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1.  Introduction

The ESPRIT, LTR, i3-ESE project EP 29335, PUPPET, “The Educational Puppet Theatre of Virtual Worlds”, had the objective to develop and investigate the value of a new virtual environment for use in early learning. Based on a theoretical framework of “learning through externalisation”, PUPPET aims at extending the current forms of early learning through play, by exploiting the potential of virtual 3-D worlds, autonomous agents, and real time interaction in terms of Virtual Puppet Theatres (VPT), - using the theatre metaphor.

The results of the project will be to: 

i) promote new forms of creativity made possible by new IT-tools, 

ii) enable new forms of self expression not possible with conventional plays, 

iii) encourage learning to learn, and 

iv) allow for a new form of computer-literacy.

The three-year project plan was revised after the first year on the basis of experience gained and on the recommendation of the reviewers. The new plan had two major milestones in terms of implemented VPTs and their tests in schools. The work package A (mainly 2nd year) develops the “VPT-A for Improvisational Plays” as this is the particular aspect of what the technology of “the new tools” can offer. To allow for more direct story-telling/construction the work package B of mainly the 3rd year extends VPT-A to become “VPT-B with Authoring Tools and Narrative support”.

After the second year the VPT-A with 6 virtual actors (autonomous agents), farmer and 5 farm animals, was tested at COGS on a larger scale with school children, and with “on site” back-up of technical partners improving the system in response to observations of system performance. The children could navigate around and explore the virtual farm, find, initiate, and watch the virtual actors move about. The children could also choose any of the actors as avatar, and hence become present in the virtual world and interact with it. Generally the children liked playing with the VPT for some time, but too little was happening and too few things were under their control to sustain their interest.

One major problem was development of autonomous agents with interesting emerging behaviours. It appeared to be more complex than anticipated and too much of a challenge to expect a solution within the project. Hence all behaviours had to be directly scripted, and emergence was rather limited. Another major problem was the conflict between the use of autonomous agents, which implied improvisation as a special feature, - and the necessity for user control of events and developments to meet the requirement for enabling the child building stories with “Authoring Tools and Narrative support”. 

The dramaturgical framework named the “Black Sheep Scenario” was developed by IDAU to facilitate a constructive compromise between the intriguing improvisation inherent with the autonomous agents, and the need for framing the possible events of the improvisational universe to enable sufficient user control to support story-telling with narrative structures. 

In January 2001, a Puppet Blueprint was prepared to describe an analysis of the projects tasks and update the plans. Sections 4 and 5 below are extracts from that document summarising essential experience from the project. By April 1, 2001 these plans were further focused to achieve the project’s major goals. Sections 6 and 7 presents briefly the results of the last part of the project, and hence the final system and its test. Section 8 concludes the project and suggests some future perspectives.

2.  The PUPPET Consortium

The project consortium comprised 4 partners:

1. CVMT (LIA)
Aalborg University, Laboratory of Computer Vision & Media Technology



(Previously LIA, Laboratory of Image Analysis)

Team Leader
Erik Granum (PUPPET Project Co-ordinator)

Deputy

Claus B. Madsen

2.  COGS,
University of Sussex, School of Cognitive and Computing Science

Team Leader
Mike Scaife (Oct. 1998-Dec. 2001)



Yvonne Rogers (Dec. 2001-Jan. 2002)

Mike Scaife died suddenly on the 18th December 2001 as the final evaluation was being conducted. He is greatly missed.

3.  IDAU,
Århus University, Institute of Dramaturgy

Team Leader
Janek Szatkowski

Deputy

Torunn Kjølner

4. DFKI, 
Deutsches Forschungszentrum für Künstliche Intelligenz, Saarbrücken, 



Research group: Intelligent User Interfaces

Team Leader: 
Elisabeth André (Nov. 1998 – March 2001) 



Thomas Rist (Apr. 2001 – Jan. 2002)

Dr. Elisabeth André, who served as DFKI’s site leader for PUPPET since November 1998, took on a chair position at Augsburg University and left DFKI in March 2001. Since April 2001 Dr. Thomas Rist, previous deputy, has taken over the team leadership for PUPPET.

3.  Specific Objectives, New Tools and Early Learning

The specific objectives of the PUPPET project were:

· to design and develop the VPTs as individual and collaborative virtual environments, based on exploitation of technological possibilities, and on field work, with a special focus on providing constructive and expressive tools (e.g. the use of autonomous agents, avatars, and 'magical' animations) that foster symbolic activity in the use of objects, roles and collaboration.

· to investigate the value of such environments for early learning based on the theoretical framework of learning through externalisation ('external cognition').

To achieve this we also pursued the following objectives:

· to develop a virtual environment with autonomous agents (actors), which can perceive the  environment and interact in real time with each other and with an avatar, representing a user, and controlled by the user

· to carry out a series of exploratory and empirical studies to determine current play practices and to analyse the kinds of behaviours and skills that children show in order to establish reference and support for the design of the VPT.

· to involve children, drama teachers and others in the community in co-designing the prototypes of our interactive worlds (i.e. the VPTs), by using a range of innovative lo-tech and hi-tech prototyping methods called "informant design".

The potential of Technology, New Tools

Contemporary technology has the potential of constructing Virtual Worlds, which can have an ontology of their own design, and which may be inhabited with autonomous creatures with a will of their own. Virtual Worlds may be magic and allow you to turn props into living creatures, and the sun, lightning and thunder may be controlled randomly or by a user of the real world like by a goddess. Users of the real world may participate in Virtual World activities through their representations called avatars, and through these they may interact with “proper inhabitants” of the Virtual World, and influence what is going on. 

How easily all these promises can be realised, depends very much on the current state of the fast developing technology. Important it is to select the most relevant of these promises and mature them for implementation to reach the project’s goal. To guide this selection we have the theatre metaphor, by which we want to develop an adequate structure for children’s interactive and creative play.

More specifically the potential of technology to be exploited in the project is that of using autonomous agents as playmates for the children in a real-time interactive world. Here they can observe the autonomous life of the inhabitants that they possibly (in part) have constructed, and they can play/interact with these inhabitants through their avatar, - an inhabitant that is fully under their control.

Early Learning Paradigms

Our starting point for using a theatre setting to promote early learning, EL, is that dramatic symbolic play is an attractive and educationally-appropriate activity for 4-8 year old children. It is a ubiquitous phenomenon in childhood and has a well-documented value in promoting cognitive and social skill development for children. It takes various forms during childhood but we are particularly interested in fantasy or make-believe play (hereafter MBP), characterised by the child taking on a series of roles that involves extensive use of props and assigning roles to the toys and perhaps other children. MBP has two main forms, one where children can pretend on their own, acting out a situation in exclusion from others, and a more sophisticated form that requires interaction, communication and co-operation with others.

We see the value of the VPT in terms of two learning models at different levels of granularity. 

The first is our theory of external cognition by Scaife & Rogers [SR-1996]. Here we focus on the role of externalisation in cognitive development: the process of articulating (making explicit) and acting-out concepts. Externalisation decreases cognitive load during processing, enabling the child to focus less on the detail and more on the structure of the space whilst learning. The example that we shall be exploring in the project is MBP in the puppet world, with its emphasis on the child having to script and act out roles, use objects symbolically and integrate the whole process. The externalisation learning model means that we need to consider the specific cognitive benefits to the individual child of both individual and collaborative activities and the roles of objects in supporting them.

The second learning model that we will employ is the socio-historical one advanced by Vygotsky and Leontiev. This emphasises processes at the social, rather than the individual, level. Thus an important function of children's play is to gain experiences with features of the adult world, acting out adult roles and activity structures in order to gain understanding and mastery of them. In this learning model, there are important distinctions between the roles of other children and of adults in the developmental process. This learning model means that we need to consider 

(i) precisely what the roles are of other children and of adults in the play situation and 

(ii) the cultural context for particular play activities.

Dramaturgy, the link between technology and its application for a Puppet Theatre

The use of the theatre metaphor as the means of transforming technology to something useful in the early learning application, assumes contributions from dramaturgy. As we discuss below, this assumption appeared to be a key point in the consortium’s approach.

4. Technology, Early Learning, and Drama

By intention and design the PUPPET project was a multi-disciplinary endeavour with the three major elements: Technology, Early Learning, and Drama. This in it self promises a great potential for new and emergent results, while at the same time it inherits the problems of uniting different scientific cultures, where goals and means are conceived differently. 

· Technologists want to explore the potential of 3D-VR and real time autonomy of agents, and they feel strongly that this, including emergent behaviours via interaction, has much to offer for EL.

· Psychologists of EL are resolutely enthusiastic about the potential of new technology, but feel strongly that it is essential for the child to be able to interact with the system in more than an ‘explore’ mode if the EL/ESE goals of PUPPET are to be met. They are at one with partners in wishing to iteratively develop the technology by involving users as key technical developments occur. They have consistently argued for autonomous agents as a means for developing narrative in the Virtual World.

· Drama people are intrigued by the aspects of the virtual world and autonomy in relation to theatrical concepts, and they have the urge and (as it appears) the skill to find and create dramaturgical structures, that tie the original ideas together.

The project concepts carried in themselves great promises, but the very concepts of autonomy and (traditional) theatre also have an inherent contradiction, as became very clear as the project developed. In traditional theatre the author and the director wants to communicate to the audience through clearly scripted and very controlled story line, actor behaviour, scenography etc. Likewise we have also declared implicitly, that we want to support children in telling their own stories by means of the virtual puppet theatre. This matches very badly with the idea of exploiting the potential of autonomy of virtual puppet actors, and exploring what may emerge, when children interact with them through their avatars.

Hence, while at least some of us assumed that dramaturgy just was a convenient and “easy to use” mediator between our technology and early learning, we had apparently led ourselves into a potential “deadlock” situation. 

A major research problem of the project thus became:

How to combine the contradicting concepts of narrativity and autonomy,

- and how to adapt this combination to support children’s free and interactive play?

In the project’s search for a constructive Trinity of these basic elements, the dramaturgs were “sitting on the problem”, so to speak, and they enthusiastically took up the challenge and became the important link between technology and early learning regarding both theoretical and practical aspects.

This section attempts to present and analyse the problem through a description of the basic elements of the technical autonomy followed by a dramaturgical mapping of these elements into operational theatrical concepts. These findings are then evaluated in the context of early learning.

4.1 Technology and a Virtual World of Autonomy

The core technology to be exploited in the PUPPET project is that of autonomous agents (AA's), living within a real time 3-D virtual world, continuously sensing this world, and continuously acting upon it by holding together their accumulated knowledge of the world, and their goals and desires. The technological aim is to design the AA's to be interactive, and unpredictable, yet rational:

Interactive

AA's must have a behavioural repertoire, which enable them to engage in meaningful interactions with other agents and avatars.

