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Abstract. The interactive game environment, Ghost in the Cave, presented in 
this short paper, is a work still in progress. The game involves participants in an 
activity using non-verbal emotional expressions. Two teams use expressive ges-
tures in either voice or body movements to compete. Each team has an avatar 
controlled either by singing into a microphone or by moving in front of a video 
camera. Participants/players control their avatars by using acoustical or motion 
cues. The avatar is navigated in a 3D distributed virtual environment using the 
Octagon server and player system. The voice input is processed using a musical 
cue analysis module yielding performance variables such as tempo, sound level 
and articulation as well as an emotional prediction. Similarly, movements cap-
tured from a video camera are analyzed in terms of different movement cues. 
The target group is young teenagers and the main purpose to encourage creative 
expressions through new forms of collaboration. 

1   Introduction 

Collaboration and communication are frequently discussed issues not the least con-
cerning senior level school classes. How could communication and collaboration be 
facilitated among young teenagers with different social and cultural background? 
Games of all kinds, sports, children’s play and games, computer games and so forth, 
are part of our everyday lives. As such they are recognisable to most people despite 
cultural and social background and may therefore serve as a means for establishing a 
common ground. What elements and properties in games are common enough to 
serve as a platform for collaboration? Win-or-lose games focusing on either individ-
ual results (tennis, “shoot-them-up” computer games) or teamwork such as football 
(and various networked computer games) seem to be preferred to reflective collabora-
tive ones. Furthermore games generally consist of a set of acknowledged rules and 
conventions. As a suggestion an interactive collaborative game environment favour-
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ing participation, collaboration and communication should contain a well-balanced 
mix of constraints as well as allowing free scope for participants according to Rinman 
[12]. In such a game the following set of qualities and elements could be included: 1. 
Well-defined rules and tasks that should be executed within a limited time and space. 
2. A well-defined structure. The classical drama, or traditional narrative, has a begin-
ning, middle and end, which in turn includes an introduction (revealing context), a 
climax (search for a solution of a task), and the final discovery, or change from igno-
rance to knowledge. The similar structure occurs in “Ghost” when participants find 
out how to control their avatar. As for allowing participants a certain amount of free-
dom, “Ghost” uses emotional non-verbal communication in music and dance to com-
municate and interact with an avatar, which allows participants to “play around” with 
the environment as well as communicating freely with each other. Expressive Ges-
ture, as applied in “Ghost”, is using recent models of expressive communication in 
music and dance developed by Camurri and others [4,] [2], [5] and [9] within the 
frames of the EU project MEGA. These models are based upon a large body of re-
search in expressive communication [10], [6]. 

The aim of the interactive game environment, “Ghost in the cave”, as presented in 
this paper, is to test the applicability and intelligibility of expressive gesture in a new 
setting. First, could expressive gesture, e.g. music and dance, be used as a basis for 
collaboration and participation? And second, could it be used as an input control in an 
interactive game environment?  

2   The Interactive Game Environment: “Ghost in the Cave” 

The group of participants (a school class) are divided into two teams, each team con-
sisting of one small group of 1-3 players and an assisting team helping the players in 
various ways. One player in each team controls an avatar either by singing into a 
microphone or by moving in front of a video camera. The other two players may dis-
cuss alternative solutions helping the navigator executing his or her task. The chal-
lenge for each team is to 1) figure out how to use the gestures in order to control the 
navigation of the avatar in the sea world and 2) make the avatar change mood to an 
emotion corresponding to that of a ghost inside each cave. Here the avatar changes 
colour and shape depending on the acoustical and motion cues conveyed by the play-
ers. The assisting teams generate speed as well as a music background by moving and 
dancing (overall quantity of motion captured by two cameras, one for each team). 
They may follow the game via two screens onto which each team’s avatar is projected 
showing a third person view of the virtual game world. Figure 1 gives an overview of 
game environment. 

3   Detailed Properties of “Ghost in the Cave” 

Main features and aims: A multi-user real-time activity including multi-sensory inter-
action and modality. 

Categories and properties: A traditional game of competition and struggle aiming at 
proving one’s superiority based on a set of strict rules. Game narrative as a consuming 
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object. On the other hand the complete opposite also holds: a game solving riddles 
and puzzles based on teamwork. Cheating may be part of the game, making it less 
respectful and more humorous and playful.  

Virtual game environment: A 3D animated sea world 

Avatars: Team 1 (Purple) controls a Stingray; Team 2 (Blue) controls a Dolphin.  

Task/mission: The first task is to navigate through a fish tank, locate and enter caves, 
three all together. When a player has found a cave their avatar is locked in position 
outside the cave waiting for the competing team’s player to catch up. Each cave has a 
ghost representing a different emotion and colour: cave number one (1) blue/sad; 
number two (2) red/angry; and finally in cave number three (3) yellow/happy. The 
second task is to change the avatar into the same mood as the ghost in the cave using 
voice or movements, a task that is interchanged between the three players. Players 
(with assistance from other players and team members) have to find out what gestures 
correspond to the specific emotion by means of sound of voice or movements.  

