inhabits a virtual space situated on a portable device. The deliberation component of
the system outputs a multi-modal script that implements the behaviour of characters. The user can interact with
the system, so the system may modify its behaviour as a consequence of the interaction, by switching to a new
script. The whole methodology is inspired by the interactive drama paradigm (Mateas 2001, 2002). The
functioning of the system is modelled on the way script writers work: the developer of a drama application first
encodes the character’s possible behaviours into a set of Scripts, consisting in a chain of Script-units (see below);
then the system generates an intentional behaviour by selecting a Script among the available ones.

The specific issue addressed in this paper is the problem of producing a seamless and appealing sequence by
concatenating Script-units. This requirement is guaranteed by the adoption and the formalization of Hollywood-
style editing techniques (Boldwell & Thompson, 2000) (Reisz & Millar, 1995). Editing techniques are expressed
in terms of parameters and constraints that allow the selection of suitable transitions from a pool of possibilities.
The paper is organized as follows. First, we describe the system architecture, called Cyrano; then we address the
problem of audiovisual fluency and the solution proposed; finally we illustrate the example application and
report on the related work.



2. The system architecture Cyrano

The system architecture Cyrano (see Figure 1) is structured as a cascade of modules that reside on the mobile
device and the server. In general, the mobile device accounts for the detection of input events (that are
transmitted in symbolic form to the server) and the chain playing of audiovisual clips selected according to the
server instructions; all the other modules, that form the decision-taking part of the system, reside on the server.
Each module takes into account the output representation of the previous module and the interaction already
occurred in the current session (interaction history - IH), and produces a new representation while upgrading the
interaction history.

The Input Manager takes as input a symbolic representation of the signals from the Event Detector (user requests
expressed via text/speech, tapping, buttons, and the information about the device current location), and converts
it into a logic representation. Based on this representation, the Understanding Module identifies the user's goals:
for example, the user may desire to obtain more information about a certain item (information seeking goals),
ask for clarification about a system turn (interaction handling goals), or simply signals the willing to attend the
remaining presentation. Then, the Goal Manager generates the system goals in response to the identified user’s
goals by consulting the Goal-KB, a set of rules which select the interactional and dramatic goals of the system
based on the interaction context and on the advancement of the drama. The Script Manager, the deliberative core
of the system, exploits the knowledge encoded in the Script-KB (a repository of Scripts made of Script-units
descriptions, see Figure 2), and the input from the previous modules (Interaction History, System goals) to
deliberate about the next selected Script, possibly aborting the currently selected Script, by testing its
preconditions. Finally, the Presentation Module inserts a number of suitable transitions (transition-units)
between adjacent Script-units. Transition-units are retrieved from the Transitions-KB, that contains an organized
pool of Transition-unit descriptions. A Script completed with Transitions is sent to the mobile device, where the
Action Scheduler retrieves the appropriate audiovisual clips from Script-unit and Transition-unit pool and
dispatches it to the multimedia output devices for synchronised execution.

The behaviour of the system (character) results from playing multi-modal Scripts in sequence; Scripts are
selected on the basis of the interaction between the system goals and the user’s reactions. A Script consists of a
sequence of pre-built modules (Script-units), a set of pre-conditions (that determine the applicability of the
Script) and a set of (non-deterministic) effects (that hold after the Script execution).

The system past behaviour is represented as a bipartite chain of vertices (composed of Script-unit instantiations
and user communication acts) and directed connection edges. This structure constitutes the system memory of
the interaction, and is called Interaction history (IH). In figure 2, the elements of IH are connected to the
corresponding Script-units in the Script-KB by dashed edges. Diamond shapes correspond to the user’s acts.

3. Thefluency of Script-unit sequencing

In this section we describe the task of the Presentation module, which selects an appropriate Transition-unit that
joins the previous and the current Script-units selected by the Script Manager. First, we provide a detailed
description of the internal structure of units, and then we illustrate the rules that implement the fluency of Script-
unit sequencing. Script units consist in a structural arrangement of multi-modal elements. This description
follows a bottom-up fashion: we move from low-level elements (Script-units and their internal components,
called clips) to higher-level elements (Scripts).