Unpredictable/non-trivial

AA's must perform actions within their behavioural repertoire in such way that it is not possible for an observer in every detail to predict what an AA will do in a certain situation.

Rational

AA's must be designed to act in response to situations such that the actions performed by the AA can 1) be read/understood by an observer, and 2) in retrospect make sense to the observer, or at the very least show consistency.

Put briefly, these three requirements will result in a virtual world where events will happen, the events will be interesting or even unexpected/surprising, but there will also be structure. I.e., over time it will be possible to infer relationships between causes and effects, by trying to characterise situations and understanding what caused an agent to do something.

Virtual worlds inhabited by such AA's can be experienced in two different main modes

(i) as a purely passive experience, simply by watching the events that take place, and

(ii) as an interactive experience, by communicating/interacting with the world through an embodiment (avatar) in the virtual world.

The interactivity and unpredictability of AA's have the potential to make experiencing the virtual world interesting. Experiencing the virtual world in the interactive mode, through an avatar, holds the special promise of making it possible for the user to:
· systematically test the cause-effect relationships, and

· provoke actions and influence overall story development by playing off and utilising either intuitively expected cause-effect relationships, or cause-effect relationships which have been inferred from past experience.

A virtual world populated with such AA's will exhibit an illusion of life and a chain of events will take place forming a story. The story can evolve in several directions, but will be framed by and composed from the innate behaviours in the AA's. In the interactive mode the user can, via its avatar, 'push' the story in certain directions.

A different mode of experience, which can be combined with any of the two main modes mentioned above, is that of allowing the user access to influencing and/or setting various parameters, which form the premises for the story that evolves from the actions of the AA's. Such premises include the cast of agents (adding or removing agents to/from the cast), and influencing the personality of agents. In this latter mode of experience, the user may explore other dimensions of the cause-effect relationships within the agents.

In view of the above, the main technological challenge becomes that of designing AA architectures and associated AA scripts (i.e., behaviour specifications plus cause-effect relationships). These architectures and scripts must be sufficiently general to support interesting story developments regardless of the exact cast of agents, regardless of whether the user is interacting through an avatar, regardless of the actions of the avatar, regardless of the personalities of the agents in the scenario etc. If this challenge is met, the virtual world can be said to show emergence. I.e., things may happen which were not explicitly planned a priori, and 'the whole is more than the sum of the parts' (where the whole represents the stories that can evolve and the parts represent the individual behaviours of the agents). Agents become flexible building blocks, which through their unpredictable actions can cause a wide range of story lines to evolve.

The life of such AA's, and users' interaction with them, requires the support from a suitable Virtual Environment (VE) platform - a simulated virtual world. This platform must

· communicate the dynamic virtual world to users through real -time 3D graphics and sound rendering,

· support AA's by enabling them to sense the virtual world and to act on/in it, and

· provide the user with a range of interface facilities enabling the user to control various aspects of what events take place in the virtual world.

We return to the subjects of AA's and the VE platform in section 5.3. But first let us analyse the relationships between on the one hand a virtual world populated with autonomous agents, as sketched in this section, and on the other hand concepts related to theatre and dramaturgy, in order to get an understanding of the kind of interaction that can be supported or achieved.

4.2 Avatars, Autonomous Actors, and Improvisational Theatre

Interactive, unpredictable and rational agents (actors) co-operating with the unpredictable behaviour of an avatar to produce stories, seems to be a tall order. Emergence of narrative within a virtual environment populated by agents and avatars is a question of finding a balance between what is pre-scripted and what emerges. The above description of agents and their needs could be met by suggesting the use of theatre and improvisation as point of departure.

Theatre FOR an audience means A impersonating B while C looks on. 

Theatre WITH an audience means that C joins the fictional universe by impersonating D.

Agents can be seen as actors given a specific range of possible actions and scenarios in which they can act. Hence, the user may relate to the VE in alternative modes as suggested above.

SPECTATING MODE: The user might observe the agents act in the virtual environment, the user becomes a spectator.

ACTING MODE: The user could also be invited to join the stage (while represented by an avatar) and act together with the agents.
While acting stories emerge. The user may both be acting and devising a story. But because we have the avatar as our representation in the virtual world and are not using our own body and voice, the relation between actor and character is complex. There is a simultaneous double perspective of identification and distance in this third mode:

DIRECTING MODE: The user might also - almost as a director prior to the acting out - make choices in terms of the agents’ characters/numbers/appearances and thus influence the story, - or it might be possible to edit elements together in a storyline after the acting out has taken place and has been recorded by the system.

4.2.1 Theatrical improvisation

One possible model for the agent-avatar interaction is the theatrical improvisation:

Improvisation means not foreseen, or prescribed. Theatre is usually seen as a highly structured event that has been rehearsed many times, and can be repeated. Improvisational theatre is typically not really rehearsed. No one knows what might happen next. To participate in an improvisation has been described (by Keith Johnstone) as walking backwards. You can see where you have been walking, but not where you are going. Very muck like our everyday life, only this happens in the protected world of fiction.

To improvise is to play. When children play they improvise. In the play there is a suspension of any one rational cause, aim or direction - in other words one can observe a certain suspension of disbelief.

Improvisation can, just like a play or a game, be kept alive as long as there are interesting initiatives that surprise and give new impulses for the players to continue. It is our experience that children are highly skilled improvisers who at times can keep up their games and playing for hours on end. 

Improvisation means that one interacts constantly. So the use of improvisational theatre must rely on a very high frequency of interaction. One can, of course, influence the situation in many different ways. The range of interactive impulses is wide. In addition to this one can add that the significance of contributions often will be fairly unpredictable, which again means that improvisation depends on the participants’ abilities to take initiatives and accept impulses from the partner(s). In short, the ability to say: "Yes" to almost any situation and act in response to the actual input to further the play/story-building of a situation or character etc. Thus significance is being built accumulatively. Looking back one might begin to get a notion of the road one has been walking on, and thereby some hints as to which direction the improvisation can go.

To improvise then, can mean to create stories through interaction. Together with the agents and the virtual environment, the user creates through the avatar what we tend to consider as material. Building material is like putting money in the bank. One might want to let it stay there for some time while one considers how to get the best interest from the investment. An improvised story is most often uninteresting as a plotline in its raw form. A story gradually built on improvisations might become very interesting, though. The possibility to record and edit the material can improve the pleasure of story-building. Material can be used and recycled several times to build an interesting plot or story. The actual editing is also, of course, usually very exiting for the user, who is in the position to decide what material to use and what to throw away.

A good improvisation demands that the participants become immersed in the fictional univers here and now. So one aim is simply to learn to be present in what is happening here and now. This might mean to work towards avoiding as many distracting factors as possible, i.e. interface or navigational problems that can interfere with the experience of acting in a flow. This flow is probably best described as an ability to master a kind of double consciousness. Something is happening to me in this fictional universe here and now, and I am able to sense my own contribution - to "select" something that make things happen. It goes without saying that we see a strength in thinking about improvisation from such a phenomenological approach and perspective. The avatar provides a significant third position: The avatar is manipulated by me, the user, but it is not really "me" in there in the virtual environment; there is thus a distance between me and my representative. It is not me, but it also is not not-me.

To improvise means to be able to sustain this double consciousness simultaneously - to be in the situation, to experience the other agents and their actions, and to interpret these actions. One has to be aware of ones own reactions to notice what is happening in order to be able to react in a qualified way (which could be seen as a kind of "planning" for new actions) and then re-act. So in improvisation one would look for and feel the impulse; judge the situation and react - a "strategy" very much like what we rather unnoticeably do in everyday life, but with a higher awareness of choice making. This means that theatrical improvisation usually has a slower flow than normal conversation or action-reaction output. Or to put it in a different way: Improvisation usually would allow the participants some more time to consider the situation before and after each action. It might feel like tens of a second, a very important (and enjoyable) possibility to "stretch" time and space all the same. This stretch is enforced by the avatar-position in the virtual puppet theatre - pending between alternative identifications: i) I am the avatar and ii) I am observing at a distance (what happens to the avatar).

Improvisations mean to train ones power of judgement. One must get an idea of what one wants to investigate. If you have a notion you learn to be able to follow it. The notion is only a vague idea of the contours of a story or a plot, but one need to follow ones notion to find the right time to invest a particular action; an action that can further the story in what feels like a meaningful way.

4.2.2 Rules and differences

Improvisation is based on a set of rules. These rules can be very close to real life rules or rather far away from them. What is important is, that the participants learn to obey the rules and negotiate the rules and the possibilities of a story or plot from within - or rather in the flow of interaction. It goes without saying that in improvisational theatre a lot of what happens has not been pre-planned. This is, of course, what makes improvisation different from a full performance. Leaving a lot of decisions to the performers makes a difference. This difference is what we would like to see as a difference between theatrical and dramatic fiction.

However, there is another difference, which is as important as the one between theatre and improvisational theatre. From the fact that improvisation is relatively open-ended it would be wrong to infer that it is completely uncontrolled and thus without dramaturgical significance. It is important to insist on this point. As much as improvisational theatre differs from a theatre performance, it differs from events happening in real life which unfolds without dramaturgical constraints. Thus, improvisational theatre represents a middle field of order between the contingency and openness of ordinary life and the fixed form of the work of art. Why? This is because, that even in improvisational theatre you have to set up constraints in the form of rules for possible actions. Everything is possible - anything is not.

We need to point out a third difference of kind which may very well be the most important for our thinking about VPT A and B. Improvisation may be purely situational, and it may turn towards the narrative. In the latter case you have entered the causal-linear time whereas the situational improvisation is concerned with events that have no definite telos. Or phrased a little differently; events that are so interesting in themselves that the final outcome is not what makes them dramaturgical poignant. If one goes for the purely situational, one simply needs to outline characters who can interrelate in interesting ways, i.e. they can pursue different projects that will conflict with one another. If one takes a step into the narrative, one will attempt to make constraints that produce developments in the cause of events. In this form of improvisational theatre, one has to do with a continuum with many differences of degrees: from a very open-ended through a semi-closed to an almost closed narrative. As we believe that the construction of intelligent autonomous and semiautonomous agents beg for an investigation of the purely situational type of improvisation, we have tried to stay in this area when constructing the concept for a “VPTA+”.

These arguments form our basis for suggesting that the virtual puppet theatre could be developed according to rules for improvisational theatre.

