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Abstract

Choreographers use the natural and recognised movement patterns of human body language as a basis for creating dance that can communicate and portray specific ideas, moods and emotions.  Choreography therefore offers designers of virtual worlds an opportunity to enhance their environments by shaping the movements of embodied agents inhabiting the world in order to set the scene or create a particular mood.  The research reported here examines how choreographic techniques can be used to convey different and specific moods that are recognisable to users.  An experiment was carried out to examine the degrees to which a group of anthropomorphic agents could convey four contrasting moods (defined by the two orthogonal affect constructs of activation and pleasantness) using choreographed movement.  The agents performed four short dance animations, each representing a different mood, which were assessed from different viewpoints (front Vs side, front Vs on-stage, front Vs moving) using a semantic differential questionnaire.  Discriminant analysis was then used to determine the degree of separation of the mood conditions for each of the viewpoints.  In addition to reporting the results of this experiment, this paper outlines the affect psychology background to the experiment and introduces an extended choreographic framework for the selection of movement to represent different mood conditions.
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1
Introduction

1.1
body language

Feelings and emotions are naturally expressed through movement.  This is most evident in the actions of young children who literally “jump for joy” or stamp their feet when angry.  Although adults learn to control and mask these natural movement patterns, body language remains a very important means by which a person’s attitude, mood and personality are assessed; their movements and stance communicate their inner state.  Choreographers use these natural and recognised movement patterns when creating movement for dance, so that the dance can then communicate the choreographer’s intention by drawing on “the natural symptomatic movement language of humans” [14].  By organising movements in a meaningful way a choreographer can highlight a particular emotion, mood or personality.

1.2
what can choreography offer?

Choreography therefore offers designers of virtual worlds an opportunity to imbue environments with atmosphere and feeling by providing animated agents to inhabit these worlds whose movements and gestures convey specific moods and emotions.  The experiment reported here was designed to investigate the effectiveness of the application of choreographic techniques for the portrayal of mood in a 3D space implemented in VRML and accessed via a standard Internet browser.

This work has both theoretical and practical implications.  At the level of theory, there is an important question as to whether or not it is possible to portray specified moods by groups of agents using techniques derived from choreography in such a way that viewers, unaware of the designer’s purpose, nevertheless are able to identify the mood intended.  From a practical perspective, it is known from previous research that 3D virtual environments, such as virtual shopping malls, as they are currently implemented, are seen by users as “lonely” places, lacking atmosphere and feeling [1]. Making such environments more user-friendly by giving them atmosphere and mood will be an important factor contributing to their increased take-up.

1.3
a new approach to peopling virtual environments

Borrowing from the skills of the theatre to enhance user interfaces is not a new concept.  Brenda Laurel encouraged people to think of the computer interface like the theatre in that both are “aimed at creating representations of worlds that are like reality only different”[7].  Movement is one of the essential factors in creating a representation of reality, because it is intrinsic to human life, from the cellular to the planetary level reality is full of movement.

Research looking at creating believable embodied agents (actors) has explored the importance and use of movement for individual agents; gesture has been used to create personality [15] and non-verbal feedback cues, such as nodding and raising eyebrows, have been used to create conversational agents [3]. Virtual crowd modelling has been developed from using flocking systems [12] to behavioural systems simulating group movement using various sociological and situational constraints to populate virtual environments [9].  Simulating a virtual group dynamic to convey different moods by using choreographic techniques to shape group movement provides a new approach to peopling virtual environments [11].  This approach aims to follow the theatrical model of setting a scene and conveying a mood, by using choreographed movement to represent group mood.

2
the psychology of mood

Mood as a psychological construct shares many but not all of its characteristics with emotion.  Both are expressions of affect (evaluative feelings), both are experienced as either positive or negative states, they can vary in strength and they influence an individual’s propensity to act in particular ways.  Moods are normally differentiated from emotion by their tendency to last longer.  They are also often taken to ‘reflect more general and diffuse states of mind’ [10].
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Figure 1: Locations of some affect concepts on Russell’s (1980) pleasantness-activation circumplex

Dimensional models of emotion and mood have been proposed which arrange the relevant affect concepts in a circumplex: a 2-dimensional, circular format in which items (concepts) correlate highly with items close to them on the circumference.  Each item has zero correlation with items at 90 degrees and perfect negative correlation with items opposite. 

Russell’s Pleasure-Arousal Theory [13], which proposes a circumplex mapping of affect concepts based on the two orthogonal factors of pleasure and activation (arousal), was taken as the basis for the investigation of moods in the experiment reported in this paper, see Figure 1.

Using a binary quantization of the two factors of pleasure and activation, four mood conditions were defined for the experiment as shown in Table 1. 

	Condition

name
	Level of

Pleasure
	Level of

Activation
	Associated Affect concepts

	Danger
	low
	high
	Frightened

Anxious

Danger

	Happy
	high
	high
	Happy

Euphoric

Jubilant

	Sad
	low
	low
	Sad

depressed

Bored

	Peace
	high
	low
	content

peaceful

calm


Table 1: Four defined mood conditions

3
choreographic theory

In order to create dances that communicate and express the creator’s intent in an aesthetic way choreography uses four main elements; design, dynamics, rhythm and form.  Design and dynamics are essential [2,5,6], rhythm is acknowledged as intrinsic by Humphrey, Blom and Chaplin [2,5], and form is also regarded as important [14].