We call Track any item with a duration, independently from its content. A Multi-track element is a set of Tracks,
where all Tracks have the same duration. The content of a Track is provided by a Clip element. We define Clip
any multimedia item, containing audio-video information, graphics or animation. Clips can be elementary
(Simple clips) or non-elementary (Complex clips). Simple clips can be Body-clips, Loopable-clips, Context-
clips, and Border-clips (which can be either Start or End-clips), while Complex clips can be Character-clips or
Transition-clips (see figure 3).

Script-units, the building blocks of Scripts, are Multi-Track elements composed of one or more Context-clip
items, and a single Character-clip. A Script-unit is an elementary behavioral unit featuring a single character
(Character clip), plus any additional audio-visual information (e.g. Context-clips provide extra information, like
background or sound effects).

Character-clips, that factorize the behavior of one or more characters, convey the drama content. A Character-
clip is a sequence composed of a Start-clip, a Body-clip, and an End-clip (see figure 4). The rationale for the
tripartite structure of Character-clips is to express the relations of narrative coherence between subsequent
Script-units as formal and content relations between End-/Start-clip pairs .
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Script units are concatenated to form sequences (Scripts in the system terminology) by interleaving Script-units
and Transitions-units. The role of Transition-units is twofold: they produce the system behavior while waiting
for the user input, and guarantee a smooth transition between subsequent Character-clips. In this way, the
developer is not constrained to worry about graphical coherence when designing Character-clips, and Character-
clips can be sequenced to form different Scripts with some degree of freedom.

A Transition-unit is formed by a Transition-clip. A Transition-clip also have a tripartite structure: a Start-
transition clip (that has to be coherently put into sequence after some End-clip), one or more Transition-body
clips (which are Loopable-clips, as they can be iterated if necessary), and an End-transition clip.
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Figure 4. The internal structure of units.

With the aim of obtaining visual fluency, we connect a Script-unit and the following Transition-unit, via their
Border-clips, according to a set of rules (and its set of parameters) that we have derived from the standard
practice in Hollywood film editing, otherwise described as continuity editing, “a dominant editing style
throughout western film history”, used to “ensure narrative continuity” by means of a smooth flow from shot to
shot in order to convey the illusion of spatial and temporal continuity (Bordwell & Thompson, 2000) (Reisz &
Millar, 1995). A number of parameters can be used to describe Hollywood-style editing techniques: for example
the graphic qualities (framing, mise-en-scene, etc.) are kept roughly continuous between shots, while the cut-on-
the-action rule takes advantage of the fact that editing, when motivated by narrative reasons as in the case of a
dynamic scene, passes unnoticed by the viewer. Spatial continuity is guaranteed by the 180° axis rule that
ensures consistent screen direction, i.e. in the case of a character walking left to right, her/his path constitutes the
axis of action and only shots filmed on one side of the axis are acceptable, since crossing the axis would result in
the character walking right to left. The 180° system is even more important in the case of two or more characters
as it ensures that their relative positions in the frame, as well as eyelines (where the characters gaze), stay
consistent, as it happens in the classical shot/reverse shot sequence.

In the partial implementation reported here, we take into account two specific parameters that affect the Border-
clips, PROPS and DISTANCE. The PROPS parameter (a prop is any movable articles or objects used on the set
of a play or movie) accounts for the satisfaction of the graphical continuity between two frames, that includes,
cinematographic qualities and the whole of mise-en-scene (lighting, setting, costume, behaviour of figures and
presence or absence of props). As in our application Transition-units are retrieved from a large pool according to
interaction needs, graphical continuity is a crucial aspect in the selection of viable Transition-units. For example,
for a character that does smoke, adjacent clips (typically the End-clip of a Script-unit and the Start-clip of the
following Transition-unit) are selected on the basis of conforming to the parameter (presence/absence of smoke).
The same formalization could apply to all mise-en-scene qualities: costume (presence/absence of jacket or hat),
lighting (day or night), setting (presence/absence of objects in the background).

The DISTANCE parameter is concerned with the type of shot, i.e. distance of framing depending on the
camera’s position. We have taken into account the six main shot types: extreme close-up, close up, medium shot,
three-quarter shot, long shot and extreme long shot. Generally speaking, it is regarded as viable and even



artistically appreciable cutting from one shot-type to a different one. However, a straight cut between a long shot
and a close-up, given the abysmal magnification order, can be disturbing for the viewer and is thus to be avoided
or at least it is normally avoided in classical Hollywood editing practice (although it could be adopted in other
contexts, such as music videos). It is equally important to avoid cutting between shots that are too similar, a
thing that is perceived as upsetting by viewers.