4.3 Improvisation and Children’s Play

The possibility of having an ‘agent world’ underpins many of the potential EL benefits of the PUPPET project. During the normal course of improvisational play the child is dealing with ephemeral actions: They occur and are gone and the child has no time to reflect on them. In addition, they are, by definition, products of the child’s own cognition. By contrast, autonomous agents offer the possibility of characters, inside play, which are not of the child’s making. These agents are imbued with a ‘personality’ of lesser or greater complexity, demonstrated/discoverable e.g. through their behaviours. This means that they offer the potential for the child to ‘read’ the motivations and intentions of the characters in situations, which are still ‘playful’. The cognitive benefits of this can be referred to the child’s developmental transition to decentred allocentric thought (c.f. Piaget). Thus, for PUPPET, we

hypothesised, that reading of agents will be a useful means for exposing the child to situations where decentring skills can be polished. In terms of the development of the VPT this requires a sufficient expressivity, e.g. expressions, behaviours, vocalisations (speech and non-speech) to allow adequate legibility of internal states. This is what is intended by the technological aims of section 4.1.

At the same time there is a distinction to be drawn, prima facie, between the situation of ‘just’

observing, as when the child watches agents behave within the 3D world, and interacting with the agents in a more direct fashion. In terms of the modes mentioned in section 4.2, we can see how these will reflect a spectrum of cognitive complexity – from spectating to acting. This has two possible forms, along a spectrum as previously pointed out.

The first is that of direct engagement, by allowing the child to act through an avatar. We do not claim here that the child ’becomes’ the avatar (cf. Bowers), but that such assumption of character lends itself more naturally to, something like, first person involvement in the ongoing play. Thus we retain the benefit of playfulness, through the situation, but also – we hypothesise – increase the motivation for reading others, ipso facto, because of greater involvement. A central idea here is the dual consciousness of the observer/participant. We know that this is a key component of the move towards cognitive decentring – experiencing and cognisance of ‘own experience’ and ‘other experience’. In this context the elusive sense of telos engendered by the improvisational ethos of the VPT development has a particular interest. In everyday problem-solving – pretty much the whole of life – there is an inherent nomological processing bias: we seek the elusive rule, the cause-effect link that will produce a semblance of order from chaos. As section 4.2 points out, there can be a differently situated phenomenological imperative in PUPPET. The constraint satisfaction that goes on in PUPPET is not the ‘normal’ problem-solving one, rather it partakes of the existential skittishness that one can see in young children – an interest in the ‘here and now’ and not an outcome-oriented leitmotif. Thus PUPPET has moved toward capturing the essence of improvisational play, but through the device of reconfiguring the potential of a new and powerful technology.

The second kind of move towards active involvement reflects our emphasis on externa​lisation as a route to cognitive mastery. Recalling the ephemeral nature of a lot of real world play we believe that the child might benefit from ‘stepping back’ from the action. Just as dramaturgy offers a taxonomy of roles, such as actor/director, we believe that allowing the child access to the product of his/her imagination by allowing some degree of authorial control as well as direct participation. Thus acting in the world, e.g. by altering the states of characters/settings in a play, allows a reflection on the overall structure. This is a metacognitive skill, a kind of ‘learning to learn’. In turn, this requires of the PUPPET environment, some provision of authoring/directing tools, in addition to the autonomous agent/avatar provisions of VPT-A. Here we begin to see the centrality of the ‘Directing Mode’ of section 4.2. However, we have to be alert to the potential for interesting cognitive effects of the child taking on multiple projects which might not all fit with each other – with the necessity for identifying constraints that will solve these dilemmas. Again PUPPET’s emphasis on the value of externalised cognition for dealing with such problems should be flagged in this regard. Of particular relevance, when discussing specific tools, would be comparison of those for altering external parameters (e.g. appearance/setting) as opposed to internal ones (e.g. the happiness levels) of agents. We know from previous work, e.g. Hayes-Roth, that children who use external controls for affective agent states seem to understand the concept of affect better. Here we extend this to complex interactions over which the child has control and to see their possible effects on the child’s ability to handle improvisational modes

– situational and causal-linear, cited above. For example, one hypothesis is that tool-provision will vitiate the sense of improvisation, but, again, as the dramaturgs point out, improve is not ‘merely’ anything-goes, but rather carefully worked in terms of its underlying structure. Will the children see this?

5.  “The Black Sheep Scenario”, A Trinity Framework

From the discussions and dramaturgical observations above, a framework is developed to combine the “openness” of autonomy and the desire to support narrativity and the user’s possibility to have influence on narrative developments. The framework is then analysed for use in the context of early learning as well as from a technical viewpoint.

5.1 Framing Improvisational Play in a Dramaturgical Setting

The art of improvisational theatre is the art of framing: creating interesting scenarios for the improviser to be in and act in. One could suggest that our programme should be able to create frames that could set up some kind of progression that would allow the user to experience that s/he is causing a story emerge. To do this, we try to think in terms of framing significant units of improvisational theatre and build in a succession of frames until there is a story created.

When the user has experienced more than one improvisational unit, he/she will start to combine the two units in a way that seems meaningful to the user, in other words s/he will experiment with the relation between the two stories.

Meaning emerges for a user in small units. When one tries to assemble many units in complex relations one is making up a fable. The way in which we establish such a fable depends on the overall dramaturgy of the entire task specified in the session. One might either follow one strict story line (high level of narrative pre-scripting) - which will satisfy a need for CLOSEURE, or one might discover, that there are differences emerging, that can not be solved easily. The latter will make it clear, that there is no single story at hand, which could lead to a consideration of new strategies, i.e.: DISSEMINATION.

The scenario that we have suggested for the first situational improvisation is leaving some possibilities open. The user must decide. This might sound abstract, but will hopefully become clearer as we present the concrete example. In order to produce our first improvisational scenario, it is important to consider how one might frame an improvisation.

5.1.1 Framed improvisation

In order to improvise, one should know: Who am I playing, Where are the events taking place, What happens, and When (e.g. what time on the day). These W’s should be considered when one starts an improvisation.

The questions can be answered with different levels of detail, but it is important that the actor-improviser does not get lost. S/he needs clues as to what is happening. The freedom to improvise and ability to make things happen depends on the framework. It must provide an adequate amount of information. One does not want to waste energy to discover or construct everything. One wants to focus on something, i.e. explore the material and its frames. So there has to be a fine balance between what is told and what is to be discovered. One of the tools to tune this balance is the way in which we apply specific rules and regulations of conduct.

In improvisational theatre, the person, who is responsible for starting the improvisation, makes up his or her mind as to what the actors/participants must know. One can have rules that are:

EXPLICIT:
clear descriptions of the improvisational task, e.g.: you must help the Farmer to feed the Cow.

IMPLICIT:
everybody must know that one has to discover the task while one improvises, e.g.: Explore the farmyard and notice what happens.

Further, the rules can be:

SHARED:
all participants are getting the same information. I.e. "At 12 o’clock something terrible is going to happen.”
DISCRETE:
some improvisers get some information that others do not get; i.e. instruction to character A: "You want to stay very close to character B", and to B: "You think that character A stinks, so stay away".

Different tools or techniques create different kinds of improvisational set ups - and thus different possible actions. A main task is, of course, to make sure, that there are some possible conflicting wills. To make it clear: It is quite possible to provide actors with non-conflictual improvisational tasks. We suggested this in our first draft of a VPT scenario “Fluffy Fireheart”, which might have been an improvisation aiming at some kind of a meditative experience of time or space. Simply being in the space. We would very much like to experiment with autonomous agents and environments that would provide the user with such possibilities. However, we opted for another strategy in our first VPT experiments. Due to a need for interactivity and plot and some stress on realism and recognisability, we decided to investigate a conflict orientated dramaturgical structure.

In a dramaturgy based on conflict one will usually have one or more characters who try to achieve something specific (a goal) at nearly all costs. All obstacles met on the way will be dealt with in order to make sure, that the protagonist can fulfil his or her goal. In classical dramaturgy will is the king of matters. If there is no character with a far reaching will, there is no action. If there is no second character with a contradicting, or at least another will, there will be no conflict. Thus, as Hollywood tell us: What is more important than anything else is that the main characters have clear intentions, aims or projects. Drama is seen to appear when the protagonist meets resistance or obstacles as s/he tries to fulfil his or her intention(s) and so becomes the driving force of action.

In drama the obstacles will most likely take the form of another character's action, i.e. the antagonist attempts to fulfil another intention. This is how conflict is created: When the antagonist acts according to her/his main intention, it will represent a difficulty for the protagonist and vice versa. This is where dramatic structure differ a lot from real life as we only rarely set our minds to work towards the achievement of one particular project to which all our small actions (like brushing teeth, watching movie and the like) can be referred.

Constructing significant dramatic structure means to find the interesting clashes of opposed wills. Principally this also goes for improvisational theatre, even if one is looking for the development of situations. To create situations in which interesting action can emerge one usually establish possible relations between the characters along a conflict axis.

5.1.2 Dramatised actant model

At this point our study of functions in conflicting worlds might prove helpful. Based on studies of Folk Tales the Russian formalist Propp observed structural dynamics as possible driving forces in such tales. The French narratologist Greimas simplified Propp’s model and described an Actant model. In its simple version the actant model describes the dynamic forces and their positions in a narrative economy. The dynamic force is called an ACTANT, which should not to be confused with an actor playing a concrete character. There are three axes in Greimas’ system. A PROJECT-AXIS where a given subject (a Protagonist) wants to achieve an OBJECT. On a CONFLICT-AXIS the protagonist meets opposition from someone or something, an OPPONENT, who tries to prevent him from achieving this. but he might also have a HELPER. On the AXIS OF TRANSPORT we are dealing with those elements of the narrative economy that concern dynamic forces providing the protagonist or another receiver with the desired object. This might be illustrated in the following narratological model, which is primarily constructed to describe epic narrative. In order to apply it to our needs, we have made some adjustments. This has been done to arrive at a more dramatic model.
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Figure 5.1: Expanding on Greimas’ model of forces in an epic narrative we suggested a dramatized actant model with a symmetrical conflict-axis where a protagonist (the Farmer with a will to order) are met by an antagonist (the Black Sheep) providing a counter-will. The helper of the Farmer (The Dog) would be the opponent of the Black Sheep.

We have named this a DRAMATISED ACTANT MODEL. The model is a result of actual work with: a) the development of a concrete scenario (Black Sheep), and b) trying to formalise and describe the principles inherent in such a construction process. We have chosen to present the formal model first, and then exemplify it with our concrete Black Sheep Scenario.

The main rationale behind our modified actant model is a drive to combine the pro- and antagonist on the same project-axis. We have also seen a need to appoint both the protagonist and the antagonist each with a helper. The helpers will of course be the opponent of the opposite part. This system is basically symmetric, and it should provide us with the most basic needs in a simplified dramatic conflict.

