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Abstract
The focus of this thesis is on perceivable interaction forms that can be utilised in multi-player
computer games and Collaborative Virtual Environments (CVEs). Interaction forms are
manifestations of user-user and user-environment interaction. These forms convey the actions of the
user to others, and to oneself, during synchronous communication and interaction partially
resembling face-to-face encounters in the physical world.

The communication, co-ordination and collaboration difficulties in current 3D CVEs have yet to
be overcome. The aim of this thesis is to conceptualise and delineate the available mutually
perceivable interaction forms. The research analyses entertainment industry solutions and examines
their potential as providers of design implications for CVE systems in general. Furthermore, games
are used as platforms in the construction phases of the research. The research answers the problems
of what interaction forms exist in multi-player games and what are their main characteristics and how
to apply the understanding of possible interaction forms in order to help the design of games and
professionally used CVEs? The problems are approached with conceptual analytical and constructive
methods. Delineation and categorisation of various interaction forms in games and CVEs is
presented. The gap between theoretical models and practical design is bridged by using several
empirical cases as a constructive part of the research.

The significance of this research is related to the increasingly important role of CVEs in global
organisations and virtual enterprises, as well as in the everyday life of people. The communicational
and functional enhancements of the virtual environments and multi-player games make the
interpersonal interaction more usable and applicable in computer mediated settings. The research
provides a deeper understanding of the concept of interaction forms in the context of CVEs and multi-
player games. The results can be used to create more supportive, appealing and communicative
applications by applying interaction models and theories in the form of rich interaction design
guidelines.

The main contributions of this research are the conceptual models of interaction forms and
corresponding rich interaction design suggestions. The results reveal important and neglected aspects
of interaction forms to the world of game and virtual environment designers. Combined with the
descriptions of interaction design processes the overall outcome of the work is applicable to a wide
audience designing or using computer systems that support communication, co-ordination and
collaboration.

Keywords: collaborative virtual environment, communication, computer game, interaction
form





 

Preface 

Boulders hurtle all around creating a menacingly chaotic mess. Dodging soon becomes 
impossible, and every attempt at clearing up merely produces more debris to be avoided. 
Despite my skilful manoeuvring, a momentary lapse of concentration leads to disaster – 
‘Game Over’. Just one more game and then I’ll stop…  

In 1982, immersed in the enthralling and fantastic world of the Asteroids arcade game 
at an Esso petrol station cafeteria in Kalajoki, I could not have – in my wildest dreams - 
imagined myself completing a PhD thesis on computer games and game design 21 years 
later. What, at the time, was merely a hobby, is now the core of my dissertation. The first 
steps in programming with Basic, using Sinclair ZX81 and Commodore 64 twenty odd 
years ago, have carried me far. My parents were convinced by my persuasive arguments 
on the benefits of home computers, but – personally – I was not convinced. My home 
computer soon drew me into an audiovisual stream that opened up a whole new. Games 
took a firm hold of me, and time not spent playing, was spent designing and 
programming my own games. Despite the immense enjoyment I got out of this, I am 
ready to admit that my early suspicions were incorrect – diving into the world of 
computers, albeit with games as the medium, has most certainly not been a waste of time. 

When I started my postgraduate studies in 2000 at the Department of Information 
Processing Science, I had already had my first taste of combining work and play. While 
trying to define my research area, I - quite effortlessly – steered in the direction of games 
and virtual environments. Although the combination of work and play has been, for the 
most part, a positive experience, there have been hard times too. Perhaps the most taxing 
aspect of all has been my being so wrapped up in my research that family life and other 
interests have sometimes had to take the backseat. However, the joy of working in a field 
I find endlessly motivating has carried me through the hard times and difficulties.  

Introducing game research into academic circles has not been an easy task. During the 
early stages of my research, I spent a considerable amount of time translating concepts 
and reports into the language of utilitarian applications. At the time, computer games 
were not seen as an important area of research. Still, my stubbornness and endless 
motivation kept me going. In addition to this, my close sphere, my department and 
individual researchers all over the world provided me with support and encouragement 
when I most needed it. Despite all the support, I have been close to giving up several 
times. Now that this long journey is finally over, I am pleased with the outcome. The 



 
research has opened up my eyes in many ways, and the results achieved – I believe - 

offer new insights and possibilities to the field. One phase of my life is ending – the ‘end 
boss’ of the final game level is about to be conquered. 

Still, it feels as if I am merely embarking on my journey, rather than ending it. Today, I 
am even keener to continue my work, and I find it difficult to imagine I will ever find 
something else as inspiring. The restricted focus of doctoral research has not allowed me 
to discuss other intriguing aspects close to my heart, so, perhaps at this stage, it is more 
appropriate to consider this as merely the end of the first game level. More complex 
challenges await me at the next levels, I am certain. 

I sincerely hope that this research will strengthen the position of game research as a 
valid area of information processing science and digital media, although the work cannot 
be directly placed within the boundaries of a single discipline. A multi-disciplinary 
approach is a necessity when studying and understanding the phenomenon of computer 
games. Whatever stand one takes, computer games have lot to offer to research, industry 
and consumers at large. By increasing and improving the interaction possibilities of game 
environments, computer games can become communicatively rich and socially strong 
worlds that overcome geographical boundaries.  

Doctoral research can, without doubt, be considered one of the greatest personal 
achievements in the area of learning. Although there is only one author on the cover of 
this book, none of this would have been possible without the support, guidance, criticism, 
questions and comments of all those people I have met on my journey.  

My supervisor Prof. Petri Pulli offered me a place in a top team, and provided an 
excellent setting for research. He gave me the opportunity to conduct independent 
research, while constantly and successfully promoting my field in national and 
international forums. I am indebted to him. I also wish to express my gratitude to the 
external reviewers of this work. Prof. Steve Benford and Prof. Tapio Takala took the time, 
despite their tight schedules, and helped me to improve the quality of this thesis with their 
comments and suggestions. 

My research team is, however, the backbone of this project, and to them I offer my 
heartfelt thanks. They helped create prototypes and experiments, without which this 
thesis would not have been possible. My colleague and long-term research assistant, 
Heikki Korva, has been my greatest help. He is an exceptional game development genius, 
who can construct both technically and artistically challenging creations. This research 
could not have been done without Heikki, whose unselfish dedication in implementing 
the most irrational requests of yours truly were always fulfilled. In addition, research 
assistant, Pasi Partanen, helped me – right from the start - to begin the arduous task of 
conceptualising multi-player games and collecting data from game sessions. 

Later, I had the pleasure of working with research assistant, Soili Väinämö, with 
whom the conceptualisation of the early phases of the content production process were 
started. Soili modelled the Castle of Oulu and supported my research with her thorough 
documentation. The effects of her work can still be seen in the experimental games we 
construct today. Finally, research assistant and colleague, Tomi Kujanpää, brought his 
expertise in 3D modelling and animation into the group. By familiarising himself with the 
topic he opened up possibilities for developing excellent applications, even with the 
somewhat challenging standards of contemporary commercial products. 



 
I am also greatly indebted to my mentors who have painstakingly provided practical 

suggestions and guidelines for my work. Prof. Veikko Seppänen revealed the simplicity 
behind the seemingly chaotic research process. Dr. Pekka Abrahamsson illustrated the 
every day practice of a critical approach to research. Dr. Tuomo Tuikka listened patiently 
and shared his personal experiences. Finally, Prof. Emer. Pentti Kerola offered his 
valuable experience by commenting on the research plan.  

Other colleagues have also often been subjected to my endless ranting and raving on 
my pet topic. Peter Antoniac, who has an inspirationally energetic personality and is a 
master-mind of practicalities, has proved to be an invaluable colleague. Seamus Hickey 
has been an infinite source of inspiration for quick reflections and theoretical 
clarifications. Kukka-Maaria Kakko guided me into the magical world of concept 
analysis and modelling. Ville Wittenberg, in addition to his role as publicist, has been an 
enthusiastic but sensible PR person, and a contributor to the dissemination of this 
research.  

I would like to express my gratitude to all those researchers, postgraduate students, 
game industry and business contacts, game press, and game enthusiasts with whom I 
have had the opportunity to discuss and exchange ideas during these years. There are too 
many of you to be listed here, but I sincerely hope you know that you deserve my deepest 
thank you.  

I would like to thank Tuija Lindén from PELIT magazine, Johanna Hytönen from 
Vivendi Universal Games, Jere Saarela from Electronic Arts, Matti Kuorehjärvi from 
Nintendo Europe, Miika Vanhapiha from Pan Vision, Helena Tornberg from Malpana, 
Giulio Iacucci, Jari Karvonen, Marius Janson, Jan Hofmann, Anne-Cécile Jeandrain, Rita 
Lauria, Tony Hall, Jim Eales, Luigina Ciolfi, Paul Dourish, Liam Bannon, Priscilla 
Chueng, Jacqueline Brodie, Frans Mäyrä, Marinka Copier, Mikko Blomqvist, Inger 
Ekman, John Windbirk, Caroline Windrum and Annika Waern for their support and 
inspiring discussions. And, finally, I would like to thank Jacob Matthan for all his 
practical help and support over the years. I am greatly indebted to him. 

Although this work has predominantly been funded by the Department of Information 
Processing Science, the most influential individual in the whole process has been Pasi 
Kuvaja who, as leader of the Monica research project, has provided me with the 
opportunities and resources for the empirical part of this work. Additional funding has 
been provided by the Infotech VIRGIN research group and by INWEST.IT. Permission 
from the original publishers to reprint the articles is gratefully acknowledged. 

In addition to all those people who have contributed to my research, there are two 
loved ones who have been with me through thick and thin – and who still continue to 
support and inspire me, although this work has stolen perhaps too much of our precious 
time together. My friend, wife and muse, Joanna, has been there for me providing 
encouragement, support and patience, through the good times and the bad times. My 
greatest source of inspiration has been our son, Samuel. At the age of six, he is master of 
play and knows exactly how to bring his dad back to planet Earth. 

 
 
 
Oulu, 6th of December, 2003    Tony Manninen 



 
 
 



 

Abbreviations 

2D Two-dimensional, i.e., planar (e.g., graphical representation 

3D Three-dimensional (e.g., graphical representation) 

CAT Communicative Action Theory 

CMC Computer-mediated Communication 

CSCW Computer Supported Cooperative Work 

CVE Collaborative Virtual Environment 

DOF Degrees of Freedom 

GSS Group Support System 

HCI Human-Computer Interaction 

IRC Internet Relay Chat 

LARP Live Action Role-play 

LOD Level of Detail 

MIS Management Information System 

MOO Multi-user Dungeon Object Oriented 

MUD Multi-user Dungeon 

NVC Non-Verbal Communication 

POV Point of View 

RPG Role Playing Game 

VR Virtual Reality 

VRML Virtual Reality Modelling Language 

VRP Virtual Reality Prototyping 
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1 Introduction 

The communication, co-ordination and collaboration difficulties in current 3D 
Collaborative Virtual Environments (CVEs) have yet to be overcome. The use of 
graphical representations of participants and environments does not always help 
interpersonal interaction. The lack of intuitive and non-intrusive non-verbal cues is one of 
the distinctive features that separates computer-mediated communication settings from 
face-to-face encounters. Even multi-player games, although social by nature, have 
fundamental problems in supporting interpersonal activities, and thus, players constantly 
seek workarounds in order to fulfil their need to communicate and socialise. 

Despite their problems, CVEs and multi-player games belong to an increasingly large 
application domain. Global networks and wireless data transfer make it possible to 
convey more and more information to larger numbers of people in previously 
unimaginable dispersed locations. Use of interconnected virtual environments instead of 
web forums, chat applications, video conferencing or telephone, offers numerous 
advantages in situations where the actual physical environment has no significant role. 
First, CVEs and games can portray the virtual environment in any form required. It could 
be a realistic model of an existing real world location or a fantasy scenery where any 
imaginable concept is possible. Furthermore, to be able to see, hear and sense fellow 
participants in relation to others and the environment opens up numerous communicative 
and collaborative possibilities. Finally, to be able to interact with people who are 
otherwise out of reach enables much more than what the basic form of discussion allows. 
It is not just about words or about seeing each other. It is about interacting in numerous 
ways. 

The focus of this work is on multi-player games that utilise 3D graphics and versatile 
representations for interaction. These games can be seen as a form, or subset, of CVEs. 
However, the differences between the games domain and professionally used CVEs are 
relatively fundamental. The main purpose of a computer game is to entertain in a way 
that the player wants to spend more time with the application. The emphasis of games is 
more on the process of using the system rather than the final outcome. The CVEs, on the 
other hand, are generally constructed with some utilitarian purpose in mind, which may 
be to support teaching, simulation, a medical operation or some other task. They are 
generally designed as tools for achieving a desired outcome. 
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The design of games and of CVEs have been following slightly different guidelines 
due to the different nature of the application domains. The outcome of this different 
design culture can be immediately observed if one tries some contemporary game in 
relation to a professional CVE. The game can easily outrun the CVE in areas of usability, 
aesthetics and appeal. There is a simple explanation for this outcome. Games are meant to 
entertain and not overload the user with scientifically correct data. The professional flight 
simulator has not been designed to entertain the pilots but to provide them adequate ways 
to practice their skills. Nevertheless, both environments can be designed using similar 
guidelines and heuristics. 

Professional CVEs are constructed by industry or by research organisations. The work 
is generally highly focused into specific tasks that are to be supported by the systems. 
The lack of resources, skills, or interest, forces the developers to concentrate purely on 
the factual representation without any concern about game-like features. There may be an 
occasional challenge to overcome in a training simulator, but usually the trend favours 
hard facts to entertaining gameplay. But is this the only way? Could there be a potentially 
fruitful synergy if the domains of games and professional CVEs were to learn from each 
other? 

In order to search for ways to bridge the gap between the games industry and the 
academic world, this thesis offers a perspective to games and game-like virtual 
environments. With a theoretical background that originates from both fields, the 
following presentation provides an inter-disciplinary point of view that is targeted 
towards researchers and practitioners working in both of these communities. 

The aim of this thesis is to conceptualise and delineate the mutually perceivable 
interaction forms available for avatar-based CVEs. Interaction forms are actions that can 
be perceived as manifestations of the user-user and user-environment interaction. These 
forms are used to convey the actions of the user, both to self, and to others. The forms 
enable awareness of actions by offering mutually perceivable visualisations and 
auralisations within the virtual environment. In general, the feeling of presence and the 
level of psychological immersion are increased due to the communication, co-ordination 
and collaboration aspects these forms bring forward. 

The ambiguous, subjective and narrow meanings associated with the concept of 
“interaction” makes it difficult for researchers and practitioners, who work in the areas of 
CVE and game design, to communicate and combine their efforts in a way which could 
lead to more supportive and appealing systems. The aim of this research is to provide 
more understanding into the concept of interaction in the context of CVE and game 
design by analysing the aspects of computer-mediated interaction in multi-player games 
and other CVEs. 

1.1  Multi-player Games as Collaborative Virtual Environments 

CVEs provide a computer-generated 2-D or 3-D space within which multiple users can 
move and interact. Users who are simultaneously present within the virtual environment 
can communicate with each other. Systems may support text-based chat facilities, 
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digitised voice communications, or both. Some virtual environments also provide users 
with the ability to construct new artefacts within the virtual space (McDonough 1999). 

One of the oldest forms of CVEs is the group of text-based virtual worlds called 
Multi-user Dungeons (MUD). These worlds usually include many of the features 
available in today's graphical counterparts. The main difference is that the original MUDs 
were completely text-based, that is, every detail of the environment and actions was 
provided via textual descriptions. Based on this aspect, MUDs have strong resemblance 
to books (Bartle 1990). The main advantage of these purely text-based virtual 
environments is the almost infinite number of degrees of freedom for interactions. The 
textual commands, such as emote, can be used relatively freely to convey the messages 
and verbosely simulated actions of the participant. (Cherny 1995b.) 

However, graphical Virtual Environments (VEs) provide another means of simulating 
real world places and activities. A VE is a computer-generated simulated space with 
which an individual interacts (Witmer et al. 1996). According to Furness (2001), a virtual 
world or virtual environment is synonymous with virtual reality (VR) and is defined as 
the representation of a computer model or database in the form of a system of virtual 
images which creates an interactive 3D environment which can be experienced and/or 
manipulated by the user. 

Further definition and expansion of the term is provided by Singhal and Zyda (1999): 
A Networked Virtual Environment (Net-VE) is a software system in which multiple users 
interact with each other in real-time, even though those users may be located around the 
world. These environments aim to provide users with a sense of realism by incorporating 
realistic-looking 3D graphics and even stereo sound, to create an immersive experience. 
According to Singhal and Zyda (1999), a Net-VE is distinguished by the following five 
features: 

1. A shared sense of space (illusion of being located in the same place) 
2. A shared sense of presence (avatars of participants)  
3. A shared sense of time (real-time interaction possible) 
4. A way to communicate (various interaction methods) 
5. A way to share (dynamic environment that can be interacted with) 

 
Although there is great variation in technical features between CVEs, there are certain 

consistencies. In most of the environments available today, there are five primary 
mechanisms available for users to present themselves within the virtual environment. The 
actions available to users include names (e.g., selected on-line name), choice of avatar 
(embodiment of the user), user-constructed artefacts (objects that can be interacted with), 
motion (animation and manoeuvring in the world), and speech (text-based or audio). 
(McDonough 1999.) 

CVEs can be considered as applications and extensions of VR technologies. Riva 
(1999) defines the ‘soul’ of VR as a mental experience, which makes the user believe that 
‘he or she is there’, that he or she is present in the virtual world. When interacting with a 
VE or with other users, the user is no longer a mere observer of that which is happening 
on the screen. Instead, the user feels immersed in that world and can participate in it, in 
spite of the fact that these worlds are spaces and objects existing only in the memory of 
the computer and in the user’s mind. 
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VEs may convey information about real world places effectively because they tend to 
preserve the spatio-temporal aspects and natural modes of interaction characteristic of 
real world environments. VEs can be used to represent physical spaces which do not exist 
(e.g., game worlds) or are inaccessible in the real world, or to represent abstract or non-
physical concepts (Witmer et al. 1996). 

According to Brutzman (1998), VE and VR applications are characterised by human 
operators interacting with dynamic world models of truly realistic sophistication and 
complexity. Large-scale VEs can link hundreds of people and artificial agents with 
interactive 3D graphics, massive terrain databases, global hypermedia, and scientific data 
sets. 