In the rest of this section we illustrate the definition of parameters that describe each clip, and the production
rules that constrain them. Let Py be the binary PROPS parameter, which takes the values {0,1}, where 0 indicates
the absence of an item and 1 the presence of the item, and P, be the six-valued DISTANCE parameter, which
takes the values {E.C.U., C.U., M.S., T.Q.S, L.S., E.L.S.}, where E.C.U.= Extreme Close Up, etc. (see terms
above). We represent the framing distance associating it with integer values from 1 (Extreme Close Up) to 6
(Extreme Long Shot) where: 1=E.C.U., 2=C.U., etc. .

Now we introduce a relation R between two Script-units. Given two subsequent Script-units SU; and SU;;, we
individuate a Transition-unit TU such that the Start-clip of TU is in relation R with the End-clip of SU;, the End-
clip of TU is in relation R with the Start-clip of SU,;;. The axioms of the relation R can be described by the
following functions, each associated with a parameter. Both functions check the corresponding parameter, take
in input two Script-units and one Transition-unit, and return either an arrangement of the Transition-unit that is
compliant with the two Script-units, or nothing (i.e. adopts a default transition). Check-Continuity checks the
PROPS parameter; Check-Distance checks the DISTANCE parameter.

Check-Props (SU, SU., TU):

if PLis equally valued in the End-clip of SU and in the Start-clip of TU &
Pl is equally valued in the End-clip of TU and in the Start-clip of SU.

then return (TU)

el se return NULL;

Check-Di stance (SU, SU., TU):

if (P2 in the End-clip of SU) is equal to (P2 in the Start-clip of TU +2 OR
(P2 in the End-clip of SU) is equal to (P2 in the Start-clip of TU) -2

t hen
if (P2 inthe Start-clip of SU.)is equal to (P2 in the End-clip of TU +2 OR

(P2 in the Start-clip of SU.)is equal to (P2 in the End-clip of TU -2

then return (TU)
el se return NULL

el se return NULL

The Check-Props function selects a TU such that both Start- and End-clips are compatible (in terms of having or
not having the prop) with the Script-units that surround it. The Check-Distance selects a TU where the distance
of framing is different by two degrees with respect to the previous or the following Script-unit, thus avoiding
contiguous shot being too similar/dissimilar. When all functions yield a NULL result, the Presentation Module
selects the default Transition-unit FadeOut-Fadeln, where FadeOut means that an End-clip fades to black and
FadeIn means that from black the screen fades in the following Start-clip. In case of multiple eligibility of TU’s,
a random selection occurs; however, it is possible to devise a set of rules that take into account some contextual
factors, including the interaction history (no repetition, visual impact, ...).

4. Example application

The approach described in Section 3 has been applied in the development of an electronic guide to an historical
site. The artificial character inhabits the virtual space provided by a PDA, from where s/he illustrates the
contents of the site, with reference to the current location of the visitor.

The interaction implemented in our project is that of drama, played by the user and an artificial character in the
PDA. In the rest of this section, we provide an example of a drama-based presentation of a room in the king’s
residence, the Billiards Room. So, in the system execution the current location of the user is “the Billiards
Room”; the current system goal is “the presentation of the Billiards Room”; this presentation can be conveyed
throughout several Scripts.

Now we describe the Script-units of a specific Script, called “PlayBilliards”, where the king character Vittorio
Emanuele II exhibits a playful and competitive attitude towards the user (L.S., M.S. and C.U. stand for Long
Shot, Medium Shot and Close-Up, respectively.). The description of the first Script-unit and the following
Transition-unit are in figures 5 and 6 (see the pictures from our Macromedia Flash& implementation).