Concept: There is a (very) simple narrative, or story, in the game, i.e. a sequence of 
casually and thematically related events. Although there is no character development, 
no actual relation between characters and events, a more complex narrative occurs in 
the communicative and collaborative process between players and team members 
(narrative as social construction).  

Means of controlling, navigating and changing the avatar: Players in Team 1 (T1) 
control their avatar through sound, and Team 2 (T2) through the use of movements. 
Navigational possibilities: forward, right and left. 

Rules and points: When a player succeeds in finding a cave it gives one point, and 
changing the avatar’s mood one point. Both avatar’s points are displayed in the corner 
of each screen. Teams may also score points by presenting original solutions to the 
game.  

Time limits: The tasks have to be executed within a certain limit of time. For instance, 
emotions have to be within three minutes. 

Perspective in virtual world: Third person (back), inside cave (front of both avatars in 
order to be able to see the “face” of the avatars when changing facial expression). 

Screen 1 Screen 2
1-3 Players Team 2

voice input
1-3 Players Team 1

movement input

Team  1 Team 2

Screen 1 Screen 2
1-3 Players Team 2

voice input
1-3 Players Team 1

movement input

Team  1Team  1 Team 2Team 2

 

Fig. 1. Overview of game setup. 



552      Marie-Louise Rinman et al. 

Table 1. Game and drama structure in 3D environment. Each section, or scene, could be divi-
ded into smaller units in order to facilitate design of participation, functions, interface etc.  

 

4   Expressiveness in Music and Dance 

Music performances can be described by their performance variables such as tone 
interonsets interval (IOI), tone sound level, articulation, and intonation. Overall 
measures of these performance variables over a section, henceforth as cues, have a 
strong coupling to the performed and perceived emotional expressive content in the 
performance [8]. For example, happiness is communicated by fast tempo, staccato 
articulation, high sound level, and fast tone attacks, while sadness is communicated 
by slow tempo, low sound level, legato articulation, and slow tone attacks. These 
rather general descriptions have been collected from a large number of investigations 
and are surprisingly consistent for different music examples, performers or listeners.  

Dance performance may be analysed in a similar way using overall motion cues 
such as quantity of motion, velocity, amount of motion/rest, and fluency [3]. Here too, 
there is a coupling between these cues and the expressive character of the dance ac-
cording to Camurri, Lagerlöf and Volpe [4]. 

Recently, real-time computer tools for analysing expressive gestures in music and 
dance have been developed within the MEGA project (www.megaproject.org). These 
tools have been developed within the software platforms EyesWeb and pd. The body 
gesture analysis package in EyesWeb has a large number of different gesture cues and 
is using imaging algorithms applied to video input. The musical gesture analysis is 
using signal processing algorithms applied on audio input and outputs both the basic 
musical cues such as tempo and sound level, but also the emotional intent [6] [7]. 
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5   Technical Implementation  

The implementation was mainly in forms of patches within the software environments 
Octagon, EyesWeb, and pd. The virtual 3D environment is run in the Octagon server 
and player system. This system is a distributed virtual reality system, that uses 
MPEG4 and VRML file formats. Multiple users may be represented in the virtual 
world by their own figure or avatar. Here they are present in the same shared virtual 
environment and can interact with each other. The distribution goes through a net-
work using the MPEG4 protocol. (More on Octaga and the Octagon system at: 
www.octaga.com). 

To control the avatars the players can use two types of expressive input: voice or 
movements. The player using the voice input steers by talking, singing or producing 
any kind of sound into two microphones, and different music performance variables 
are analysed using the musical cue analysis software [7]. Simply by using the left or 
right microphone the avatar turns left or right, using both microphones sets the direc-
tion forward. The number of detected note onsets determines the velocity of the ava-
tar. However, this velocity can also be scaled by the overall movement of the support-
ing team members. 

Similarly, the player using movement input controls his/her avatar by moving the 
left, right or both arms in front of a video camera connected to an EyesWeb patch. 
The overall movement gives the velocity of the avatar. As for the audio navigation 
control this can also be scaled by the overall movement of the supporting team mem-
bers. 

For the task of matching the avatars to the mood of each cave, different audio and 
movement “cues” are used. The audio input uses the sound level, articulation and 
tempo, so that a medium fast tempo, staccato articulation and medium high sound 
level corresponds to “happy”. For the video input the player is supposed to 
move/dance and different overall motion cues are analysed using a cue analysis patch 
implemented in the EyesWeb software. The cues used are the overall quantity of mo-
tion, the contraction index (i.e. how “collected” the body is), and upward gesture 
tempo (i.e. the time between gestures in the vertical direction).  In the current map-
ping a “happy” performance corresponds to high quantity of motion, low contraction 
index and a medium upward gesture tempo. EyesWeb is connected to each Octagon 
client so the clients can receive expressive parameters. In this case the avatars receive 
the parameters and change according to them.  