Churchill et al. (2001) provide a Computer Supported Cooperative Work (CSCW) -
oriented definition of CVEs: 

"Collaborative Virtual Environments (CVEs) are online digital places and spaces 
where we can be in touch, play together and work together, even when we are 
geographically speaking, worlds apart. We can hang out, present alternative selves, 
interact with realistic and fantastic objects and carry out impossible manoeuvres. In 
CVEs we can share the experience of worlds beyond the physical." (Churchill et al.  
2001, p. xix.) 

A CVE, thus, is a computer-based, distributed, virtual space or set of places where 
people can meet and interact with others, with agents or with virtual objects. CVEs might 
vary in their representational richness from 3D graphical spaces, 2.5D and 2D 
environments, to text-based environments. Access to CVEs is by no means limited to 
desktop devices, but might well include mobile or wearable devices, public kiosks, etc. 
The definition makes it clear that although CVEs are normally associated with 3D 
graphical environments this need not necessarily always be the case. (Churchill et al.  
2001.) 

The utilisation of game engines for non-gaming activities has been done in several 
fields and various application domains. Examples of these can be found, for example, in 
the areas of architecture (building modelling and walk-throughs), learning and training 
(simulations and puzzles), real estate business (marketing and demonstrating), culture 
(museums and historical places) and social activities (discussion areas and 
constructivistic applications). One solution of utilising the Unreal (1998) game platform 
as a design, visualisation and presentation tool for commercial real estate has been 
described by Miliano (1998). The Unrealty concept enables the user to create realistic 
virtual worlds (i.e., real estate in this case) that are coupled with technology to present 
and collaborate in the same world from anywhere in the real one. In addition to the 
complex and photo realistic primary objects, the environment of the buildings can be 
modelled with various animated entities (e.g., birds, cars, people, weather, etc.). The 
Unrealty approach is, thus, a relatively holistic way of prototyping products by including 
some amount of the context in the model. In addition to the Unrealty system, the Unreal 
engine has been used, for example, as a platform for the virtual Notre Dame Cathedral 
produced by DeLeon (1999). This publicly available demonstration shows how the 
engine intended for fast-paced action games could be exploited as a cultural presentation 
tool.  
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1.2  Motivation for studying interaction forms in games and CVEs  

One of the motivational issues that needs to be addressed before venturing deeper into 
this work, is the basic question of why the multi-player games and CVEs are of interest. 
There are strong arguments originating from both camps - pro and con. The purpose of 
this work is not to preach the benefits of VE applications. Instead, this section provides 
some arguments about the aspects that make CVEs and games interesting and a beneficial 
area for researching interaction forms. 

1.2.1  Experiencing and learning through simulations 

The first motivational issue associated with CVEs is their ability to provide computer-
mediated hands-on experiences for the users. Pearce (1998) outlines the main historical 
purpose for VE systems: "The advantage of using this kind of [virtual reality] system in 
military training is that you can model various military situations and 'play them out' in a 
variety of ways, making your mistakes in the safety of your head mounted display or 
simulated cockpit. This element of 'safe danger' allows for elaborate training techniques 
in which you can crash a plane while learning to fly without actually dying - or, worse 
yet, destroying expensive equipment."  

The possibility to experience something that is impossible or dangerous in the physical 
world can be simulated with virtual environments. Weisman (1998) provides some 
insight to non-conventional experiences:  

"As we predicted, players used the Jeep simulators to dare to do what they would not 
do in real life. They jumped hills, ran over cactus, and, most often, smashed into each 
other - a demolition derby with no debris to haul away!" (Weisman 1998, p. 467.) 

Computer games seek the similar fulfilment to provide rich experiences for the 
players. Games are often designed with the same background principles as fictional 
literature and films. However, there is one major difference between these media. As 
described by Rouse (2000), games provide the players with something to interact with 
creating an experience that reacts to them as a human would, or at least in a manner 
resembling a human's reactions. But the players are always in control, and can start and 
stop playing at any time. Thus the computer game 'fakes' the interesting part of human 
interaction without all of the potential annoyances. In this way, people are able to turn to 
computer games for a dynamic and interactive experience.  

The non-linear possibilities of games can be seen as one of the most differentiating 
aspects when comparing them with other forms of media, such as hypertext. Games are 
often more like simulations; they are not static labyrinths like hypertext or literary fiction. 
The simulation aspect is a radically different alternative to the narratives, both as a 
cognitive and communicative structure. Simulations are built and executed in a bottom up 
manner. They usually are complex systems based on logical rules. (Aarseth 2001.) 

Playing is usually associated with entertainment. However, there is a significant 
learning aspect in playing and games - especially when considering children. Games in 
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early cultures served valuable purposes beyond entertainment. As children, people learn 
through playing games; simulating battle against other humans has been a vehicle for 
practising hunting and survival skills. Satisfying basic human yearnings for an arena in 
which to act out competitiveness and violence has many similarities with the content 
themes of today's arcades. (Pierce 1998.) 

In many games players learn lessons, through gameplay, that can be applied to other 
aspects of their life. This may mean that they can apply problem solving methods to their 
work, use their improved spatial skills to better arrange their furniture, or perhaps even 
learn greater empathy through game role-playing. Many players thrive on and long for 
the challenges games provide, and are enriched by the learning that follows. (Rouse 
2000.) 

1.2.2  Shared presence and representations 

According to Johnson and Leigh (2001) one of the advantages of working in an 
immersive environment is the ability to have geographically distributed participants 
sharing space with each other and the objects under discussion. This allows the 
participants to point at specific objects in the scene or set the parameters of the simulation 
to specific values to clarify what they are saying. Furthermore, it gives the users a 
common context for their discussions. Especially in situations where the language barrier 
can be a large hurdle, being able to gesture relative to the environment (pointing at the 
red box, turning your head to look at the green sphere) helps to clarify a discussion. 

"What gives real substance to face-to-face interaction in real life, beyond speech, is the 
bodily activity of the interlocutors, the way they express their feelings or thoughts 
through the use of their body, facial expressions, tone of voice, etc. Some 
psychological researchers have concluded that more than 65% of the information 
exchanged during a face-to-face interaction is expressed through non-verbal means. A 
VR system that has the ambition to approach the fullness of real-world social 
interactions and to offer its participants the possibility of achieving high-quality and 
realistic interpersonal communication must address this point; and only realistic 
embodiment makes non-verbal communication possible." (Thalmann 2001, p. 32-33.) 

Thalmann's argument for realistic embodiments is, on the one hand, relatively clear. 
But what about all the non-verbally communicating animated cartoon characters or 
mechanical puppets? They also seem to have at least a certain degree of communicative 
expressions and gestures. The importance of non-verbal communication is hard to deny, 
but the virtual environment context allows the designers to extend the traditions of the 
physical world in order to enhance the communicative features of CVEs. 

The importance of shared representations of participants is further argued by Jensen 
(2001a) who illustrates one of the unique and essential qualities of CVEs in relation to 
traditional media:  

"…the medium makes it possible to interact and communicate with other users via 
representation and thereby also to interact and communicate visually and bodily with 



 
 

21 

sign systems such as (virtual) body language, non-verbal signs, facial expressions, 
etc., in this way, for the first time in the history of the computer, making the whole 
range of interpersonal communication, face-to-face communication, non-verbal 
communication, etc., relevant and of interest to computer science." (Jensen 2001a, p. 
45.) 

CVEs and multiplayer games differ from other solitaire activities, such as, 
videogames in that they include multiple players - many or all of the participants being 
human. For example, in multi-user games the memorisation of a correct winning strategy 
is not necessarily enough. Human opponents mean that no two games are played the 
same way. Each experience is unique, and the outcome is based on the skill and creativity 
of the players (Weisman 1998). The social aspect of multi-player games can be seen as an 
excuse for people to spend time together. Within the social setting, there is often a desire 
to establish dominance over another individual or group. Dominance is established within 
a defined set of rules, via mastery of the skills that best address the rules (Pierce 1998). 
Thus, the game world tends to form an arena where social interaction takes place in 
contextually varying ways. The greatest advantage of these multi-player games is that 
they transform computer games into truly social experiences, which is one of the most 
important motivating factors for people to play games (Rouse 2000). The social presence 
demands additional skills from the players. In most of the multi-player games, social 
skills are needed, or must be developed in order to succeed (Aarseth 2001). 

In order to enable a shared presence, the games and CVEs have to immerse the user 
into the virtual space. In other words, as argued by Furness (2001), the virtual displays 
surrounding users with three-dimensional stimuli enables the users to feel a sense of 
'presence'. They feel that they are 'inhabiting' a new place instead of just looking at a 
picture on a display. 

The immersion in an inclusive virtual environment causes the participants to become a 
part of the message conveyed by the system. The original environment and presentation 
medium disappear. The participants can interact within this virtual environment using the 
same natural semantics that are used when interacting with the physical world. These 
factors empower the virtual interface as a medium with an unprecedented efficiency in 
communicating computer-generated information, making it ideal as a transportation 
system for our senses, i.e., an electronically mediated presence (Furness 2001). 

The construction of synthetic spaces and places for collaboration is not without 
problems. The relationship between action, co-ordination and the local environment has 
profound relevance on the attempts to support synchronous collaboration between 
individuals based at different locations. In developing systems to support remote 
collaboration, the attempt is to create new environments in which participants can 
produce actions within a setting which, in part, is accessible and intelligible to all 
concerned. However, once the creation of new environments is begun to enable people to 
interact and collaborate with each other, the relationship between action and the relevant 
environment is fractured. This may introduce difficulties that render even seemingly the 
most simple form of activity problematic. (Heath et al. 2001.) 

The problem of utilising virtual environments in activities that are heavily coupled 
with existing physical environments is one of the major challenges in CSCW. Media 
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spaces and CVEs demonstrate the significance of environment on action, and point to the 
shortcomings of certain approaches to interpersonal communication, language use and 
social interaction. CVEs reveal, for example, how the seemingly most trivial action, such 
as pointing at an object, involves the complex and occasioned interdependence of the 
participants' bodies, bodily orientation, bodily conduct, talk, and visible and material 
properties of a scene (Heath et al. 2001). Computer games, in general, avoid this 
problem, as most of the action occurs inside the virtual environment. The working 
environments do not always have this advantage, and, thus, they tend to be more difficult 
to satisfy with the CVE approach. 

1.2.3  Games as a driving force 

Computer games can be seen as a driving force in various fields, such as technology, 
content production and participant engagement. Games do not just entail having 
participants in virtual surroundings. Instead, they offer meaningful and motivated actions 
for the players. Actually, Stapleton (1998) suggests that audiences want to do more than 
merely experience a theme park: 

"[The audience] wants to interact, to give full rein to the imagination and emotions. It 
wants to play! With play, interaction comes naturally; you need neither a refined nor 
educated audience, nor do you have to train or motivate participants. Play is intuitive, 
self-motivated, and enthusiastic. Most of all, play is imaginative, filled with the 
fantasies and dreams of the individuals involved - the ideal frame of mind in which to 
experiment interactively." (Stapleton 1998, p. 437.) 

Computer games have their origins in competitive games that predate the harnessing 
of electricity. The traditional games - such as aboriginal hunting games, board games, 
target games, and bowling games - involved territorial skirmishes, dominance, and hand-
eye co-ordination. The fundamental compelling features remain in the arcade games of 
today (Pierce 1998). However, games have evolved into simulations of the aboriginal 
games. Go, chess and backgammon are simulated battles over territory. Aiming games, 
such as marbles and darts, have roots in spear and arrow hunting games. Games have 
become a leisure activity instead of the practice of survival skills for later on life; 
mastering a game could be an end in itself (Pierce 1998). The entertainment aspect of 
games was, thus, brought to life much later than the games themselves. Nevertheless, 
contemporary computer games exploit both the primitive features, as well as the 
compelling aspects of arts in enhancing the participant's engagement. As a matter a fact, 
Rouse (2000) suggests that: 

"The gameplay is the component of computer games which is found in no other art 
form: interactivity. A game's gameplay is the degree and nature of the interactivity that 
the game includes, i.e., how the player is able to interact with the game-world and how 
that game-world reacts to the choices the player makes." (Rouse 2000, p. xviii.) 
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The technological drive of games is evident in the extensive use of VE-related 
techniques in entertainment. At the low end, the videogames industry is continually 
pushing the boundaries of the current chip technology, both by inventing the chipsets 
needed for this type of computation and by refining the computational process to run as 
efficiently as possible. Games on the Internet are also pioneering the use of networked 
virtual environments with thousands of simultaneously active users in a shared virtual 
space. (Arnold 2001.) 

Finally, there are features in computer games that often make them different from 
professional CVEs. The challenging, adventurous, playful and exploratory aspects of 
games have been purposefully neglected by working communities. For example, Mateas 
and Lewis (1997) encountered, during their research of text-based virtual training 
environment, general feedback from their target group (usability specialists) concerning 
the playful nature of a MUD environment being inappropriate for serious work, such as 
training. They found that there is a cultural assumption that playful relationships and 
meaningful work are mutually exclusive. They predicted, however, that the line 
separating work and play will blur as mediated environments become more common. 

1.2.4  Content as important mediator 

The final motivator for this research is the significant role, and easily perceived effects, 
of content. The technological aspects are, without doubt, essential in any game and CVE, 
but the powerful utilisation of video and audio causes the games and CVEs to resemble 
films more than traditional computer systems. 

Limber (1998) claims that with the advent of VR, the creation of experiences that 
completely immerse the senses of the participant is one of the major goals. Sight, sound, 
touch, and smell can be manipulated synthetically to produce a seemingly transcendental 
effect. VR promises to change the way everything from science to art is expressed and 
perceived. However, the open question for this new medium is the same as for all forms 
of expression - what content should it express? The system itself is void without 
meaningful content. 

Games are an area in which technology is utilised directly to maximise the interaction 
of the user with the content. Content determines the direction of technological 
development and design (Earnshaw 2001). Although factual accuracy of the 
aforementioned statement could be criticised, there are numerous examples in the game 
design literature proving this very point. 

Other advantages of virtual environments include the flexibility of the application in 
simultaneously conveying three-dimensional information into several modalities, such as 
using visual and acoustic representations of an object's location and state. Multiple 
modality displays have a greater probability of reducing ambiguity in complex display 
settings, and are perhaps a more effective way of attracting attention to critical conditions 
during tasks that involve high workloads. (Furness 2001.) 

The current trend in content production and distribution is diversification of, and 
interworking between, different media types. Different forms of media can benefit one 
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another. CVEs can, for example, provide new forms of content for television, involving 
public participation in physically impossible scenarios. In turn, television can offer an 
impetus for social interaction with CVEs. (Benford et al. 2001.) 

1.2.5  Interaction design as a solution 

The aforementioned areas that motivate this research include a high amount of 
interactivity. Simulator-based experiences and learning are greatly involved in the 
interaction between the participant and the system. Shared presence and representations 
exploit various forms of interaction to convey the actions, ideas and feelings of the 
participants to each other. Computer games as an application domain is one of the most 
influential promoters of interactive applications. Finally, the core issue behind every 
interaction form is the content that is used to materialise and represent these forms. 

Higher degrees of interaction allow the complex and intuitive combination of 
interaction sequences. Enriched interaction possibilities provide participants with flexible 
ways of communicating and acting within the virtual environment. First, the availability 
of various interaction mechanisms helps participants choose the mechanisms suitable for 
their purposes. Second, the combination of different communication channels enables the 
enhancement of messages or the execution of contradicting behaviours. Third, tacit 
"knowledge" can be conveyed by enabling subconscious and intuitive actions, which are, 
however, perceivable by other participants. 

When considering games and entertainment, for example, Bowman and Hodges 
(1999) point out that the current applications within the entertainment sector do not 
usually require complex interaction between the user and the system. Although the user 
may be interacting frequently, the interactions are mostly simple in nature. However, 
within the context of multi-player games, the interactivity is greatly increased due to the 
number of human participants. Rouse (2000) states that being unpredictable makes 
humans good opponents in a game. He claims that this is one of the primary reasons why 
people enjoy playing multi-player games; a skilled person will be challenging to fight in a 
way a computer never will. However, the successful execution of unpredictability 
requires adequate support from the system. The human participants may offer enhanced 
interaction, but if they cannot execute the required interaction forms, the overall level of 
interactivity stays low. 

In the case of desktop VR (e.g., computer games and CVEs run on standard PC 
equipment), there are limited possibilities of coupling data streams to the human senses. 
Visual feed projected from the screen and audio feed played through the speakers are 
basically the only feasible options for data output, while the mouse and keyboard act as 
couplers for the input data. In relation to this, the audiovisual forms of interaction play a 
major part in the development of communicative, collaborative and co-ordinative 
systems. 

An example of the dualistic nature of richness versus realism is brought forward by 
Parisi (1998) in his description of the early days of Virtual Reality Modelling Language 
(VRML) specification. He states that in any art form, illusion is a function of richness, 
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not resolution. Creating compelling content is, thus, more a matter of skill than of 
polygon rendering. According to Parisi (1998) realism has never been a requirement for 
successful illusion. The point he made is quite relevant from the perspective of 
interaction. The attempt to replicate every detail of real world interaction is similar to 
those approaches attempting to increase resolution or bandwidth. Although there are 
several application domains requiring a high degree of realism, there is usually a need to 
maintain a certain amount of selectivity in the process of replication. The issue has been 
approached with terms such as selective fidelity (Johnston 1987, Brutzman 1998) and 
artistic selectivity (Laurel 1993). 

1.3  Research problems 

The underlying approach selected for this research is to analyse entertainment industry 
solutions (e.g., in the games domain) in order to examine their potential as providers of 
design implications for CVE systems in general. Furthermore, the games are used as 
platforms in the construction phases of the research. Based on this approach, the 
theoretical part of the work concentrates mainly on networked multi-player games. The 
starting point is the group of existing theories and models that explain the concepts of 
interaction in the context of game and CVE design. The research problems to be 
answered are as follows: 

• What interaction forms exist in multiplayer games and what are their main 
characteristics? 

• How can the understanding of possible interaction forms be applied in order to aid 
in designing of games and professionally used CVEs? 

 
The first question involves the theoretical and conceptual understanding of the concept 

of interaction forms, starting from the physical world's face-to-face interactions and 
shifting towards virtual environment interaction in multi-player games and CVEs. The 
second question tackles the application of the aforementioned understanding and 
conceptual knowledge into multi-player game and CVE design. 