3.1
Design

Choreographic design has spatial and temporal aspects.  Design in space refers to the shape of individual bodies and the overall shape of a group of bodies. Design in time refers to the shape of the movements over the duration of the dance.

3.1.1
Design in Space

Two major contrasts relating to design in space are considered with reference to this experiment - symmetry Vs asymmetry and opposition Vs succession.  Both are extremely important for choreographic composition. 

“Symmetry always suggests stability” [5], it creates a feeling of rest and repose.  Symmetrical design of shape and grouping can therefore be used to represent a state of low activation (e.g. calm, peaceful, sad).  Asymmetry, on the other hand, stimulates the senses through an implied lack of stability; it generates a feeling of unpredictability when the body’s weight is unbalanced; its use is exciting rather than calming; it expresses conflict [5].  Asymmetrical design can be used to convey a mood of high activation (e.g. distressed, excited), in particular high activation- unpleasant to express the idea of conflict (e.g. annoyed, afraid). 

Opposition denotes that the lines or shape of the body, or bodies, are opposed or angular.  Succession denotes body shapes that are curved or flowing.  Opposition suggests strength, rigidity, aggression; succession, with its rounded shapes, suggests ease and flowing movement.  Overall, succession has a gentler impact on the eye.  Figure 2 shows body postures that demonstrate the four combinations of these two major design contrasts; all of these combinations were used in the animated dances for this experiment. 

The aggressive energy suggested by oppositional design strengthens the mood, this can therefore be used to express high activation states.  This design can particularly be used to create a sense of danger, urgency and fear, a high activation-unpleasant mood, reinforcing an asymmetrical design.  In contrast, successional design softens the mood as it has a gentler visual effect, it can be used to express low activation states; it has a gentler visual effect.

A further feature of design in space is the level that the shapes or groups use.  There are three levels - low, middle and high - each associated with different emotional states.  Shapes or movements at the low level suggest sadness, depression or tiredness, reflecting the way that the body naturally stoops or becomes hunched when depressed or sad, and feels heavier when tired.  The low level can therefore be used to convey low activation-unpleasant states to express feelings of sadness.  Movements and shapes in the middle level suggest, as with symmetrical design, a sense of stability.  This is the level at which most of our everyday movements take place, it suggests a functional neutrality which can particularly be used to express low-activation states.  Movements or shapes in the high level, such as when the body is elevated or jumps, suggest buoyant feelings such as happiness and elation.  The body is naturally bouncy in such emotional states.  Elevated movements and shapes can therefore express pleasantness.  A high-activation-pleasant mood can be conveyed using particularly high movements.  To express a high activation-unpleasant mood low and high levels can be used contrasting to represent the negative feelings and the high energy associated with this mood.
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Figure 2: Examples of symmetrical and asymmetrical, oppositional and successional design.

Contrast is an important dimension of choreography.  The contrasting of movements, shapes and levels is essential for creating stimulating and interesting dances.  The more contrast used, the stronger the mood conveyed.  Minimum contrast can have a dulling or hypnotic effect, which may be used to express low activation moods.

Rudolf Laban’s analysis of movement emphasises the importance of the size of the movement, i.e. the space that it occupies [6].  Small movements are often suggestive of negative moods and large movements express confidence in the space and therefore suggest a positive mood.  The size of movements must therefore be taken into consideration in the construction of different mood portrayals, with larger and wider shapes being used to convey pleasantness and smaller shapes to convey unpleasantness.

3.1.2
Design in Time

Dance is divided up into movement phrases that work rather like bars of music to provide the fundamental temporal rhythm for a piece.  It is the shape of these movement phrases along a timeline and path that gives a dance its overall shape.  Consequently, the same features (symmetry Vs asymmetry, succession Vs opposition, choice of level, use of contrast and size of movement) also apply to design in time.

The paths (on the floor or in the air) that dancers move along are an important consideration in choreographic design.  Paths may be angular (geometric) or curved (circular or spiral).  As with opposition and succession, these paths are powerfully suggestive: “Curved air and floor pathways create feelings opposed to those which straight air and floor pathways provoke.” [14] 

Curved paths, including circles, suggest unity and a continuity that has strength.  Circular dances are found in many cultures, they are often dances of celebration.  To skip and jump around in a circle in order to express delight and pleasure is a natural physical expression that we can see in small children.  Circular paths therefore suggest a jubilant mood and express pleasantness.  Similarly, spiral paths suggest continuity, stability and calmness.  The curved paths of travel can be used to enhance successional design in order to convey pleasantness.  In contrast, the straight lines and sharp angles of geometric paths suggest fragmented and conflicting feelings, which are ideal for conveying unpleasant moods.  A straight line can be unyielding and aggressive; it has a rigidity that can convey negative feelings.  Crossed lines also suggest negativity and conflict.

The direction of the movement path can be used to strengthen design in time.  Forward movement is direct; it can be confrontational and assertive, particularly when made in a straight line.  It can convey a positive and confident mood.  Backward movement can suggest the opposite, such as retreating in fear or a lack of confidence. 

Another direction of movement is the vertical plane - turning or pivoting on the vertical axis.  Turning or spinning has associations with the natural body language for expressing joy.  This can particularly express pleasantness in combination with a successional design.  However, turns can also be dramatic, suggesting high energy and excitement if applied with oppositional design and could be used to express a high activation-unpleasant mood.  Upward movement, such as jumps and leaps, can express joy or surprise found in moods of high activation.  