5.1.3 Black Sheep Scenario

The first step towards a concretisation of this model is an attempt to provide the protagonist with a will: Here we have chosen a will for order. This choice could of course be commented in many ways, we might say, that our interest in this has to do with our ideas on narrativity: that we are constantly struggling with our wish to create order out of the elements of the narrative what we call CLOSEURE. But a given text might try to "prevent" us from such closing and insist on opening the narrative again thus creating new differences and DISSEMINATE meaning. So it might be interesting to investigate how children would choose in a universe dealing with order and chaos. So we see the Farmer as our protagonist trying to create order on the farm. His helper is his faithful Dog. Order to the Farmer means herding his animals to keep them in their stables and within fences, to feed them and make them stay in their pens. The Black Sheep, however, wants to challenge this order. This is probably why it has become the Black Sheep of the farm. So whenever the Black Sheep gets a chance, it will try to destroy the order established by the Farmer. The Grey Sheep is a willing helper in this project of the Black Sheep.

Where should the avatar now be positioned in this narrative economy? In terms of complexity we distinguish between four types of agents:

INTERACTIVE AGENTS: agents that are able to respond to other agents and their actions, but primarily they are able to create their own actions based on their goals. (Farmer and Black Sheep).

ACTIVE-REACTIVE AGENTS: agents that are able to perform a set of given actions when given the right cues. They are able to act out actions, not only as reactions on what happens to them. (Grey Sheep and Dog).

REACTIVE AGENTS: agents that are able to react to other agents with a very limited amount of reasoned alternative strategies and actions.

NEUTRAL AGENTS: agents with actions completely neutral to the narrative economy.

We believe that the user should be able to inhabit all different types of agents. So even if the user chooses to be a neutral observer, the system should be able to operate. In order to achieve this goal it seems important to make the scenario like a type of perpetual machine so that it can provide the user with something to look at. We would of course hope that the actions were attractive enough for the user to go in and position herself in one of the other types of agents.

In a first version of the Black Sheep, we advocated that the user was positioned as the antagonist. So the avatar was the Black Sheep. As we do not want to prescript the user in this improvisation it should be possible to let the user decide whether s/he wants to go along and help the Farmer instead. If this happened the Grey Sheep would take over the position of the Black Sheep. We imagine that this decision could also trigger the Black Sheep so that it changed colour and became white. Exploring what it means to be a Black Sheep might also be stimulated. This also influences the way in which we might introduce the rules of the improvisation to the children. It might prove to be an interesting field in terms of early learning, how different tasks give different learning results.

5.2 Early Learning Perspectives within the Framework

The previously stated rationale leads us naturally to a number of empirical questions about the two major EL goals which map into the dramaturgical/agent framework. These are:

Children’s perceptions of virtual characters and decentring.

· Can children understand, ‘read’, the motives of agents?

· How far do they treat (i.e. represent) virtual characters in ways similar to real-world ones?

· What are the expressivity characteristics of successful readings of internal states?

· Does interaction through avatars effect the above and can children take different avatar roles?

Externalisation and promoting metacognition

· What kinds of authoring/editing tools are children able to work with easily and what are hard, considered from the point of view of their current level of cognitive development?

· Will there be different benefits from tools to modify external/internal states of the system?

In technical developments we plan to experiment with various conventions for depicting agent movements and expressions. The simple ones, such as gaze, personal space and speed of movements, will form the basis for this experiment. We plan to use characters with different motives in the initial scenarios, such as the Black Sheep, who may help or oppose the Farmer in his/her goal of herding the animals. In addition the scenario allows for the provision of a variety of roles, such as ‘helper’ which are initially defined for the child but which may change as the scenario unfolds. Here it is of major interest to see if the child, firstly, picks up on the basic motif of ‘achieving order’ and, secondly, begins to construct his/her own narrative around the interactions. A further test of the child’s appreciation of the scenario will be the switching of personalities between agents, e.g. the Dog goes from helpful to unhelpful.

The child’s use of avatar mode will be an obvious focus, given the above. Here we plan to extend the avatar’s range of expressions, an interesting proposition since it begs the question of how far capabilities between avatar and agent should be equivalent, an issue that underlines the difference between the PUPPET situation and everyday play.

Initially the child is involved in situations over which it has no control, vis-à-vis the initial settings. Gradually, however, we plan to allow some alteration of the affective dispositions of the actors as well as some of their appearance. For example setting the happiness levels of particular agents, to allow even more emergent properties for the agent-agent interactions. In this context a good test of the cognitive complexity of the system can be obtained by increasing the numbers of agents involved in a scenario. Here there may be issues, such as cognitive load, inherent in ‘simply’ adding complexity. But we also hypothesise, that children may be capable of evolving metacognitive strategies for handling this by provision of the necessary tools for segmenting and replaying parts of the action, e.g. casting all sheep in a herd as similar to facilitate group behaviour.

5.3 Technological Challenges of the Realisation of the Framework

Realisation of the kind of experience-based, real-time interactive virtual environment needed for PUPPET in general and for the Black Sheep scenario in particular implies a range of technological requirements. To evaluate these requirements concerning the VE platform we consider four main areas:

· real-time virtual environment server,

· autonomous agents,

· interaction capabilities and facilities, and

· artwork.

Real-time virtual environment server

The VE-server must support a complete, real-time simulation and maintenance of a dynamic 3–D virtual world. To allow the consortium sufficient freedom in developing scenarios, the platform must support that the model of the world (landscape) can be easily changed. Similarly, the looks and positions of fixed structures and props should be changeable.

Importantly, the server must provide services in support of agents perceiving and acting on the virtual world. To support the Black Sheep scenario agents must be able to move around, perform animations, utter sounds, and change facial expressions. Conversely, the agents must be able to perceive the virtual world in terms of positions of any object, and activities of other agents (movements, animations, sounds, and facial expressions). Here we mean that agents should sense these activities using a representation that allows them to react to them. I.e., it is necessary to create an illusion for the observer that is corresponding to this, without necessarily requiring that the agents should perform actual analysis of body language and uttered sounds. The semantics of such communication and interaction may be conveyed directly by the VE-server.

Finally, the VE-server must be able to produce a real-time 3-D graphics rendering of the virtual world from arbitrary (but controllable) viewpoints. Similarly the sounds of the virtual world must be relayed to the user by distance-based attenuation.

Autonomous agents

Each agent in the PUPPET platform must be capable of complete autonomy. By complete autonomy is meant that each agent decides upon its actions solely based on its own current representation of the world, and on its own list of goals and capabilities (behaviours). Complete autonomy is required to support changes to the cast of characters in a scenario, and changes to the behaviours/personalities of the individual characters. These may be changes either performed by developers in a development/initial testing phase, or changes performed by the user as a part of a special purpose interaction.

Complete autonomy requires that each agent is capable of sensing the spatial, auditory and dynamic properties of the world. Further, each agent must accumulate and continuously maintain a model of the its own perceptions of the world using representations that suit its processes of deciding upon actions in the world. This includes being able to sense the activities of other agents in order to respond intelligently to them.

On top of all the raw functionality of agents, each scenario developed for the PUPPET platform (e.g. Black Sheep) entails writing scripts for each character in the particular scenario. General requirements to such scripts were described in the section 4.1 on “Technology and a Virtual World of Autonomy”. In view of the categorisation of the interaction as framed improvisation (sections 4.2 and 5.1), and to the support the EL goals of the platform (sections 4.3 and 5.2) it becomes relevant to use terms such as 'lifelike' and 'expressive' to describe the requirements to the behaviour of agents. In fact a technological goal becomes that of finding a way of embedding narrative structure in agents' behaviour planning, and script them to act as characters in interactive stories. Furthermore, the agents should support that the user can select behaviours for them to engage in and set internal states in them, - i.e. personality traits and emotions.

Interaction capabilities and facilities

To allow the user to experience the virtual world, interact with it, and act (through an avatar) in it, the platform must give the user control over a range of degrees of freedom using appropriate interfaces (involving both hardware and software).

The user must be able to freely move the viewpoint around from which the world is rendered

(graphically and audiotorially). A special PUPPET feature, which must also be supported, is arbitrary choice of avatar at arbitrary points in time. When embodied as an avatar the user must be able to perform avatar actions, in principle similar to those agents can do (navigate, utter sounds, perform animations, and change facial expression).

Furthermore, in response to the dramaturgical and early learning goals of the particular scenario, the user must have access to determining various pre-conditions for the stories occurring in the world. This includes control over the cast of characters, and their personalities.

As mentioned above this functionality has a knock-on effect on the agents as well, but in this context we are talking about the need for appropriate user interfaces, to enable the user to perform this control over the scenario.

Artwork

To complete the PUPPET platform, or rather to complete a particular scenario, a large range of artistic material needs to be produced. This includes design and 3-D modelling of landscape, fixed structures, props and characters. The latter need a range of animations, and a range of facial expressions.

Additionally, the artistic material for a scenario includes sound files for ambient sounds, and the communicative sounds (utterances) of each character.

6.  The “Virtual Puppet Theatre”

The history of development of the VPTs, the Virtual Puppet Theatres, were indicated in the introduction of Section 1, is described in the Appendix 1 to this report and summarised below.

The original workplan of the Project Programme (PP) had a cyclic structure for generating one new VPT every year: VPT-1, VPT-2, and VPT3. The plans for the workpackages WP-1 (design) and WP-2 (implementation) were “reused” every year, while WP-3 (experimental evaluation) had one task per year dedicated to the individual VPTs. 

After the experience and results of the first year the workplan was revised to develop the “VPT-A for Improvisational Plays” during the second year, and to extend this during the third year to become “VPT-B with Authoring Tools and Narrative support”.

At the end of the second year a (close-to) VPT-A could be tested with children at COGS. The scenario of this VPT-A included 6 autonomous agents, the farmer, his dog, a sheep, a pig, and two cows. The child could choose any of the agents as avatar.

Overall, the children liked interacting with the virtual farm-world, but they generally wanted to be more in control, and that more things should happen. Interface could be improved and possibly adapted to children at different age groups. Expressivity of characters should be clearer, possibly using new graphical models.

The test provided thus a range of recommendations for further developments, including various suggestions expressed by the children. These results and experience of year two gave rise to the analysis and discussions described above in Sections 4 and 5.

The “Black Sheep Scenario”, developed by IDAU as the eventual target for VPT-A appeared to be too complicated, and a simpler version was needed. A new design focused on fewer agents, which had richer behaviours in an even tighter structure to frame the improvisation of agents and the “free” interactions of the child into a “story-telling” development. A new VPT with improved behaviours etc. was submitted and installed in March 2001 at COGS prior to an extra project review. 