The search for a solution to the first problem involves conceptual analytical research 
within the application domain. The specific aim is to delineate and categorise various 
interaction forms that can, or could, be found in games and CVEs. The second problem is 
approached with the conceptual models constructed to solve the first problem. 
Furthermore, the gap between theoretical models and practical design is bridged by using 
several empirical cases as the constructivist part of the research. 

Although the focus of this work is rather behaviouristic and mechanical, the aim is not 
to dictate interaction models that encourage, or force, the participants to mechanical 
behaviour. The behavioural phenomena are selected as the core area of this research, as 
they are relatively easily perceived, and can thus be described and further analysed. 
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1.4  Scope and limits of the research 

The focus of this thesis is on perceivable interaction forms that can, or could, be utilised 
in multi-player computer games and CVEs. Interaction forms are actions that can be 
perceived as manifestations of the user-user and user-environment interaction. These 
forms are used to convey the actions of the user to oneself, and to others. The forms 
enable awareness of actions by offering mutually perceivable visualisations and 
auralisations within the virtual environment.  

The scope of the work covers synchronous communication and interaction that 
partially resemble face-to-face encounters in the physical world. The research is limited 
to the manifestations of interaction in computer-mediated communication settings. The 
manifestations of interaction are related to the morphological behaviour of humans. 
Morphological behaviour is concerned with what the action looks, or sounds, like 
(Thórisson 1997) rather than on the direct semantic meaning. The interaction forms, or 
mechanisms, that can be perceived are, thus, within the scope of the work. Functions of 
interaction, incentives and other cognitive process are, however, out of the scope of this 
research. The selected approach contradicts the function-oriented approach described, for 
example, by Cassell (2000), as the scope of this work is on human-human and human-
environment interaction. Therefore, the bottom-up approach with a behavioural focus can 
leave the incentives and functions of the participants for their own account, and 
concentrate on the manifestations that are clearly perceivable. The working of the mind, 
while often invisible to outsiders, is, thus, out of the scope of this work. 

The issues of user interfaces and interaction techniques are not directly discussed. The 
emphasis is on all action and interaction, mediated by the computers, that can be 
perceived in games and CVEs. The cognitive aspects and user intentions are, thus, not 
studied, although they often are tightly coupled with the corresponding interaction forms. 
Furthermore, the mutually perceivable actions and behaviour have been described 
without tackling the social or cultural aspects of communication, co-ordination and 
collaboration. The point of interest, thus, is to develop a deeper understanding on the 
possibilities and effects of rich interaction in the CVE context. 

1.5  Related research 

The related research of interaction forms covers a wide area, ranging from CVE and 
game design to communication and collaboration support. This section outlines some of 
the previous research that is closely related to the line of work described in this thesis. 

According to the National Research Council report (1997), the meaning of the word 
interactivity is not yet fully explored, thus, encouraging further and deeper studies of the 
multidisciplinary approach. Furthermore, the report states that research should also 
concentrate on understanding interaction in terms of how it is defined and perceived, 
what is expected and needed, and what are the analogues, for example, in theatre, 
storytelling, improvisation, and the entertainment industry. Although the grounding 
discipline of this thesis is Information Processing Science, the interdisciplinary approach 
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is evident in the analysis of theoretical and empirical material, which draws upon a wide 
field of interaction studies and implementations. 

West and Hubbold (2001) have argued that the creation of rich environments with 
which users can interact in useful ways is an area requiring research. They argue that 
although the hardware makes it possible to display visually rich environments, the ways 
in which users can interact in those environments remain sadly  inadequate. They 
continue by stating that a major part of the problem has to do with improvements in 
software support for modelling environments in order to support richer forms of 
interaction. This indicates that there is more research to be conducted within the area of 
system design. 

Interaction, interactivity, and interactive applications have been widely studied by 
many disciplines. Still, it would seem that the entire area has not yet been covered. The 
gap between real world interaction richness and virtual environment designers has been 
noticed by several CSCW researchers (e.g., Hughes et al. 1994, Rogers 1997). The need 
for a common understanding has led to the creation of, for example, design guidelines 
and models that are meant as communication artefacts between researchers and 
practitioners. These models, however, are not very useful without the context and a 
deeper understanding of the phenomenon itself (cf., Schmidt & Bannon 1992, Robinson 
1997). 

In order to provide CVE users with a feasible way to interact, there is a need to 
consider embodied actions in remote communication, co-ordination and co-operation. 
The actions include, for example, talking, touching, drawing, looking and moving around 
in the environment. The lack of a common physical space and place enforces the 
participants to live and act by the rules and restrictions of the technical system. This often 
leads to the lack of robust and flexible options for communication. (Robertson 1997.)  

The communication option limitations, in both the quantitative and qualitative sense, 
has forced system designers to approach the problem in a top-down manner. It seems, 
however, that higher level interaction (e.g., cognitive, motivational, tacit) is difficult to 
model and pre-program in computer-mediated communication applications due to the 
complexity, quantity, and fuzziness of the phenomenon. Partially due to this, natural ways 
of interacting are still missing in many of CVEs, thus, leading to cumbersome and 
difficult- to-use systems. 

One example of the not so successful application domain is virtual shopping. The 
current shared shopping experience in cyberspace is hardly compelling and mostly 
frustrating. It is a solution in search of an uncertain market need, given the intense 
competition for consumer time and money. The 'killer use' for shared virtual 
environments is waiting to be found (Latta 1998). The major difficulties in several 
application domains may well originate from similar reasons. Fraser et al. (1999) claim 
that a basic understanding of the key problems and issues for interaction through 
distributed interfaces is critical to the eventual deployment of CVE systems in 
commercial environments. 

Rokeby (1998) provides a description relating to multimodal interfaces and highly 
complex interactions:  



 
 

28 

"I'm not advocating interfaces involving every possible sense; the literal replication of 
the whole nervous and sensing systems would be cumbersome. I'm just pointing out 
the many complex levels that exist in real flesh-to-flesh communication. We need 
effective ways to accommodate simultaneous layers of communication if our 
telecommunication is to be satisfying and richly successful." (Rokeby 1998, p. 35.)  

Following this line of thought, one essential part of interpersonal interaction is the set 
of interaction forms that convey the actions of the participant to others. Multi-user real-
time interaction is found to be an important factor for the success of a CVE. From the 
communication point-of-view, there are several examples in the literature stating that 
gestures and facial expressions play an important role in human interaction (Tromp 
1999). These forms of interaction, due to their perceptibility, offer an abundance of 
research material to be studied and analysed in search of a clearer understanding of the 
phenomenon. 

1.5.1  Interaction models and frameworks 

There are a number of models and frameworks that represent the typologies or 
taxonomies of interaction. However, many of these delineate the concept on a much 
higher level than required by the approach selected for this thesis. The higher level 
interactions include a set of cognitive processes, group dynamics and motivational 
behaviour.  

Benford and Mariani (1993) have created a spatial model of interaction that provides 
a basic set of abstractions for managing interactions in a wide range of spatial systems. 
The model is defined by the following nine key abstractions: space, objects, media, aura, 
awareness, focus, nimbus, adapters, and boundaries. In general, the spatial interaction 
model defines an object moving in virtual space, using aura, focus and nimbus to 
establish and then control interactions. The modifiable abstractions can be considered to 
act as a set of artificial characteristics of the real world, compensating, attenuating, or 
amplifying the interaction. The authors argue that the spatial model of interaction 
provides a novel and powerful set of abstractions for managing interactions in a variety of 
large-scale virtual spaces. However, the model does not imply any specific interaction 
forms that could be used, for example, to represent and execute aura, focus and nimbus.  

Robertson (1997) has constructed a taxonomy of embodied actions, which consists of 
individual embodied actions (in relation to physical objects, other bodies, and to the 
physical workspace) and group activities constituted by individual embodied actions. 
While Robertson's taxonomy does not contradict the model presented in this paper, the 
level of abstraction is different. Robertson delineates actions that describe the incentive of 
the participant (e.g., pretending to be another body and focusing group's attention). 
Furthermore, there are actions that can be presented with various interaction forms (e.g., 
doing something else, seizing the moment). The design implications raised by 
Robertson's taxonomy are, in some cases, similar to the ones implied by the interaction 
form model in this thesis. However, the design based on higher level abstractions can 
easily lead to system-driven interactions instead of user-driven ones. 
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Earnshaw (2001) describes a shared virtual activities framework which enables a 
range of scenarios to be understood within the comprehensive context of persistent 
multimedia communications environments. The framework, or the cycle of collaboration, 
defines the paths between one communication type and another, as well as the changes 
that are needed when moving from one form of communication to another. The functional 
stages in the cycle are: rehearsal, navigation, exploration, discussion, collaboration, 
persuasion and acceptance. According to Earnshaw, these are generic entities that have to 
be supported by tele- and virtual communications over a wide range of time-scales and 
life cycles, if the networked part of the everyday environment is to be as ubiquitous and 
persistent as it needs to be. 

Interaction has been studied in several fields and under several names. Action, 
communication, behaviour, manipulation, and simulation can be considered to be closely 
related to the term interaction as used in the context of this research. The modes and types 
of interaction have been presented, for example, in the areas of human-computer 
interaction (Preece 1994), affective computing (Picard 1997), autonomous agents (Maes 
et al. 1997), virtual environment design (Kaur 1998) and virtuality (NRC 1997). 
Guidelines for CVE design have been constructed and described from various aspects, 
such as collaboration (Leevers 2001), group applications (COVEN 1997), and interaction 
techniques (Bowman & Hodges 1999). Furthermore a hierarchical model of human 
actions for avatar modelling has been developed by Emering et al. (1998). All these 
models, although highly beneficial, do not provide adequate details or applicable 
solutions when considering rich interaction in CVEs. The models do provide several 
guidelines and building blocks that could be used as the basis for this work. However, 
they seem to focus on different issues than is done, for example, in the area of game 
design. 

In addition to the aforementioned previous research, there are several relevant 
contributions to the field of interaction in CVEs that need to be considered.  The work 
conducted by Benford & Mariani (1993) describes and analyses the metaphors and 
requirements of interaction. Gabbard and Hix (1997) describe a very exhaustive 
taxonomy of usability characteristics in VEs. The taxonomy consists of the complete 
chain from user to user interface to VE and then back to the user. Furthermore, the 
hierarchical task analysis for collaborative actions in CVE provided by Tromp (1998) is 
an extensive taxonomy of atomic tasks involved in collaboration between multiple users 
in CVE. All of these contributions partially overlap with the work described in this thesis, 
although the main focus is somewhat different. 

1.5.2  Non-verbal communication in CVEs 

The non-verbal communication (NVC) aspects of CVEs have been studied, for example, 
in the context of user embodiment (Benford et al. 1997), communicative behaviours 
(Vilhjálmsson & Cassell 1998), conversational interface agents (Cassell 2000), and 
realistically expressing avatars (Thalmann 2001). Each of these approaches can be seen 
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as a potential solution for interpersonal interaction. However, as stated by Heath et al. 
(2001):  

"It has long been suggested that system designers might benefit from a more thorough 
understanding of what is known about groups and interpersonal communication. 
Unfortunately however, the dominant models and theories of interpretation and 
communication still tend to emphasise talk and non-verbal communication and largely 
disregard the ways in which action is embedded within its immediate environment." 
(Heath et al. 2001, p. 120.) 

Masterson (1996), in his study of NVC in text-based virtual environments, has 
described the forms and functions of NVC categories. The work conducted by Masterson 
is highly relevant to this research, as it provides a clear example of using a 
communication model as a framework for analysis. Within the same application domain, 
Cherny (1995b) has categorised the main types of interaction forms available to MUD 
users. Commands, such as 'say', 'emote', and various programmed functions, provide the 
textual counterparts of face-to-face communication. In particular, 'emote' enables the 
simulation of most of the NVC forms by using textual descriptions. 'Emote' can also be 
used to portray feelings, states of mind, and other non-perceivable actions of the user. The 
focus of the aforementioned researchers is on textual environments, and that limits the 
results in relation to this research. 

Allbeck & Badler (2001) have summarised the channels of NVC in the context of 
embodied agents. Although their starting point originates from a communications 
background, the main focus of their work is on describing cognitive processes that can be 
used to co-ordinate the channels of communication and create consistent behaviour for 
autonomous agents. Their categorisation of the non-verbal channel differs from the ones 
provided by other authors referred to in Chapter 2.  

Thalmann (2001) has studied NVC in the context of realistic avatars. He has argued 
for the need of NVC support in shared virtual environments. He emphasises postures and 
their indications on what people are feeling, claiming that NVC is essential in driving 
interaction between people, with or without contact. 

Vilhjálmsson & Cassell (1998) have designed and developed a system that supports 
NVC by modelling and animating the subtle and involuntary cues that exist in face-to-
face communication. Their focus, however, was on gaze and communicative facial 
expressions. The elaborate articulation required for human body animation forced them to 
exclude gestures and body posture from the scope of their research, although they agree 
on the importance of these. 

1.5.3  Related research areas 

In addition to the aforementioned focused research areas, this work draws upon the 
theories and practices of several inter-disciplinary research areas. The main areas of 
research that have contributed to this work are briefly introduced in this section. 
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Human-Computer Interaction (HCI) is the study of how people interact with 
computers and to what extent computers are or are not developed for successful 
interaction with human beings. Much of the theoretical framework of HCI originates 
from cognitive psychology. One relevant theory, when considering interaction issues, is 
Norman’s (1986) theory of action. His theory expresses human task performance from a 
cognitive engineering perspective - the path from goals to intentions to actions (inputs to 
the computer), and back to perception and interpretation of the feedback to evaluation of 
whether the intentions and goals were approached or met. 

The work conducted in the Management Information Systems (MIS) area has 
provided a number of theories and applications that include the aspect of interactivity 
inside an environment. For example, a group support system (GSS) is a set of techniques, 
software, and technology designed to focus and enhance the communication, 
deliberations and decision making of groups. Currently, one of the major problems of 
these systems is the lack of techniques to handle the need for directional changes in the 
distributed mode. This problem occurs because there are no gestures, no eye-contact, no 
body language, no pointing, no rolling of eyes, and no handshake or pat on the back to 
signal when to shift gears. These non-verbal cues and other components of body language 
that encourage engagement in a social interaction situation, such as in a meeting, are 
absent in existing distributed meeting systems (Nunamaker 1997). 

The research area of Computer Supported Cooperative Work involves workplace 
studies and designing computer support for groupwork (Hughes et al. 1994, Harper et al. 
1991). The main focus is often on physical workplaces, and thus, the application of 
purely virtual environments is not usually successful (Büscher et al. 2001a). However, 
the observations and detailed ethnographical accounts of interpersonal interactions in 
group settings (Rogers 1997) are beneficial for this thesis. The interaction forms existing 
in the physical world may not be ideal for the virtual environment (Thomas 2001), but the 
basic conceptual analysis can take these into account when categorising the forms. 

CSCW research has spawned a specific area of work that concentrates on CVEs 
(Churchill et al. 2001). The focus of CVE researchers is mainly on distributed systems 
design with the aid of reference disciplines found within the field of CSCW. The most 
influential related research, in relation to this thesis, has been conducted at the University 
of Nottingham (Benford et al. 2001, Fraser et al. 1999, Tromp & Snowdon 1997), the 
Swedish Institute of Computer Science (Bullock et al. 2001) and the University College of 
London (Slater et al. 2000). 

Aspects of virtual reality and virtual reality applications have been mainly studied 
from the technological and physiological point of view (Kalawsky 1993). Furness (2001) 
claims that, at least in theory, virtual interfaces attempt to couple data streams to the 
senses ideally, and afford intuitive and natural interaction with the content they present. 
The central key to the concept of virtual reality is that of sensory immersion within a 3D 
interactive environment. VR research tackles the issues of multi-modal interfaces that 
utilise all the possible human senses (Stuart 2001) by applying various technologies, such 
as tactile and force feedback devices, to the interface (Burdea 1996). In addition to these, 
there exists a body of literature describing the psychological issues related to VR (Riva 
1999). 
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In relation to VR, a research and design area, which applies virtual reality techniques 
to product conceptualisation and visualisation also exists. Virtual Reality Prototyping 
(VRP) is a process by which a product or a product concept, its behaviour and usage are 
simulated as realistically as possible using computer models and virtual reality 
techniques. The result of the process, the Virtual Reality Prototype, is thus a simulation of 
a target object aimed with an adequate degree of realism that is comparable with the 
physical and logical functionality and the appearance of a possible real object, achieved 
by combining different simulation models (Haug et al. 1993). However, an important 
aspect, not directly discussed within this field, is the prototyping of the functional 
environment, or the context, in which the product is supposed to be used. 

The area of simulation and modelling is the active study and design of more realistic 
and communicative human models. The work conducted, for example, by Thalmann 
(2001), Capin et al. (1998), Emering et al. (1998), Guye-Vuilleme et al. (1999), and 
Pandzic et al. (1995) concentrates mainly on the issues of realism in human models, so 
the scope is limited to avatars, and, therefore, the additional issues of interaction are not 
widely covered. A similar line of work, but with its focus on synthetic characters such as 
autonomous agents, has been conducted by, for example, Blumberg (1997), Maes et al. 
(1997), Thórisson (1997), and Cassell and Vilhjálmsson (1999). 

The conceptual aspects of interaction forms presented in this thesis follow the studies 
of non-verbal communication in the physical world face-to-face encounters. The area of 
communication studies has long traditions and a number of established theories about 
communication forms that exist in interaction situations. Scholars, such as Argyle (1975), 
Burgoon & Ruffner (1978) and Fiske (1982) have constructed models of non-verbal 
communication forms. The models focus on human behaviour in a physical environment 
and, thus, many of the issues important in CVEs are not discussed. However, 
communication processes form a large portion of interpersonal interaction, which, in turn, 
make communication studies an important area of related research for this work.  

The aspects of drama, theatre, storytelling and interactive fiction have been studied 
and discussed in various areas of research. Traditional film studies tackle the issues of 
films, film-making and analysis. Film production and related techniques, such as, mise-
en-scene, cinematography and sound are discussed in art, media and technology points-
of-view (Bordwell & Thompson 2001). The narrative aspects of drama and interactive 
stories have been studied, for example, by Laurel (1993), Murray (1997) and Ryan 
(2001). These areas of research consider issues of interaction and they lay a heavy 
emphasis on the forms of interaction.   

