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1.0
Introduction

This document describes evaluations of PUPPET Work Packages 2 and 3, carried out in COGS between the 11th and 21st of September, 2001. Work Packages 2 and 3 differ from the core improvisational scenario of Work Package 1 in that they allow the child to interact with the two autonomous agents: the Cow and the Farmer. 

Agent behaviours were run by a dual processor PC, with the visual environment and low-level agents running on an SGI 250MHz O2. Navigation was through the three-button SGI mouse. A Universal Concept Keyboard
 was used for Work Package 2 to change avatar viewpoint and behaviour through the PC via an infrared link.

2.0
Work Package 2

Work Package 2 adds ‘on-line’ interactivity to the improvisational scenario of Work Package 1. This is achieved by introducing a third character, the Sheep, as an avatar, which can be used to interact with the autonomous agents. In Work Package 2 the three button mouse was again used for navigation. A Concept Keyboard was used to select the mood and viewpoint of the avatar and to initiate avatar action. The Concept Keyboard is touch sensitive, with a 16 x 16 cell grid pre-specified to send messages to the receiving computer. It allows the use of paper, card, plastic, or laminated overlays, thus allowing simple, intuitive icons to be designed for young children. Figure 1 shows the overlay used in the evaluation.
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Figure 1: Concept Keyboard overlay

With the Concept Keyboard, the child could select three different viewpoints (top row of figure 1):

1. Subjective camera. Allows the child to see through the eyes of the avatar. In this mode mouse movements map to avatar movements

2. Behind avatar. Allows the child to see the avatar in full figure from behind in the centre of view. In this mode mouse movements map to avatar movements.

3. Flying camera. Allows the child to leave the body of the avatar and move freely around. In this mode mouse movements map to camera movements.

The child can also initiate two avatar actions (bottom row of figure 1):

1. Sound. One of three sound files is played, relative to the avatar’s current mood state (see below)

2. Sound and animation. One of three sound files is played with an animation. 

The avatar can be in one of three mood states, positive, neutral or negative (middle row of figure 1) To give the child visual feedback on current mood, the appearance of the avatar’s face, ears and body, and the default standing and walking animations differ significantly between mood states. 

The autonomous agents respond appropriately to the mood-state of the avatar, if they are not engaged in behaviour with a higher priority (e.g. the main fight with both agents are in high status, when the avatar is ignored). The intensity of an agent reaction is dependent upon whether they are in the avatar’s focus area, specified by focus angle, in degrees, and focus range, in body lengths. If the agent is not within the avatar’s focus area, but not too far away, it will show a less intense reaction. Thus, for example, if the avatar is in positive mood and the cow is within its focus area, it will respond to an action by following the avatar for 3 seconds with a happy face and making a happy sound. If outside the focus area, the cow will make a few steps towards the avatar with a happy face and will make an appropriate sound
. 

2.1 Aim of Work Package 2 evaluation

This evaluation had 3 broad aims:

· To determine children’s understanding of avatar viewpoint

· To investigate children’s understanding of the interactions occurring between the avatar and the autonomous agent

· To ascertain children’s understanding of, and engagement in, the emergent narrative

2.2 Methodology

The evaluation took place during the busy first two weeks of the English schools’ autumn term. Participants therefore, were very difficult to recruit. Because of this, and the time constraints imposed by the looming October 15th deadline, it proved impossible to conduct any kind of large-scale empirical evaluation. The following flexible plan was adopted to try and extract the maximum possible information from a small number of participants:

· Children were introduced to the system running WP1 with the experimenter acting as ‘intelligent camera’. The action was stopped at salient moments, and the children were asked questions to gauge their understanding of the emerging narrative. A previous evaluation of WP1
 had found children to have difficulty in understanding ‘Status’, as we have conceived of it in the dramaturgical scenario. As an understanding of expressive elements is crucial if children are to engage with the emerging narrative ‘on-line’, scaffolding was utilised to guide children’s attention to changes in status and behaviour.

· The system was then restarted, running WP2. Children were introduced to the Sheep avatar and invited to take over control and practice navigation with the mouse.

· The children were then introduced to the Concept Keyboard. They were asked to press the icons, and the experimenter explained the functionality.

· The child was then allowed to explore the virtual world and use the Concept Keyboard freely. The child was encouraged to talk through what s/he was doing and was asked questions throughout.

