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Summary . Embodied conversational agents provide a promising option for present-
ing information to users. This contribution revisits a number of past and ongoing
systems with animated characters that have been developed at DFKI. While in
all systems the purp ose of using characters is to convey information to the user,
there are signi¯can t variations in the style of presentation and the assumed con-
versational setting. The spectrum of systems include systems that feature a single,
TV-st yle presentation agent, dialogue systems, as well as systems that deploy mul-
tiple interactiv e characters. We also provide a technical view on these systems and
sketch the underlying system architectures of each sample system.

1 In tro duction

The last decadehas seena general trend in HCI to make human-computer
dialogue more like human-human dialogue. Computers are ever less viewed
as tools and ever more as partners or assistants to whom tasks may be dele-
gated. Trying to imitate the skills of human presenters, someR&D projects
havebegunto deploy animated agents (or characters) in wide rangeof di®erent
application areas including e-Commerce,entertainment, personal assistants,
electronic learning and training environments. Basedeither on cartoon draw-
ings, recordedvideo imagesof persons,or 3D body models,such agents provide
a promising option for interface development as they draw on communication
and interaction styles humans are well familiar with.

Starting in the mid 1990swith the development of the presentation agent
\PPP Persona", DFKI hascontributed to this areaof research by intro ducing
a plan-basedapproach to automate the processof writing scripts that control
and constrain the behavior of presentation agents. Since then this approach
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hasbeensuccessfullyapplied to build a number of applications in which infor-
mation is conveyed either by a single presenter or by a team of presentation
agents. Looking at past and current projects conducted at DFKI we observe
an ongoing and manifold evolution of character-basedpresentation systems.

First of all, there is an obvious maturation of a character's visual and au-
dible appearance.This maturation has becomepossiblemainly due to more
powerful but neverthelessa®ordablegraphics hardware as well as due to ad-
vancesin animation and speech synthesis technology. While many early inter-
faceagents were animated on the basisof a relatively small number of hand-
drawn 2D cartoons, rich 3D-body models can now be animated in real-time,
and improved speech synthesisenablesvoicequalities that sound lessrobotic.
Improved audio-visual attractiv enessalone, however, is only one ingredient
for making better virtual characters. In addition, the successof characters in
terms of user appreciation and added value in information mediation tasks
very much depends on other factors too, including a character's role, com-
petence,and communicative skills relative to an application, and its abilit y
to present itself as believable virtual personality. With a focus on structure
and complexity of the conversational setting that a character faces,this con-
tribution revisits a number of past and ongoing systemsdeveloped at DFKI,
discussesimpacts on the architectural design, and provides referencesto re-
lated systems.

2 From TV-st yle Presenters to In teractiv e Performances

The choiceof domain, tasks,and conversational setting imposesconstraints on
any protot ypedevelopment. For instance,in the areaof intelligent information
presentation with animated characters we observe an ongoing evolution of
systemsasillustrated in Fig. 1. The ¯rst setting refersto applications in which
a single character is deployed to present information. From the point of view
of the user a generatedpresentation appearsquite similar to watching a TV-
newsspeaker or to the display of a video clip becauseno interaction is foreseen
at display time. In contrast, the secondsetting is typical for applications with
characters that are able to converse with a user in some sort of a dialogue
(e.g.via spokenor typednatural language,or basedon dynamically con¯gured
menus). Moving on to the third setting actually meansa shift from a face-
to-face character-user setting to a user-as-observer setting. That is, two or
more characters talk to each other on the screento convey information to
the observing audience. However, no user intervention is foreseenduring a
performance.This is in contrast to the fourth scenariowherewe have an open
multi-part y dialoguesetting which allows for both reactive and proactive user
participation.

Technically speaking the fourth scenariois quite challenging sinceonehas
to resolve on an operational level the con°ict between predestination and
freedom of interaction. To complicate things even further, one can think of
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multi-part y settings with multiple charactersand multiple users.However, up
to now such settings remain a big challengesince in this casethe characters
must alsobe able to overhearand understand conversationsamongthe human
partners.

Fig. 1. Character applications with di®erent conversational settings

3 Non-in teractiv e Presenters

The Internet boost in the mid 1990shas inspired researchers as well as com-
panies to develop applications in which a virtual character takes on the role
of a kind of personalizedTV-presenter who informs and entertains the user.
A popular example is the virtual news reader Ananova (www.ananova.com)
that readsnewsscripts live from ITN, a British broadcasterproducing news.

Concerning the control of such virtual presenters one can distinguish be-
tween manually scripted characters and systemsthat work out presentation
scripts automatically. To support manual scripting, a number of dedicated
markup languageshave been proposed, some of which are presented in de-
tail in Part 1 of the current volume. Since manual scripting can be tedious
and error-prone, several attempts have been made to automate the charac-
ter scripting processeither partially or completely. Examples include Noma's
and Badler's virtual weather reporter (Noma and Badler [33]), Thalmann's
and Kalra's [46] TV presenter and the systemsByrne (Binsted and Luke [7])
and Mike (Matsubara et al. [31]) that deploy a talking head to comment on
matches of the RoboCup simulation league(Kitano et al. [21]). Further ex-
amplesof related systemscan be found in other chapters of the current book.
A DFKI system that falls into this category was developed in the PPP (Per-
sonalizedPlan-basedPresenter) project (Andr ¶e and Rist [1], Rist et al. [39]).
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3.1 PPP Persona

PPP-Personawasdesignedasa personalizedpresentation agent that provides
multimo dal instructions for the operation of technical devices.For instance,
to explain how to switch on a technical device, PPP-Personamay show the
user a picture of the device, point to the on-o® switch while giving verbal
instructions on how to manipulate the switch (cf. left-hand side of Fig. 2).

From a functional perspective, PPP Personareceivesasinput presentation
goals(PG) and generationparameters(GP), such as the user's level of exper-
tise and time constraints for the duration of the presentation to be generated.
As output, the system delivers a speci¯cation of a multimedia presentation,
called presentation script. Such scripts are forwarded to a dedicated player
engine responsible for the synchronized display of all involved media objects
including possibly animated illustrations of domain objects, text elements, as
well as character animations and verbal speech output.