Finally, there exists an increasing body of literature related to theories and practices of 
game analysis, design and development. Game-related phenomena have been studied 
and approached from a number of viewpoints. Researchers have tackled the subject in 
Literature, Anthropology, Sociology, Narratology, Semiotics, Aesthetics and Film Studies 
(Aarseth 2001). Still, the anatomy and design of games has mainly been left to the 
practitioners of the application domain (cf. Crawford 1982, Rouse 2000, Rollings & 
Morris 2001, Bates 2001, Saltzman 2000). Clanton (2000) has claimed that the design 
communities of collaborative virtual environments (i.e., consisting mainly of researchers) 
and game developers (i.e., the industry) have complementary skills but rarely mingle and 
have little awareness of one another. However, in recent years, academic forums have 
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started to discuss issues related to games and game design. The academic world has 
slowly realised the potential for research in the games domain. Also, the practitioner 
community has raised the need to co-operate with the well-established academic forums, 
such as the HCI. (Clanton 2000.) 

1.6  Contribution and results 

The significance of this research is related to the increasingly important role of CVEs in 
global organisations and virtual enterprises (geographically dispersed teams), as well as 
in the everyday life of people (virtual communities, entertainment). The communicational 
and functional enhancements of the virtual environments and multi-player games make 
the interpersonal interaction more usable and applicable in computer mediated settings. 
The benefits of the research can be listed as follows: 

− A deeper understanding of the concept of interaction forms in the context of CVEs 
and multi-player games, 

− More supportive, appealing and communicative applications by applying 
interaction models and theories in the form of rich interaction design guidelines. 

 
The contribution of this research relates to the conceptual model of interaction forms 

and the corresponding understanding of the phenomenon. The results reveal important 
and neglected aspects of interaction forms to the world of game and virtual environment 
designers. Combined with the descriptions of interaction design processes, both 
theoretical and empirical, the overall outcome of the work is applicable to a wide 
audience designing or using computer systems that support communication, co-ordination 
and collaboration. The major contributions of this research are described in Table 1. 

 
Table 1. List of contributions, their significance, outcome and the form of contribution. 

Contribution Significance and outcome Form 
Rich Interaction Model 
(RIM) describing the 
concepts interaction 
forms  

• illustrates the typology and relations of the 
forms of interaction 

• provides a framework for analyses and 
heuristic evaluations of CVEs 

• guides the design of CVEs to consider all 
possible interaction forms 

Hierarchical Interaction 
Model (HIM) 

• supports bottom-up interaction design and 
implementation 

• guides the design of CVEs to support 
enriched interaction 

• together with RIM enables the flexible 
combination of various interaction forms 

Models 
(Analysis & 
Taxonomy) 
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Contextual Virtual 
Reality Prototyping 
approach (CVRP) 

• demonstrates the contextual nature of 
interaction 

• provides an approach to design and 
evaluate physically non-existing products 
and concepts 

Two-layered rich 
interaction design 
process and content-
oriented approach 

• design and development process that 
allows creative and conceptually grounded 
interaction design 

Design 
processes 
and 
approaches 

Rich interaction design 
heuristics and design 
case descriptions  

• bridges theoretical issues and practical 
design 

• provides suggestions for rich interaction 
design 

Utilisation of virtual 
environment video 
footage in analysis and 
concept dissemination 

• descriptions of how to film inside virtual 
environments 

• examples of concept dissemination from 
quasi-experiments to showcase video 
trailers 
 

Application of dynamic 
game-like 
experimenting 
platforms 

• saves prototyping and experiment 
construction time 

• allows the team to focus on relevant issues 

Design 
heuristics, 
guidelines 
and 
descriptions 

 
One of the major limitations concerning the usefulness and applicability of the results 

is the novelty and open ended nature of the research area. With the many aspects and 
issues revolving around interaction, it is critical to ask whether the selected methods can 
be used to actually find and develop a new understanding of interaction. The 
psychological and cognitive issues may well be significant enough to render the results of 
this work too narrow and shallow. 

However, the reference discipline, i.e., Information Processing Science, behind this 
research directs the focus to concrete and perceivable issues. While the selected approach 
cannot cover all areas of scientific thought, the framework for analysis provides a toolbox 
for better design. The research aims at contributing to the area of CVE and game design 
by providing theoretical and practical implications that can be used to improve the 
communicative, collaborative and constructive aspects of networked virtual 
environments. 

1.7  Organisation of the thesis 

The overall thesis structure follows the format of compilation of publications. It consists 
of introductory and summarising core of sections that emphasises the theoretical and 
conceptual aspects of the research. Furthermore, there are 6 original publications that 
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focus on the empirical and experimental part of the research. In order to follow the 
guidelines set for this type of formatting, the contents of the publications are not 
systematically reproduced within the main part of the thesis. In order to enhance the 
readability, the corresponding sections of publications are illustrated when their contents 
are discussed within the first part of the thesis. 

The first part of the thesis is organised into 7 chapters. Chapter 2 outlines the selected 
research approach by describing the analytical framework and research methods and 
processes. The research setting is illustrated, and the chapter presents the concept 
modelling method, as well as the corresponding theories, used in building the interaction 
model. 

Chapter 3 describes the findings from theoretical and empirical literature. The chapter 
starts by delineating the concept of interaction. It further analyses various aspects of 
interaction and provides examples from games and science fiction. In addition, it 
summarises and brings forward some of the design implications based on the literature. 

Chapter 4 forms the main portion of the empirical part of this thesis. It describes the 
constructs that have been built as part of this research. The constructs include conceptual 
models of interaction, application demonstrations, CVE prototypes and design guidelines, 
or heuristics, for rich interaction design. 

Chapter 5 offers evaluation and analysis of the selected approach and corresponding 
findings. Chapter 6 summarises the results of the thesis and outlines the main conclusions 
based on the results. Finally, Chapter 7 proposes areas and problems for further research 
within the field of this thesis.  

The second part of the thesis consists of six original publications organised into a 
chronological order. Corresponding parts of the publications are referred to within the 
text. 



 

2 Research approach 

The starting point for this research was the need to understand what the concept of 
interaction forms includes in the context of multi-player games and CVEs. However, 
purely analytical research does not necessarily yield validated implications for design, so 
the research contained a constructive empirical part in which the concepts of interaction 
were brought to practice. While the conceptual analytical phase of the research aimed at 
describing and defining the forms of interaction in an explicit manner, the experiments 
aimed to demonstrate the validity and applicability of the concepts. 

According to Fraser et al. (1999), there have been relatively few studies of the ways in 
which CVEs support and enable interaction between users. The analyses that have been 
conducted indicate that the application of qualitative studies has been particularly 
successful in providing information for the design of CVEs. Based on this notion, this 
research provided an understanding on interaction as a phenomenon by utilising the 
theory of Non-verbal Communication Channels (Burgoon & Ruffner 1978, Fiske 1982, 
Argyle 1972) and Taxonomy of Embodied Actions (Robertson 1997) as initial 
frameworks for qualitatively analysing and evaluating the theoretical and empirical 
material collected from the literature and field research.  

 The overall approach of this research was to search and formulate the lessons learnt in 
one community and to provide these to another community. From the empirical point of 
view, the producing communities were the games and film industries. The heuristics and 
practical solutions utilised within these industries were used in creating the empirical 
constructs. From the theoretical point of view, communication research was utilised. The 
theories of non-verbal communication were applied in solidifying the concept models and 
in supporting them with incremental contributions. The application community, in this 
case, included people designing and developing multi-player games and professionally 
used CVEs. The aim was, thus, to contribute to CVE design by offering an insight to the 
games design and also to contribute to game industry by providing theoretically 
supported solutions drawing on the extensive research in the areas of communication, 
virtual environments and film. The following sections describe the details of the research 
approach.  
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2.1  Research framework 

The conceptual framework for the analysis was the model of non-verbal communication 
forms that had been constructed from the literature on communication by combining the 
models of several authors. The categories had been put together based on related aspects, 
and the corresponding authors of individual forms had been identified. Literature on 
communication had variations in the form categories in terms of quantity and definitions, 
so this presentation aimed at combining several existing models. The non-verbal 
communication model was further extended based on the analysis of the concept of 
interaction. A detailed description of the framework can be found in Chapter 5.1.2. 

The theoretical concept model of interaction forms was constructed from the non-
verbal communication channels combined with verbal communication. This model was 
the theoretical framework for further analysis. It also served as the basic starting point for 
building the final concept model of interaction forms. The limitations of the non-verbal 
communication model were identified and the model was adapted to the context of CVEs 
by adding related categories and sub-classes to the theoretical model. The basic approach 
followed the research conducted by Masterson (1996) in his study of non-verbal 
communication in text-based virtual environments. 

2.2  Research methods 

The answers to the research questions were searched for through conceptual-analytical 
and constructivist approaches. The research methods were qualitative. The research 
approach followed the iterative cycle of analysis-construction-evaluation. The analysis 
was based on the findings of theoretical literature as well as on empirical data. 

The conceptual-analytical method included analysing the basic assumptions behind 
constructs, identifying theories, models and frameworks, and application of logical 
reasoning (Järvinen 1999). Constructive method of building a new artefact strived for 
utility aspects and applied a particular development model. The constructive research is 
applied research, but instead of a final product it is possible to accept a prototype or even 
a plan as a construct. (Järvinen 1999.)  

During the data collection, the end-users were interviewed using semi-structured 
interviews, and game-playing sessions were observed using the ethnographical approach. 
Furthermore, heuristic evaluation was applied to a set of games. The main objective of 
these interviews, observations and evaluations was to formulate tentative taxonomies and 
models of interaction. The resulting conceptual models (or theory) were then used to 
design and create the constructs. The constructs are specific artefacts (e.g., system 
prototypes or demonstrations) or design implications that could be used in building these. 
The constructs were then tried out, reviewed and analysed against the framework in the 
evaluation phase. The evaluation data was collected in the form of a video from the 
quasi-experiments conducted with the constructed systems.  
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2.3  Research process 

The research approach followed the iterative cycle of analysis-construction-evaluation. 
The analysis was made from the theoretical background consisting of literature and 
descriptions of empirical findings. The resulting conceptual model (or theory) was then 
used to design and create the constructs. The constructs were specific artefacts (e.g., 
system prototypes or demonstrations) or design implications that could be used in 
building these. The constructs were then tried-out and reviewed in the evaluation phase. 
The cycle itself could be partially or fully iterative, so there could be several repetitions. 
Figure 1 illustrates the research process and the corresponding research phases. The cycle 
itself could be partially or fully iterative, so there could be several repetitions, i.e., the 
feedback from evaluation was further analysed before creating new constructs. 
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 Figure 1. Outline of research process and corresponding phases. 

2.3.1  Analysis phase 

The analysis phase contained both the theoretical and the empirical analysis of the 
problem. The theoretical part was based on the survey of scientific publications and it 
resulted in a conceptual understanding of the problem. The empirical part was focused on 
the contexts (outer and inner) and was mainly based on non-scientific publications, case 
studies, interviews and observations of the field in question. 
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The first starting point was the group of existing theories and models that explained 
the concepts of interaction in the context of game and CVE design. These included both 
the taxonomies of interaction as well as the design guidelines for interactive systems. The 
second point was the group of existing games and CVEs. A set of applications from both 
fields was studied in order to find the existing components and designs of interaction. 

The consideration of analysis was also targeted to the design process itself. The 
general understanding of existing interaction design approaches were expected to reveal 
potential drawbacks and areas of further development. If there were no applicable 
processes, this research aimed at developing one. 

In order to lay a solid foundation for the conceptual areas of the work, the theoretical 
part includes a discussion about the construction of concept models and corresponding 
theories. This knowledge was utilised in creating the concept models of interaction. The 
tasks involved in the analysis phase included the following: 

• Literature survey of the concept of interaction in games and CVEs 
• Game and CVE research including design and use perspectives from theoretical 

and empirical sources 
• Observation of real world gaming sessions (videotapes) 
• Science fiction (movies and books) as an additional perspective and empirical 

material for concept creation 
• Use of existing theoretical framework as a tool for analysis  
• Preliminary construction of concept models and theories based on the analysis 

2.3.2  Construction phase 

The construction phase of the work is the constructive part of the research and consists of 
several cases, which include the creation of various constructs (conceptual models, 
guidelines, design processes and prototypes) that demonstrate related aspects of the 
concept. The results of this phase are man-made artefacts that have been created based on 
the theoretical understanding gained during analysis. The important part of the work is 
the construction process itself, which is also documented. The relevant literature for this 
phase includes books and articles on experimenting and experiments. 

The individual models and experiments that were built during the construction phase 
were as follows: 

1. Rich interaction concept model 
2. Hierarchical interaction model 
3. Design guidelines for rich interaction design  
4. ConsoleDemo – Contextual Virtual Reality Prototyping (design case experiment) 
5. Tuppi3D – Enriching interaction through non-verbal communication support and 

environmental aspects (design case experiment) 
6. TeamGame – Collaborative aspects of interaction, such as group dynamics, 

communication, co-ordination and co-operation (design case experiment) 
7. Virtual LARP – Communication and enactment aspects of interaction (design 

case experiment) 
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2.3.3  Evaluation phase 

The evaluation phase of the research cycle provided a deeper insight to the constructs by 
describing, reviewing, evaluating and analysing the relevant aspects that affected the 
usefulness and applicability of the concept models. The main idea was not to have 
quantitative measurements concerning the constructs, but to get feedback to the 
theoretical models instead. The evaluation tasks included the following: 

• Comparison of interactions to the real world use sessions (videotaped material) 
• Heuristical evaluation of the constructs and qualitative descriptions of the 

experiments 
• Evaluation of the rich interaction design processes and guidelines 
• Interaction analysis of Tuppi3D game session 
• ConsoleDemo and Tuppi3D as part of rich interaction design process 
• Virtual LARP as final experiment about the applicability of the models. 

2.4  Construction of concept models and theories 

In order to lay a solid foundation for the conceptual areas of the work, the theoretical part 
included discussion about the construction of concept models and corresponding theories. 
This knowledge was utilised in creating the concept models of interaction. 

This section describes the theoretical background of concept models and their 
construction. The main reason for conceptual analysis and modelling was to provide a 
clearer picture of the phenomenon in question. Furthermore, the relations between 
individual concepts provided deeper insight into the various categories, or areas, visible 
with the aid of the models. 

Concepts are tools for distinguishing items and grouping them. Concepts enable 
performing conceptual and empirical analyses and syntheses (Järvinen 1999). According 
to Bunge (1967) class concepts include monadic predicates like properties which 
determine concepts referring to classes of objects and entities. By classification, the 
elements of a phenomenon can be divided into classes or groups. One of the principles of 
correct classification is that the characters or properties chosen for performing the 
grouping should be stuck to throughout the work. Another rule of correct classification is 
that the subsets of the same hierarchical ran should be exhaustive and pairwise disjointed. 
The third rule states that the various classifications of one and the same universe of 
discourse should be coincident. In summary, a classification should remain permanent, 
should cover the whole area, should be pairwise disjointed, and should be natural. 

The theory, or model, building process can be deductive or inductive. Derivation of a 
theory from axioms or assumptions is an example of the deductive approach. It is also 
possible to combine several models into an integrated model. Furthermore, moving the 
theory from one discipline to another is allowed. In inductive research, a theory is derived 
from empirical generalisations or by interpreting old results in a new way. A new theory 
can also be built by adding a new concept or relation to the previous theory, or by 
deleting an old concept or relation from the previous theory. (Järvinen 1999.)  
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The conceptual analysis conducted in this research used the satellite model as one of 
the tools to illustrate the concept of interaction forms in CVE. The satellite model is part 
of the terminological concept analysis research method originally developed by 
Nuopponen (1994). Although the aim of this research was not to offer a complete 
terminological analysis of the phenomenon, the modelling tools offered a logical way of 
demonstrating the results of the conceptual analysis. 

The satellite model was used to limit the whole and to seek aspects that could be 
selected for further and more detailed discussion. The satellite model had some 
resemblance to the mind map used as tool for brainstorming and idea generation. Both of 
these structures evolve around associations and their structure is relatively loose. The 
mind map is used to enhance the thinking process and to produce as many ideas as 
possible for further focusing. The satellite model, on the other hand, is mainly used for 
purposeful working, to keep the whole as consistent as possible, and to prevent side 
tracking (Nuopponen 1994). Figure 2 depicts an example of the structure and layout of 
the satellite model. 

The satellite model was constructed in a way that all the concepts belonging to the 
topic under analysis was drawn into one picture. The modelling was started from the 
central concept, central node, which in turn spawned concepts (satellites or nodes) that 
belonged to the central node. The nodes could be described up until all of the concepts 
were included in the model (Nuopponen 1994). 
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Figure 2. Satellite model (Nuopponen 1994). 

 
However, the satellite model is never ready in a restricted sense. There can be new 

sub-concepts to be added, or the relations between sub-concepts can be modified 
according to the focus. The aim of the model, in this research, was not to act as an 
explicit construct showing all the necessary details in terms of interaction forms. The 
main contribution of the model was the understanding towards the concept itself, and also 
towards the work conducted. 
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2.5  Research setting 

The major portion of the research described in this has been conducted within an 
Academy of Finland funded Infotech VIRGIN (Virtual Reality and Hypermedia in Future 
Telecommunication Products and Services) research group which concentrates on aspects 
of virtual reality techniques and virtual prototyping. The role of this author, in this 
context, was the operative co-ordinator. The VIRGIN group provided funding and peer 
support for the practical aspects of this research. 

The research has been made possible by two research projects. The first was the 
Academy of Finland funded PAULA (Personal Access and User interface for Multimodal 
Broadband Telecommunication) project, which was collaborative effort with University 
of Oulu, VTT Electronics, Helsinki University of Technology and Tampere University of 
Technology during 1999-2001. The focus of this research was, at the time, mainly on 
conceptual issues and establishing the research framework. The role of this author in the 
project was researcher and the main interaction between this author and other project 
personnel was in the level of discussion in terms of the research framework and goals. 

The major portion of the empirical work was conducted within the TEKES funded 
MONICA (Development of Production Facilities of the Value-Added Services in 
Distributed Environments) project, which was collaborative effort of the University of 
Oulu, VTT Electronics and several industrial partners during 1999-2002. The 
ConsoleDemo, Tuppi3D and TeamGame constructs were built as part of the project. The 
scope of the work covered observations and surveys of existing games and CVEs, as well 
as experimenting with rich interaction design approaches. The role of this author in the 
project was as the work package leader responsible for rich interaction design 
experiments and managing a group of part time research assistants. The MONICA project 
members provided requirements and target specifications for this research. 