· If the child demonstrated no interest in interacting with the autonomous agents as the avatar, it was requested that s/he do so, and questions were asked as to what they thought would happen, e.g. “You’re angry at the moment. What do you think will happen if you make an angry sound at the Farmer?”

· The child was again allowed to play freely in the virtual world, with questions being asked by the experimenter

· After some time, the child was asked a series of questions to gauge their overall impressions of the system 

2.3 Details of Children

Sessions were conducted in a large room in COGS at the University of Sussex. Parental consent was obtained for all children who participated in the study. 

Three children took part in the evaluation study, two boys aged 8;1 and 7;9, and a girl aged 5;6. All three children had previous experience of using computers at home and at school. The children were tested individually, with testing sessions lasting over an hour for the two boys. The testing session for the girl was somewhat shorter as the agents froze on several occasions, causing the child to lose interest during the initial ‘intelligent camera’ section. Sessions were videoed for later analysis.

2.4 Children’s understanding of interaction between the agents

The children’s reading of the 2 character scenario, with the experimenter acting as ‘intelligent camera’, was found to be broadly in line with that demonstrated in the previous WP1 evaluation. Children were able to work out the agents’ goals, as demonstrated by the following exchanges between the experimenter and children:

[Experimenter in italics]

What do you think he’s doing there? [The Farmer]

Telling him to come over [imitating the Farmer’s beckoning gesture]

What do you reckon is going on there?

The Farmer wants the cow to do something, but the cow won’t do it.

What do you think the Farmer’s doing there?

I think the Farmer’s saying have your breakfast by eating hay [pointing at the haystack in the Cow’s pen]

So why do you think the cow keeps breaking out then?

‘Cos he’s not hungry

And why do you think he keeps going over to this big gramophone?

‘Cos he likes the music

[At end of the ‘intelligent camera’ section of the evaluation]

So what happened there basically?

The Cow wasn’t hungry and so he wanted to go to the music thing…and to read and to get away from the Farmer

The children also seemed to realise when the characters were in a negative mood. For example:

The Cow’s mad! [Cow in high status, negative mood] He’s mad!

Why do you think he’s mad?

The cow’s mad because the cow don’t want to get in and he [the Farmer] wants him to get in.

Gone red in the face.

Why’s that?

‘Cos he’s cross

As in the WP1 evaluation, the children seemed to have some difficulty with the idea of status, although the oldest boy did take part in the following exchange:

[Farmer makes angry sound]

I heard that. He goes…he said, “Go to somewhere now”

Yeah?

‘Cos I heard the “now”

And what do you think the Cow’s doing? [Cow in low status, negative mood]

He’s feeling sorry and he…he’s crying.

‘Feeling sorry’ seems to reflect some understanding of our concept of status, which more specifically refers to dominance or submissiveness in interaction with the other agent. As this was the only comment attributable to a conception of status however, it would seem to suggest that young children either do not readily interpret the behavioural changes of the agents in terms of status, or that they lack the vocabulary to express such a concept.

2.5 Children’s understanding of avatar viewpoint

 When allowed to play freely with the system the two boys showed a clear preference for the Behind Avatar view, switching to other views only occasionally. The girl spent approximately equal time in Behind Avatar and Flying Camera views. The older of the two boys offered the following explanation:

Okay, which of these do you like best? [Pointing to viewpoint modes on Concept Keyboard]

Looking behind

Why do you like it better?

‘Cos you can turn around more easily, so you can see other sides

The girl stated her favourite viewpoint to be “flying”. Although she offered no explanation, she appeared to find it easier to navigate in flying mode, getting stuck next to the Farmer’s house when her view was obscured by the walls in Behind Avatar mode. Thus, it would appear that the children’s viewpoint preferences were based on decisions about ease of navigation.

The type of language used by the children to describe what they were doing gives some idea of their level of engagement in the scenario as avatar. The two older children switched between talking about the sheep in the third- and the first-person as is evidenced by the following comments:

It [the Sheep] goes quicker on the pavement than on the grass.

I wonder if the Farmer will come after it [the sheep]?

I’m moving the sheep closer to the Cow to see what he’s doing.

I want to look through his eyes.

And:

I’m going to go in a bad temper. Bad temper. Grraahhhhh!

I’m in a bad temper, so keep out of my way. Aahhh keep out of my way!

I’m going to bash the Farmer. Out of my way. I missed him.