Fig. 2. PPP Persona: Screenshotand architecture (left). Excerpt of a presentation
plan (righ t)

In PPP, we formalized action sequencesfor composing multimedia mate-
rial and designingscripts for presenting this material to the user as operators
of a planning system. Starting from a complex presentation goal, (e.g. to de-
scribe a technical device) the planner recursively performs a hierarchical goal
decomposition until all subgoalshave been expandedto elementary produc-
tion, retrieval or presentation tasks. A portion of a hierarchical presentation
plan is shown in the right-hand part of Fig. 2. The operators of the PPP
system represent tactical knowledgeabout how to achieve presentation goals
by meansof a multimedia presentation including a character as an additional
presentation device. Therefore, the operators are formulated from the point
of view of a director who orchestrates the interplay of the character with
the display of all other media objects. As to modularization of the planning
mechanism, PPP usesjust one planner for script generation. Details on the
planning approach can be found in Andr¶e et al. [3].
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4 Conversational Characters

A great deal of contemporary systemsaims at emulating aspects of a face-to-
face interaction in settings where a user facesa virtual conversation partner.
Di®erencesamong systemsconcernboth available input modalities as well as
output modalities.

4.1 Characters with Restricted Input Understanding Capabilities

In the simplest case,user input is handled in a rather restricted and controlled
fashion. An example of such a system was developed in the AiA (Adaptiv e
Communication Assistant for E®ective Infobahn Access) project (Andr ¶e et
al. [3]). The corresponding AiA system features a personal embodied travel
agent whose task is to collect, structure, and present information about a
travel destination while taking into account the individual user pro¯le. A
screenshotof the system is shown in the left-hand part of Fig. 3. During
the presentation phase the AiA agent solicited input from the user only at
some distinct stagesmainly to let the user choose between several options
about what to present next or on what to elaborate in more detail. Thus,
presentations generatedby the AiA systemscan be regardedasa special type
of hypermedia presentations.

In contrast, the stock agent \Rudi" (seeright-hand part of Fig. 3) engages
with the user in a natural languageconversation. Being connectedto several
online stock servers, a user can chat with Rudi about the latest developments
of shares.The user\talks" to Rudi by typing natural languageexpressionsinto
a text input widget while Rudi will talk to the user either by voice output or
likewisethrough speech bubbles. Also, Rudi makesuseof gesturesand facial
displays that accompany his verbal utterances or are even used stand-alone
to convey a communicative goal non-verbally.

As shown in the sketched architectures, AiA's as well as Rudi's internal
machinery is quite similar to that of the PPP Persona.However, both systems
also comprisea component to processuser input. In caseof the AiA system,
selectedmenu options correspond directly to presentation goals or new set-
tings of presentation parameters.In the caseof the stock agent Rudi a shallow
natural languageanalysis is performed. Deploying the ALICE framework for
programming chat robots (www.alicebot.org/), pattern matching rules are
applied to derive requestsfor new presentation goalsand new settings of pre-
sentation parameters from a user's input message.

4.2 Characters that Engage in Multimo dal Con versations

To emulate more closely face-to-facedialogue settings among humans it is
desirable to avoid asymmetriesin communication channels that are available
to a human and a character.
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Fig. 3. Screenshotand architecture of the AiA travel agent (left) and stock agent
Rudi (righ t). In contrast to the PPP architecture (cf. Fig. 2), the AiA and Rudi
both comprise components for analyzing user input, such as menu-based follow-up
questions and typed natural language queries

The abilit y of a character to engagewith a human in an unconstrained
spoken natural languageconversation is most desirablebut also very di±cult
and therefore will remain a great challengefor yearseven though considerable
progresshas been made in the last decadein speech recognition, synthesis
and spoken dialogue systems.On the other hand, restricted spoken-dialogue
agents are technically feasibleand may su±ce their purposesin somedomains.
For instance, the virtual receptionist Cyberella (Gebhard [13]) understandsa
limited number of questionsconcerningtypical information requestsof visitors
coming to DFKI. For instance,a visitor may ask her for directions to get to a
certain o±ce. From an architectural point of view, Cyberellasharessimilarities
with the Rudi stock agent except that this time aural user input is accepted
and processedby a speech recognizer to obtain a text string which is then
processedfurther by meansof a pattern-based natural languageinterpreter.

More ambitious attempts to overcomeasymmetries in available commu-
nication channels have been made in the SmartKom project (Wahlster et
al. [52]). Firstly , the interface character Smartakus comprisesa more sophis-
ticated spoken dialogue subsystem.Secondly, Smartakus has also a \visual
sense" that enablesit to recognizeand understand pointing gesturesof the
user.Thirdly , its visual senseallows the character to read a limited number of
emotional expressionsfrom the user's face. Recognizeduser emotions can be
usedto disambiguate speech input and to generatea®ective responses.Figure
4 shows from left to right the agent Smartakus acting as a TV-program advi-
sor, and two shots of the SmartKom installation for public spaces.As shown
by the close-up,Smartakus interprets multimo dal user input, such as verbal
utterances that are accompaniedby pointing gestures.

Even though projects like SmartKom break new ground in the areaof mul-
timodal human-character interaction, the emulation of multimo dal human-
human face-to-facecommunication remains a long-term challenge.
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Fig. 4. Shots from the SmartKom system. In SmartKom the user engagesin a
multimo dal conversation with the agent Smartakus.

4.3 Other Con versational Agen ts

Quite a number of commercialsites try to boost their web presenceby adding
an embodied conversational character. Similar to the stock agent Rudi, the
user can \talk" to the character by typing NL expressionsinto a text-input
widget. In most cases,however, the conversationalskills of thesecharactersare
limited to that of a pattern-based chat robot. In the best case,such systems
manageto map user input to related contents of the web site. The virtual chat
agent Cybelle (www.agentland.com/) and the agent Aisa (www.smart.com)
are examplesof this kind. In the worst case,a conversation with such a charac-
ter is neither informativ enor entertaining. Needlessto say that such characters
are likely to be perceived by a user as uselessif not annoying.

In contrast, most research protot ypesof embodied conversational charac-
ters are instancesof complex multimo dal dialogue systems,though the focus
is usually on the generationof sophisticatedmultimo dal expressionsby which
a character should respond to user input. Prominent examplesinclude the In-
ternet Advisor Cosmo(Lester et al. [25]), the REA real estateagent (Cassellet
al. [10]), and the GRETA medical advisor (Pelachaud et al. [34]) whereby the
last two systemsrely on sophisticated models of multimo dal communication.

Besidesbuilding concreteagents, researchers focus on the development of
application-independent tools for the implementation of virtual dialog part-
ners. Well-known examplesof this type include the CSLI toolkit (Cohen et
al. [12]) and the Collagen system(Rich et al. [37]) which is basedon a model
of collaboration betweena human and a computer agent.