The system prototypes and experiments illustrated in this thesis have been 
implemented by the group of research assistants working under the guidance and 
direction of the author. Lead design, conceptual modelling, evaluation and validation 
were the main responsibilities of the author, while many of the specific implementation 
issues were left in the hands of the research group members. The main roles and areas of 
expertise of assistants included, for example, 3D modelling and animation, programming, 
script writing and graphical design. The assistants also participated to a large extend in 
the system configuration, data collection and other daily research activities. 

 
 



 

3 Theoretical and empirical analysis of interaction in games 
and CVEs 

The theoretical background of the concept of interaction in the context of CVEs and 
games is described and discussed in this section. Furthermore, the following sections 
contain the theoretical analysis of the research problem. The theoretical part is based on 
the scientific publications and it results in a conceptual understanding of the problem. 
The starting point is the group of existing theories and models that explain the concepts 
of interaction in the context of game and CVE design. These include both the taxonomies 
of interaction as well as the design guidelines for interactive systems. The related 
literature from both fields is studied in order to find the existing components and designs 
of interaction. 

This chapter contains a relatively wide variety of concepts and issues revolving 
around the concept of interaction in CVEs. The discussion of these issues is divided into 
sub-sections, each concentrating on a more specific area of the phenomenon. First, 
however, the concept of interaction is delineated in Chapter 3.1 from the behavioural, 
communicational and technical perspectives. The issues increasing the level of interaction 
are outlined based on the examples from the literature. Chapter 3.2 includes a discussion 
of various aspects of interaction which construe the concept of interaction forms. 

3.1  Concept of interaction  

While the concept of interaction is way too large to be exhaustively tackled within this 
dissertation, there are some characteristics and background information that have to be 
brought forward before discussing the numerous aspects of interaction. 

First, the formulation of the concept of interaction is based on the reciprocal action 
between two or more entities. Second, the communicative and social nature of human 
interaction is discussed and a model of non-verbal communication forms is outlined. 
Third, by exploring the main attributes of the phenomenon, the concept of interaction is 
discussed in the light of characteristics that increase the level of interaction. 
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3.1.1  Definition of interaction 

The definition of interaction differs according to the research domain. Behavioural 
sciences and educational sciences use the word quite differently than it is used in the 
areas of engineering and information processing sciences. In order to establish more solid 
ground for this research, interaction has to be defined within the context of this work. 
This section provides definitions of interaction found from the related literature. Table 2 
illustrates the definitions and roles of interaction that have been used as a base for this 
work.  

The dictionary definition of interaction relates to the base word interact. Collins  
dictionary (Sinclair 1995) identifies three categories of interaction. 1) When people 
interact with each other, they communicate as they work or spend time together, 2) when 
people interact with other machines, information or instructions are exchanged, 3) when 
one thing interacts with another, the two things affect each other's behaviour or condition. 
Interaction, thus, is the process or situation where two or more entities have contact with 
each other. 

 
Table 2. Definition and roles of interaction in relation to communication process. 

Definition or role of interaction Source 
Interaction process enables communication, but interacting with 
something does not necessarily lead to communication (e.g., 
behaviours are enacted via actions whether they are intended for 
communication or not) 

(Wiio 1996, 
Burgoon & 
Ruffner 1978, 
Bogh Andersen & 
Callesen 2001) 

Communication is a global system in which participants construct 
and represent meaning by using and interpreting not only textual 
or audio words, but also artefacts, embodiments, intonation, 
gesture, posture, attitude and the space between them.  

(Riva & 
Calimberti 2001, 
Churchill et al. 
2001) 

Acts of communication use presentational media, such as the 
voice, the face and the body, to transmit the message from sender 
to receiver. 

(Fiske 1982) 

Interactivity is the extent to which the user feels convinced of the 
mutual effect that he or she and the environment have on one 
another. 

(Nunamaker, 
1997,   
Jensen 2001b) 

Interactivity is enabled by "branching games" where the player 
experiences short, linear story segments while having an amount 
of pre-defined selection points. 

(Joiner 1998) 

Interaction in the informatics sense refers to the process that takes 
place when a human user operates a machine. 

(Jensen 2001b) 

Interaction techniques are used to map the user input captured by 
the devices, such as the positions of body parts and hand gestures, 
into the corresponding control actions and commands. 

(Poupyrev & 
Ichikawa 1999) 

Interaction mechanisms are intended to be free of semantic 
meaning. Mechanisms are intended to support the development of 

(Bullock et al. 
1993) 
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rules, social conventions and evolution of the system 
Interaction metaphors are associative symbols or analogues 
which describe the human-computer interaction by referring to 
tools, methods, or processes used in non-computer activities. 

(Johnson et al. 
1989) 

Interaction forms are representations of interactions. (Masterson 1996) 
Spatial interaction entails interaction between a user and the 
environment. It involves the use of information that reflects both 
spatial and temporal changes of the relative environment. 

(Wann & Mon-
Williams 1996) 

Virtual interaction extends the social situations to cover people 
who are geographically distributed without any immediate 
physical proximity. The interaction itself is mediated and only the 
people's representations, or the avatars, share physical proximity. 

(Jensen 2001b) 

The interface is a world in which users act and find their ways, 
and within which they interact with others, represented by 
avatars. 

(Qvortrup 2001) 

Interaction refers to the extent to which the interaction between 
participant and environment logically follows the laws that 
govern the environment. 
 

(Zeltzer 1992) 

Interaction implies minimal latency, a sense of presence, and the 
ability to both access and modify content. 

(Brutzman, 1998) 

 
 
The word interaction is mainly related to communication. Wiio (1996) divides 

communication into three dimensions: 1) the social dimension, i.e., communication is an 
interaction process; 2) the factual dimension, i.e., communication is a process of 
manipulation of facts; 3) the time dimension, i.e., communication is a process of 
structural change. 

Burgoon & Ruffner (1978) provide one view to communication by defining the 
relations between communication and intent. He illustrates one category of actions as 
behaviour with no intentions to communicate and no perception of those intentions. The 
interpersonal nature is, thus, considered as prerequisite for the communication process 
but not necessarily for the interaction process such as, for example, opening a door. 

All of the aforementioned communication types are of relevance when considering 
the interaction research described in this thesis. The behavioural nature of actions can be 
as significant as interpersonal communication. A number of tasks and activities included 
in virtual environments are not intended, or used, as communicational tools. Bogh 
Andersen and Callesen (2001) define behaviours as classified and segmented parts of a 
continuous flow of actions. Behaviours are enacted via actions, and they have discrete 
and continuous aspects. Not all behaviours are normally used to signify something, but 
almost all behaviour can be signified. For example, if a participant is checking her 
location in a virtual environment by looking at the map, there is not necessarily any 
communicational aspect in the action. If the action itself is represented to other 
participants, there might occur a form of non-intended communication in terms of the 
other participant thinking that the person is lost or on the way to somewhere. 
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Riva and Calmiberti (2001) describe a form of communication that is categorised as a 
psychosociological model which regards communication as a psychosocial as well as 
linguistic relationship. Communication is, therefore, seen as a global system in which 
participants construct meaning by using and interpreting not only words, but also 
intonation, gesture, posture, attitude and the space between them. This model thus takes 
into account the aspects of human nature, and by doing so, differentiates from the parcel-
post model of Shannon and Weaver (1949). This sequential model defines communication 
as the transfer of information (message) from a transmitter (source) to a receiver in the 
form of a signal, which can be affected by disturbance (noise).  

The aforementioned communication theories describe the nature of communication 
and the role of interaction in these processes. However, a somewhat focused approach 
would be adequate when considering the work described in this thesis because a clear 
definition of interaction is not unambiguous. There are hundreds of different definitions 
for communication (Wiio 1996). Interaction, being closely related to communication, also 
has numerous definitions. In order to reduce the ambiguity in the focus, scope and limits 
of the term, the following text illustrates a set of definitions which contribute towards the 
concept of interaction. 

Interactivity is the extent to which the user feels convinced of the mutual effect that he 
or she and the environment have on one another. Better interactivity produces a more 
pleasing, better-controlled interaction with the virtual environment (Nunamaker 1997). 
In other words, the concept of interactivity is a measure of a medium's potential ability 
to let the user exert an influence on the content and/or form of the mediated 
communication (Jensen 2001a). An alternative definition is provided by Joiner (1998) 
who describes interactivity enabled by "branching games". In this type of game the 
player experiences short, linear story segments. At the end of each segment are a small 
number of choices, each leading to a new linear segment, which leads to further 
choices, and so on. The pathways can converge, diverge, or, loop back on themselves 
again. 

"Being interactive means that when you do something, it changes what happens next. 
An interactive experience mimics the responsive nature of a real-world experience - 
namely, that your actions produce results. You can change the world (a little part of it, 
at least) by reaching out and manipulating something. In a videogame, the world that 
is changed by your actions is a virtual world - a simulated world maintained in the 
memory of a computer. You act through an input device such as a joystick, and you see 
the results of your actions in the simulated world through the game's display screen." 
(Robinett 1998, p. 332.) 

According to Jensen (2001b) interaction in the informatics sense refers to the process 
that takes place when a human user operates a machine. Based on this definition the 
concept of interaction does not cover communication between two people mediated by a 
machine. The mediated process is often referred to as computer-mediated communication 
(CMC). In addition, the whole communication process can be even more complex if 
CSCW systems that include people, machines and artefacts are considered. 
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The boundaries of communication and interaction have been tried and questioned in 
the context of CVEs, for example, by Churchill et al. (2001) who introduce and illustrate 
the communicative aspects of CVE: "By communication we do not just mean text or 
audio conversations, but we also wish to consider how artefacts and embodiments are 
also an essential aspect of communication, and thus how the representation of people and 
artefacts such as documents and tools within CVEs can facilitate communication." The 
focus of their work is, thus, also directed towards various means and forms of 
communicative behaviour. Furthermore, the contextual elements, such as artefacts, play 
an important role in the interpersonal interaction. 

Interaction techniques are used to map the user input captured by the devices, such as 
the positions of body parts, voice commands, and hand gestures, into the 
corresponding control actions and commands. The VE system responds by changing 
the state of VE, i.e., by modifying the shape, position, colour, and other properties of 
various entities. Display devices provide sensory feedback to users by stimulating 
their visual, auditory, and other perceptual systems (Poupyrev & Ichikawa 1999.) 

Interaction mechanisms are generally intended to be free of semantic meaning 
whereas, for example, a rule implements a particular communication policy. In 
essence, rules implement social conventions within a system whereas mechanisms are 
intended to support their development and evolution of the system (Bullock et al. 
1993). In this sense, the mechanisms can be considered as supported features of a 
virtual environment system. The semantics and use cases of interaction mechanisms 
are thus totally dependent on the current context. 

In a sense, the interaction mechanisms can also be defined as game mechanics in 
computer games domain.  

The game mechanics of a game consist of the nature of the game environment and 
how the player can interact with it. Running, driving, flying, shooting, picking up 
keys, and adding ingredients to soup are all examples of possible mechanics. 
Mastering the game mechanics can be a great source of pleasure. (Clanton 2000.) 

Interaction metaphors are, usually, associative symbols or analogues which describe 
the human-computer interaction by referring to tools, methods, or processes used in 
non-computer activities. They are conceptual models used to represent information 
and instructions in an intuitive form. For example, the desktop metaphor exploited in 
most PCs has its origin in the traditional office environment (Johnson et al. 1989). 
Metaphors of interaction have mainly been used to illustrate user-interface techniques, 
such as "room" and "terrain" metaphors for spatial interaction (Twidale 1993) and the 
"pen and tablet" metaphor enhanced with physical devices (Bowman et al. 1999). 
Furthermore, the interaction metaphor can refer to a highly complex and ambiguous 
activity that is not necessarily feasible in the non-computer world. "Global cocktail 
party" is an example of metaphor used and pursued in the CSCW field (Twidale 1993). 
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The definition of interaction forms, in this thesis, emphasises the form-function 
distinction of interaction manifestations. The definition follows the description 
provided by Masterson (1996) who discusses the analogue between communication 
forms and interaction forms. Clear distinction has been made between forms and 
functions of interaction, the latter concerning mainly the usage of interaction forms, 
while the forms themselves are mainly representations of interactions. 

Interaction in the context of CVEs has many similarities with the physical world 
interaction. Robinett (1998) classifies the important types of normal human interaction 
with the things and people in the world to 1) looking (a person can look around his or her 
surroundings), 2) moving (a person can move through the world and see it from different 
viewpoints), 3) acting (a person can perform actions that modify the world) and 4) talking 
(a person can communicate verbally with other people). This highly abstracted 
classification entails, in addition to the communicative aspects of interaction, the spatial 
nature of interaction (e.g., moving in space, re-orienting to new direction, and modifying 
the environment). 

The importance of spatial interaction is brought forward by Wann and Mon-Williams 
(1996) who argue that interaction between a user and the environment involves the use of 
information that reflects both spatial and temporal changes of the relative environment. It 
is important that an observer is able to determine where he or she is heading when 
moving through the world and also to estimate how contact with an object can be made or 
avoided. Fundamental to most VE settings is the requirement that the users will want to 
change the viewpoint, traverse the three-dimensional structure and position themselves at 
areas of interest (e.g., action-space). The proximity needs to be such that the user can 
discern relevant visual detail within this space, or activate/manipulate the structure with 
some input device. 

The virtual nature of CVEs makes the conceptualisation of interaction difficult. The 
virtual world creates one part of the context where the action and interaction takes place. 
However, the whole process of interaction includes components and actors who can be 
physical, virtual, or both. The computer-mediation adds a further element to the mixture, 
thus making many of the traditional definitions biased. In order to establish a relevant 
counterpart for real world interaction, the CVE community has delineated specifically 
focused concepts, such as virtual interaction. 

Virtual interaction (Jensen 2001b) refers to interaction especially within the 
framework of virtual worlds. Virtual interaction has its basis in the social concept of 
interaction, but in this case extends the social situations to cover people who are 
geographically distributed without any immediate physical proximity. The interaction 
itself is mediated and only the people's representations, or the avatars, share physical 
proximity. Only the avatars participate in virtual face-to-face communication. One of 
the unique features of virtual environments as a medium is that they allow for the 
possibility of face-to-face communication, with all that it implies with regard to facial 
expressions, gestures and body language in a mediated and virtual form. Thus, in 
CVEs, interpersonal communication and the knowledge that this discipline represents 
becomes relevant to the computer world. 
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The definition of interaction in the context of this research can be considered to 
follow the lines of natural interaction occurring in real life environments. According to 
Qvortrup (2001) the human-machine interaction is revolutionised by the paradigm shift in 
the perceived object and method of interaction which means that the users are entering 
the interface. The interface is becoming a world in which people act and find their way, 
and within which they interact with other human beings, represented by avatars, or with 
autonomous agents. 

Similarly, the main focus of this thesis and the corresponding interaction study is 
inside the virtual environment, thus, the emphasis is on the perceivable behaviour and 
actions of the user's embodiment. Figure 3 illustrates the components of human-computer 
interaction. The interaction sequence starts from human action (in user-launched 
activities), which is taken by means of an input device (e.g., the mouse). Interaction 
techniques are used to map the user input from the device to the computer application 
(Norman 1986). Finally, there is the executed interaction form that occurs within the 
virtual environment. This task can, for example, be acted out by the avatar (embodiment) 
of the user. This final phase, or the representation of interaction, in the aforementioned 
chain is the main area of research in this work. 

 
 

Interaction
Form

Interaction
Technique

Input
Device

Human
Action

 

Figure 3. The various components of human-computer interaction. 

 
Further limits for this research can be illustrated through the differentiation of 

interaction forms from interaction functions. Interaction forms are channels or instances 
of actions, while interaction functions can be seen as higher level concepts like activities. 
For example, if the function of the user action is to paint a wall, the forms could include 
dipping the paintbrush into the paint and sweeping the brush on the wall. Similar division 
of action levels can be found, for example, from the Activity Theory (Leontjev 1978 in 
Kaptelinin et al. 1999) where the three levels are defined as activity, action and 
operation. Activity corresponds to the motivated need to achieve something (e.g., paint 
the wall), and it can be divided into a sequence of actions, each of which having their 
immediate goals (e.g., dip the brush to get some paint on it). The lowest level consists of 
operations that are mainly considered to be subconscious or automatic processes 
corresponding to actual conditions and adjusting the actions to these. 
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Zeltzer (1992) has proposed a framework for thinking about the characteristics of VR. 
He proposes taxonomy of graphical simulation systems, based on three salient 
components: autonomy, presence and interaction. The resulting framework provides a 
useful qualitative tool for thinking about the kinds of models and interfaces one ought to 
provide for various CVE applications.  

Autonomy reflects the extent to which the environments function on their own. In a 
CVE system the level of autonomy is very high when considering the actions of other 
participants. On the other hand, the lower autonomy may be experienced in 
environmental objects that may sit doing nothing until the user executes an action 
targeted for that particular object. Highly autonomous environments, like the real 
dynamic worlds, follow their own goals, evolve and develop whether the user does 
anything or not.  

In his framework Zeltzer uses interaction to mean the extent to which the interaction 
between participant and environment logically follows the laws that govern the 
environment. Interaction paradigms vary as one accesses environment parameters at 
different levels of abstraction. Moreover, merely providing direct access to many 
parameters is not necessarily productive, since it is easy to overwhelm a user with the 
sheer number of parameters that must be attended to in order to accomplish a given task. 
This has been referred to as the degrees of freedom problem. This means that in a 
complex domain such as CVE application with many actors and processes, the possible 
input operations must be properly organised so as to functionally reduce the number of 
degrees of freedom that must be directly controlled. One important aspect of this 
organisation is the visibility of possible interactions (i.e., what entities can be interacted 
with). 

Presence is a topic which has been heavily researched as it forms the basis of 
evaluating VR systems. Slater & Wilbur (1997), state that 'presence is a state of 
consciousness, the (psychological) sense of being in the virtual world', or in this case a 
real world physically displaced from the users current position. Also Heeter (1992) 
described presence as 'the subjective feeling of existence within a given environment'. In 
Zeltzer’s model, the presence axis provides a measure of the number and fidelity of 
available sensory input and output channels. In practice, implementation is guided by 
what has been called selective fidelity (Johnston 1987, Brutzman 1998). Because it is not 
possible to simulate the physical world in all its detail and complexity, we need to 
identify the sensory cues that must be provided for a human to accomplish certain task, 
and match as closely as possible the human perceptual and motor performance required 
for the task. A widely accepted working hypothesis states that using familiar sensorimotor 
skills to manipulate virtual objects directly, by means of natural-like input devices, 
contributes to the user’s sense of presence. Thus, the presence dimension provides a 
measure of the degree to which input and output channels of the machine and the human 
participant(s) are matched. This suggests that the place of an environment on the 
Zeltzer’s presence dimension depends in large part on interface and technical issues such 
as field of view, tracker accuracy and speed and the rate at which the views of the 
environment are shown to the user. 