6.1  Generating the final VPT System

By April 1 2001, about 6 month before end of the project, the goals of the project were revised, and a very focused plan was developed in response to the extra project review. 

The cast of the farm-scenario was reduced to a two-actor set-up, with Farmer and Cow behaviours for “self-contained” activity and interactions, but with the addition of a neutral agent, the Black Sheep, which could be controlled as an avatar for the child. The child could choose to control the avatar to support the Farmer keeping order or to help the cow to escape from the pen.

The plan had three major and successively executed efforts involving all partners, and each effort should be concluded with a test with children to provide feed-back for further developments:

· Achieving expressivity by developing new behaviours and animations

· Extending on-line interactivity through the avatar

· Extending pre-startup tools (off-line interactivity)

Achieving expressivity by developing new behaviours and animations 

IDAU was responsible for the designing behaviours and the dramaturgical structure of the reduced Black Sheep scenario. They described the outline in “EMERGENT DRAMATUGY – On Script-structure, generic lists of animation and sound” [SL-2001], and provided the necessary details in collaboration with DFKI on improvisational cycles with Status and Attitude as Behaviour Determinants (see figure 6.2). They hired artists, animators etc. to provide a new farm scenario, new characters, and a large series of animations and sound files. The COGS document [PG-2001] was important input to achieve appropriate expressivity. CVMT extended the VPT platform with regard to low level perception and action control and required interface functionalities, including sound recording by the children. DFKI implemented the above behaviours and optimised agent reaction time. 

COGS tested the system with 50 children in a school and obtained positive responses to the efforts. In particular the animations did engage the children much more than seen before and the tried to work out the motives and intentions of the agents. However, the interactivity was still too limited and the children did not always capture the dramaturgical scenario as designed.

Extending on-line interactivity through the avatar

Selection and control of agents as avatars is a facility, which had been available in various earlier versions of the system. In this case, however, there were specific requirements for how the agents, Farmer and Cow, should/could react to all possible interferences from the avatar. COGS provided an analysis of a series of aspects regarding the children’s interpretations of the agent-avatar interactions and IDAU designed the interactive dramaturgy for user interaction with the “improvising” autonomous agents. Agent responses were dependent og the actual status and attitude of the agent, and IDAU and DFKI worked out the necessary details to allow DFKI to implement the new behaviours including revisions according to the last tests. CVMT and IDAU defined the relevant avatar functions [ML-2001]. CVMT/LIA extended the VE-platform further, - e.g. to enable the Low Level Agents to cope with differentiated interaction, and to introduce the concept keyboard (see figure 6.2) for the children to control current viewpoint and aspects of avatar behaviour.

COGS tested the updated system with a number of children, and evaluated their understanding of the alternative viewpoints provided by the avatar, the interaction between avatar and agents, and the narrative. Most children coped well with the different viewpoints and seemed to prefer the “over-the-shoulder” mode. They needed generally help to get ideas on how to interact via the avatar, and to appreciate the differentiated reactions by the agent, which reflected to the current moods of both the agent and the avatar. The basic narrative was generally understood, but the mood-parameter “status” was not readily deduced from the behaviours. The concept keyboard was easy to use for most children, while the younger kids had troubles managing both mouse and concept keyboard.

Extending pre-startup tools (off-line interactivity)

A number of facilities were subject to experimentation, and some were implemented. Most important was the facility for sound recording under user control, operating as follows.

When the facility is activated, the autonomous agents freeze whenever a novel sound file is about to be played. A sound recording box appears in the top left-hand corner of the screen with a pictorial representation of which agent (either high- or low-level) is about to make the sound. The name of the sound file is also displayed, e.g. “farmerangry.wav”. A sound can then be recorded for the character, which can be reviewed and re-recorded if necessary before being accepted. Once a sound file has been accepted, the action starts again with the appropriate agent making the sound. The facility allows a session to be suspended at any time and restarted with already recorded sounds saved. Once all sounds have been recorded, output can be reviewed.

COGS tested this version with 5 children in the age range from 5 to 9 years. Young children seemed to be unresponsive to mood-state in inventing sounds for the characters. They were capable of grasping the basic elements of the interaction between the characters, and to some extent play with scripting the narrative

Older children exhibited an understanding of character status in their sound file productions, which had in previous evaluations proved difficult to uncover. While children at the top of the age range may be able to comprehend status, as we have conceived of it in the agent architecture, they don’t possess the vocabulary necessary to express the concept. They seemed to be capable of playing with the role of director in the creation of narrative, with one girl producing a character monologue

6.1.1 Refinements of the system for the final evaluation

The intense development and testing effort of the last half year of the project clearly exposed the potential of the whole approach of PUPPET. The consortium was awarded a no-cost extension of three month for the project to exploit the experience gained for a refinement of the system and for a final evaluation to verify the project hypothesis.

Following discussion of the previous small-scale evaluations (see Enclosure E1: Reports on the evaluation of the PUPPET system, Work package II – ‘On-line’ interactivity, and Work Package III – ‘Off-line’ interactivity. COGS-October, 2001) at the Orbit Comdex trade fair in Basel, Switzerland, and at a Research Atelier in Aalborg, a version of PUPPET that had improved functionality relative to previous versions was specified for the final evaluation and evaluation procedures were outlined.

A range of interface and appearance facilities were then improved as well very notable extensions to the agent behaviours as described in Enclosure E2. This concerned enrichment of avatar-agent interaction and corresponding animations including new default behaviours for the sheep, support for prolonged direct interaction, new rules for the improvisational cycles, and user control for influence on the improvisational scenario, which is otherwise run autonomously by the agents. The sound recording and editing facility were also refined for more convenient use and a post production tool was added.

6.2  The PUPPET VPT Configuration for Final Test

The final VPT had a range of facilities for interaction and casting, which had been accumulated during its lifetime and development. For a specific use and test with children, however, it is appropriate to enable and refine just those facilities that are relevant for the purpose of the activities included in the test in question. Hence the description below is not revealing the full and possible capabilities of the VPT, but focus on the specific capabilities that had been selected and adapted for the “Final Test” of the project.

The following text and figure of this section 6.2 is extracted from the introductory part of the report of the final test (Enclosure E4) and as such it is “self-contained” without making direct reference to the text above.

6.2.1
The PUPPET scenario

The PUPPET world is a virtual farmyard inhabited by two autonomous agents: a Cow and a Farmer, both with rather conflicting goals. The Cow wants to be more ‘human-like’ and continually tries to escape the confines of his pen to go to the “library” to read books or go to the “discotheque” to listen to music on a gramophone and dance. The farmer on the other hand loves order, so whenever he spots the cow trying to escape, he attempts to return him to his pen. This interaction forms the core narrative of the PUPPET scenario.
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Figure 6.1: Combinations of agent status and attitude

The behaviour of the agents in their interaction is determined by two parameters: 

(i) Status that determines how dominant (high status) or submissive (low status) an agent currently is, and

(ii) Attitude (positive or negative), which determines the current strategy used by an agent to achieve its goals - luring versus herding for the farmer, and avoiding versus confronting for the cow.

There are thus, four combinations of status and attitude associated with each agent, each of which is communicated to the audience via a combination of characteristic facial expressions, gait, sounds, etc. Figure 6.1 shows how the two agents may appear in each combination of status and attitude.

A third character, the sheep, is an avatar, the child’s representation in the PUPPET world. The avatar can be set by the child in one of three mood states: positive, negative and neutral. The child can interact with the agents by making a sound with the avatar, when an agent is in the avatar’s focus area (defined by focus angle, in degrees, and focus range, in body lengths). The reaction of the agent is dependent upon the combination of the mood-states of the avatar and the agent. For example, if the avatar in negative mood were to make a sound next to the cow in high status, positive attitude (H+), the cow would respond angrily by changing to negative attitude (H-) and making an angry sound. If the child continued to make aggressive sounds at the cow, it would eventually change to low status (L-) and flee. Furthermore, if the avatar were to chase the cow into the pen, the farmer having succeeded in his goal would change to high status. In this way, the child can affect the interaction between the two agents and thus, the narrative structure of the scenario.

6.2.2
Roles

The child can take one of four overlapping roles while using the PUPPET system: 

1. The role of audience in the puppet theatre, passive to the events in the scene, but actively navigating around watching the interaction between the two autonomous agents, and trying to work out their goals and motivations.

2. The role of actor, viewing the unfolding narrative from the perspective of a participant and affecting its course improvisationally. 

3. The role of scriptwriter. When this mode is selected, every time a novel sound file is about to be played, the action stops and a recording window appears, inviting the child to record a sound for the agent or avatar. This sound is associated with the combination of character status and behaviour, and also which character the sound is being directed towards. Every time the same combination occurs in the scenario thereafter, the child’s recorded sound will be played. 

4. The role of editor. This mode allows the child to reflect upon and re-record sounds recorded while playing with PUPPET as scriptwriter. After editing sounds, the child can re-enter the PUPPET world as either audience or actor and hear the re-recorded sounds in context.

6.2.3
The system and interaction facilities
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Figure 6.2: Concept keyboard overlay. The top row of icons control avatar viewpoint. From left to right they look through the avatar’s eyes, move one step closer to the avatar, move one step away from the avatar, and deselect the avatar and fly freely. The middle row of icons select the mood of the avatar, from left to right: positive mood, neutral mood and negative mood. The two buttons on the bottom row make a sound or make a sound + an action (a little jump)

Agent behaviours were run on a dual-processor PC, with the visual environment and low-level agents running on an SGI Octane. Children viewed the PUPPET world on the SGI monitor. Navigation was through the three-button SGI mouse. A Universal Concept Keyboard
 was used to control avatar behaviour and viewpoint via an infrared link to the PC. A concept keyboard is a touch-sensitive pad that allows the use of paper, card, plastic or laminated overlays. The overlay used in the evaluation of PUPPET is shown in figure 6.2 with a description of functionality.

7.  Final Evaluation

Introduction

This section presents extracts of the report on the final evaluation of the PUPPET system carried out by COGS in November-December 2001. 

For the first time, facilities allowing the editing of recorded sounds have been incorporated, and avatar-agent interactions have been enriched.

The aims of the evaluation were threefold:

· To investigate children’s ability to read characters and interpret their behaviour and motives

· To look at the children’s ability to read the drama, specifically to determine how well children were able to understand and engage in the interaction between characters

· To see how the editing facilities engaged the children’s interest and promoted (1) 

The evaluation was conducted in a local school by a team at COGS. 7-8-year-old children made repeated interactions with the system over the course of approximately two weeks.