I’m following the man and the cow.

The girl, who was younger than the two boys made comments about the sheep only in the third person:

Ooh! [Laughs] He’s walking inside the wheel.

Oh, I see his leg.

The two older children therefore seemed to switch between seeing themselves as the avatar, and standing back more, seeing themselves as controlling and observing the avatar. The younger girl didn’t seem to take on the role of the avatar to the same extent. Whether this was because of her age, or because of a lower overall level of engagement due to the agents repeatedly freezing is unclear.

2.6 Children’s understanding of interactions between the agents and avatar

None of the children chose spontaneously to interact with the autonomous agents by directing avatar actions at them. The younger of the two boys spent some time walking between the Farmer and the Cow as the Cow was led back to its pen, stopping whenever the agents stopped. The older of the two boys tried repeatedly to crash into the Farmer as the Sheep:

Forward march!

It didn’t even scratch him!

Shall I go on…shall I go on the tractor and do it?

When explicitly prompted to direct an avatar action at an agent, all children seemed to understand at a basic level the distinction between a positive and a negative agent reaction. For example:

Why don’t you see what they think of you when you make a noise at them?

Yeah! [Makes sound at Farmer; Sheep in negative mood]

He says, “Where were you?” [In an angry tone]

Change him to light [positive mood; makes a sound at Farmer]

So what’s the Farmer doing there?

He’s smiling.

He was smiling at the sheep, but he’s not smiling at the Cow.

What’s the sheep doing there? [In negative mood]

He’s mad at the Cow.

Why is he mad at the Cow?

‘Cos he’s red.

What do you think the Cow will do if you make a sound at it when you’re mad? When you make an angry sound?

[Child initiates avatar action]

What happened there?

The Cow’s mad at the Sheep and the Sheep’s mad at the Cow

What do you think the Farmer’s doing?

He’s mad at the Sheep.

And what about when you’re happy? What do you think he’ll do if you make a sound when you’re happy?

[Child initiates avatar action]

What’s the Cow doing now?

He’s happy. The Sheep’s happy.

None of the children mentioned that the agents were attracted to or repulsed from the avatar when reacting to an action. After being explicitly prompted to initiate an avatar action at the agents, the children were allowed to play freely with the system again. None chose to continue interaction with the high level agents. The younger of the two boys tried to elicit a reaction from the low-level gramophone and haystack agents by initiating an avatar action towards them.

Thus, all of the children were aware that the agents responded appropriately to the mood of the avatar. However, they didn’t make any mention of attracting or repulsing the agents

2.7 Children’s understanding of, and engagement in, the emergent narrative

Participating in the virtual world as avatar didn’t seem to extend children’s understanding of the emergent narrative. Comments were similar to those described in section 2.4 above. All of the children were more interested in exploring the virtual world than in interacting with the autonomous agents. It is of course an open question whether children would engage more in interaction over repeated testing sessions. When explicitly asked by the experimenter how they might try to help one of the agents to achieve its goals, only the older boy offered a suggestion:

Okay, so the Farmer’s trying to get the Cow back into its pen, yeah?

Yeah

And the Cow keeps trying to get out. Imagine that you wanted to help the Farmer get the Cow back into his pen. How would you do that?

I think you get a carrot and persuade…

Shall I try it in a good mood? No, a bad mood ‘cos he’s in there [the Farmer had just succeeded in ushering the Cow back into his pen]

Ahhh how?

Thus, posed with an explicit problem the child was able to come up with an appropriate solution. Over repeated sessions with the system therefore, it is reasonable to suggest that children might participate more in the emergent narrative. It is understandable that presented with the virtual world for the first time, children’s first impulse was to explore.

2.8 Summary of findings

· Children’s understanding of the interaction between the agents was in line with that uncovered in the previous evaluation of Work Package 1. Children seemed to understand changes in the agents’ behaviour from positive to negative and vice-versa. There was little evidence of an understanding of the agent’s status as we have conceived it. It is unclear however, as to whether this was attributable to their not grasping the concept or to their lacking the vocabulary to express an understanding.

· The older 2 children at least seemed to be able to take on the role of the avatar, as evidenced by their use of the first person in describing avatar behaviour. The Behind Avatar mode was preferred by the children to the two other viewpoints. This was principally because it allowed greater ease of navigation.