5 Presentation Teams

There are situations in which direct agent-user communication is not nec-
essarily the most e®ective and most convenient way to present information.
Inspired by the evolution of TV commercialsover the past 40 years,our group
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has discovered role-plays with synthetic characters as a promising format for
presenting information. A typical TV commercialof the early days featured a
salesperson who presented a product by enumerating its positive features {
quite similar to what synthetic charactersdo on webpagestoday. On TV, how-
ever, this format hasbeenalmost completely replacedby formats that draw on
the conceptof short, entertaining scenes.Typically, such performancesembed
product information into a narrativ e context that involvestwo or more human
actors. Episodic formats o®era much richer basiscomparedto the plain enu-
meration of product features, and thus meet the commercial industry's high
demand for originalit y.

A shift from settings with single presentation agents towards the use of
presentation teams bears a number of advantages: First of all, they enrich
the repertoire of modalities to convey information. For example, they allow
a system to convey certain rhetorical relationships, such as pros and cons, in
a more canonical manner. Furthermore, they can serve as a rhetorical device
to reinforce beliefs. For instance, the same piece of information can be re-
peated in a lessmonotonousand perhapsmore convincing manner simply by
employing di®erent agents to convey it. Furthermore, the single members of
a presentation team can serve as indices, which help the user to organizethe
conveyed information. For instance, characters can convey meta-information,
such as the origin of information, or they can present information from dif-
ferent points of view, e.g. from the point of view of a businessmanor the
point of view of a traveller. Last but not least, multiple charactersallow us to
convey social aspects, such as interpersonal relationships between emotional
characters (seePrendinger and Ishizuka [36], Rist and Schmitt [41]).

5.1 Sim ulated Car-sales Dialogs

The eShowroom (also called \Inhabited Market Place") is an example of a
system that employs presentation teams to convey information about prod-
ucts, such as cars, by performing role plays (Andr ¶e et al. [4]). The left-hand
part of Fig. 5 shows the characters Tina and Ritchie engagingin a simulated
car-salesdialogue.

The overall system's presentation goal is to provide the user with facts
about a certain car. However, the presentation is neither just a mere enu-
meration of facts about the car, nor does it have a ¯xed courseof dialogue
between the agents. Rather, the eShowroom allows the user to specify prior
to a presentation (a) the agents' roles, (b) their attitude towards the product,
(c) somepersonality traits (extravert vs. introvert, agreeablevs. not agree-
able), and (d) their interests about certain aspects relevant for cars (e.g. the
car's relation to prestige,comfort, sportiness, friendlinessto the environment,
costs etc.). Basedon these settings, a variety of di®erent salesdialoguescan
be generatedfor the sameproduct.

Similar to the PPP system a user speci¯es both a presentation goal and
generationparametersprior to the presentation generationprocess.Sincethis
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time the behaviors of several characters have to be determined, a designerof
such a system has the choice between taking a director's point of view or to
adopt the self-scripting paradigm. In the ¯rst case,the task of the presen-
tation planner is to work out one single script for the role play as a whole.
Typically, such a script would include statements of the form: \character1 do
x; character2 do y". As shown in the depicted architecture of the eShowroom
(left-hand part of Fig. 5), this system usesone centralized presentation plan-
ner to script the actions of the virtual seller and buyer agents in a car-sales
dialogue.

Fig. 5. Left: Screenshot and architecture of the eShowroom. Right: Excerpt of a
\sales talk" between the buyer agent Tina and the seller agent Ritc hie

5.2 Rep orter Teams

On the other hand, there are a number of application ¯elds for presentation
agents wherescripts for the agents cannot beworkedout in advancesinceall or
part of the information to be presented becomesavailable only at presentation
runtime. Any kind of reportage or commentary of live data falls into this
category. As an example, let us have a look at Rocco I I (Andr ¶e et al. [5]), an
automated live report system that generatescommentaries for the simulator
leagueof Robot World-Cup Soccer (Kitano et al. [21]). The right-hand part
of Fig. 6 shows a screenshotof the system. In the upper window, two teams
of software agents play a soccer game while being commented by Gerd and
Matze, two virtual soccer fans sitting on a sofaand watching the game.As in
the eShowroom systemthe userhasthe option of experimenting with di®erent
character pro¯les. For instance, the usermay characterizeGerd and Matze by
their personality and their sympathy for a certain team.

Unlike the agents in the car salesscenario, the RoboCup commentators
have to comment on a rapidly changing environment. Since events on the
soccer ¯eld evolve while time progresses,no global organization of the pre-
sentation is possible.Instead the commentators have to respond immediately
to incoming data. Furthermore, they have to meet severe time constraints
imposedby the °ow of the game. In somecases,it might even be necessary
for the commentators to interrupt themselves. For instance, if an important
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Fig. 6. Left: Verbal comments by the soccer fans Gerd and Matze while watching a
game.Right: Screenshotand architecture of the Gerd and Matze soccer commentary
system

event (e.g. a goal kick) occurs, utterances are interrupted to communicate
the new event as soon as possible. In such a situation, it is not possible to
pre-script utterances. Instead scripting has to be done at runtime, e.g. either
by a centralized script writing component or by the single agents themselves.

As shown by the architecture of the systemGerd & Matze are realized as
autonomousagents. That is, each agent has its own reactive planner and its
own set of dialogue and commentator strategies.Dialogue contributions then
result from autonomous characters trying to achieve their individual goals.
The goal of the single commentators is to inform the viewer about ongoing
events in the scene.In the current version of Rocco I I, each commentator
concentrates on the activities of a certain team. That is, there is an implicit
agreement betweenthe charactersconcerningthe distribution of dialoguecon-
tributions. Responsesto dialoguecontributions of the other commentator are
possibleprovided the speedof the gameallows for it. Furthermore, the com-
mentators may provide background information on the gameand the involved
teams. Concerning the commentary of the observed actions and events dur-
ing the game,we assumethat both commentators shareall knowledgeabout
the events on the soccer ¯eld which is provided by Rocco's incremental event
recognition component (Andr ¶e et al. [2]). Assuming a discrete time model, at
each increment of a time counter, the recognition component selectsrelevant
events, formulates corresponding presentation tasks, and writes them into a
bu®er.In addition, the bu®ercontains presentation tasks that refer to the pre-
sentation of background information. If an event hasbeencommunicated or in
casethat the topicalit y of an event falls below a threshold, the corresponding
presentation task is removed from the bu®eragain.

5.3 Other Approac hes with Multiple Characters

Using multiple conversational characters that - rather than addressing the
user directly { convey information to the user by talking loudly to each other
is a concept that has beenexplored in a number of other contexts too.
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In somecases,these dialoguesare manually scripted as in the Agneta &
Frida system (HÄoÄok et al. [15]) that incorporates narrativ es into a web en-
vironment by placing two characters on the user's desktop. Thesecharacters
watch the user during the browsing processand make comments on the vis-
ited web pages.To facilitate the authoring of multimo dal presentations with
multiple characters, Ishizuka and colleagues[18] have developed the MPML
scripting language. Details of MPML and a MPML authoring tool can be
found in the current book.