Methodology

The PUPPET system was set up in the library of a local school. Children were taken from their classroom in pairs to play with the system for between 15 and 30 minutes. Each pair of children had four sessions with the system over the course of up to three weeks. Sessions were broadly defined by the children’s style of engagement with the PUPPET system. They were:

· The child as audience. Children passively watched the PUPPET world with an experimenter acting as ‘intelligent camera’, focussing on the interaction between the agents. 

· The child as actor. Children played in the PUPPET world as avatar, controlling both navigation with the SGI mouse, and behaviour and mood via the Concept Keyboard.

· The child as scriptwriter. Children watched the PUPPET world with an experimenter acting as ‘intelligent camera’. When a novel sound was about to be played, the action stopped and children were invited to record new sounds for the two agents and the avatar.

· The child as editor. Children reviewed their previously recorded sounds while viewing screenshots taken at the time of recording. They decided whether to keep or to re-record each sound. Once children had finished editing their recordings they re-entered the PUPPET world as avatar to hear their sounds in context.

During all sessions, either one or two experimenters sat with the children. Children were encouraged to talk about the system throughout the sessions. Experimenters guided the children’s interaction with the system by, for example, asking questions about salient features of the scenario such as the agents’ mental state. All sessions were recorded on video for later transcription and analysis. 

Details of children

Participants were children form a Western Road County Primary School, which is local to Sussex University. Parental consent was obtained for all children who participated in the study. In total sixteen children were included in the study – 6 girls and 10 boys. The median age was 7 years 9 months (range 7;5 - 8;3).

Children participated in the evaluation in pairs. Evaluation sessions took part in the afternoon over the course of approximately three weeks.

7.1  Session 1: Child as audience

Procedure

The aim of the first session was to establish how children might understand the action in the scenario, and the mental states and goals of the agents. Pairs of children watched the interaction between the cow and the farmer, with an experimenter acting as ‘intelligent camera’. Children were informed that we were making a computer game, and wanted to know what they thought of it. A conversational tone was used throughout the evaluation to try and prevent the children suffering from ‘test anxiety’. Children were introduced to the two agents and were encouraged to reason about their mental states and about their interaction. If children had difficulty in reading the scenario, the experimenter attempted to scaffold their understanding, but without completely giving the game away. The following excerpt gives an example of the experimenter scaffolding for a pair of children who initially had some difficulty in working out what the characters were trying to do:

Exp:
Where do you think the cow wants to go?

C1:
Er, to bed.

Exp:
You think the cow wants to go to bed?

C1:
Yeah, it’s near where it came out.

Exp:
But what do you think it will do now? Do you think it will stay in there?

C2:
Probably not.

C1:
No, I think it will probably follow the farmer.

Exp:
Right, where do you think the farmer wants the cow to go?

C1:
Into a field

Exp:
Into there? [points at cow’s pen]

C1:
Into a field

Exp:
Where does the farmer keep leading the cow back?

C1:
Um, there [points at cow’s pen]

Exp:
Yeah, do you think that’s where the farmer wants the cow to go?

C1:
Mmm [nods]

C2:
Mmm

C1:
But he can’t shut the gate

Exp:
For some reason.

C1:
It’s too stiff

Session 1 lasted approximately 15 minutes, long enough for the agents to go through one full narrative cycle and to have time for discussion. 

Summary of findings 

· Children seemed to understand the attitude parameter in the agent architecture, describing both agents as either ‘happy’ or ‘angry’.

· Children didn’t seem to notice any change in the farmer’s status.

· Children frequently described the cow as ‘unhappy’. This may be related to some perception of the cow’s status. This term was used primarily when the cow was in low status, positive attitude.

· Children seemed to accurately read most of the action in the PUPPET world.

· Children seemed able to reason accurately about the goals of the agents embodied in the agent architecture

7.2  Session 2: Child as Actor

Procedure

Pairs of children were reintroduced to the cow and the farmer. The avatar was then introduced into the scenario. Children were shown the Concept Keyboard and its functionality was discussed. Children were then shown how to navigate in the PUPPET world with the mouse. The children were allowed to play freely in the PUPPET world for a short time, with one child navigating with the mouse, while the other used the Concept Keyboard. Once navigation had been grasped, the children changed roles. 

When both children had used the mouse and the Concept Keyboard separately, they took it in turns to play with both devices simultaneously while the other child watched, making comments and suggestions. Initially the children were allowed to freely explore the PUPPET world. The experimenter then tried to encourage interaction with the autonomous agents. For example asking the children what would happen if they were to make a noise at the cow when the sheep was in an angry mood, or asking the children how they might go about helping the farmer get the cow back into its pen? 

Sessions playing as avatar lasted approximately 30-45 minutes. Video recordings were again taken for later transcription and analysis. Particular attention was paid to the kind of language used by the children while talking about the avatar to ascertain the extent to which the children could take on the role of the sheep. 

Summary of findings

· Some children took on the role of the avatar, as evidenced by their use of 1st person speech and character dialogue

· Taking on the role of the avatar was related to how well children were able to control the character.

· Speech as the avatar was most frequently about navigation and direct engagement with characters and objects.

· Speech about the avatar was frequently more reflective, often about a new discovery in the game, or a problem in control.

· Children spent most time as avatar exploring the PUPPET world

· Attempts to engage with the characters were generally direct, rather than indirect via the Concept Keyboard.

7.3  Session 3: Child as scriptwriter

Procedure

The system was started with only the two agents running. One child was asked to record sounds for the farmer and one child the cow. The sound recorder was then turned on. Thereafter, whenever a novel sound file was about to play, the system would freeze. The experimenter would change the camera angle to focus on the agent about to make a sound. The children were asked what sort of sound they thought the agent might make? When they had decided upon their sound, the experimenter counted to three and the children made their sound into the microphone. This sound was then played back to the children, who were asked if they were happy with the sound or whether they wanted to record it again. When the children were happy with the sound, it was accepted and the action continued with the agent making the sound recorded by the child. This continued until all sounds had been recorded. The avatar was then brought into the PUPPET world and sounds for its interaction with the agents were recorded.

If children had difficulty in thinking of a sound, the experimenter asked them what sort of mood the agent was in and what sort of a sound the agent would make in that mood.

The main aims in the evaluation of session 3 were to determine how well the voice recording task might provoke discussion between the children, and to try to determine more about the children’s understanding of the narrative and agent’s mental states.

Summary of findings

· Children were highly engaged in the speech recording task

· Recordings were both inventive and humorous

· The recording task was effective at provoking discussion between the children.

· Emotional-state descriptors were similar to those used by the children in session 1.

· Recorded speech did not fit perfectly with children’s descriptions of mood-state. Other factors must therefore have had an influence on their choice of recording, such as the children simply having fun and being inventive.

7.4  Session 4: Child as editor

Procedure

The pairs of children viewed three windows on the screen: an HTML page containing thumbnails of screenshots taken at each time a sound had been recorded in the previous session, a larger version of the active screenshot, and a recording window similar to that used in the recording session. The three windows are shown in figure 7.1. 

The experimenter controlled the software. Children were shown the first picture, and the first sound was played. Children were asked if they liked the sound, or if they wanted to change it. If they wanted to change it, a new sound was recorded and re-recorded if necessary. When a sound was accepted, the experimenter moved onto the next one. When all sounds had been reviewed or re-recorded, PUPPET was restarted in avatar mode to allow the children to hear their new sounds in context. The focus of the evaluation of session 4 was to investigate to what extent the externalisation of the scripts recorded in the previous session would promote reflection and discussion about the sounds.
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Summary of findings

· The editing session was successful in getting children to reflect and improve upon their previously recorded dialogue

· Explanations for changes were varied, but some examples were in terms of sound quality (e.g. volume, prosody), grammar, and better fit to the agent’s goals

· Ability to take on the role of the avatar was again related to how well the children were able to control the character

· Children interacted more with the agents as avatar, but this interaction seemed to relate to short-term expediency rather than any long-term goal.

7.5  Overview of Findings

Overall the evaluation of the PUPPET system has produced a number of positive findings and considerations for future systems of this type.  Children seemed to readily understand the attitude parameter in the agent architecture, relying on a number of cues, of which facial expression seems to have been the most salient. With some support from the experimenter, the children were also able to construct an accurate representation of the narrative structure of the scenario in terms of action and agent goals. Status, as we have conceived it, does not seem to have been readily understood by the children. 

Playing as avatar, children seemed to switch between taking on the role of the sheep and standing back to make more reflective comments. Ability to take on the role of the sheep in the scenario was hampered for some children by problems in navigating with the mouse. It is suggested that a mouse is not an appropriate device for use with this age group. 

Interaction with other characters was initially very direct – children tried to charge at the agents with the avatar. In the first avatar session, only one pair of children attempted to interact with a character by making sounds via the Concept Keyboard. In future work of this type, one way of leading the children into more elaborate interactions with characters might be to allow them to initially provoke reactions by ‘bashing’ into the characters. This approach was discussed at the atelier in Aalborg, but unfortunately could not be implemented in the short time frame of the project extension. 

As predicted, the recording session was successful in eliciting discussion about the agents and their interactions and intentions. The dialogues the children recorded didn’t fit perfectly with their understanding of the agent’s emotional state. This may have been due to the children carrying out the recording task separately.

The editing session was also effective in promoting reflection and discussion about the dialogue they had recorded. Children’s explanations for changing what they had said were again very varied, and included some meta-linguistic and meta-cognitive explanations.

Playing with the avatar after editing their recordings, children interacted with the agents more than they had done in the previous session. These interactions were, however, rarely sustained for any length of time. This may have been due to the children lacking any kind of concrete goal in their play. When prompted by the experimenter to help one or other of the characters, children seemed capable of coming up with imaginative solutions, for example, ‘guarding’ the bookcase to help the cow. The system was not however, responsive to what the children were doing and they soon lost interest. It is suggested that in order to sustain interest and promote interaction in a virtual environment of this sort, some kind of goal must be provided for or be more easily discovered by the children.

8. Conclusions

The results of the project is partly a concrete new inhabited virtual environment platform for educational purposes demonstrated and tested in a Farm Scenario, and partly new insight achieved through numerous empirical studies during the project development phases as well as at the final evaluation.

8.1  Technology, New Tools

Numerous project documents and some papers have described the virtual environment and its inhabitants at various levels of development.

Enclosure E3, Supporting Interactive Dramaturgy in a Virtual Environment for Small Children, by Claus B. Madsen, describes the configuration of the final Virtual Puppet Theatre, in more detail than provided here in Section 6.2 It addresses a broad audience and includes an overview of the underlying technology. 