We can note that the End-clip of Script-unit 1 and the Start-clip of Transition-unit 1 satisfy both the two
parameters P; (Continuity: in both clips, presence of the billiards cue) and P, (Distance: the type of shot in the
two clips is two-degree different), the set of overlapping rules R makes the Action Scheduler prompt the system
to play: I) the Script-unit to its end and the Transition-unit 1 from its start and II) both clips one after the other.
The Body-clip of Transition-unitl is a Loopable-clip, that takes into account the user’s interaction time (in this



case the system awaits for a positive or negative answer) and the eventual inertia of the system in calculating the
best dramatically suited Script-unit to follow in response of the user’s selection. In case the user gives a positive
answer (he does indeed play billiards), the continuation is given by the Script-unit 2 (figure 7).

5. Related Work

This paper concerns three major aspects of the development of intelligent systems for information presentation in
a mobile device context: the use of a drama-based metaphor for HCI, the implementation of animated characters
on a PDA platform, the formalization of film editing rules in order to achieve a flow of coherent video
sequences.
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Figure 5 — Start-clip, Body-clip and End-clip for Script-unit 1.
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Figure 6 — Start-clip and Body-clip for Transition-unit 1
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Figure 7 — Start-clip and Body-clip for Script-unit 2

The drama-based metaphor has seen a growing interest in the HCI community in the last decade Animated
agents are present in a wide range of different application areas (including education, training, entertainment, e-
commerce, ...). Andre & Rist (2001) review a number of systems they have developed for different presentation
scenarios. Their analysis points out a range of possible approaches from total scripting (or hard coding) to self-
emerging behaviour, even if this dichotomy is actually blurred in the implemented systems, where hard coding
of character’s behaviour remains unavoidable for practical reasons. Our approach is script-based. Although this
choice may introduce a certain amount of rigidity, pre-built material allows an increased believability of
characters, in contrast with the poor results of the self-behaviour approach reported by some researchers (Mateas
2001).

PDA applications have received much attention in the museum context (for a general review, see Amirian 2001,
Schwarzer 2001). A recent survey of such applications (Biral & Lombardo 2003) has pointed out the general
lack of a clear communication metaphor. Prototypes, dating as far back as 1993, have so far proved challenging
and confusing for the user, even when familiar metaphors were borrowed and modified (see Cheverst et al.
2000a, 2000b and Fleck et al. 2002 for an evaluation of the browser metaphor). There are, however, a few
exceptions to this common trend: for example, SottoVoce (Grinter et al. 2002) adopted an innovative perspective
by giving the electronic guidebook a conversationalist role: the prototype permitted eavesdropping on the audio
content of a companion's guidebook when wanted, and this enhanced socialization. More recently, the PEACH
project (Rocchi and Zancanaro 2003), which follows previous research on adaptive hypermedia (Petrelli et al.
1999), features a cinematic metaphor: sequences of camera movements (pans, tilts, etc.) are applied to e
repository of semantically annotated still images and synchronized to an audio commentary. In one of the latest
versions the commentary is interpreted by a “cyberella”-type agent explicitly aimed at attracting a younger
audience and used as a “mediator” to direct the user’s attention in the case of “multi-device” presentation
performed on both PDAs and large displays in the museum space (Kruppa and Kriiger 2003). In this prototype
the agent has an ancillary role in the presentation strategy, rather than, as in our work, being the core of it.

For the Hollywood-style fluency in video editing we have derived inspiration on automated editing techniques
from work done in systems that support interactive narration, like SoftCinema (http://www.manovich.net) and
Korsakow (http://www.korsakow.com). Both approaches attribute video segments a few keywords that mostly
describe their pictorial qualities; then editing rules rely upon these qualities. In our case, editing meets the
necessity of portraying a well-paced and entertaining dramatic action, thus achieving a fine cut approach as
opposed to the rough cut implemented in (Nack & Parks 1995).

5. Conclusions

This paper has presented some preliminary results on a drama-based metaphor for information presentation on
mobile devices. The presentation of information is scripted in terms of elementary units (called Script-units) that
are assembled in larger units called Scripts. The system displays information by selecting the Script that better
contributes in achieving the system goals. This paper has shown a solution for guaranteeing the audiovisual
fluency of the sequencing of Script-unit in the display of the presentation. The method encodes the Hollywood-



style film editing techniques in parameters and functions that operate on Script-units and the Transitions pool.
This system has been applied in the design of an electronic guide application for an historical site environment,
where a theatre metaphor is widely recognized as a useful mean to overcome the squalor generally met in
cultural heritage visits (Maure, 1995) (Waterfield, 1998).
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