When considering the distributed system perspective, interaction implies minimal 
latency, a sense of presence, and the ability to both access and modify content (Brutzman 
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1998). The speed of impulse, and the corresponding feedback, provides strong feel of 
being in control and also increases the sense of presence. The sense of presence is further 
enhanced by the abilities to act in the environment by changing the location or altering 
the contents. However, in order to enhance the sense of presence within CVEs, it is also 
important to increase the quality of the physical or social interaction of the participants 
with each other and with the environment. A virtual environment should give the users a 
feeling of presence within its environment providing better interaction and intuitive 
interfaces (Pandzic et al. 1996). 

3.1.2  Non-verbal communication forms 

The communicative nature of interaction was already discussed in the previous section. 
Due to the importance of non-verbal communication in real world interaction, this section 
delineates the non-verbal communication forms by drawing upon communication channel 
theories. Furthermore, the importance of non-verbal communication support is illustrated 
and a few case examples of existing implementations are briefly described. 

Bodily, or non-verbal, communication has been the object of a great deal of research 
in recent years. In addition to biological and cultural roots of non-verbal communication, 
the different purposes for which it is used and the different signals that convey the 
messages have been of interest and the object of modelling (Argyle 1975). 

"Non-verbal communication is concerned with postures and their indications on what 
people are feeling. Postures are the means to communicate and are defined by a 
specific position of the arms and legs and angles of the body. This non-verbal 
communication is essential to drive the interaction between people with or without 
contact." (Thalmann 2001, p. 32.) 

Non-verbal messages are a powerful part of the communication process. Because so 
much of non-verbal behaviour operates outside of conscious awareness, most people fail 
to recognise the wide range of roles that such messages display (Burgoon & Ruffner 
1978). The importance of non-verbal communication in the overall face-to-face 
interaction suggests that there could be added value in applying non-verbal aspects of 
communication into game and CVE contexts as well. Furthermore, the non-verbal 
communication models presented in the existing literature form the backbone for the 
interaction form model that was constructed during this research. 

According to Fiske (1982), non-verbal communication is carried through 
presentational codes such as gestures, eye movements, or qualities of voice. He further 
states that "These codes can give messages only about the here and now. My tone of 
voice can indicate my present attitude to my subject and listener: it cannot send a 
message about my feelings last week. Presentational codes, then, are limited to face-to-
face communication or communication when the communicator is present." 

Allbeck and Badler (2001) have summarised the channels of non-verbal 
communication in the context embodied agents. Although their starting point originates 
from the communications background, the main focus of their work is to describe 
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cognitive processes that can be used to co-ordinate the channels of communication and 
create consistent behaviour for the autonomous agents. The categorisation presented in 
(Allbeck & Badler 2001) differs drastically from the ones provided by other authors 
referenced in this section. Especially the facial expressions include smiles and nods, 
which are categorised in separate classes by other scholars. Furthermore, the main 
channels presented by Allbeck and Badler (2001) do not follow the nine main categories, 
but are instead divided unevenly into these. 

Table 3 illustrates the forms, or codes, of non-verbal communication. The categories 
have been combined in terms of related aspects and the corresponding authors of 
individual forms, or codes, have been identified. The literature on communication has 
variations in the form categories in terms of quantity, borders and exact definitions, so 
this presentation is a combination of several models. 

 
Table 3. Non-verbal communication categories. 

Non-verbal communication category Sources 
Haptics reflects the use of touch in communication 
situation. Physical or bodily contacts like handshakes 
and patting. 

(Burgoon & Ruffner 1978, 
Argyle 1975, Fiske 1982) 

Physical appearance defines the attributes of image and 
presentation of self. Appearance contains the visual 
aspects of one's presentation.  

(Burgoon & Ruffner 1978, 
Fiske 1982, Argyle 1975) 

Kinesics includes all bodily movement except touching, 
commonly referred to as body language. E.g., head nods, 
postures, and gestures.  

(Burgoon & Ruffner 1978, 
Argyle 1975, Fiske 1982, 
Allbeck & Badler 2001) 

Facial expressions may be broken down into the sub-
codes of eyebrow position, eye and mouth shape and 
nostril size. E.g., blushing, perspiration.  

(Fiske 1982, Argyle 1975, 
Birdwhistell 1970) 

Spatial behaviour consists of proximity, orientation, 
territorial behaviour and movement (locomotion) in a 
physical setting. Proxemics include actions relating to the 
use of personal space.  

(Argyle 1975, Burgoon & 
Ruffner 1978, Fiske 1982) 

Paralanguage is the non-verbal audio part of speech and 
it includes the use of the voice in communication. E.g., 
vocalics, non-verbal aspects of speech, non-verbal 
vocalisations. 

(Burgoon & Ruffner 1978, 
Fiske 1982, Argyle 1975) 

Occulesics are movements in facial area and eyes, e.g., 
gaze, eye movement and eye contact, visual orientation. 

(Fiske 1982, Argyle 1975, 
Allbeck & Badler 2001) 

Environmental details define the appearance of 
surroundings providing contextual cues. E.g., artefacts, 
manipulating the physical setting. 

(Burgoon & Ruffner 1978, 
Argyle 1975) 

Chronemics involves the use and perception of time 
(how people perceive, structure, and react to time). 

(Burgoon & Ruffner 1978) 

Olfactics reflect to the non-verbal communicative effect 
of one's scents and odours. 

(Jacob et al. 1993, Davide 
et al. 2001, Masterson 
1996) 
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The aforementioned categories originate from the area of communication research 
which mainly concentrates on face-to-face communication. All of the categories have 
thus far not been implemented in the contemporary virtual environments, although there 
are independent laboratory experiment descriptions of most of these. See, for example, 
Benford et al. (1997), Vilhjálmsson & Cassell (1998), Cassell (2000), Thalmann (2001), 
Allbeck & Badler (2001). 

Snowdon et al. (2001) point out the importance of non-verbal communication in the 
context of CVEs:  

"Studies of conversation have demonstrated the extent to which explicit hand gestures 
and head nods, eye gaze and eyebrow raises determine the way in which utterances are 
interpreted. As well as these 'backchannel' gestures that punctuate and give meaning to 
many conversational utterances, cues from dress, posture and (often culturally 
determined) mannerisms provide much of the background context for our 
interpretations of verbal negotiations." (Snowdon et al. 2001, p. 10.) 

They further conclude that in graphical CVEs such backchannel gestures are often 
hard to achieve with embodiments where subtle gesturing is not easily supported.  

Vilhjálmsson & Cassell (1998) distinct the communicative signals to the 
Conversational Phenomena and to the Communicative Behaviours. The former describes 
an internal state of the user (or avatar), referring to various conversational events. For 
example, a salutation is a Conversational Phenomenon. Each phenomenon has associated 
with it a set of Communicative Behaviours, revealing the state to other people. For 
example, the salutation is associated with looking, head tossing, waving and smiling 
behaviours. 

According to Rokeby (1998), body movement can be read at two different levels. 
There is the semantic content of the gesture, in which the movement is interpreted 
symbolically (e.g., the OK sign), and there is the raw visual experience of the gesture 
(e.g., dynamics of the movement). In interpersonal communication, people are 
simultaneously interpreting gestures on many levels. This combination is the basis for 
richer communication. For this breadth and quality of communication to be carried 
through virtual environment systems, the designers must be aware of the importance of 
these multiple modes and then must be able to actually create the code and hardware to 
support them. 

Vilhjálmsson & Cassell (1998) stress the point that face-to-face conversation among 
humans makes extensive use of the visual channel for interaction management where 
many subtle and even involuntary cues are read from stance, gaze and gesture. They 
argue that the modelling and animation of such behaviour is crucial for the credibility and 
effectiveness of the virtual interaction in chat applications. 

"They come here to talk turkey with suits from around the world, and they consider it 
just as good as a face-to-face. They more or less ignore what is being said - a lot gets 
lost in translation, after all. They pay attention to the facial expressions and body 
language of the people they are talking to. And that's how they know what's going on 
inside a person's head - by condensing fact from the vapor of nuance." (Stephenson 
1992, p. 59.) 



 
 

54 

According to Benford et al. (1997), gesture is an important part of conversation and 
ranges from almost subconscious accompaniment to speech to complete and well-formed 
sign languages for the deaf. In addition to gesture, facial expression also plays a key role 
in human interaction as the most powerful external representation of emotion, either 
conscious or sub-conscious. The problem with facial expressions, in the context of CVEs, 
is the finer granularity of detail involved. The technical problems inherent in the capture 
and representation of facial expressions are correspondingly more difficult. 

The issue of control is especially problematic in the context of CVEs. When the body 
of the participant is purely virtual there are not conventional ways to control the subtle 
codes of non-verbal communication. However, the physical world contains numerous 
examples of automated, or sub-conscious, processes that are not necessarily directly 
controlled.  

"Speakers choose conversational partners but do not choose to raise their eyebrows 
along with an emphasis word, or to look at the other person when giving over the 
floor. Yet we attend to these clues as listeners, and are thrown off by their absence." 
(Vilhjálmsson & Cassell 1998, p. 271.) 

The virtual acting experiment described by Slater et al. (2000) had a facial animation 
interface, which allowed five major expressions to be displayed: happiness, anger, 
surprise, sadness and a neutral expression. The code was designed to enable the actor to 
specify intensity for any one of the four major expressions and also to allow for 
asymmetric facial expressions. The control mechanism used for determining the 
expression was a simple face drawn on the screen. The face could be stroked by the 
mouse, so as to allow the actor to draw the desired expression. This enabled the actors to 
have a sense of control over their expressions, and also provided a more intuitive 
interface than the traditional menu selections. 

"…[the actors] also generated envelope feedback. For example, there are scenes where 
the man is seated at the table, and glancing towards and away from the woman as their 
conversation progresses. There is another scene where they are standing together and 
each is making head nods and shakes punctuating their conversation in a very realistic 
manner. This took the investigators by surprise. The possibility of using the head 
control for this effect was never told to the actors. However, most of them quickly 
realized that they could use the mouse in order to make rapid small head moves." 
(Slater et al. 2000, p. 108-109.) 

According to Badler & Allbeck (2000), The Sims (2000) is a good example of the use 
of non-verbal vocalisations in embodied agents. The characters of the game live their 
daily lives participating, for example, in polite conversations and angry discussions. 
However, the characters have no discernible spoken language. They communicate 
through gestures, thought-bubbles, and non-verbal vocalisations. So, in the game it is 
easy to distinguish a polite conversation from a heated argument by the volume and 
frequency of the non-verbal vocalisations. Rouse (2000) cites the designer of The Sims, 
Will Wright:  
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"And we decided that the voice was entirely for the emotional content: you could tell 
if the person was flirtatious, upset, laid back, or tired by the tone of the voice and the 
cadence. But the way it works out is, because you don't get the semantics, because 
you're not hearing the words, you naturally sit there and imagine the words fairly 
fluidly." (Rouse 2000, p. 460-461.) 

The theoretical background of non-verbal communication is relatively strong when 
considering physical world face-to-face interactions. Although the application of such 
theories into the context of CVEs cannot follow direct replication, there is a large body of 
knowledge that can be transformed to virtual environment design. 

3.1.3  Level of interaction 

This section delineates the issues related to the level of interaction by describing the 
individual aspects which increase it, either quantitatively or qualitatively. In the 
perspective of this research the characteristics that increase the level of interaction are 
illustrated in Table 4. 

 
Table 4. Characteristics which increase the level of interaction. 

Characteristics defining a high level of interaction Source 
Multi-modality in terms of forms and media for effective 
utilisation of various senses. 

(Furness 2001) 

Direct manipulation of objects and multiple and 
simultaneous input devices with high number of degrees of 
freedom. 

(Wloka 1995, Joiner 
1998) 

High level of interactivity in terms of range, frequency and 
impact of individual interaction forms.  

(Laurel 1993) 

Function of the speed of response, the range of possible 
user interactions and the mapping of controls. 

(Nunamaker 1997) 

Higher level enabled by supporting workspace awareness 
in groupware systems. 

(Gutwin et al. 1996) 

Flexibility to select corresponding actions and reactions 
through simulations and interaction models (e.g., physics 
model) with limited number of pre-programmed solutions, 

(Gabbard & Hix 1997, 
Weisman 1998, Rouse 
2000, Rees 2000) 

Abstraction and hierarchical interaction to enable various 
levels of control in interaction processes.  
Automation to allow reduction of mundane tasks and to 
support simulation of sub-conscious actions, 

(Gabbard & Hix 1997, 
Rokeby 1998) 

Not just quantitative measure. The aspects of qualitatively 
rich interaction require full attention also. Artistic 
selectivity, selective fidelity. 

(Laurel 1993, Johnston 
1987, Brutzman 1998) 

 
The aforementioned components have been selected from the literature to reflect the 

core nature of a high level of interaction. The concept itself can, thus, be defined through 
individual examples, which are further discussed below. 
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Brenda Laurel has defined the level of interactivity by partially characterising it with 
three variables: frequency (how often you could interact), range (how many choices were 
available), and significance (how much the choices really affected matters) (Laurel 1993).  

Level of interactivity can also be seen as a function of the speed of response, the range 
of possible user interactions and the mapping of controls (Nunamaker 1997). Rapid 
response time promotes interactivity by providing immediate feedback to operations 
performed by the users. Action first-person shooter games like Quake represent the 
highest level of interactivity attained so far, achieved by pushing I/O devices to their 
limits in order to provide high speeds of response. The second dimension, or the number 
of choices that a user can make at any point in time reflects highly on the range of 
communication technology. Within the application domain of multimedia games, this 
dimension of interactivity level function is generally dominated by role-playing games 
and simulators. The third dimension, mapping of controls, is the relationship between the 
user’s physical interactions with the input mechanisms and the changes to the virtual 
environment. Due to the limitations in user interfaces, this seems to be one of the major 
problems standing in the way of achieving a high level of interactivity. Fast response 
action games and simulators are currently operated through the keyboard and mouse, thus 
requiring complex key mappings in order to provide access to all of the actions. This is 
still far from the level stressed by Steuer (1992); effective interaction for mapping of 
controls should be natural and cause predictable outcomes. 

The need for richer interaction and the corresponding forms originates from the nature 
of human perception.  

"Humans like parallel information input. People make use of a combination of sensory 
stimuli to help reduce ambiguity. The sound of a letter dropping in a mailbox tells use 
a lot about how full the mailbox is. The echoes in a room tell us about the material in 
the fixtures and floors of a room. We use head movement to improve our directional 
interpretation of sound. We use touch along with sight to determine the smoothness of 
a surface. Multiple modalities give us rich combinatorial windows to our environment 
that we use to define and refine our percept of the environment. It is our way of 
reducing ambiguity." (Furness 2001, p. 85.) 

Gutwin et al. (1996) state that real-time distributed groupware has been developed to 
emulate aspects of physical workspaces. The system is developed to support the rich 
interaction that is possible in a traditional shared workspace. Workspace awareness is the 
up-to-the minute understanding of how another person is interacting with a workspace, 
and includes knowledge about where people are working, what they are doing, the 
changes they are making, and their future intentions. By supporting workspace 
awareness, groupware systems can better allow the rich interaction evident in face-to-face 
collaboration over physical workspaces.  

The design goal of many virtual environment productions have been to offer plentiful 
and rich possibilities for interaction, in order to support collaboration for different 
activities and user groups (cf. Bullock et al. 2001). As an example, Wloka (1995) 
describes the three factors that enrich the interaction metaphor in virtual environments. 
First, instead of using indirect methods such as menu-selections, an object's interface 
often is the object itself, i.e., manipulation is direct. Second, multiple and simultaneous 
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input devices are common. Third, and finally, the input devices used in VR all have a 
high number of degrees of freedom. These factors, when combined together, lead to 
applications where a high level of interaction, in terms of quantitative measures, is 
enabled. 

The cocktail party metaphor described by Twidale (1993) provides some insight to the 
requirements for higher degrees of freedom in interaction. The virtual cocktail party 
needs a whole new etiquette of interrupting, cutting short conversations, and including 
and excluding participants. In the real cocktail party these things can be awkward but are 
made easier by the high communication bandwidth for interaction using body language, 
facial expressions, etc., which can be used both with participants in small subgroups, and 
for long distance communications for monitoring and establishing future subgroups. 

The large number of degrees of freedom has often been the desire of virtual 
environment designers who aim at making the user experiences as interactive as possible 
(Joiner 1998). However, this can also lead to serious problems, even in situations where 
the interface techniques could handle the interactions between human and computer. 
Rokeby (1998) has conducted an experiment with a large number of system behaviour 
parameters reflecting users' actions. He outlined the experience and corresponding 
findings:  

"I worked out ways to map velocity, gestural quality, acceleration, dynamics, and 
direction onto as many parameters of sound synthesis as I could. What I found was 
that people simply got lost. Every movement they made affected several aspects of the 
sound simultaneously, in different ways. Ironically, the system was interactive on so 
many levels that the interaction became indigestible. A user's most common response 
was to decide that the sounds from the system were not interactive at all, but were 
being played back on a cassette deck." (Rokeby 1998, p. 41.) 

Thus, reducing the number of dimensions of interaction increased the user's sense of 
empowerment. The experiment clearly indicates the need for careful selection of the 
modelled actions. Further example of temporally reducing the degrees of freedom has 
been illustrated by Clarke-Willson (1998): 

"One approach I've been using is a targeting system for navigating. You point at an 
object, and your player character points at it. Then, as long as you only move forward 
or backward, slide right or left, or fly up or down, your player character stays pointed 
at this object. If you turn left or right, then the targeting lock is lost. This has a benefit 
of eliminating some of the degrees of freedom available, making it easier to move 
through the environment, without permanently restricting your movement." (Clarke-
Willson 1998, p. 239.) 