Through its development we learned to appreciate the unavoidable requirements for real-time actions and reactions of autonomous agents in a 3D environment, and the importance of appearance as well as how rapidly the complexity of behavioural patterns for interacting agents increases, when trying to achieve interesting activity to observe. We also learned that for such special purposes it is still necessary to have the flexibility available from own development of a dedicated virtual environment. Still, the PUPPET platform has a “general” Virtual Environment Server” and - for each scenario to be supported - a dedicated “Scenario Controller”.

Summing up results

· We have developed and tested a virtual environment platform supporting scriptable real-time agents. It is providing services for the agents to allow actual autonomy as achieved by stringent focus on auto perception, which is in contrast to the standard and “efficient” computer games. I.e. agent behaviours are based on the agent’s own perceptions and not on “contextually digested” information provided by a central controller.

· We implemented a very successful sound recording and sound editing facility including a “freeze” function. This may be considered a novelty, although it technically is a “simple thing”. Making cost-benefit comparison to other painstakingly achieved “successes” gives food for thought.

· We have successfully extended the Jam Architecture to adequate performance - speeding up processing, supporting control of simultaneous actions in a 3D-world etc. – and we developed an efficient procedure for script developments through tight collaboration between dramaturgs and agent developer. However all signs of emergent behaviours was lost, and increasing the cast with more agents would increase complexity of scripting enormously.

Lessons learned

· Using an alternative agent architecture like e.g. the Blumberg Architecture - which is more reactive in nature (less “intelligent”) - could have given some emergence and would have allowed an arbitrary number of agents. I.e. one could add new agents without necessarily changing agents already in play. Then, however, constraining such agents into narrative structures would have been even harder, than what we have experienced with the Jam Architecture.

· Achieving both emergence and narrativity – if that is a goal – might be possible by adding extra layers in the agent architecture. Concretely one could experiment with an action-layer as the current implementation’s Low Level Agent, a behaviour-layer using Blumberg, and at the top a script-layer using the Jam Architecture. Cycle-time for the individual layers would increase by an order of magnitude or more as we go up through the layers. Starting with 100 ms as for this implementation we could have minutes for the top layer. Actually, continuing with even more layers would provide for more apparent “intelligence”, as the corresponding temporal memory would allow for some aspects of learning – or at least adaptation – to take place.

8.2  Dramaturgy and Virtual Puppet Theatre

Dramaturgy has had a hard time throughout the whole project lifetime. Firstly as not being properly recognised in the project context, and then, secondly, when the general insight increased, as becoming a major factor for resolving contradicting ambitions and requirements within the project objectives. Frequent partner visits and a rich selection of documents produced have kept partners informed about the running progress and the responses to new problems.

Enclosure E4, Theatrical Virtuality – Virtual Theatricality by N. Lehmann and J. Szatkowski describes comprehensively the major problems encountered, analyses in relation to theatrical concepts, and alternative solutions developed. Altogether important and new research results are presented.

The improvisational branch of drama in education seems conceptually to accommodate the situation of a theatre with autonomous agents. There we have a group of individuals participating and no audience. Relevant concepts of dramaturgy is discussed and brought to bear – including “slowing down” the activity during improvisations to allow participants to reflect on and investigate a situation.

Narrativity versus interactivity is another key issue in the project, which has been studied in dramaturgy and related fields. How to ensure that the narrative is interesting, when allowing for user interaction, and in particular when the user is a child interacting with autonomous agents? Some “cheating”, which in the dramaturgical context is considered legal, is required. But who is the “author responsible” for the narrative development? The apriori design of the virtual theatre with the agents. - or the user through his/her activity and interaction? To illustrate the co-dependency of narrativity and interactivity, and alternative balances between them, three scenarios are analysed. A previously implemented greeting scenario has the major weight on the interactivity, while the “Farmer and Cow” scenario of the final VPT has build-in a strong framing of narrative structures to be suggestive for the interaction.

As to the design of autonomous agents, or – if you like – virtual actors: Who should one ask for advice if not the dramaturgs? The paper discusses in particular two approaches, the behaviour based and the consciousness based, and suggests to reduce the complexity of internal functions and rather ensure that - what there is left of “inner life” in the agents is clearly expressed in the external representation of the agent at any time. This emphasis on the acting and “pretending”, and hence expressivity, is clearly in line with studies of children at COGS, while the “de-emphasis” on the cleverness of the internal agent control system is somewhat against the engineers’ ambitions on agent design.

Eventually the paper extrapolates on interactivity in virtual improvisation. A double consciousness is discussed as the “I” and the “me” when interacting in the VPT. How does it feel to be an avatar?

The project has indeed challenged dramaturgy, and dramaturgy has responded very constructively. How did it feel to be a dramaturg in the PUPPET project? Very busy and demanding is an appropriate answer.

8.3  Early Learning and the Experimental School Environment

The various aspects of children’s play practice in relation to early learning have been studied at COGS to inform the design. Low-tech and mid-tech material has been used in different contexts, and the findings are reported in a series of publications. COGS has also conducted the evaluations of the VPT’s at various stages of development with children in the appropriate age groups to provide feedback to further development.

Enclosures E5, E6, and E7 report the results regarding Early Learning for the project: E5, Report on Final Evaluation of PUPPET System by P. Marshall and Yvonne Rogers; E6,  PUPPET: a virtual environment for children to act and direct interactive narratives by P. Marshall, Y. Rogers, and M. Scaife; E7,  The value of a virtual environment for learning about narrative by P. Marshall, Y. Rogers, and M. Scaife. 

COGS also plan to submit "PUPPET: playing and learning in a virtual world" (working title) to a special issue on “Narrative and interactive learning environments” published by the International Journal of Continuing Engineering Education and Life-long Learning.

These contributions describe the extensive evaluation study assessing the ability of the interactive virtual environment to engage children in reflecting on drama and narrative structure. In particular, the study investigated young children’s ability to:

· Read characters and interpret their behaviour and motives

· Understand and engage in interaction between characters

· Use recording facilities to script dialogue for the characters

· Reflect upon and edit recorded dialogue.

Pairs of children made repeated interactions with the system over the course of up to three weeks, each time playing a different role in the narrative environment: audience, actor, scriptwriter, and editor.

The findings showed that the PUPPET system was very effective at eliciting a diversity of reflective responses from the children. Specifically, the children were able to:

· Correctly identify the agents

· Reflect on the underlying emotional states and status of the agents at different stages of the drama

· Switch and understand the different roles in the different sessions

· Record and edit sophisticated dialogue between the agents, indicating an ability to use the PUPPET externalisations as a way of developing a more sophisticated understanding of the drama

Hence virtual environments provide a great potential for important aspects of early learning. They can offer an engaging world for children to play in, and at the same time give them opportunity to make concrete their understanding of different aspects of that world by “standing back”. This is not always possible in improvisational narrative play, where representations of activity are typically short-lived. This highlights one of the many advantages of using such a tool over more conventional narrative play in the physical world.

8.4  After All

In conclusion we have exercised technology thoroughly to produce a Virtual Puppet Theatre. It has been designed through various phases according to guidelines from psychology and dramaturgy, - and under the constraints of what technology eventually can keep of promises on the day of doom. We have evaluated the final Virtual Puppet Theatre with children and found that it indeed engages children in reflecting on drama and narrative structure and hence can play an important role in early learning.

Through this we have met the project objectives, although not necessarily in the way we had anticipated at the start of the project. But we got there, and we have on the way revealed a series of important research questions regarding difficulties in - as well as promising ways of - combining new technology, drama, and children’s play to achieve important support for early learning and the educational development of young children.

The Commission of the European Union is gratefully acknowledged for the support to this explorative research project, which has also been very educational for its participants.

Appendix 1.  Brief PUPPET History

The three-year contract for the PUPPET project ran from October 15 1998 to October 14 2001, and was given a three month no-cost extension until January 14, 2002. The history of the project is briefly described below through the executive summaries of the thre Priodic Progress Reports, PPR-1, PPR-2, and PPR-3.

The original workplan of the Project Programme (PP) had a cyclic structure for generating and evaluating one new version of the Virtual Puppet Theatre every year (VPT-1, VPT-2, and VPT-3). The plans for the Workpackages, WP-1 (design) and WP-2 (implementation), were “reused” every year, while WP-3 (experimental evaluation) has one task per year for evaluation of the individual VPTs.

A1.1  Year 1, Executive Summary

The interdisciplinary PUPPET consortium has faced a number of educational challenges, including “inborn problems” of i3-ESE activities, and hence considered as natural parts of the project. The major challenges in question are: i) mixing very different science and research cultures which have different traditions and success criteria, ii) trying to map drama and early learning into a not yet existing virtual world, iii) wondering about the balance of the roles of the interface versus this, to be developed, virtual theatre, iv) finding decisive criteria for choosing existing standard virtual environment as basis, or go the hard and suspicious route of “inventing it here”.

We had anticipated that extensive interaction and communication between partners would be absolutely necessary and a rather detailed structure of internal documents had been scheduled in the Project Programme (PP). We did not follow this structure nor timing exactly, but in function, number and volume the internal communication vastly exceeded what was planned. 

As to the challenges above we all had to learn about different research approaches, where one emphasised the need for constraining and systematising the context for learning such as to allow for measurable indices to determining as explicitly as possible the impact of the new tools, while the other considered these constraining and systematising factors as inhibiting for interesting impact to occur. As both approaches had good points, a compromise was adopted, such that VPT1 development would be governed by the systematic approach, while VPT2 could be developed for a less constraint context.

The second challenge has puzzled us all, from psychologists to engineers, and we all look forward to learn about the consequences of the design which has evolved. The “interface balance” discussion was longwinded, and in spite of that various very creative suggestions for a dominant interface with physical manipulanda and field studies explored such potential it was decided to put major emphasis on the virtual 3D-environment, and use mouse and screen as primary interface media. As to the possible use of a standard platform for the virtual environment, we eventually decided for a dedicated PUPPET design. This choice was made rather late, it increased the level of our ambitions, and combined with resource problems at LIA it has delayed the school test activities at COGS by several months. However, the choice also implies an investment for future VPT’s, such that we expect to have VPT2 ready according to schedule. Plans for year 2 are being revised to cater for concurrent activities on both VPT1 and VPT2.

The more concrete efforts made in the 3rd Work Package, was reported as follows:

WP-3  Experimental Evaluation (Y-1)

The schedule and sets of activities for the evaluation have been specified to the degree that is possible in the absence of specific 3D prototypes to work with. We have been able to do some 'as if' work on the child's capacity to manipulate simple interactivities with the mid-tech prototypes built in Director on the Macintosh and some initial work on navigation in virtual environments using simple VRML worlds.  We have also set-up two possible 'induction models' for getting children into the VPT system, the difference being between repeated exposure over a short period versus one with longer gaps between sessions.  In either case there is a crucial role for an adult in scaffolding the child's activity, consistent with the VPT's envisaged classroom role.