The effect of the direction of movement paths is partly dependent on whether or not the viewer has a fixed viewpoint.  Although the perception of circular paths is not affected by viewpoint, the intended choreographic effect of backward and forward movements could lose their impact.  The perceptual effect of viewing choreographed movements from different points was examined in the experiment.  This was considered important in exploring how choreographed movement can be used in virtual environments where users can select how they navigate the space and view the action.

On the proscenium stage paths and specific stage areas have different significance.  The path from upstage-left to downstage-right (left and right as viewed from the audience) is a well-known diagonal: it suggests heroic strength, and has a positive effect.  This line of travel can therefore express pleasantness, particularly a high activation-pleasant mood.  In general, the left-hand side of the stage is taken to represent the past and the right-hand side the future.  People generally scan visually from left to right, consequently travel from left to right has a positive impact on viewers whereas travel from right to left has a disquieting effect.  The opposite diagonal, upstage-right to downstage-left can produce a menacing effect.  Using the front of the stage area can suggest intimacy or confrontation and power; the back can represent mystery or symbolise weakness.  These aspects of stagecraft were taken into consideration when creating choreographed mood representations, in order to strengthen the composition.

The shape of a group of dancers and the space relationships between them are important for giving an overall shape to the dance as it progresses in time, they also have impact on the overall mood.  Placing figures in close proximity to one another can have the effect of evoking a sense of unity and strength or can make the group seem like a threatening crowd.  One figure standing alone from a group can give the impression of being an outcast, a leader or a threat to the group, depending on the movements and direction of travel.  The use of contrasts between close clusters of figures and widely spaced figures can add to the dramatic tone of a dance, this therefore can convey states of high activation.  Close proximity can particularly express a high activation-unpleasant mood where the abnormal spacing between the figures adds to the disquieting mood, suggesting a fearful or threatening crowd.  Evenly spaced figures are less disquieting, the space suggests a calmer mood and conveys a sense of solitude but also freedom.  This type of group spatial relationships was used to express low activation states.

3.2
Dynamics

Dynamics (sometimes called the ‘movement qualities’) refers to the way in which choreographed movements are performed.  Movement qualities are of two main types: percussive (staccato) and sustained (legato).  Percussive movements consist of sharp starts and stops, which are sudden and abrupt: sustained movements are smooth, flowing and prolonged.

A further category of dynamics is tempo or speed.  The effect of a percussive or sustained movement is quite different at different tempos.  Slow sustained movements express low activation; they can particularly suggest a soothing, calm mood.  Fast percussive movements can express energy and excitement; they especially convey a high activation-unpleasant mood, where sharp starts and stops enhance the feeling of conflict.  A faster tempo for movement can portray high activation states, whereas a slower tempo can portray low activation states.

Contrasts and changes create the dynamics of a dance; they provide and stimulate interest through a dance.  Frequent changes and extreme contrasts of design and dynamics produce a dramatic and excited effect which can be used to convey high activation states, in particular this can be used to startling effect to express high activation-unpleasant.

3.3
Rhythm

Rhythm is the most persuasive and powerful element of a dance.  A successful dance has an implicit rhythm, whether regular or irregular.  Rhythm is achieved by layering movement phrases in a specific order.  Emotion by nature fluctuates. As a result extreme emotion or high activation states naturally possess more variation and change and can be expressed, not only with respect to the shape and quality of the movement, the spatial direction, the space occupied and the predominant level, but also with respect to the rhythm.  An irregular beat or rhythm is perceived as jarring and disjointed; it can be annoying but also comical.  A regular beat or rhythm on the other hand is perceived as comforting and supportive.  Regular rhythm can express low activation-pleasantness being comforting and therefore peaceful.  It can also reinforce the sense of monotony and fatigue suggesting a low activation- unpleasant state.  Acceleration of tempo can create a sense of excitement and build up towards climaxes used to express high activation.

3.4
Form

Form is generally taken to refer to the structure and organisation that holds a work of art together and makes it work.  Like any art form a dance has a beginning, a middle and an end - an introduction, the main body of the drama and a conclusion.  Without form a dance would be no more than a sequence of random movements, without meaning or purpose. 

A variety of choreographic devices can be used in the forming of a dance to communicate and reinforce the mood.  Repetition is the most common choreographic device for developing an idea, theme or mood.  Movement phrases can be repeated in different directions, at different levels and with different numbers of people.  Repetitions can include abstracted and manipulated variations of a particular theme or movement phrase as well as precise copies.

There are many formal ways of repeating movements.  Two forms that are simple and useful for creating sequence effects are canon and unison.  Movement in canon means that a movement phrase performed by one dancer is ‘passed’ to another, either with or without overlap.  This can be used to produce a crescendo effect rather similar to the effect produced in music, which leads to a climax as one phrase is repeatedly expressed on different instruments.  In contrast, unison denotes that either all the dancers or a group of dancers perform the same movement phrase at the same time.  Such movement in unison can have a powerful effect on viewers; it implies great unity of will and intention.

Climax is also an important part of the form of a dance, like the “denouement” of a novel or drama.  Less emphasis on producing a sense of climax can indicate low activation moods.  Heightened climax can be created to convey high activation moods by using sudden level and direction change.  Acceleration of tempo can also be used in order to build to a climax, and stillness followed by unexpected movement can produce a startling effect.