The overall movement of the team members are not directly involved in controlling 
the avatar influences both the velocity of the avatar as well as controlling the music 
“scheme”.  

6   Design Problems in Interactive Environments 

The complex mix of interaction between people as well as with the environment in a 
setting like “Ghost” brings to the forefront several similarities between theatre and 
human-computer interaction (HCI). “Player” and “user” differ from each other con-
cerning intentions and goals (entertaining vs. fulfilling certain purposes). In a mixed 
reality performance users become participants; they are co-writers and co-directors 
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influencing the outcome of a game [12] a fact that may be a challenge, or cause prob-
lems, for the designers. “Ghost” is a “staged” game where the user takes on different 
roles such as player, assisting team member, spectator and so forth. The player actu-
ally steps up on a stage and interacts with a virtual character projected on a screen. 

The first design problem is “communication”, which may be defined in terms of 
sharing and participation. In interactive environments communication is not princi-
pally instrumental or utilitarian, the attitude of the participants is more likely to be 
playful or personally committed [12], whereas applicability and usability may be 
major goals from an HCI perspective. Despite these differences, designers from the 
different areas deal with the same problem: communication, relationships and human 
experiences.  

The second issue is to identify the degree and category of user/participant in-
volvement and interaction.  In drama relationships are central as well as in various 
types of games. Relationships may consist of different constellations between people, 
between people and ideas and between people and the environment. 

The third issue is the notion of a multiple interface that goes along with the devel-
opment of settings that involve people in multiple-relationships and real-time conver-
sation. When a practice is considered a unit of activity, such as a complex perform-
ance setting, one could speak of interfaces rather than of an interface. The interface 
then becomes a resource for social action and interaction according to Bowers and 
Rodden [1]. They claim the interface includes political, social, organisational, and 
technical as well as emotional properties. 

7   Organising “User” Participation Using Drama as Foundation  

Performance theories and practices deal by tradition with the issue of orchestrating 
audience experience, engagement and reactions. This knowledge could contribute to 
design dealing with human – machine interaction in general. 

In the early nineties Brenda Laurel proposed the idea of using theatre and drama to 
get a deeper understanding of human-computer activity. “Dramatic arts have a tradi-
tion of several thousand years in thought, study, and experimentation with human 
experience with a variety of modes of interaction” [11]. Theatre and games basically 
deal with orchestrating emotions, forms of interaction, collaboration and relation-
ships. Engagement is created through a balance between restrictions and possibilities. 
To orchestrate and make social as well as human-machine interaction possible in 
interactive environments this balance is pivotal. Furthermore participants should to a 
certain extent be able to influence the outcome of the event. In “Ghost” the team 
members communicate and try to solve a task according to a (limited) set of rules. 
These rules serve as common ground and shared understanding that make collabora-
tion possible [12].  

In a play the actor takes on a role as participants do in a game session when accept-
ing rules and conditions. A player who trespasses against or ignores the rules is a 
“spoilsport”. The spoilsport is not the same as the false player, the cheat, for the latter 
pretends to be playing the game and in doing so still acknowledges a world of illu-
sions. The spoilsport however shatters the play-world itself robbing play of its illu-
sion. Rules may be broken and interpreted differently by participants in the game.  
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8   Evaluation  

Basis for evaluation: The evaluation is partly based on video recordings of a game 
event within the frames of a whole evening’s performance at the SMAC conference in 
Stockholm, August 6, and partly on a questionnaire given to the participants (answer-
ing rate: 33 out of approx. 200 people). Apart from the conference delegates a number 
of invited guests and their children participated in the game event. 

User role: Depending on the role people, or users, had in the game the more positive 
the attitude towards the activity. The higher degree of control participants felt they 
had the more engaged and tolerant towards shortcomings they were. Players (control-
ling the avatar) tended to be more enthusiastic and understanding of the game’s logic 
than the assisting team members. Their enthusiasm depended to some extent on prox-
imity to the screens and players. Spectators were the most sceptical.  

Problems and critique: Some problems with sound/movement interface. Immediate 
feedback to motion and sound input is important as well as time limits in terms of 
solving tasks. Moreover the game requires a thorough introduction to be comprehen-
sible and accessible, which is demanding in terms of people and time. 

Finally, could expressive gesture, e.g. music and dance, be used as a basis for col-
laboration and as a means for communication in interactive game environments? 
Conclusions drawn from this one occasion are positive although the “Ghost” needs to 
be refined. It could as well serve as a means to inspire teenagers to physical exercise 
as well as to collaborate using non-verbal communication.  
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