· The children did not spontaneously engage in the emergent narrative, preferring instead to explore the virtual world. When explicitly asked how they might aid one of the characters, the oldest child was able to offer an appropriate solution, raiding the possibility that children might engage more over repeated sessions, allowing them to first fully explore their virtual environment.

3.0 Work Package 3

Work Package 3 adds offline interactivity to the PUPPET system, allowing children to customise the virtual world. This Work Package was planned to include facilities to enable the children to change the physical appearance of the virtual actors, fix the initial settings or attitude of the characters, and to allow the recording of character sound files. It was envisaged that this would allow the child to take the role of director in the scenario, externalising some of the cognitive processes involved in narrative formation and thus, supporting development. At the time of the evaluation in COGS, only the sound recording facility had been implemented.

When Work Package 3 is running, 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. Work Package 3 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.

3.1 Aim of Work Package 3 evaluation

This evaluation aimed to determine whether the introduction of an ‘off-line’ sound recording facility augmented children’s understanding of:

· The status and behaviour of the autonomous agents

· Interactions between the agents and the emerging narrative

3.2
Methodology

The following plan was adopted for the evaluation of Work Package 3:

· If the children had not taken part in the Work Package 2 evaluation, then the system was demonstrated to them with the experimenter acting as ‘intelligent camera’. The children were asked question to gauge their understanding of the scenario. Scaffolding was again utilised to draw attention to salient aspects, particularly to the agents’ faces and gestures.

· Work Package 3 was then started. The experimenter controlled both navigation and the operation of the sound recorder. If the children came in pairs, then each child was asked to provide the sounds for one of the high-level agents with other sounds, e.g. for the gramophone, split equally between them. If a child came alone, then they were asked to choose one of the characters with the experimenter providing sounds for the other.

· When the agents froze, the viewpoint was changed to focus on the face of the character about to make the sound. This was to encourage the child to focus on aspects of the scenario relevant to the construction of narrative. Children were asked how they thought the character might be feeling and thus, what sound did they think the character might make?

· A sound file was then recorded by the child. This was then played back. If the child was happy with the sound they had created, then it was accepted, otherwise a new sound file was recorded

· The session was terminated when all sounds had been recorded. As evaluations took over 1 hour to complete, sound recordings were not reviewed.

3.3
Details of children

Sessions were again conducted in a large room in COGS at the University of Sussex. Parental consent was attained for all children participating in the study.

5 children participated in the Work Package 3 evaluation: 2 siblings, a girl (5;6) who had participated in the evaluation of Work Package 2 and her brother (6;7); 2 friends, both girls (9;3 and 8;?) and a boy (7;9) who had also participated in the Work Package 2 evaluation.

3.6 Children’s understanding of agent status and behaviour

In the initial ‘intelligent camera’ section of the session, children’s understanding of the agents’ status and behaviour was again similar to that uncovered previously. The boy (6;7) seemed to have trouble understanding either status or behaviour:

Do you think the Cow’s happy? [Cow in low status, positive behaviour]

No

How do you think the Cow feels?

Cross

Why do you think the Cow looks like that? [Cow in low status, positive behaviour]

Because he wants to eat grass.

What do you think the Cow’s doing? [Cow in low status, negative behaviour]

Sneaking up on him.

This boy seemed to understand both low status and negative behaviour as signifying anger. For example:

How do you think the Farmer’s feeling now? [Farmer in low status, positive behaviour]

Cross. The Cow’s feeling happy [Cow in high status, positive behaviour]

The two older girls seemed better able to express an understanding of agent behaviour, but again showed little evidence of understanding status:

The cow’s a grouchy [Cow in high status, negative behaviour]

They’ve had a fight about something

The cow’s red again [Cow in low status, negative behaviour]

It’s getting cross with him now

What do you think the Cow’s doing there? [Cow in low status, negative behaviour]

Sneaking up on him

The sound recordings of the younger 2 children showed little evidence of an improved understanding of agent status and behaviour as is evidenced by the following examples of recorded sounds:

I am mad because of you! [Farmer in low status, positive behaviour]

You get back in your kennel or I’ll get my clump out. Now! [Farmer in high status, positive behaviour]

No I won’t get back in my kennel, now!![Cow in low status, positive behaviour]

Indeed every sound file recorded by these two children was loud, angry, and defiant. The children thus, seemed unresponsive to changes in the characters.