Unity-variety-contrast are all aspects of the form of a dance that are essential in creating a stimulating and interesting piece of art that will hold attention and capture the imagination of a viewer, to produce a willing ‘suspension of disbelief’ [4].  Unity refers to the way that all the different movements and sections of a dance must fit together in some way to create a whole picture or statement.  Variety is an essential consideration for selecting differing movements; this concept works with contrast in placing movements together to create an interesting and stimulating dance.  These aspects were used to create whole animated dance pieces to represent the different moods.

4
the experiment

4.1
experiment design

The experiment was designed to test two hypotheses relating to the portrayal of mood in peopled virtual environments:

1. It is possible, through the use of choreographic techniques, to portray moods which can be clearly distinguished and identified by viewers;

2. A change of viewpoint will alter the perception of the mood portrayed.

To address these hypotheses, four two-minute dance animations were created, one for each of the four mood conditions in Table 1. Five movements were selected for each dance; at least two of which were travelling movements.  This gave each dance the same number of movement phrases with which the multi-agent dance animation was created.  Eight figures were used in each dance to portray the group dynamic.

In order to test the second hypotheses and examine the perceptual difference of viewing the animations from different fixed viewpoints three contrasts of viewing the dance animations were used:


1 – Front Viewpoint Vs Side Viewpoint
(viewing angle changed by 90º)


2 – Front Viewpoint Vs On-stage Viewpoint
(viewpoint centre-stage)


3 – Front Viewpoint Vs Moving Viewpoint
(tracked viewpoint moves around the stage)
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Figure 3: Diagram of experimental viewpoints

For the third contrast four different tracks were used for the moving viewpoint, each followed a prescribed route through the environment and passed through the same points, though different directions were used.  Each moving viewpoint also started and ended at the front viewpoint.  Participants only saw random glimpses of the animated dances from this viewpoint.

Using different fixed viewpoints was considered important in order to assess how effective the choreographed animations were for conveying mood in virtual environments where the user can navigate the space freely.  Some choreographic features used in the mood portrayals, such as use of direction and use of particular performance areas, make use of the way a proscenium stage presents a performance to be viewed from a limited plane (as an audience sits in front of the stage in an auditorium).  Using different viewpoints examines the perceptual effect of negating these choreographic features.

The dance animations for the experiment were created to portray the intended mood most effectively when viewed from the front of a stage area.  The same animations were used for all of the contrasting viewpoints in the experiment.  The principal choreographic features and movements used to create the animations for each of the mood conditions are described below.

4.1.1 Danger
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Figure 4: Example of Danger – Front Viewpoint

A group of agents sprints forwards, while one breaks away to the left

This mood was created using predominantly asymmetric design features with oppositional contrasts.  For example, a sprinting movement was used with angular limbs, the head bent forward and spine curved.  High and low levels were juxtaposed for contrast, such as a backward leap from a crouched position.  A short backward run was used to suggest fear.  Sharp, angular paths suggested conflict and confrontation, with agents sprinting directly towards each other and then breaking off into diagonals across the floor.  A fast tempo suggested high energy with irregular rhythms used to highlight climaxes.  The general direction of movement was diagonally upstage-right to downstage-left with the agents splitting into different sized groups.

4.1.2 Happy
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Figure 5: Example of Happy – Front Viewpoint

 2 groups of agents skip in circles, one group left front, the other right back – as if playing a game.

This mood was also created using a predominantly asymmetric design, although symmetrical features were included to convey pleasantness.  Oppositional design strengthened the mood while successional contrasts conveyed a sense of contentment.  High levels were used throughout, for example, a jump with arms above the head, one leg straight, one bent to create a stimulating and positive asymmetric shape moving upwards.  A skip with long, swinging arms and a straight back was used to express joy; a “bouncy” run conveyed excitement and energy.  Circular paths expressed unity, which combined with skipping and running, conveyed a sense of play.  Large successive (chasse) turns reinforced this mood.  A fast tempo was combined with percussive movements for energy.  An irregular rhythm broke up the regular beat.  Acceleration of tempo (up to double speed for short bursts) created a sense of climax.  The initial movement was upstage-left to downstage-right before breaking into circling groups.

4.1.2 Sad
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Figure 6: Example of Sad – Front Viewpoint

Agents shuffling to the left, heads down, backs hunched.

A dominant use of symmetrical features helped create the negative sense of low activation.  Agents were spaced evenly and wide apart; low and middle levels predominated; a shuffling walk with head down was used.  Agents were given curved spines and rounded shoulders.  A slow run was introduced, also with head low and with feet dragging.  A sunken crouch simulated a sense of despair.  Agents entered from both front corners and used geometric paths to cross towards the back of the stage.  Natural gestures such as shrugs, kicks and wiping the brow were used.  The overall tempo was slow and the rhythm regular.

4.1.3 Peace
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Figure 7: Example of Peace – Front Viewpoint

Agents evenly spaced stretch into an elevated arabesque, head, arms and leg flung back and high.

Symmetry and successional features dominated the design for this mood.  Middle and high levels were used with arabesques, bouncy walks and skips (implemented with the head and back slightly backwards and the arms folded loosely in front).  Swinging shoulder movements reinforced a sense of confidence.  Circular and spiral paths were used with wide spacing between agents to give a sense of space.  Slow and large arm movements strengthened the sense of free-flowing space.  The tempo was slow and the rhythm regular.