Rouse (2000) describes the benefits of reducing the degrees of freedom in the context 
of a computer game design by illustrating Loom (1990) as an example of a game that is 
completely focused in what it wants to accomplish. Instead of trying to include all of the 
game mechanics possible, the game designer Moriarty spent considerable time in figuring 
out what were the minimum game mechanics necessary for the telling of his story. The 
designer then eliminated everything that did not truly add something to the story. This 



 
 

58 

seemed to have the result of greatly simplifying the game, while at the same time making 
it considerably more elegant and easy to navigate. 

With more channels of communicating in current CVEs, the ambiguity is reduced by 
providing more dimensions of elaboration for any message. In recent years, a significant 
consideration in developing CVEs has been to enhance the shared behaviour and 
interaction within the virtual environment. Even the high-quality environment is still 
lifeless if it lacks the shared behaviour and interaction among the objects. This means that 
creating virtual environments that have some realism in them, requires collaborative 
interaction among humans and machines (Lu et al. 1999). 

The research conducted in the field of technical settings indicates that the possibility 
to achieve richer interaction will occur in the foreseeable future. As described by 
Hagsand (1996), the VEs are able to offer intuitive modes of interaction that are 
analogous to the ways in which humans communicate with each other or manipulate 
objects in the real world. VE applications can use 3D spatial properties to represent users 
and to model interaction, offer direct manipulation interfaces that mimic actions in the 
real world, and use immersive techniques that give participants the sense of being 
embedded in the synthetic environments. 

The richness in interaction could be implemented by increasing the degrees of 
freedom with the aid of hierarchical interaction, or task, models. For example, the task 
complexity model presented by Gabbard & Hix (1997) would make it possible to 
enumerate the lower-level tasks within an application-specific task, and thus, make use of 
previous designs and evaluations of such low-level tasks. The interaction could be 
designed and developed using a set of building blocks for various complexity levels. 

In traditional game design a designer builds all the possible challenges and solutions 
ahead of time. Rather than inspire creative problem solving, these codified solutions 
incite the player to try to recreate the designer's thinking. In simulation, there are no 
predetermined puzzles or problems. The designers establish a set of limits and physical 
rules by which the universe works - the rest is up to the players (Weisman 1998). 

One solution to enhance the complexity of virtual environments, and thus provide 
richer interaction, is to avoid pre-rendering of the graphics. With real time rendering, the 
scenes and objects can be rendered according to the actions and position of the user. 
Furthermore, the flexibility of these environments can be increased by avoiding hard 
coding and using algorithms instead. For example, if the door is modelled using physics, 
it can be forced or jammed open. Or, if the puzzle has a model of electricity or physics, 
multiple solutions are possible by altering the mechanics (Rees 2000). The main 
advantages of these solutions are that they allow some amount of physical intuition from 
the user's point of view. For example, climbing around an obstacle instead of using some 
predefined way to solve the problem. 

According to Rouse (2000), the anticipatory school of game design follows the 
aforementioned hardwiring approach in the design by thinking what the player might do 
in a given situation and then trying to implement a solution for that. This approach can 
lead to very unsatisfactory playing experiences, because the interaction options are far 
from the level of richness possibly required. However, the more holistic approach to 
game design is to create reliable and consistent system with which the game will 
function. For example, the physics simulation with object weights and gravity is a system 
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that could provide endless possibilities for interaction - just by implementing a basic set 
of mechanisms to interact with the system. The philosophy of creating simulations, 
mechanism-based interaction systems and using bottom-up design strategy is genuinely 
stated by Weisman: 

"We really don't make games; we make sandboxes and give the players some fun tools 
that they use to create the game." (Weisman 1998, p. 467.) 

All of the aforementioned attributes defining the level of interactivity are mainly 
quantitative in nature. The traditional bandwidth and channel increase has been offered as 
a solution for acquiring a higher level of interactivity. While this may be helpful in some 
areas, there seem to be many examples in the CSCW literature proving the purely 
quantitative approach inadequate (Ellis et al. 1991, Fish et al. 1992, Cockburn & 
Greenberg 1993, Whittaker 1995, Erickson & Kellogg 2000). 

Drozd et al. (2001) offer a solution to overcome the inflexibility of pre-programmed 
interactions by having a cast of invisible helpers providing support and controlling 
interactions not implemented in the system itself. They describe the Avatar Farm 
experiment design solution as:  

"… we adopted an alternative strategy - improvising object-interactions. In this case a 
number of crew members, a 'stage-hands', were also present but invisible within the 
worlds. These had the ability to manipulate objects and avatars and to directly trigger 
special effects such as replaying pre-recorded scenes; moving or constraining players 
and objects; making players and objects appear, disappear and change appearance; and 
granting and revoking permissions to pick up particular objects and move through 
portals." (Drozd et al. 2001, p. 164.) 

This approach rendered the players interactions with objects indirect and highly 
collaborative. Furthermore, it allowed highly complex sequences of atomic actions to be 
combined by one, or several, stage-hands in creating engaging interactions for the players 
Based on these findings, Drozd et al. (2001) suggest that the approach of improvising 
object-interactions can provide a useful alternative to programming object-interactions in 
advance. So instead of basing the system for direct manipulations of the objects, the 
system could be left open to improvisation. The solution might be especially appropriate 
when the narrative or technology are likely to be unpredictable. It should be noted though 
that the openness requires more control, either from the players themselves, or from the 
backstage crew overseeing the actions. 

Evard et al. (2001) provide an interesting description of the relationship between rich 
interaction and system complexity in their discussion about collaborative system called 
Waterfall Glen:  

"Waterfall Glen is primarily a basic interaction tool; it does not support documentation 
sharing or video conferencing. There is considerable evidence that people 
meaningfully collaborate with each other despite the simple representational nature of 
the MOO; rich interactions do not require rich interfaces." (Evard et al. 2001, p. 281.) 

According to Wloka (1995), one of the three features that characterise virtual reality 
interaction is rich interaction. Rich interaction is achieved through direct manipulation of 
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objects, multimodal input devices, and a high number of degrees of freedom. This 
relatively technical definition covers only one portion of the concept. The social, cultural 
and communicative aspects have their significant impact on interaction richness as well. 

Rich interaction is not just a quantitative measure of the speed and frequency of 
interactions. The aspects of qualitatively rich interaction are the ones requiring full 
attention also. For example, Laurel (1993) has proposed an approach to interaction where 
computers are considered as a form of theatre rather than as tools, and where the focus of 
design is on engaging users with content rather than with technology. She suggested that 
various behind-the-scenes activities are required to maintain engagement and to 
orchestrate user's experiences. 

The quantitative and qualitative nature of interaction requires CVE designers to 
approach the phenomenon in an interdisciplinary manner. The artistic selectivity is 
difficult to structure and model, thus making the systematic effort to analyse and 
delineate the whole concept of interaction forms problematic. The support for the 
aforementioned characteristics defining a high level of interaction is partly technical, but 
usually requires heavy design effort in order to succeed. The various aspects of 
interaction, including artistic and game design issues, are further discussed in the 
following sections. 

3.2  Aspects of interaction  

The complexity and large scope of the concept of interaction makes it difficult to 
approach from the analytical and design points-of-view if there are no strict frameworks 
to limit the area of interest. This section outlines the aspects of interaction that relate to, 
or affect the construction of interaction concept models. The existing body of literature, 
whether theoretical or empirical in nature, provides a vast amount of theories and 
descriptions that tackle the issue of interaction. In order to create a coherent structure for 
the discussion, the material has been organised into several categories, which in turn form 
the sub-sections for the thesis. 

The main limiting factor in collecting the material for discussion is the overall focus 
of this work. The discussion presents a clear path into the concept of interaction by 
concentrating mainly on interaction forms. However, the theoretical and empirical 
analysis is not strictly limited to forms, in order to leave some room for innovation and 
novel associations. The borderline between form and function of interaction is relatively 
vague and, thus, the limits of the following discussion should be flexible enough. 

3.2.1  Spatial aspects of interaction 

This chapter outlines the spatial aspects of interaction that mainly involve the Spatial 
behaviour and Environmental details categories of the non-verbal communication forms. 
The discussion starts by analysing the notions of space and place, and continues by 
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delineating the issues of spatiality and environment that affect the interaction between 
participants and between the participants and corresponding environment. 

The spatial aspects of interaction relate to the actions and activities conducted by the 
participants in spaces and places provided by the virtual environment. Churchill et al. 
(2001) describe the difference between space and place by defining a space as a physical 
(or digital) volume or container that can house artefacts and in which events can take 
place. One physical space can host several places over time, for example, a sports hall 
can be a place for playing sport, a place for prize-giving, a place for a student play, a 
place for a jumble sale and a place for a dance class. Although the physical space is the 
same, there are multiple understandings of how that space could be used, depending on 
the occasion. There are multiple ways of interacting and behaving in a space depending 
on the occasion or activity for which the space is being used. The space thus becomes a 
place when an understood activity is scheduled or ongoing. 

Further insight to the notion of place is provided by Laurel et al. (1998) who describe 
human experiences as place-related phenomena. One comes to know a place with all 
one's senses, by virtue of the actions that one performs there, and from an embodied and 
situated point of view. The environment proceeds to record the presence and actions of 
the participants, as well as the marks that the participants place in the environment. This 
is said to be a reciprocal affair, and thus, clear implication for interaction between the 
user and the environment. 

Benford & Mariani (1993) created a spatial model of interaction during the COMIC 
project. The model provides a base set of abstractions for managing interactions in a wide 
range of spatial systems. The model is defined by the following nine key abstractions: 

− Space - the model requires a definition of space, which provides the environment 
for the actions. The space can be modelled in 2D or 3D, provided that there is a 
consistent metric for measuring the relative positions and orientations of objects. 

− Objects - space is populated with objects, which might represent humans, 
information, or other artefacts. 

− Media - objects interact through a variety of media. Where the objects are humans, 
these might represent visual, aural and textual communication channels. Where 
they are not, they might represent more object specific interfaces. 

− Aura - sub-space around an object which effectively bounds its presence in space 
and limits the problem of computational and communicational overload. Aura can 
be thought of as an enabler of interaction in a spatial system. 

− Awareness - once the potential for interaction has been established via aura, the 
objects themselves control the interaction that occurs via awareness. Levels of 
awareness determine how much an object perceives of others. 

− Focus - is a sub-space within which an object is directing its attention. The more 
an object is within one’s focus, the more aware one is of it. 

− Nimbus - is a sub-space within which an object projects its presence or activity. 
The more an object is within one’s nimbus, the more it is aware of one’s presence. 

− Adapters - provide the model with a degree of extendibility. An adapter can be 
used by an object to change its aura, focus, or nimbus and so alter the balance of 
power in interaction. 
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− Boundaries - are specialised adapters, which serve to structure space, and to 
control the awareness provided by the space. 

 
In general, the model is one of objects moving in space, using aura, focus and nimbus 

to establish and then control interactions. The modifiable abstractions can thus be 
considered to act as a set of artificial characteristics of the real world, compensating, 
attenuating, or amplifying the interaction. The authors argue that the spatial model of 
interaction provides a novel and powerful set of abstractions for managing interactions in 
a variety of large scale virtual spaces. The model outlines the logical structure of spatial 
interaction and, thus, is not limited to the issues of representation. 

The environment, or spatial surroundings, can be used to greatly enhance the 
interaction between the users and the world. A 3D VR environment needs to have 
standout landmarks so that it is easy to navigate without a map. The best games, which 
have typically been designed with very limited graphics, always save a few graphics to 
denote special and interesting things that should be investigated (Clarke-Willson 1998). 
Bates (2001) argues for the importance of these landmarks: 

"Create visually distinctive landmarks to help keep the player from getting lost as he 
navigates through your world. It is especially helpful if some of these landmarks 
appear as a result of the player's actions, so he can orient himself if he has to do any 
backtracking." (Bates 2001, p. 61.) 

The role of the virtual landscape in aiding the navigability and orientation has been 
found to be highly significant in empirical cases. In order to encourage navigation 
(exploration) of an electronic landscape, the landscape itself must provide the triggers, 
motivators and leads for the user (wanderer). In other words, the landscape serves as its 
own map, as a navigational aid to find the underlying information (Bullock et al. 2001). 
This clearly outlines the other-than-visual-decoration nature of the virtual environment 
itself - there are numerous possibilities to use the landscape as an interaction aid or cue. 
So, in addition to a context-construction role, the environment itself can be the object of 
interaction. 

Huxor (2001) describes the importance of spatial arrangement of places in the context 
of a virtual office. The primary aim of the office was to allow for the management of 
encounters between users who come to the place in the virtual world for content (pointers 
to content), but they may then meet others, both immediate colleagues and weak ties. 
These places draw on the idea of 'locale': that space is a resource for interactions that 
suggests certain actions and prohibits others. For example, a shopping centre increases 
the chance of shopping occurring; although it does not force passers-by to purchase, it 
certainly encourages it. In relation to this, the virtual environment can be used to suggest 
chance encounters of users, by arranging the contents in a suitable way. 

A clear example describing the spatial role of interaction is provided by Cherny 
(1995a) in her work focusing on text-based virtual environments (MUDs). She found out 
that users generally preferred room conversation (i.e., being in the same virtual space) to 
page conversations (i.e., chatting over the virtual distance). Having a page conversation 
with someone while also conducting a public room conversation was observed to be 
confusing, and to lead to mistakes in modality (e.g., saying something 'out loud' that was 
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intended for the page conversation). Room conversations gave users access to objects, 
like furniture to 'sit' on, or toy objects to play with. The geography also seemed to give a 
sense of 'connected' or 'local' space.  

Although there are needs to increase the degrees of freedom and flexibility of action, 
there are several indications of benefits obtainable through selective constraints. 
According to Clarke-Willson (1998) the best games take place within a limited 
constrained space. In Myst (1994), the player is stuck on a series of islands. In The 7th 
Quest (1992), the player is trapped in a mansion. In Dungeons and Dragons (Gygax & 
Arneson 1974), where it is possible to create own environments, the Dungeon Master sets 
the limits. The trouble with non-limited, or very large, environments is the lack of 
contents. In most of the places there is nothing to look at. So, when designing and 
creating a virtual environment, it should be made sure that wherever the users can go is 
interesting enough. The rest of the world should be specified as off limits. The limits 
should be disguised in a contextually believable way. For example, an isolated island 
surrounded with shark-filled waters is quite distinctive and powerful way to keep users 
from wandering off. 

Real world conventions offer additional models for interacting in virtual space. For 
example, collision detection is useful to maintain social comfort. People seem to feel very 
uncomfortable if they accidentally walk through another person, and apologise profusely. 
In general people tend to maintain an appropriate distance (proximity) from other users 
and try to avoid violating their personal space. However, this same collision detection can 
be a hindrance if several people are trying to manoeuvre down a narrow hallway in the 
virtual world (Johnson & Leigh 2001). In the science-fiction novel Snow Crash 
Stephenson (1992) describes the role and use of collision detection:  

"If these avatars were real people in a real street, Hiro wouldn't be able to reach the 
entrance. It's way too crowded. But the computer system that operates the Street has 
better things to do than to monitor every single one of the millions of people there, 
trying to prevent them from running into each other. It doesn't bother trying to solve 
this incredibly difficult problem. On the street, avatars just walk right through each 
other." (Stephenson 1992, p. 37.) 

The meaning and the role of space are largely defined by its contents and form. 
Without contents the space can be nothing but a limiting boundary that keeps the 
participants within the area. Jää-Aro and Snowdon (2001) claim that an empty space 
conveys no useful information; it is the artefacts, other users in the space and their actions 
in relation to one another that provide the information. This three-component base for 
information sharing and acquiring entails the essence of virtual environments - artefacts, 
avatars and actions in relation to each other make the environments meaningful, and one 
could say, useful. Figure 4 illustrates the interaction and relationship of artefacts, avatars 
and actions. In the context of this research the concept of an artefact can be loosely 
defined to include also the attributes of the environment, such as, darkness, water, gas, 
etc. The mutual effect between the environment and the participant is conveyed through 
actions. 
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Figure 4. Three-component base for information sharing. 

 
According to Huxor (2001) one important aspect of interaction, still missing in many 

of the existing 3D applications, is the ability of the virtual environment users to build 
their own spaces within the world. This would make it possible to introduce content that 
is user-originated and user-specific. This dynamism, combined with the privacy provided 
by large virtual landscapes (e.g., "home" can be located out of the way - in the less 
travelled part of the world), provides the users to have their personal spaces, or places, 
within the virtual world without explicitly limiting or restricting other users' access. 
These two features, the large size of the environment and the ease with which users can 
build their own spaces, means that it is possible to have a gradation of spaces - from the 
very public, to that appropriate for group, to the private. 

Huxor (2001) states that the solution AlphaWorld offers for world modification is 
based on the "claiming" metaphor. Once a user has placed objects on a plot the area is 
'claimed', and others cannot build in it. In addition, it is possible to script each object. For 
example, a wall can be scripted so that if a user avatar bumps into the wall, or the user 
clicks on it with the mouse, it will pull up a Web page on an associated Web browser. The 
simple building tool, which is integrated with world viewing facilitates very fast space 
creation and modification by users who do not need to have demanding 3D design skills. 
Both AlphaWorld and text-based virtual environments (MUDs and MOOs) have shown 
the importance of building and ownership to their uptake and use. 

The participant's position in the space and the resulting proximity between other 
users, together with orientation, forms the major part of spatial behaviour. The location 
and direction (orientation) in a three dimensional space conveys significant information 
about the identities, interests and actions (Harrison & Dourish 1996). Benford et al. 
(1997) describe the nature of shared spaces:  

"In shared spaces, it may be important for an embodiment to show the location of a 
user. This may involve conveying both position and orientation within a given spatial 
frame of reference (i.e. coordinate system). We argue that conveying orientation may 
be particularly important in collaborative systems due to the significance of orientation 
to everyday interaction. For example, simple actions such as turning one's back on 
someone else are loaded with social significance." (Benford et al. 1997, p. 96.) 

Locomotion is an important part of spatial behaviour. There are many ways in which 
human motor capabilities permit movement in the real world, including walking, 
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skipping, running, crawling, hopping, and swimming. With corresponding tools or 
artefacts the locomotion skills can be further extended to driving, flying, cycling, etc. 
(Stuart 2001). The movements and patterns of body parts during locomotion are part of 
the kinesics category in the non-verbal communication form model. However, the actual 
movement through and within space is spatial behaviour in nature and can, thus, convey 
an abundance of information about the actions of a participant. Allbeck and Badler (1998) 
outline some examples of locomotion: 

"There are various forms of locomotion found in Snow Crash. The novel does not 
explicitly discuss the realism of these movements, but it does use verbs of varying 
styles. For example, avatars do not just walk around. They also, maneuver carefully, 
run, saunter, and charge at people. This diversification of movements and the fact that 
Stephenson does not mention a lack of realism in the movements indicates that the 
movements probably appear natural and realistic." (Allbeck & Badler 1998, p. 20.) 