Systemsthat aim at a simulation of conversations between humans usu-
ally automate at least parts of the generation process.Casselland colleagues
(Cassellet al. [9]) automatically createand animate dialoguesbetweena bank
teller and a bank employeewith appropriate synchronized speech, intonation,
facial expressionsand hand gestures.Walker and colleagues(Walker et al. [53])
concentrate on the linguistic capabilities of computer characters (e.g. a waiter
and a customer) and examine how social factors in°uence the semantic con-
tent, the syntactic form and the acoustic realization of conversations. The
generationof their dialoguesis essentially in°uenced by the power the listener
has on the speaker and the social distance betweenthem.

Mr. Bengo(Nitta et al. [32]) is a systemfor the resolution of disputeswhich
employs three agents: a judge, a prosecutorand an attorney which is controlled
by the user.The prosecutorand the attorney discussthe interpretation of legal
rules. Finally, the judge decideson the winner.

Multiple characters have also beendeployed in training applications. For
instance, Rickel and Johnson [38] deploy characters in team training tasks
where one character can represent an instructor while further characters may
substitute missing team members.

6 Presentation Teams that Represen t Human Users

In the eShowroom as well as in the Gerd & Matze commentator system the
members of the presentation team were virtual characters. In contrast, the
members of presentation teams can also represent real humans. Examples
of such applications are the systemsMagic Monitor and Avatar Arena both
developed at DFKI.

6.1 Magic Monitor

The Magic Monitor is a tool for illustrating messageexchange in a multi-
user conferencingsystem called Magic Lounge. Cartoon-style characters are
used to represent di®erent conversation partners (which may be humans or
virtual conversational agents). The tool allows for the play-back of recorded
messageexchangesaccording to di®erent structuring criteria, such as time-
lines or dialogue threads. The sequential nature of replaying recorder multi-
party conversationsis often somewhatlong winding. However, the format can
be useful for illustrating somecrucial exchangesduring a conversation.
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In the Magic Monitor the system plays a two-fold role. Firstly , it acts as
a screenwriter that determineshow a conversation within the Magic Lounge
shouldbeplayedback by the singlecharacters.Secondly, it is actively involved
in the presentation through a facilitator agent that provides somemeta infor-
mation about recordedconversations.The screenshotin the middle of Fig. 7
shows a facilitator agent located in the center, while the other characters
represent di®erent users. As shown by the architecture of the Magic Moni-
tor (left-hand side of Fig. 6), a centralized presentation planner determines
the dialog script taking into account (a) the repository of recorded message
exchanges,(b) a presentation goal that constrains the selection of message
exchangesto be replayed, and (c) additional generation parameters, such as
the assignment of characters to represent the communication partners.

Fig. 7. Left: Architecture and screenshotof the Magic Monitor. Right: Excerpt of
a replayed chat conversation. As an intro duction the facilitator agent (FA) informs
about time and participan ts of the conversation

The presentation planner's basicapproach for messageplayback according
to the time-line of occurrencecomprisesthe following strategies:

1. have the facilitator announce the next messageby referring to aspects,
such as sender,date, time, topic and speech act;

2. have each character representing the sender of a messagemove to the
center podium;

3. if a messageis directed to a speci¯c recipient, have that recipient move
closer to the podium and play a \listen" animation;

4. have the messagesender read the messagewhile playing an animation
that enforcesthe speech act associated with the message;

5. ¯nally , have all characters move back to their assignedhome positions.

Variations of the basic scheme have been de¯ned to cope with messages,
such aslogin, logout and registration, and to take into account variousaspects,
such as consecutive messagesfrom the same user or the need for a more
compact presentation.
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6.2 Av atar Arena

While the Magic Monitor replays recordedmessageexchangesof human com-
munication partners, Avatar Arena simulates negotiation dialogs with af-
fective, embodied conversational characters that are embedded in a social
context. Somewhat similar to an arena, userssend their delegates(avatars)
to a virtual spacewhere the avatars negotiate on behalf of their owners.Both
result and processof a negotiation can be displayed to the usersin form of a
simulation using embodied conversational characters. Sincethe outcome of a
delegatednegotiation processcan be unexpected, the user may wish to learn
about how a certain negotiation result cameabout. In human-human negoti-
ations this is of particular interest in caseswhere the result of a negotiation
can not be explained on the basisof a solely rational argumentation but only
if the social context and the personalities of the negotiating parties need to
be consideredas well.

Technically speaking, Avatar Arena can be conceived as a distributed n:1
client server architecture. While the server component provides the arena
where the negotiation takesplace,a client component allows a user to con¯g-
ure and instruct her/his avatar, and also to observe the negotiation process
carried out on the server. To this end, the client receivesa generatedscript of
the overall negotiation dialogue for display (seeright-hand part of Fig. 8).

Arena avatars negotiate on meeting appointments on behalf of human
users.However, we have picked this domain just for the purposeof illustra-
tion and do not attempt to improve existing appointment scheduling tools.
Rather, our research focus is on the simulation of the dynamics of social re-
lationships among a®ective characters during negotiation dialogues. Avatar
Arena serves as a test-bed to investigate and evaluate mind models of vary-
ing \cognitiv e complexity" for virtual characters that engagein negotiation
dialogues.Our working hypothesis is that an increaseof believabilit y in the
observable interactions among the characters will indeed require somehigher
extent of cognitive modeling. Our approach for assessingbelievabilit y of ne-
gotiation dialoguesis to show human observers several negotiation dialogues
with virtual charactersthat di®er in the number of psychological factors taken
into account in a character's mind model. To this end Avatar Arena can simu-
late negotiation dialoguesamongavatars that vary in their modeledcognitive
complexity.

In the simplest case,Arena avatars have only some domain knowledge
about appointment dates and rudimentary conversational skills that enable
them to proposemeeting dates, and to accept or reject proposals basedon
their personal calendar entries. Since characters of this type can only talk
about availabilit y or not-availabilit y concerningproposalsfor meeting dates,
the generatednegotiation dialogueshave a strong °avor of being nothing more
than a mere trace log-¯le as known from multi-agent expert systems.