The animations were created in Life Forms [8] human figure animation software and applied to wireframe figures.  These were exported to VRML, where they were fully optimised down to the lowest polygon count.  The same agent design was used for each of the figures in the animations.  The agents were androidal in design with no striking gender distinctions.  Each agent was textured with a single colour to allow its movements to stand out against the background.  Three primary colours, three secondary colours and two additional colours were used to ensure that no single colour was dominant.  The colours were balanced for brightness.  No sound was used in the experiment so that the movement of the agents was the main factor portraying the mood.

A marble texture was applied to the background of the virtual environment this allowed it to have a softer appearance, instead of using one constant colour.  Tones of grey were used to create the background and the floor, providing a neutral environment for the animations without scenery and colour affecting the perceived mood.  The floor was textured to allow emissive and diffuse colours to shine through, giving a ‘lit floor’ effect, thus removing the need for lighting effects, which would have slowed the animations down.  These effects softened the appearance of the world creating a sketch-like “blank canvas” environment for the agents to move in which did not add to or detract from the mood being portrayed.  The environment was designed to look identical from the different viewing angles.  The floor was a square stage area that incorporated all of the agents’ choreographed movement for all of the conditions.

4.2 procedure

The experiment used a repeated measure design in which participants (balanced for age group and gender) experienced eight conditions given by the four dances (mood conditions) each viewed from two different viewpoints:

· front and 90°

· front and on-stage

· front and moving

The four mood conditions viewed from the front were presented in a randomised order, the same order was then used to present the mood conditions from the different viewpoint.  The order of the mood conditions within each viewpoint set and the order of the viewpoints were balanced across the participant sample.  In addition, half the sample saw agents with mixed colours; half saw agents of only a single colour.
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Figure 8: Example of Browser window for experiment – On-stage View, Danger

64 participants viewed the eight conditions for the first set of contrasting viewpoints and 48 experienced the conditions for the second and third sets.  Participants were invited to view eight short computer animations and complete a semantic differential questionnaire designed to measure the perceived strength of response to 18 emotion attributes relevant to the definition of the four moods.  The first four items in the questionnaire are shown in Table 2 below.

I think that the group of figures in the animation looked

	agitated
	
	
	
	
	
	
	
	calm

	
	
	
	
	
	
	
	
	

	contented
	
	
	
	
	
	
	
	discontented

	
	
	
	
	
	
	
	
	

	sociable
	
	
	
	
	
	
	
	unsociable

	
	
	
	
	
	
	
	
	

	tense
	
	
	
	
	
	
	
	relaxed

	
	
	
	
	
	
	
	
	


Table 2: Sample items from the semantic differential questionnaire

Participants were also given a list of ten words, which could describe the mood and were asked to select one that they thought best described the mood of the animation they had just seen.  They could also indicate a second and third choice if they wished.  This made a further assessment of how the participant had perceived the animation they had seen.  The words for selection were: happy, sad, peaceful, distressed, bored, angry, excited, neutral, depressed and humorous.  The experimenter then asked the participant what features of the animation had helped them to make this assessment, if any.  This provided some indication of the particular choreographic features that were contributing to the mood perception.  This procedure was repeated after viewing each animation.  An exit interview assessed each participant’s computer cognisance, general attitude to what they had seen and whether they recognised the animations as dance or not.

5 results

In order to test the first hypothesis that it was possible to distinguish between the moods of the four dances, a discriminant analysis was carried out on the results of the semantic differentials for the four dances viewed from the front.  This procedure finds the best combination of functions, which discriminates between the four experimental conditions.  A discriminant analysis was carried out on each of the three front viewpoint semantic differential results this produced similar results, the analysis of the results from the first comparison with 64 participants is reported here.

To test the second hypothesis that there would be a difference in perceived mood when the dances were viewed from different viewpoints, a second discriminant analysis was carried out on the results of the semantic differentials for each of the other viewpoints.

5.1 front view

A two function disciminant analysis explained 97.6% of the variance between the four experiment conditions.  It was therefore concluded that a 2D model for discrimination between the four mood conditions was a good fit. Figure 9 below shows a scatterplot of the group centroids and grouped cases for the four mood conditions.

[image: image9.wmf]The scatterplot shows that all four moods were distinguished from one another; in particular Sad was clearly separated from the other mood conditions.  Peace was also well separated whereas there was significant overlap between Happy and Danger: the group centroids of these two conditions were very close together.  The lack of separation indicates some confusion in differentiating between these moods.  The plot also indicates that the conditions were separated by the factors of pleasantness and activation.

Figure 9: Scatterplot showing grouped mood conditions for the front view

A classification table was also prepared.  Table 3 shows the cross-validated count of the analysis, which reinforces the results shown in Figure 9.  In total 68.4% of cross-validated grouped cases were correctly classified.  Table 3 shows that Sad was correctly classified on 89.0% of occasions (57/64).  Peace was interpreted as Happy on 17.2% (11/64) occasions and correctly classified 73.4% (47/64).  Happy and Danger were frequently confused, with 34.4% (22/64) of Happy cases being interpreted as Danger and 29.7% (19/64) of Danger cases being interpreted as Happy.