The two older girls, in contrast, demonstrated responsiveness to changes in the status and behaviour of the agents that went beyond anything uncovered in previous evaluations. For example:

[Recording in speech marks]

Oh he’s innocent [Cow in low status, positive behaviour]

“Aww, I want to go back out there where its exciting”

“Come on now cow. Time to go back to have a nap” [Farmer in low status, positive behaviour]

Aww, I feel sorry for her. She’s so cute.

“Do I have to? Will I still get my supper if I stay out here? I promise I really will be really good Mr Farmer. Please…?”

He’s getting cross now [Farmer in low status, negative behaviour]

“Go back in there, you’re not to come out of there ever again. Go in Daisy.”

The level of understanding demonstrated by the other boy (7;9) might be considered intermediate to the younger and older pairs of children, sometimes producing sounds appropriate to the current mood-state, and sometimes not. This boy chose to produce the sounds for the Cow, but unlike the other children did not choose to have a talking Cow:

“Boo hoo hoo” [Cow in High status, negative behaviou]

He might want to charge [Cow in low status, negative behaviour]

“Ffffffff” 

How do you think the Cow’s feeling? [Cow in Low status, positive behaviour]

He’s feeling all right

What sound is he going to make then?

“Hmm hmm”

Do you think the Cow’s happy, angry, sad…? [Cow in low status, positive behaviour]

He’s sad

“Aww”

It would appear then that using the online recording facility makes little difference to young children’s understanding of the agents’ status and behaviour. It remains to be seen how repeated exposure to the system would impact on the understanding of children at the bottom of the age range. Older children, in contrast, record many sound files that are appropriate to the current mood-state of the agent, even though they have some difficulty in describing what that mood-state might be. This would seem to suggest that they have an implicit representation of the status and behaviour variables embodied in the agent architecture, but that this representation isn’t open to either linguistic or conscious access
 Again, this understanding may develop further of repeated task exposure.

3.7 Children’s understanding of interaction between agents and the emerging narrative

When viewing the scenario during the ‘intelligent camera’ stage of the evaluation, the young boy (6;7) initially seemed to have some difficulty working out the characters’ goals, particularly for the Cow. For example:

What’s the Farmer doing? [Farmer in low status, negative behaviour, herding Cow]

He’s got a stick

What’s he doing with it?

[No answer]

So what do you think the Cow wants to get out of the barn to do?

Em? He wants to eat the stones [the Cow was in low status and walking over a path]

During the sound recording stage all sound files produced by the boy and his sister mapped onto the basic narrative structure of the scenario, namely the Farmer’s desire for the Cow to get back in his pen and the Cow’s desire to escape. Thus, these young children were able to understand the role of one of the actors in the scenario and to some extent play with it.

During the introductory phase of the evaluation, the two older girls had little difficulty in working out the agents’ goals. For example:

He [the Cow] wants to read the book again.

He’s [the Farmer’s] cross with him ‘cos he’s trying to get him to that hut thing.

What do you think the Farmer wants the Cow to do?

Follow him.

The same level of understanding was evident in the sound recordings of the older children. One of the girls produced a character monologue for the Farmer, deducing that as the Farmer was some distance from the Cow, he must be engaged in a monologue:

I think he must be talking to himself because he can’t be talking to the Cow.

“I’m glad Daisy’s gone back in her pen now. She’s a good girl and she shall get her supper” [Farmer in high status, positive behaviour]

Older children therefore demonstrate an ability to understand the interactions between agents, and also experiment with the role of director in the creation of narrative. All children found the sound recording task to be highly engaging, finding it very amusing to have their voices played back at them. 

3.8 Summary of findings

· 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. It is suggested that 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

· Older children seemed to be capable of playing with the role of director in the creation of narrative, with one girl producing a character monologue

� See � HYPERLINK "http://www.conceptkey.co.uk/" ��http://www.conceptkey.co.uk/� for details.


� For a fuller description of agent reactions see � HYPERLINK "http://www.dfki.de/imedia/puppet/documents/review-2001/PPR3-DFKI-Part2.doc" ��PPR3-DFKI-Part2�


� Pat George and Mike Scaife, Report on Evaluation of PUPPET system, Work Package 1 – Expressivity, COGS- August, 2001


� See Karmiloff-Smith, A. (1992) Beyond modularity: a developmental perspective on cognitive science. MIT