In a secondstep we consider characters that have attitudes concerning
already scheduledmeeting dates,and new dates to be negotiated. That is, we
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Fig. 8. Left: Architecture of Avatar Arena. Right: Excerpt of a meeting negotiation
dialog between three avatars. Some of the utterances re°ect that the avatars have
attitudes towards activities associated with meeting dates and alsoattitudes towards
other avatars

allow the usersto assignimportance valuesto appointments that the avatars
should take into account in a negotiation. This extensionto the avatar's mind
model has an impact on the negotiation processand is also re°ected by the
resulting dialogs.Firstly , the attitudes can be consideredto determine impor-
tance values or priorities for meeting dates under discussion. In turn, such
a priorit y order provides a rational criterion for an avatar to determine its
willingness to reschedule an already ¯xed appointment. That is, when a date
for the new appointment is proposed, the avatar comparesthe importance
value assignedto the new meeting activit y with the importance value of the
already scheduled activit y. For instance, if an avatar believes in career and
does not care much about social contacts, it may be willing to postpone a
holiday trip with friends and attend a conferenceinstead. Furthermore, at-
titudes towards meeting dates and the activities associated with these dates
give the avatars a rational basis for making justi¯cations in a negotiation di-
alog. For instance, an avatar can argue that it won't be willing to reschedule
a medical treatment in favor of a working meeting becauseof its particular
attitudes. In addition, the importance value assignedto an already scheduled
meeting date can be used as a criterion for deciding whether to provide a
justi¯cation at all. However, this version of Avatar Arena neglects the fact
that in a group setting, the single participants have attitudes towards their
negotiation partners too. Moreover, both attitudes towards subject matters,
such as meeting activities, as well as attitudes towards dialogue partners are
subject to changein a negotiation process.

This motivates a third version of Avatar Arena which enablesa user to
specify her/his attitudes towards other persons (which are assumedto be
represented by their avatars in a negotiation process).In this version of the
systemthe avatars consider:(i) their own attitudes towards meetingdates,(ii)
attitudes towards other avatars, and (iii) believesabout the other avatars' at-
titudes towards meeting dates. Again, this increasein the avatars' \cognitiv e
complexity" leadsto noticeabledi®erencesin the negotiation dialogues.In par-
ticular, this versionof Avatar Arena emulates someaspectsof group dynamics
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(in terms of changing attitudes) as known from negotiation dialoguesamong
humans. For instance, the avatars are now able to make personal comments
on justi¯cations of other dialoguepartners, and to reply to personalcomments
madeby others. The underlying approach to model group dynamic aspects is
inspired by socio-psychological theories of cognitive consistency, such as Con-
gruit y Theory by Osgood and Tannenbaum. Details of this approach can be
found in Rist and Schmitt [41].

6.3 Other Applications with Av atars

To represent users through embodied characters in virtual space is an old
idea for which the term \Av atar" has been coined. An obvious application
area for avatars are multi-part y gatherings and conversations that take place
in virtual space.Graphical chat systems in which users have either 2D or
3D representations fall into this category. Sample systemsare, for instance
Comic Chat (Kurlander et al. [23]) and V-Chat (Smith et al. [43]) both de-
veloped at Microsoft Research. The avatars in these systems can be com-
pared to puppets that are fully controlled by their users. In contrast, the
Body Chat system by Vilhjalmsson and Cassell [48] analyzesthe users' text
messagesin order to automatically generatesuitable gestures,facial expres-
sionsand eye-gazebehaviors of the avatars participating in a chat. An alter-
native to video-conferencingis proposed by the Avatar Conferenceproject
(www.exodus.gr/Av atar Conference). In the corresponding system partici-
pants are graphically represented by animated 3D depictions of themselves
and communicate via a voice channel or via text chat.

Another multi-part y application has been proposed by Isbister and col-
leagues(Isbister et al. [17]). Unlike the above-mentioned applications, their
work concentrates on social interaction between several humans in a video
chat environment which is supported by a so-called\Help er Agent". Helper
Agent is an animated, dog-facedavatar that tracks audio from two-person
conversationsand intervenesif it detects longer silences.

A system that sharessimilarities with the Magic Monitor has been pro-
posedby Yabe and colleagues(Yabe et al. [50]). Similar to the Magic Monitor,
the content of the dialogue script for the single characters is basedon a real
conversation betweenhumans. However, they animate discussionsfrom news
groups by casting 3D characters as the authors of the single discussioncon-
tributions.

7 In teractiv e Performances

In the scenariospresented so far, the user's role was restricted to selectchar-
acters for the performanceand to set character pro¯les, but there wasno user
participation in the performance itself. Rather than playing episodes to be
watched by a user,onecan try to involve the useractively in a role play. Such
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a scenario,that bearsa lot of similarities to improvisational theatre, hasbeen
realised in the MIA U project with the development of an interactive version
of the eShowroom that has beensketched in Section 5.1.

7.1 The MIA U Platform

In this version the user can assignroles to characters, evoke them and watch
their car-salesconversations. However, if a user wishesto engagein the car-
salesconversation, too, s/he can start an avatar that represents her/him in
the scenario. As shown in the left-hand screenshotof Fig. 9, the user can
participate in the ongoing conversation by typing questions and comments
into the text input widget. On the other hand, it is up to the user to decide
on the level of active participation. One extreme is that from now on the user
asksall questions.In contrast, if the user wants to relax again and just watch
the characters talk, s/he can do so, lean back and remain silent. In this case,
the virtual buyer will continue to ask questions.

As shown by the architecture in the left-hand part of Fig. 9, the MIA U
platform consists of the following components: For each character C1. . . Cn

MIA U foreseesso-calledcharacter components containing a separatebehav-
ior planner as well as a separateinteraction manager. The behavior planner
has the task to decomposecomplex discoursegoals into basic acts that can
be executedby the character player. Sincethe userdecideson during the per-
formancewhether, when and how to participate in a conversation, we cannot
start from a pre-de¯ned script. Instead the dialoguebetweenthe conversation
partners evolves while time progresses.Furthermore, the scenario is open-
ended in the sensethat neither the characters nor the usersare able to tell
what exactly may happen next. The interaction manager, in a certain sense,
correspondsto a dialoguemanageras found in NL dialoguesystemssinceit is
responsible for keepingbook on interaction statesand the interaction history.
However, in the MIA U platform the interaction manager realizes a charac-
ter's internal interface for communication with other system components by
means of formalized communication acts. To this end, the MIA U platform
comprisesa messageboard which is shared among the di®erent components
for the exchangeof internal communication acts.

To allow a user to alter settings for the performance, to take an active
part in a performance, or even to intervene in the role of a director or co-
director, the platform also incorporates a so-called user component (U box
in Fig. 9). However, since this time the user decideson what to do, we don't
foreseea planner, but an input analyzer for mapping user input onto for-
malized communication acts. The internal communication with other system
components is handled by the interaction managersimilar to the structure of
a character component. In casethe user is represented in the scenarioby an
embodied (and possibly animated) avatar, the avatar may indicate his or her
input activit y by meansof gesturesand speech turns. For instance, if a text
widget is usedfor acquiring user input, the user'savatar will repeat the input
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sentence loudly. Currently , we restrict ourselvesto a single participating user
only. Neverthelessit seemspossibleto extend the architecture for multi-user,
multi-character scenariosby adding more user components.