Assuming that the 3D prototype meets most of the design specifications from WP1 we hope that we should see the facilitation of forms of story construction that are not normally possible in everyday play. In particular we anticipate that: (i) the provision of interactive external support for story-construction should increase narrative coherence; (ii) the innovative technology of agents in 3D settings will encourage decentring;  (iii) the child's appreciation of different modes of activity, author/editor/director, will become explicit rather than implicit. 

A1.2  Year 2, Executive Summary

The 3 year project plan was revised after first year on the basis of experience gained and on the recommendation of the reviewers. The new plan has two major milestones in terms of implemented VPTs and their tests in schools. The work package A (mainly 2nd year) develops the “VPT-A for Improvisational Plays” as this is the particular aspect of what the technology of “the new tools” can offer. To allow for more direct story-telling/construction the work package B of mainly the 3rd year extends VPT-A to become “VPT-B with Authoring Tools and Narrative support”.

Progress Report
The Puppet project concerns development of new tools to support early learning. However, the first year clearly indicated that the project partners also had a considerable learning phase to get through in order to make the necessary interdisciplinary efforts successful.

One important projection of this problem were formulated by the reviewers as the need for a shared vision. We have worked on that, and the revised Project Programme outlines a shared vision and its components of individual partner visions, from which it was derived. The vision was formulated as follows:

"Our shared vision is that the project will be able to explore how a real time interactive virtual 3D world (VPT) inhabited with life-like autonomous agents can be exploited by children through a dramaturgical framework of improvisational play to externalise their ideas and fulfil their imagination and creative capacity."

We like this formulation, which expresses where we want to go and indicates why. However, it does not tell how to get there and what the premises are.

The approach was originally and for good reasons very child centred on the basis of EL theories and empirical experience. Concepts and a framework around the story-telling child-user were developed by COGS and carefully specified last year. These specs did not quite match what the technical partners envisaged as the novel contribution of new tools, but an overoptimistic view tried to accept these goals by assuming they could be achieved also as add-on facilities to the essential contribution of the new technology.

On the basis of our experience and the recommendation of the reviewers, we realized that the above approach was not feasible. The new Project Programme describes a new strategy with a starting point in the particular and interesting possibilities of improvising autonomous puppets which the new technology provides, and then finding ways of exploiting these optimally for the sake of early learning support.

The dramaturges have taken a lead as suggested and they have successfully met the challenge of developing a dramaturgical framework, which may bridge the gap between the storytelling child and the real time interactive puppet theatre with autonomous actors. Their framework labeled "The Black Sheep" is developed and refined through consultations with all partners, and it is fully acknowledged by all as the vehicle tying it all together.

While this very creative IDAU driven development took place regarding the inside of the puppet theatre and while COGS investigated aspects from the child's view from outside and around the theatre, the engineers struggled to make the platform dream come true.

The price for the ambitions of having

perceiving and reasoning autonomous agents

interacting in real time
in a 3D world

was coming more and more clear to system designers and implementers. High level agents could not cope with the fast stream of perceptual information provided, communication channels were too slow, multiple agent and simultaneous actions needed special attention, etc.

All in all further delay of the VPT-A prototype for testing occurred with major frustrations for all parties. Psychologists were losing faith and found it very hard to imagine what all this autonomy eventually would be like, and engineers started worrying that the potential they knew was there would be all too hard to "bring to life" in a convincing manner.

The consortium has been through a period of great stress for these reasons, but the last couple of months have been dominated by a convergence where also psychologists are coming into the virtual world to help the birth of the living VPT-A from "inside-out".

The problem of shaping the technology to become the expected tool is now a responsibility shared by all, and hence the necessary mutual understanding and appreciation has entered a very constructive and promising phase.

In the very days of the preparations for the review major advances were made on the basis of close collaboration on the system and an intense test and refinement effort involving all partners will take place right after i3AC, the Annual Conference with review.

It is clear though, that making autonomous and interacting agents/puppets appear lively and appealing is no simple matter. It involves also a special art, that it may take time to learn and master. There are no text books describing how to make it work properly, and many iterative series of interactive experiments and program adjustments will be required to meet our goals.

The performance which we can present at the review has taken us over the critical threshold, so that we have faith and enthusiasm that we will come on top of the technology and be able shape it to serve our purposes.

By the end of year 2 (October 15) we should have a VPT-A ready for a meaningful school test confronting the children with our virtual farm and its inhabitants.

Future Plans

As indicated above the first of the coming milestones will be maturing the current VPT-A for school tests (October 15), with capabilities at least as levels I and II in the outline of the dramaturges. This will give important input to specifications of VPT-B.

Next milestone will be the proper VPT-A implementing the "Black Sheep". This requires in particular advances in agent behaviour capabilities. A school test will probably take place early 2001.

Final milestone is the VPT-B with some authoring tools including recording and playback. The timing of external deliverables and tests on this part is expected according to plans outlined in the revised Project Programme. However, the ambition of a multi-user configuration is considered unrealistic.

A1.3  Year 3, Executive Summary

The revised Workplan appeared also to be too ambitious. The problem of developing autonomous agents with emerging behaviours was too complex to find a solution within the project. The dramaturgical framework named “the Black Sheep Scenario” facilitated a compromise between the improvisation introduced by the autonomous agents, and the desire for story-telling which implied control. 

These problems were hinted at the Second review, and in response to the PO’s request, a Puppet Blueprint was prepared to describe a shared vision of the consortium, and it was issued January 2001, with updated plans.

At an extra review on March 29-30 these plans were further focused to help the project achieve its major goals.

Progress Report

After the second year review, which was experienced as a sort of defeat (where some points of critique was felt more well motivated than others), we had a victory in terms of a first thorough test of the Virtual Puppet Theatre (a “close to VPT-A” version) with children at COGS. The scenario included 6 autonomous agents, the farmer, his dog, a sheep, a pig, and two cows. The child could choose any of the agents as avatar.

The test was a consortium effort, where personnel of the two partners forming the development team were following the course of events from behind the “backdrop”. They were thus ready to modify and improve the system as far as possible in reaction to the experience gained from test to test. The evaluation report is included as appendix 1 to PPR-3, Part C4. It provided a range of recommendations for further developments, including various suggestions expressed by the children. 

Overall, the children liked interacting with the virtual farm-world, but they generally wanted to be more in control, and that more things should happen. Interface could be improved and possibly adapted to children at different age groups. Expressivity of characters should be clearer, possibly using new models.

The major underlying problem was the provision for a sufficient repertoire of agent behaviours, to “make things happen”, a fundamental problem for achievement of the project goals. Partners IDAU (dramaturgs) and DFKI (agent developer) worked hard on this, to develop the autonomy to provide for the richness of emergent behaviours. The “Black Sheep Scenario”, developed in Year 2 by IDAU as the target for VPT-A appeared too complicated, and a simpler version was needed. The “Black Sheep Scenario” is described again in PPR-3 Part C1, and it focuses on fewer agents which have richer behaviours in a structure aiming at framing improvisation of agents and the “free” interactions of the child into a “story-telling” development.

In brief, the scenario comprises the following in its simple version. The major agents are the farmer and the cow. The farmer’s “project” is order and keeping the cow in its pen, while the cow wants “freedom” outside the pen. The “black Sheep” is an agent, developed just for the purpose of being the avatar for the child. By controlling this avatar, the child can influence the course of events in different ways, - e.g. by helping the farmer keeping the cow in the pen, or helping the cow to escape.

While the further developments of the new scenario and corresponding agent behaviours took place, the whole of the consortium was engaged in revising the plans for the last year, to adjust to current status of developments. This was formulated in the “Puppet Blueprint on Concepts and Plans for Year 3”, which approached the new “Black Sheep”, in a systematic stepwise fashion focussing on its various prerequisites. 

In February 2001, a Puppet management board Meeting was held in Frankfurt, and plans for the rest of the year outlined. The new versions of the system with improved behaviours etc. was submitted and installed in March 2001 with some difficulties at COGS prior to the extra review. That this version was not particularly successful, was clear from email correspondence at that time, and from the evaluation report provided by COGS as appendix 2 to PPR-3 Part C4.

The extra review was by no means a victory for the project, mildly speaking. But in hindsight it possibly provided what the consortium needed most of all to make the best of the last 6 months. The consortium was forced on the spot to make a realistic plan, which involved all partners to work close together on the project’s own technology. The plan focused on three major issues: expressivity through animations and behaviours, “on-line” interactivity through the avatar, and “off-line” interactivity through start-up tools. Three work packages were defined accordingly, and it was emphasised that collaboration should enforced through “Research Ateliers”, - one week per WP with participation of all partners.

This pushed things ahead. Detailed plans were made and updated regularly, and partner IDAU undertook the responsibility for having new characters and animations made in accord with the new behaviours to be developed. The two first Ateliers worked fully according to intentions and the consortium experienced progress on a scale not seen before. This was obviously due to the context provided by the new plan, but all the previous work on development of platform, agents and dramaturgy, formed clearly a prerequisite for this new plan to be so successful.

The result is a rather more presentable VPT (Virtual Puppet Theatre), which deserves more follow-up than the last short time of the project allows. The intensive efforts are detailed in PPR-3 Part B.

We have had to cut our ambitions on emergent behaviours and rely on extensive scripting of behavioural structures, - a challenge to be further pursued in another project. This is indeed a research issue hard to crack. But the new characters, animations, additional and “lively” like tractor for the farmer, and library and discotheque for the rather human-like cow, all provide for a scenario with many possibilities, which we look forward to demonstrating.

Future Plans

At the exhibition in Basel we will have a special version of our third Atelier, which will analyse the results of the tests at COGS. Time has not allowed the feedback from the tests to have much influence on the implementation. Together with the experience from making demonstrations for visitors at the stand, our meeting will provide for definition of the last updates to make to the system before end of contract. The ambition is to deliver the best possible system as the final output from the project.

Given that CVMT and expectedly COGS will end up with cost statements showing underspending, a dream could be that the remaining funds could be used for a contract extension. The purpose should be to make the additional refinements and tests, which could indeed make the projects output a valuable product, matured to be an attractive item for commercial take-up. The concrete potential has indeed increased significantly during the last 6 month, but some of this potential will need a little more nursing to come clearly through. And the appearance counts significantly.
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Figure 7.1: Screenshot in editing mode. 
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