	
	MOOD
	Predicted Group Membership
	Total

	
	
	happy
	sad
	danger
	peace
	

	Cross-validated  Count
	happy

sad

danger

peace
	33

1

19

11
	0

57

1

4
	22

3

38

2
	9

3

6

47
	64

64

64

64


Table 3: Classification results for front view.

19/64 participants chose “happy” from the list of words given as their first choice to describe Happy and 23/64 chose “excited”, both these words are affect concepts associated with high activation-pleasant.  16/64 participants chose “sad” as their first word to describe Sad and 29/64 chose “depressed”, both these words are affect concepts associated with low activation-unpleasant.  Only 9/64 chose “distressed” as the first word to describe Danger, 5/64 chose “angry” and 24/64 chose “excited”, this shows that participants identified the animation as being active as these affect words are located in high activation states, however “excited” is an affect concept associated with high activation-pleasant.  19/64 chose “peaceful” first to describe Peace, 27/64 chose “happy”, this shows that overall participants identified this condition as being pleasant but considered it more active than intended as “happy” is an affect concept associated with high activation-pleasant.

The word choices were also examined to see which target mood word participants selected as the highest out of their three possible choices.  The target mood words were “happy”, “sad”, “distressed” and “peaceful” for Happy, Sad, Danger and Peace respectively.  For Happy 29/64 participants chose “happy” as the highest target mood word, 26/64 chose none of the target words; this indicates that a good proportion of participants identified the mood correctly.  For Sad 26/64 participants chose “sad” as the highest target mood word. 16/64 chose “distressed” and 19/64 chose none of the target words, this shows again that a majority of participants identified this mood as an unpleasant mood, although “distressed” is an affect concept associated with high activation-unpleasant, this indicates that there may have been some confusion about the meaning of the word.  For Danger 15/64 chose “distressed” as their highest target mood word, 18/64 chose “happy” and 26/64 chose none of the target words, these results confirm that there was confusion in assessing this condition, although it was identified as being active more participants considered it a pleasant mood state.  For Peace 21/64 chose “peaceful” as the highest target mood word, 30/64 chose “happy”, this shows that although most participants identified this mood as pleasant a high activation-pleasant affect concept was preferred to describe the mood.

5.2 side view

A two function discriminant analysis explained 98.1% of the variance between the four mood conditions for this view.  It was therefore concluded that a 2D model for discrimination between the four mood conditions was again a good fit.  Figure 10 shows a scatterplot of the group centroids and grouped cases for the four mood conditions seen from 90°.  The scatterplot shows similar patterns to the results from the front view, the four mood conditions were clearly distinguished from one another, again Sad was particularly well discriminated.  There was again some overlap between Happy and Danger, with their group centroids very close.  Peace was fairly well distinguished from other conditions.

[image: image10.wmf]
Figure 10: Scatterplot showing grouped mood conditions for side view.

Table 4 shows the classification table for this analysis.  67.6% of the cross-validated grouped cases were correctly classified, which is almost the same percentage of correct classifications as for conditions seen from the front.  The table shows that again Sad had the highest number of correct classifications, with 93.8% (60/64) correct.  Peace had a higher number of correct classifications compared to the front view with 84.4% (54/64) correct.  The results for Happy were similar to those from the front view with 48.4% (31/64) correct classifications and 32.8% (21/64) incorrect, classifying this condition as Danger.  There was slightly more confusion classifying Danger with only 43.8% (28/64) correct counts and 37.5% (24/48) being classified as Happy.

	
	MOOD
	Predicted Group Membership
	Total

	
	
	happy
	sad
	danger
	peace
	

	Cross-validated  Count
	happy

sad

danger

peace
	31

0

24

6
	1

60

2

3
	21

1

28

1
	11

3

10

54
	64

64

64

64


Table 4: Classification results for side view

For first word choice 20/64 participants chose “happy” as their first word to describe Happy and 21/64 chose “excited”, again both of these concepts are associated with the intended mood, high activation-pleasant.  17/64 chose “sad” as the first word to describe Sad and 34/64 chose “depressed”, both these concepts are also associated with the intended mood, low activation-unpleasant.  8/64 participants chose “distressed” as the first word to describe Danger, 8/64 chose “happy” and 27/64 chose “excited”, this shows that participants did not identify this mood as being unpleasant although they recognised it as being active.  23/64 chose “peaceful” as the first word to describe Peace and 29/64 chose “happy”, again this shows that participants identified the mood as being pleasant although slightly more described it as a high-activation affect concept. 

32/64 participants chose “happy” as the highest target mood word to describe Happy, 26/64 chose none of the target words, this shows that Happy was identified with the target word by half of the participants.  33/64 participants selected “sad” as the highest target mood word for Sad and 17/64 chose “distressed” showing again that participants identified the mood as being unpleasant.  19/64 participants chose “distressed” as the highest target mood word to describe Danger, 15/64 chose “happy” and 27/64 chose none of the target words, again this indicates the confusion in correctly identifying this mood.  23/64 chose the correct target word, “peaceful”, highest for Peace and 31/64 chose “happy”, these results are similar to those from the front viewpoint.
5.3 on-stage view

For this viewpoint a two function discriminant analysis explained 98.6% of the variance a 2D model was again a good fit to describe discrimination between the four mood conditions.