Fig. 9. Screenshotof the interactiv e version of the eShowroom (left) realized with
the MIA U multi-c haracter platform (righ t)

In addition to character components and the user component, MIA U in-
corporates also a D-box, the so-calleddirector component. In contrast to the
characters, the director does not participate in performancesand therefore
has no embodiment. Rather, this component is foreseento enable somede-
gree of centralized control on the overall interactive performance.While the
director also comprisesa planner, this time the planner is used in order to
in°uence the courseof the performancedepending on the degreeof centralized
control wanted for a certain application. Internal communication with other
components is again handled via the interaction manager. Examples of °ex-
ible switches betweendi®erent conversational settings (monologuevs. dialog
vs. performancevs. interactive performance)can be found in Rist et al. [40].

7.2 Other W ork Related to In teractiv e Performances

Even though the focus of interactive drama is usually not on the communica-
tion of information, dramaturgical elements o®ergreat promisein presentation
scenariosaswell, seealsoLaurel [24]. Our work towards an interactive version
of the eShowroom hasalsobeeninspired by research on interactivedrama that
aims at integrating a user in a scenario{ either as an audiencemember or an
active participant, seefor instanceHayes-Rothet al. [14], Machado et al. [26],
and Klesenet al. [22]. To allow for user interaction, somesystemsincorporate
decision points in a narrativ e-style script (Mateas [29]). That is, the user
just decideshow to navigate through a graph structure in which nodes rep-
resent scenesand edgesrepresent eligible transitions between scenes.In this
model any eligible path through the story graph represents a particular plot.
In contrast, other approachesrely on story graphs that also comprisespecial
nodes, so-called\freeplay" areas(Sgouros[44]). Within these areasa player
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interacts with one or more characters in complex ways to in°uence how the
story unfolds.

In theseapproachescharacters are usually modeledasautonomousagents
that selectand instantiate actionsunder considerationof dramatic constraints,
such as the plot of a story or the characters' role and personality (Perlin and
Goldberg [35], Hayes-Roth et al. [14]). A key concept of these approaches is
improvisation. That is, characters spontaneously and cooperatively work out
the details of a story at performancetime, taking into account the constraints
of directions either coming from the system or a human user.

Depending on the kinds of interactions that occurred in a freeplay area,
transitions to follow-up nodescan be enabledor inhibited. Such a mechanism
is either realized by meansof local evaluation functions for transition selec-
tion, or by a so-calledplot or drama manager that has global control on the
story development (Weyhrauch [49], Mateas and Stern [30]). For instance, the
Oz drama manager(Mateas and Stern [30]) selectsactions basedon an eval-
uation of the discoursehistory in terms of dramatic quality. In Sgouros[44]
transitions are triggered by events or user/agent actions. In a systemfor inter-
active pedagogical drama (Marsella et al. [28]) an evaluation function models
pedagogicalprogress.In the MRE system by Swartout et al. [45], the story
graph is called StoryNet. An evaluation function checks a list of conditions,
usually tasks that must be completed.To obtain a smooth transition between
nodes(scenes),a transition may be associated with an additional pre-scripted
scenethat is played when the transition is made.

Similarities also exist betweenthe Miau approach and the work described
in Cavazza et al. [11] and Young [51]. For the purposeof a computer game
application, Cavazza and colleaguesuse distributed hierarchical planners to
control the behavior of multiple characters. In addition, Young intro duces
an \Execution Manager" that monitors the user's actions and makes real-
time decisionsabout the appropriate system response in casethese actions
deviate from the plannednarrativ estructure. The Execution Managerroughly
corresponds to the Director Component of the MIA U platform.

Another interesting strand of research concernsmultimo dal conversations
with multiple characters. In the context of a military mission rehearsalappli-
cation Swartout et al. [45] and Traum and Rickel [47] have addresseddialogue
management comprising human-character and character-character dialogues
in immersive virtual environments. There is no superior component that han-
dles the turn management. To explicitly select the next speaker, the authors
have intro duced a speci¯c turn-taking action called \Assign-Turn". In this
system the characters are realized as completely autonomousagents.

8 The In teractiv e CrossT alk Installation

Seekingfor an appealing exhibit that could be demonstrated at the CeBIT
2002 computer fair, the idea aroseto have the character Cyberella (cf. Sec-
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tion 4.1) present another existing system, in this case the eShowrrom (cf.
Section 5.1). The combination of the two systemsresulted in the interactive
CrossTalk installation that hasbeendesignedasa new variant of information
presentation in public spaces,such as an exhibition, or a trade fair.

8.1 Set-up and Functional View of CrossT alk

The CrossTalk installation provides a spatially extended interaction experi-
enceby o®eringtwo separatedagent screens,and by creating the illusion that
the agents have cross-screenconversations. Figure 10 shows the installation
from a distancewith two visitors, a close-upof the three screens,and a sketch
of the spatial arrangement from a bird's eye view.

In CrossTalk, embodied agents are presented as virtual actors giving in-
teractive performances.This can be considereda playful illustration of the
\computers as theatre" paradigm intro duced by Laurel [24]. Moreover, the
installation relies on what we call a meta-theater metaphor. Quite similar to
professionalactors, characters in CrossTalk are not always on duty. Rather,
they can step out of their roles, and amuse the user with unexpected inter-
mezzi and rehearsalperiods. In CrossTalk, embodied agents are presented as
virtual actors giving interactive performances.

In CrossTalk Cyberella's primary task is that of a fair hostess.She wel-
comesvisitors who approach the stand and o®ersthem a demonstration of
the eShowroom on the opposing screenin which the two virtual actors Tina
and Ritchie interchangeably take on the role of a car seller or a potential
car buyer and perform car-salesdialogues. The purpose of such simulated
salesdialoguesis to work through the featuresof a certain car by meansof a
question-answering dialogue. Clearly notable variations in the courseof such
dialoguesare due to the speci¯c settings of parameterswhich can be de¯ned
by the user prior to the performance. That is, Cyberella invites the user to
assignroles (seller vs. buyer), personality and mood (e.g. polite vs. impolite,
agreeablevs. disagreeable),and areasof interest that are associated with cars
(safety, comfort, prestige, sportiness, costs,etc.).

OnceCyberella hascollectedparameter settings from the visitor shetakes
on the role of a stage director for the actors Tina and Ritchie and instructs
them to start the performance.Tina and Ritchie will then changetheir body
postures to signal that they are now \on-dut y" and to catch the visitor's at-
tention. Depending on their personality, the agents use di®erent degreesof
criticism (customer) and enthusiasm (salesperson) when talking about the
car's features(consumption, horsepower, airbags,etc.). During a performance
the usercan give feedback by pushing oneof three buttons (\applause", \b oo"
and \help"). Such feedback may causeunexpected (meta-theatrical) behav-
ior. For instance, if a visitor submits several times a \b oo", the actors will
get nervous and may forget their lines. In contrast, \applause" makes them
proudly smiling and bowing to the user. When \help" is requested,Cyberella
stops the performancefor short explanations.
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Fig. 10. The interactiv e installation CrossTalk (cf. http://www.dfki.de/crosstalk)

After the performance,Cyberella takes over again and asks whether the
user wants to seeanother salesdialogue, possibly with new settings. How-
ever, if the visitor leavesthe installation the actors switch to \o®-duty" mode
adopting a more relaxed body posture. But instead of just idling around on
their screens,the agents display their o®-duty behavior by chatting with each
other acrossscreensor by \rehearsing" for the next performance.The purpose
for this \o®-duty" activit y, quite natural for humans, is twofold: Firstly , it is
a meansto encourageleaving visitors to stay for another while watching the
\priv ate lives" of the characters and, more important, new potential visitors
may be allured from the crowds of passers-by. Secondly, allowing our charac-
ters to step out of their roles givesthem another human-like quality, one that
contributes to the impression that they are permanently alive.

8.2 In terw eaving Scene Authoring with Automated Dialog
Generation

A particular challenge in CrossTalk concernsthe scripting of scenesfor both
the \on-dut y" and the \o®-duty" mode. In the case of the on-duty mode
CrossTalk's subsystem eShowroom is active. As described in Sect. 5.1, the
purposeof this systemis to inform a userabout the featuresof a car by means
of a simulated salesdialogue between a virtual seller and buyer. Such sales
conversationscan be generatedautomatically. The car features mentioned in
the dialogs, such as a car's consumption, type of engine,etc., are taken from
a product databaseTherefore, the dialoguesare just another device to read
out stored product information.

To keepthe actors alive in the o®-duty mode we tried to emulate small talk
conversationsamongstand sta®members in caseno visitor seemsparticularly
interested in getting information about exhibits. While a broad variation of
car salesdialoguescan be automatically generatedby meansof a relatively
small number of dialoguepatterns, an approach for the automated generation
of small talk dialogues (which would be interesting enough for a visitor to
listen to) appears much more challenging. We therefore decided to rely on a
repertoire of pre-scripted small-talk scenesfrom which the systemwould chose
randomly when in o®-duty mode. For demonstrating CrossTalk at the CeBit
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2002fair a large corpusof pre-scripted scenes(more than 220 for English and
German each) has been assembled by one of the authors with experiencein
theater acting and directing. Somescenescover themes related to every-day
belongings,such as what to do in the evening, how to get home, or where to
get cigarettes. Other scenesrefer to the world of the theater or movies. For
instance, the characters may re°ect on their stagecraft, or what they might
do after the CeBIT convention.

The left-hand part of Fig. 11 shows an excerpt of a pre-scripted episode
including tags to specify the agent's non-verbal behavior. The speci¯cation of
such pre-authored dialoguesalso includes special tags that allow an author
to explicitly specify an agent's non-verbal behavior which fall into four cate-
gories: gestures,facial expressions,posture shifts and actions. Gestureswere
taken from a cataloguederived from analyzing a German TV show with man-
ual gestureannotation (Kipp [19, 20]). The two analyzedspeakerswere found
to have a shared lexicon of 69 conversational gesturesof which the most fre-
quently usedonesweremodelled for CrossTalk by a professionalgraphicsand
animation designerand turned into libraries of animation clips. Somefacial
expressionswere added basedon the needsof the script (e.g. smile, scepti-
cal). Posture shifts are used to visually separaterole (salesperson/customer)
and meta-role (actor) of Tina and Ritchie: when they are \themselvesas ac-
tors" they have a relaxed body posture whereaswhen they are playacting
they straighten up and look more tense.This is in accordwith observations in
psychotherapy where body posture was found to indicate separatetopics or
points of view in a conversation (Sche°en [42]). Other actions compriseturn-
ing the head, breathing, and other idle-time actions like putting on glasses,
yawning etc.

Fig. 11. Excerpt of a pre-scripted scene(left), and excerpt of CrossTalk's scene°ow
that is de¯ned by a cascaded¯nite state machine (righ t)

A simple authoring syntax is meant to appeal to non-programmers, in-
cluding professional playwrights. The author writes the actors' utterances
and includes stagedirections in the form of bracketed commands.The script
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can be written in any text processingsoftware. However, to be able to in-
terweave authored and automatically generated scenesat runtime, a script
compiler transforms authored scenesinto the same internal format that is
used by system's presentation planner to represent operators for automated
dialog construction.

We realizedthat apart from the time-consumingscripting e®ort it is much
more of a challengeto create,maintain and extend the overall structure of the
evolving story comprising both on-duty and o®-duty conversationsas well as
appropriate responsesto potential user feedback. We conceptualizea story as
a logical °ow of scenes.In CrossTalk scene°ow (i.e. the transition between
scenes)is modelledby meansof a cascaded̄nite state machine in which states
refer to scenesthat have beeneither pre-authored or which are generatedau-
tomatically on-the-°y. Cascaded¯nite state machines enable the shared use
of modules (part of a scene°ow), similar to subroutines in a programming
language. This simpli¯es the modelling processin caseof, for instance, re-
peated patterns of agent-user interactions, such as simple yes/no questions.
Scene°ows can be speci¯ed either in XML syntax or by meansof a graphical
editor. Scene°ow speci¯cations are then compiled into executable¯nite state
machines by the so-calledSceneMaker component.

The right-hand part of Fig. 11 shows a small excerpt from CrossTalk's
scene°ow. After initialization the systemstarts in o®-duty mode. This mode
is modelled as a supernode with no sceneattached (upper box). The sub-
node idle0, declared starting node, is processed̄ rst. Having performed the
attached scene,node idle1 or node idle2 are processedwith probabilit y 0.5
each. If a visitor arrives,the currently processednode is interrupted by travers-
ing the interrupt edgevisitor detected to supernode on-duty, playing the at-
tached sceneintr o. Then, Cyberella asks whether the user wants to provide
parameters for the CarSalesexhibit. This yes/no question is handled with
two conditional edges:c(yes) and c(no). If the user does not answer within
a certain amount of time (20 seconds),a third conditional edgec(t > 20) is
triggered, playing the particular scenenamed feedback-reminder. During the
CarSalesperformancethe user can give feedback by pushing buttons. Multi-
ple interrupt edgesc(feedback) handle these button events, interrupting the
performancetemporarily by playing the respective scenes.Should the visitor
leave, the interrupt edgevisitor gone immediately stops all ongoingactivities
in on-duty mode and enters the o®-duty supernode.