	
	MOOD
	Predicted Group Membership
	Total

	
	
	happy
	sad
	danger
	peace
	

	Cross-validated  Count
	happy

sad

danger

peace
	19

0

18

5
	1

45

1

2
	16

3

19

1
	12

0

10

40
	48

48

48

48


Table 5: Classification results for on-stage view

Table 5 shows the cross-validated count of the classification table for this analysis.  64.06% of the cross-validated group cases were correctly classified, a slightly lower percentage than for the side and front views.  Again Sad had the highest percentage of correct classifications, 93.8% (45/48) similar to the side view result.  Peace had the second highest number of correct classification with 83.3% (40/48).  There was more confusion with classifying Happy and Danger for this viewpoint.  39.6% (19/48) correctly classified Happy and 37.5% (18/48) classified this condition as Danger.  39.6% (19/48) classified Danger correctly whereas 33.3% (12/48) classified it as Happy.

For the first word choice to describe the Happy mood condition 11/48 chose “happy” and 14/48 chose “excited”, showing just over half the participants (25) chose an affect concept related to the correct mood.  To describe Sad 10/48 chose “sad” and 24/48 chose “depressed”, again both these words are affect concepts related to the correct mood.  For Danger 12/48 chose “distressed” to describe the mood and 20/48 chose “excited”, indicating again that participants recognised an active mood but classified it as being more pleasant than unpleasant.  16/48 chose “peace” to describe Peace and 18/48 chose “happy”, again more participants chose “happy”.

16/48 chose “happy” as the highest target mood word to describe that condition while 23/48 chose none of the target words.  17/48 chose “sad” as the highest target mood word to describe Sad, 11/48 chose “distressed” and 20/48 chose none of the target words.  13/48 chose “distressed” as the highest target word for Danger, which is a significantly higher number of correct choices than for the front and side viewpoints, 25/48 chose none of the target words.  18/48 chose “peaceful” as the highest target word to describe Peace, while 20/48 chose “happy”, which corresponds with the choices from previous viewpoints.

5.4 moving view

For this viewpoint 97.8% of the variance was explained by a two function discriminant analysis again showing that a 2D model was a good fit to show discrimination between the four mood conditions in this view.

	
	MOOD
	Predicted Group Membership
	Total

	
	
	happy
	sad
	danger
	peace
	

	Cross-validated  Count
	happy

sad

danger

peace
	16

0

15

6
	1

47

0

0
	19

1

28

2
	12

0

5

40
	48

48

48

48


Table 6:  Classification results for moving view

The classification table shows that there was an overall percentage of 68.2% of the cross-validated counts for this view were correctly classified, a similar result to that of the front and side.  Sad had the highest number of correct classifications in the cross-validated count with 97.9% correct (47/48), closely followed by Peace with 88.9% (40/48) – the same number as for the on-stage viewpoint.  A high degree of confusion is shown for Happy with 33.3% (16/48) correct classification and 31.3% (15/48) classifying it as Danger.  A significant difference to the on-stage result is shown in the results for Danger with 58.3% (28/48) of correct classifications but 39.6% (19/48) classified this condition as Happy.

Looking at the first word choice chosen by participants to describe the Happy condition only 6/48 chose “happy” and 17/48 chose “excited”, showing that just under half the participants (24) chose affect concepts linked to the related mood as their first word choice.  12/48 chose “sad” as the first word to describe Sad and 20/48 chose “depressed”, 14/48 also chose “distressed” showing that almost all of the participants perceived this mood as being unpleasant.  11/48 chose “distressed” as the first word to describe Danger and 16/48 chose “excited”; a similar result as for the other viewpoints.  The same number of participants chose “peaceful” as chose “happy” to describe Peace, 17/48, again showing that it was perceived as a pleasant condition although not necessarily low activation.

11/48 chose the correct target mood word highest for Happy, 31/48 chose none of the target mood words.  23/48 chose the correct target word highest for Sad, showing again that Sad was the most successfully recognised condition, 16/48 also chose “distressed” as the highest target word for this mood.  12/48 chose the correct target word highest for Danger, with 26/48 choosing none of the target words.  For Peace 22/48 chose the correct word highest and 19/48 chose “happy” showing that more participants correctly recognised peace than for the on-stage viewpoint.

6
conclusions

It is concluded on the basis of this experiment that it is possible to portray moods using choreographic techniques applied to groups of agents in virtual environments, although there was some confusion between the high activation conditions.  It was also demonstrated that contrary to expectations, the perception of the choreographed mood portrayals was not significantly altered by a change of viewpoint.

Discriminant analysis was used to find the best combination of functions to describe the results from the semantic differential questionnaire.  In all cases two functions were found to account for 97.6- 98.6% of the variance, showing that a 2D model was a good fit for the data.  Examination of the discriminant analysis scatterplots and projected mood space shows that the four moods were separated for each viewpoint in the described space, it is therefore possible to project Russell’s mood dimensions of pleasantness and activation into this space.

The most clearly distinguished of the moods was Sad for the four viewpoints: it was clearly separated from the other moods on all the scatterplots and had the highest number of correct classifications from the cross-validated counts.  This indicates that the choreographic cues given in this dance animation were more easily recognised and provided stronger perceptual associations than the other mood portrayals.  The majority of participants also chose to describe this mood condition with appropriately associated affect concepts as their first word choice, although less than half chose the correct target mood word in their choice of three words.  This may indicate that the chosen target word was not the best single word to describe the mood since significant numbers of participants chose “depressed” rather than “sad” to describe the mood.  Participants’ comments about the words they had chosen almost all described the same movement features, showing that these features provided the strongest indicator of mood and were also the easiest to recognise.