8.3 Towards Self-ev olving Characters

Since the CeBit'02 fair CrossTalk has been exposed at many occasionsto
several hundreds of people, most of which also interacted with the system.
To make the conversationsamong the characters more interesting and believ-
able we anticipate that the characters should be more adaptive (a) during
a sessionwith a particular user, and (b) with regards to previous encoun-
ters with other users. A ¯rst step in this direction is to collect information
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in a discoursehistory and to extract from the data key measureslike the
user's interaction frequency, the user's average response time to questions,
types of interaction, quality of feedback (positive, negative, ask for help) as
well as the variance in feedback within a sessionand acrossusers. Informal
log ¯le analysis of CrossTalk sessionsshowed that it is actually possible to
distinguish betweenseveral stereotypical user typesbasedon observed inter-
action patterns. Possibleuser categoriesinclude: critic al user (many negative
feedbacks), active/passive/slow user (many/few interactions, frequent inter-
action time-outs), collaborative/obstinate user. Furthermore, feedback can be
co-related with particular characters and their actions. For instance, if a user
providesmore often negative feedback on contributions madeby the character
Tina but applauds on Ritchie, it can be guessedthat this user likes Ritchie
more than Tina. In turn, stereotypes as well as unusual interaction patterns
can inform the selectionof pre-scripted scenesas well as the automated gen-
eration of scenes.

With regards to an improvement of the characters' repertoire of poten-
tial themes to talk about it is interesting to note that the discoursehistory
represents a rich sourceof information that can feedsmall talk conversations
among the agents. Rather than relying on pre-scripted small talks (as done
in the current CrossTalk system), one may equip the characters with con-
versation strategiesthat enablethem to re°ect on previous encounters. More
over, one may give the characters the abilit y to identify and cluster similar
interaction experiences,and to make comparisonsand generalizationswhich
in turn can be verbalized in o®-duty conversationsaswell as in a conversation
with a user.

CrossTalk also provides an excellent framework to explore the learning of
conversational skills. A straightforward approach is to provide the characters
with a large number of conversational strategies and correlate the appropri-
atenessof strategieswith both, situation of usageand received user feedback.
In this way, the characters can automatically acquire and re¯ne criteria and
rules for strategy selection. A more ambitious objective is the formation of
new strategies. This issue can be approached in several ways. For instance,
following an evolutionary approach one can modify (mutate) existing strate-
gies and determine their ¯tness value in subsequent conversations basedon
user feedback. In the long run, the characters may also try to acquire new
conversational skills from observing and analyzing conversational behaviors
of their human interaction partners.

The perhapsmost ambitious extension to CrossTalk concernsa somehow
automated evolvement of distinct personalities that slowly emergefrom one
exhibition to another while taking into account interaction experienceswith
humansand perhapsother virtual characters.However, work in this direction
requiresmore basic research on the simulation of personality development for
virtual characters that are embeddedin a social context.
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8.4 Other W ork on Installations with Con versational Characters

A number of installations with interactive characters has been developed by
the Synthetic Character Group at the MIT Media Lab. An early piece was
the Aliv e system (Maes et al. [27]) that tracked movements and gesturesof
a human user to command a virtual dog. Descriptions of more recent instal-
lations can be found in Blumberg et al. [8]. While the focus of their work
is on expressive character animation to create the illusion of life, CrossTalk
characters are enlivenedmainly through their engagement in conversations.

ConcerningCrossTalk's mixed approach on framing character-character as
well ascharacter-human interactions, the work is closelyrelated to the areaof
interactive drama. Similar to approaches as described in Sect. 7.2 CrossTalk
also relies on an authored story graph that frames the °ow of scenes.On the
other hand, in casea user wants to provide settings for the character's role
and mood, the courseof car salesperformanceswill depend on this user input.

Finally, the development of newCrossTalk applications comprisesbasically
two authoring tasks. One concernsthe speci¯cation of the scene°ow while
the secondoneconcernsthe pre-scripting of o®-duty scenesand possibleinter-
mezzi that may be played in on-duty mode. CrossTalk o®ersa screenplay-like
authoring language to specify the virtual characters verbal and nonverbal
behavior as opposed to other approaches that rely on XML-based mark-up
languages{ someof them can be found in Part 1 of the current book. Though
it might be possible to de¯ne a scene°ow within such mark-up languages,
e.g.by using hyperlinks to jump to other parts in the script, CrossTalks clear
separation of scene°ow de¯nition and in-scenedialogue scripting suggestsa
systematic breakdown of complex authoring tasks.

9 Conclusions

This contribution revisited a number of past and ongoing character systems
developed at DFKI. We tried to show that both complexity of conversational
setting aswell ascomplexity of underlying architectures are dimensionsalong
which character systemshas been evolving. Many of the presented systems
make a concretecommitment to a certain conversational setting (monolog vs.
dialog vs. presentation teams) and re°ect this commitment by a particular
system architecture. In contrast to that, the development of the MIA U plat-
form shows that it is indeed possibleto develop a single platform which (a)
can be used to construct a broad range of character applications, (b) even
allows to switch on-the-°y betweendirector- vs. character-centered scripting
approaches, and (c) supports a clear separation between the speci¯cation of
scripting knowledge (being a knowledge-engineeringtask), and the required
computational machinery for behavior generation (being an implementation
task). Abstracting from details Miau can be conceived asa referencearchitec-
ture that hasbeentailored to applications with conversational characters,and
that may be usedto systematically compareexisting and upcoming systems.
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The presented CrossTalk installation showed that, in order to provide the
user with an engaging experience, a compromise has to be made between
manual character scripting and automated character control. In CrossTalk
such a compromisehas been found by interweaving both approaches in two
di®erent ways. On the one hand a presentation planner can include authored
sub-dialoguesin otherwiseautomatically generatedconversations.Vice versa,
an authored script may invoke presentation planning to work out a sub-dialog
that takes into account certain generation parameters.

As to future work much interesting challengesremain. Robust interpreta-
tion of multimo dal input is oneof them. Further onesconcernthe improvement
of conversational and social skills of charactersaswell asa character's capabil-
it y to acquire new skills, e.g. through the deployment of learning mechanisms.
Finally, it deserves mentioning that a great deal of research on multimo dal
communication with virtual characters may be reusedin the upcoming gen-
eration of conversational robots.
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