Discriminant analysis also revealed that Peace was well distinguished from the other mood conditions.  The cross-validated counts for correct classification showed that a majority of participants correctly identified this mood, 73.4 – 88.9%.  This indicates that the choreographic cues and the selected movements for these mood portrayals were easily perceived as the intended mood.  Over half of the participants selected the affect concepts “happy” and “peaceful” as their first word choices to describe the mood, although in each case more chose “happy” indicating that this mood was perceived as more active than was intended.  Both of these affect concepts were also target mood words, “happy” was selected more often as the highest mood descriptor, again indicating that participants did not perceive this mood condition as very different from Happy – high activation-pleasant.  Participants’ comments confirmed this, they attributed the balletic movements chosen to represent this mood condition as requiring a great deal of energy.

In contrast, the high activation mood conditions were more easily confused, as seen in the scatterplots and classification tables.  The number of participants who correctly classified the given mood, either Happy or Danger, was slightly greater than the number who wrongly classified the mood as the opposing high activation mood condition, Danger or Happy respectively.  The confusion shown in correctly classifying these mood conditions could be attributed to the fact that both these portrayals used a lot of contrasting elements, fast movement and group interaction which provided conflicting signals and was difficult to assess other than that it was an active mood.  The results could also imply that high activation moods are generally located close to one another in a mood space and are actually less well distinguished, the affect concepts associated with these moods may have closer relationships than are indicated on Russell’s circumplex.  A detailed examination of possible perceptual models to describe mood space would be helpful for further work looking at ways of modelling dynamic mood environments.

Analysis of the word choices of participants for the high activation conditions shows that the majority of participants chose affect concepts associated with Happy as the first words to describe it, fewer participants chose these words for the moving view, this could be due to the fact that a significant choreographic feature for conveying this mood was group relationships and the moving view may not have shown the relevant movements.  “Happy” was the highest target word used to describe the mood by approximately half the participants for the front and side viewpoints, less chose this word for the on-stage view and the moving view, indicating that there was slightly more confusion in describing this mood from these viewpoints.  More participants chose “excited” as the first word to describe Danger than any of the other words, showing that the most confusion was in identifying this mood.  For the front and side views “happy” and “distressed” scored similar results as the highest target word to describe Danger, a significant difference was that for the on-stage and moving view “distressed” was the highest target word scored.  This could be attributed to the fact that in these conditions agents moved close to and right past these views at different points contributing to the menacing effect.

It is important for the development of this research to ascertain why the high activation moods were not particularly well separated or defined for each of the viewpoints.  Participants’ comments helped to identify confusing choreographic and movement features.  One of the particular features in Danger providing the most conflicting cue with the intended mood portrayal was when the agents ran backwards and fell over, this produced a comic and humorous effect.  Without scenery, costume or music to provide a context for the movement behaviour of the group participants found it confusing to ascertain whether the group interaction was pleasant or unpleasant for both the high activation mood portrayals.  Some participants identified the group of agents running in a circle in Happy as being aggressive and reminiscent of a war dance, while others identified this as being a strong and positive group activity.  One of the most important factors for representing these moods is group relationships and interaction, further research is required to explore how this can be used more effectively to portray and differentiate between the two high activation moods in groups of agents in virtual environments.

The low activation portrayals were significantly easier for participants to identify, one of the factors contributing to this may be the way agents were evenly spaced in the environment in both of these portrayals, which may have made it easier to assess their movements.  There was also less movement and a slower tempo for these portrayals; again these factors may have made it easier for participants to assess the represented mood.

Changing the viewpoint did not have a significant effect of the perception of Sad, which was well defined for each of the views, nor did it have a significant effect on the perception of Peace.  Sad relied heavily on the use of individual gestures, such as wiping the brow and walking with the head and shoulders hunched forward, this provided strong cues for participants to ascertain the intended mood.  Peace also relied on easily recognised movements, balletic, elevated stance and turns, to convey the mood, this was easily identified by most participants as balletic dance for which most had preconceived associations about the type of mood it expresses.  It was interesting to note that one participant commented that the agents must be happy because they were dancing, dance in itself was associated with high activation-pleasant.  This points to an important consideration for using dance and choreographic techniques to express other mood conditions that if the choreographed movement looks too much like “a dance” it may be confused with a high active-pleasant mood.  It can be concluded that because the perception of Sad and Peace was not significantly different from the varied viewpoints the individual agent’s movements provided enough cues to portray the intended mood.  Altering the viewpoint did not significantly change the perception of the high activation states for the side and on-stage view.  For the moving view Danger was slightly better distinguished than for the other conditions, this could be attributed to the fact that the movement of the viewing angle contributed to the mood portrayal.

The fact that the second hypotheses is not supported raises some interesting questions about whether a group mood can be correctly assessed from any given viewpoint, either in the midst of the group or as an outside observer.  It supports the idea that choreographic techniques can be used to portray mood in groups of agents in virtual environments and that choreographic cues such as direction are not particularly important in conveying the intended mood.  Further research is required into the effectiveness of individual choreographic cues for portraying mood; this would provide a basis for research focusing on how choreography can enhance virtual movement and create dynamic mood environments.
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