This section briefly outlined the spatial aspects of interaction that intrinsically belong 
to Spatial behaviour and Environmental details of non-verbal communication model 
presented in Section 3.1.2. The issues of space and place, artefacts, world modification, 
environment affect, orientation, position and locomotion were presented using examples 
from literature. 

3.2.2  Aural aspects of interaction 

The audio part of non-verbal communication, or paralanguage, has mainly been 
associated, in literature on communication, with speech attributes and utterances. 
However, when considering interaction forms in the context of CVEs, there are numerous 
other instances and representations for audio to play an important part in interaction. This 
section illustrates the aural aspects of interaction by drawing upon CSCW, film and 
computer game literature. 

Spoken dialogue, or speech audio, is the normal means of communication between 
people in the real world. According to Johnson and Leigh (2001) audio is the most 
important communication channel to maintain a shared collaborative space. The support 
for spatial audio, which clearly indicates the point, or at least the direction, of the sound 
source, can further enhance collaboration in virtual environments. If audio deteriorates, 
then the collaboration could quickly fall apart. One of the reasons for the importance of 
the audio channel could be that it is the naturalistic way of communication - all, or at 
least most, of the information contained in speech being conveyed through the voice 
channel without any need for additional control devices. 

The importance of good quality audio as a mechanism to convey messages, emotions 
and moods is further argued by Latta (1998):  

"The second most critical stimulus [after sight], and the one that best communicates 
human emotion and mood, is sound. Here again, 3D, or spatialized, audio is emerging 
but is hardly mainstream. An effective virtual environment needs the ability to display 
ambient sounds, voice, and the sound effects caused by one's use of the virtual objects. 
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Currently, audio in some virtual environments gives the impression that we're wearing 
mufflers while speaking through straws into an echo chamber." (Latta 1998, p. 501-
502.) 

According to Clanton (2000), sound is a secret weapon for controlling emotions. It 
can be used to create and enhance anticipation of future events. For example, the 
background music can warn users before the monster attacks. This approach is argued to 
create more powerful feelings in the users through anticipation and anxiety. The use of 
narrative music has been explored both in movies and in games, although the game 
designers have not yet fully harnessed the powers of dynamic narration through music. 

According to Bacon (2000), narrative music can bring out otherwise hidden or 
ambiguous (1) features of characters’ nature and states of feelings and (2) states of 
matters or corresponding issues. In this sense, the accompanying music can be considered 
to have a certain amount of narrative effect to the situation. On the other hand, the music 
that can be considered to be non-narrative, can have various affects on the viewing 
experience. For example, incidents can have a larger than life aura around them. 
Furthermore, the viewer can be directed towards a certain incident and the music can 
cause the viewer to feel excitement, tension, fear, relaxation, happiness, etc. 

Music and sound agents can be designed to be constantly responding to the changes in 
mood and tension, in addition to following cues triggered by the accomplishment of 
goals, or the occurrence of key events in the story. For example, each avatar may have its 
own sound track, audible only to that participant, that accompanies it and reflects the 
changing circumstances surrounding that individual. All these effects and additional 
interaction cues can contribute to the creation of compelling experiences even within 
purely social virtual environments (Goldberg 1998). 

In films, the sound track, particularly the musical score, tends to carry the emotional 
tone for most scenes. Because in interactive worlds there is no possibility to control 
timing, the designers must choose sound tracks that work with wide variation in duration, 
and they must be able to make the transition smoothly from one ambient sound to the 
next based on guest actions. Many VR system architects are concerned with the 
underlying technology for localising sound. The careful selection and creation of ambient 
sounds and music, i.e., the content, is much more important than the specific details, or 
even the use of, sound localisation (Pausch et al. 1998). The spatial aspects of sound are 
of importance, but the actual contents may have a stronger impact on the participant. 

Sound can be used as a substitute for movement or animation in many virtual 
environments. The missing or inadequate visual representation can be greatly enhanced 
with corresponding audio. For example, Clanton (2000) describes the features of the 
computer game Myst:  

"The image of the ocean is static, but the sound of waves makes it almost appear to 
move. The player hears the doors close after passing through them. This sound 
replaces animation. The forest comes alive because of the sound." (Clanton 2000, p. 
322.) 

The use of sound effects is further illustrated by Kau (2001) in his description about 
the audio world in the game Riven (1997). He observed that the impression on the player 
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is enhanced by the use of music and sound effects. Stone and metal doors and elevators 
and machines move with echoes, rumbling, clanking and creaking that literally make it 
possible to hear their weight and material. 

So, in addition to giving the participants a possibility to control the movements and 
actions of their avatars, they should also have some amount of control over the aural 
effects within the world. The effects might be computer-controlled responses to user 
actions, or, they might be user-controlled cues, signals, and other pieces of sound samples 
that could be used to enhance the communication. 

One example of using sound effects to increase the communicative nature of 
application is provided by Neal Stephenson in his Snow Crash (Stephenson 1992) novel 
where the main character gets startled by an autonomous agent entering his virtual office 
without any audible cues. To prevent this happening again the person asks the agent to 
make more noise when moving. The resulting event describes the outcome:  

"Hiro reaches out for the hypercard. The Librarian takes a half a step forward and 
leans toward him. This time, his foot makes a soft noise on the tatami mat, and Hiro 
can hear the white noise of his trousers sliding over his leg." (Stephenson 1992, p. 
102.) 

Good sound can make a profound difference to the illusion of reality or "being there". 
Hearing is omnidirectional; it operates in all directions, while sight operates only in the 
hemisphere of observation (Sandin 1998). The research into binaural audio shows that a 
subject will consistently report a more immersive and high-quality visual environment 
when visuals are shown in sync with binaural sound versus stereo sound or no sound at 
all (Foster & Schneider 1998). A distinctive example of the significance of using spatial 
audio is provided by Laurel et al. (1998):  

"It was striking that a visual cue would often apparently 'pin' the apparent sound 
location but that the sound would become startlingly more lifelike when it really came 
from the correct location. I [Rob Tow] remember the first time that the 'enticement' 
critter sounds were properly spatialized - and I was severely startled while 'in' the 
Cave world by Crow's voice speaking just over and behind my left shoulder at very 
close distance - I jumped, turned, and looked up, all quite involuntarily." (Laurel 1998, 
p. 202.) 

In addition to providing spatial cues or emotional backdrop, the audio channel can be 
effectively utilised to characterise the participants. The tone, colour and other attributes 
of voice, all convey distinctive messages about the speaker. The potential of speech audio 
and especially its prosodic aspects have been brought forward by Hettema (1998): 

"I think the first really successful multiuser (social) attraction will likely to have one 
other feature: live voice communication. Another lesson from puppetry is that users 
will want to modify their voices. That will be an absolute requirement. If you put 
people in a room, pass around a puppet, and shield each novice operator behind a 
screen, when they put that puppet on and start to talk, not one will use their own voice, 
ever. Usually, they'll come up with a high squeaky voice the first time out. They 
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immediately assume a different persona at the first opportunity, something that virtual 
entertainment environments can easily provide." (Hettema 1998, p. 378-379.) 

Due to the fact that humans extract a lot of information about their environment 
acoustically, there is a lot of potential in aural interaction in networked virtual 
environments. By closely emulating reality, good 3D sound offers an entirely new level 
of audio experience: a listener is no longer aware of the audio system, so the application 
communicates directly with the user, creating levels of awareness, realism, immersion, 
and engagement previously only possible in real-life situations (Foster & Schneider 
1998). 

"Sound as a supplement to images is often considered a secondary factor by the 
viewer. Nevertheless, sound is a powerful technique that influences and codifies the 
experience in many ways. Sound can guide our attention within the image and focus 
our perception by pointing to things of particular interest. And sound can thus actively 
shape the viewer's perception, interpretation, and understanding of images. In 3D 
spaces, in like manner, sound is an important factor, since it can bring about an overall 
sense of a realistic or convincing environment." (Jensen 2001a, p. 325.) 

The cocktail party example provides further insight to the possibilities of binaural, or 
spatial, audio. Foster and Schneider (1998) illustrated the example as follows:  

"At a cocktail party, a listener is capable of focusing on and understanding a 
conversation, while there are dozens of other conversations going on all around. If that 
party were recorded and then played back using a regular mono or stereo procedure, 
the result would, in most cases, be unintelligible. With a binaural recording of that 
party, a listener would still be able to tune into and understand individual 
conversations because they are still spatially separated and 'amplified by' binaural 
gain." (Foster & Schneider 1998, p. 147.) 

In shared worlds that support audio, the voice of the other users can be made to drop 
off with virtual distance, thus, helping clarify who is being heard and who can be heard. 
This feature supports a natural intuition about mutual audibility and can highly increase 
the sense of awareness (Smith et al. 2001). 

According to Jensen (2001a), the term sound usually covers four types of aural 
phenomena: speech, music, sound effects and silence. Sound has spatial as well as 
temporal dimensions. It has spatial dimension because it comes from a source, and it has 
temporal dimension because it is perceived as linked to visual events that take place at a 
specific time. In the spatial dimension, at the most general level, sound is divided into 
diegetic and non-diegetic sound, based on the identification of the source of the sound. 
Non-diegetic sound is represented as coming from a source that cannot be located in the 
scene, space or world. Furthermore, diegetic sound is represented as coming from a 
physical source in the visually represented space or world. 

On-screen diegetic sound refers to sound perceived as coming from a source that is 
visible within the frame at the time the sound is heard. For example, a voice that is heard 
at the same time the lips of an avatar are seen moving. Off-screen diegetic sound refers to 
sound coming from a source that is not immediately visible within the frame at the time 
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the sound is heard. In 3D applications, environmental sound would be a case in point. 
Consequently, off-screen sound can indicate space reaching beyond the immediately 
perceivable frame and may be used to cue the user's attention on and expectations about 
off-screen space (Jensen 2001a). Jensen provides an example of off-screen sound:  

"This technique is very useful and effective in 3D applications. For instance, in certain 
networked 3D shoot-'em-up games (such as 'Quake') you are able to hear your 
opponents although they are actually out of sight. Thus, off-screen sound becomes an 
important cue to the opponent's movements and activities and, as a result, an important 
guide for your own navigation and strategy." (Jensen 2001a, p.326.) 

Another feature of diegetic sound with strong pertinence and applicability to 3D space 
is the possibility of sound perspective. Corresponding to the depth cues that constitute 
visual perspective, it is possible to create a sense of spatial depth, distance or location that 
in turn can model a kind of three-dimensional sound environment. Utilising techniques 
like stereophonic sound or surround sound channels, it is possible to represent a sound's 
placement in the three-dimensional space - on-screen as well as off-screen. Sound 
perspective can also be produced simply by volume, because volume by a conventional 
code is related to the perceived distance (Jensen 2001a). 

The audio channel, by itself, is not just independent part of communication and 
interaction processes. Instead, the support for spatial cues (i.e., location, direction, 
proximity, etc.) provided by spatialised audio sources can greatly enhance the 
interpersonal interaction, especially in the context of groups. Furthermore, various sound 
effects and soundtracks that are not necessarily applicable to physical world interaction, 
could be effectively utilised in the context of CVEs. In summary, aural aspects of 
interaction have their role, in addition to pure audio, in representational (e.g., ambient 
sound scenes, sound effects), spatial (e.g., direction and proximity) and temporal (e.g., 
pauses and frequency of actions) forms of interaction, either specifically or as supporting 
features. Furthermore, background music, or soundtrack, can be used in similar manner 
as in the film and computer games domain to enhance the emotional atmosphere. 

3.2.3  Temporal aspects of interaction 

According to Singhal and Zyda (1999) a networked virtual environment, or CVE, 
incorporates a shared sense of time for the participants. The participants of a 
collaborative session should be able to see each other's behaviour as it occurs, thus, 
making real-time interaction possible. This coherent and synchronous progress of time, 
whether realistic or non-realistic, makes it possible for the virtual environments and its 
participants to simulate the non-verbal communication forms called chronemics. Because 
the time-related forms of face-to-face communication have already been described in 
Section 3.1.2, this section outlines some examples in the context of CVEs and games. 

The perception and use of time is integral to the design and experience of computer 
games. Moments of stillness and moments of movement, repetition, cyclical or looped 
structures of time, and the possible induced time limitations are all common means of 
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using time in contemporary games (Wolf 2001). However, games are not the only domain 
for finding evidence of temporal forms of interaction. Synchronous interpersonal 
activities in CVEs have several time-related features in them. 

During group collaboration the temporal aspects of interaction involve co-ordination 
of activities and turn taking during discussion. Turn taking is a basic and obvious feature 
of the organisation of talk and is especially critical in CVEs where the limited 
communication channels may reduce the available subtle cues (Bowers et al. 1996). The 
digital nature of CVEs often requires participants to explicitly control their turn taking. 
Explicit control (e.g., "speakers baton") diminishes collaborators’ feelings of involvement 
in the collaboration because it makes the turn taking apparent and interrupts the flow of 
activity. Under implicit control (e.g., by using a more subtle and intuitive speech audio), 
on the other hand, collaborators do not request and release control directly. The turn 
taking occurs with the aid of constant monitoring of other participants' speech and 
actions. The turns can be so overlapped that users may even have the illusion that more 
than one collaborator can interact with the system simultaneously (Begole et al. 1999). 

Temporal constraints play an important role in interaction. Certain responses are 
expected to happen within a given time span, such as looking in a direction being pointed 
in Goodwin (1981). If these rules are violated the meaning of the gesture or gaze 
direction may be drastically changed in the context of the dialogue. Furthermore, in 
games and simulations the environment itself may force time constraints for the 
participants. For example, the player has to solve a puzzle within a specific time frame, 
or, she has to adapt her actions according to moving platforms (Rouse 2000).  

The progress of time can be simulated by using the conventions from the real world, 
such as the sun travelling through the sky from sunrise to sunset. Furthermore, virtual 
environments provide novel means to represent the flow of time (Schwartz et al. 1998). 
The limitations of the physical world do not necessarily apply to the virtual 
environments. In addition to representational issues, the progress of time can be modified 
to go faster (e.g., fast forward in strategic simulation) or to go slower (e.g., "bullet time" 
in Max Payne (2001), a 3D first-person shooter game). 

One of the problems that occur when replicating the real-world interaction in virtual 
environments is the bond of time and space. In many of the first-person games, the avatar 
always walks, runs, or drives at game-world speeds. Movement between two locations 
takes as long as it takes to cover all the territory in between. According to Clanton (2000), 
films were freed from this restriction a long time ago when the cut was invented. Films 
cut ahead to eliminate tedious traversal of space and time. However, when considering 
the multi-user environments, it is quite difficult to find suitable forms of cutting the 
scenes. The teleport feature can allow instant travelling within space, but time is more 
difficult to manage. The problem occurs, for example, with aforementioned slow motion - 
if the progress of time in the virtual environment is modified, it will affect all of the 
participants. 

Some of the interactions have strong temporal parameters and meanings. For 
example, the use of gestures in interpersonal communication situation is strongly affected 
and reflected by the durational and temporal parameters. Example of applied temporal 
control in gestures is provided by Thórisson (1997):  
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"If a gesture is executing when a new command arrives, the current action will be 
cancelled, and the new command will take over. The shape of the hand is interpolated 
from its current state to the shape associated with the first position in the new gesture, 
while the hand is moved linearly from its current position to the first position of the 
new command." (Thórisson 1997, p. 141.) 

In addition to the aforementioned examples of synchronous communication, Drozd et 
al. (2001) describe a 3D record and replay mechanism implemented in MASSIVE-3, 
which allows the logging and timestamping of every action within a region of a virtual 
world. This includes every movement, object interaction, and speech of every avatar 
within that area. A recorded log file can then be linked back into a live locale at a later 
time using a "temporal link" so that when it is replayed the recorded action appears to be 
recreated within the live world and mixed with the live action. Live participants can then 
move around the recording, viewing it from any angle, listening to the audio or following 
any character. This mechanism allows, for example, flashbacks, recorded messages, or 
backtracking through the meeting for recollection purposes. A similar feature has also 
been described by Johnson and Leigh (2001). They illustrate the VR-VCR that combines 
somewhat similar record and playback features with the possibility to explore the 
recorded event and the world. 

According to McGrath and Prinz (2001), communication in co-located spaces is 
characterised by its analogue nature - the level of communication can be considered to 
follow the continuum between none and full. Between saying nothing and talking to 
someone else there exists a continuum comprising mutual sense of presence, body 
movement, mutual gaze awareness and the trajectory of body motion. The model of 
technologically mediated communication is, on the other hand, characterised by its digital 
nature - there is either constant communication or none at all (for example, when sending 
an email). It is believed that with "always on" communication technologies and with an 
appropriate way of expressing presence and awareness, it is possible to build on-line 
collaboration tools that support the continuum of analogue communication. 

3.2.4  Representation and perception of embodiments 

This section illustrates the representational aspects of interaction and outlines some key 
issues related mainly to the appearance of avatars in virtual environments. According to 
Jensen (2001b) one of the decisive features of CVEs is that they are symbolic worlds, 
exclusively constituted by representations, by symbols or by digital signs. The concept of 
representation plays a key role in the conceptualisation and understanding of CVEs. 
Representation as a concept refers to all aspects of the appearance of virtual 
environments including the appearance of avatars, autonomous agents, objects and other 
elements of the environment. 

From the interaction point of view the representation can be static or dynamic. The 
static representation, in this context, includes perceivable elements that cannot be 
changed or modified when inside the virtual environment. However, the static elements 
can still be used for identification purposes (e.g., different shirt colours for different 
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players in a team game). The dynamic elements of representation include the features or 
attributes that can be modified by the participants. For example, if the participant can 
change the colour of his or her embodiment on-line, the representation can be used as part 
of communication with others. 

"Your avatar can look any way you want it to, up to the limitations of your equipment. 
If you're ugly, you can make your avatar beautiful. If you've just gotten out of bed, 
your avatar can still be wearing beautiful clothes and professionally applied makeup. 
You can look like a gorilla or a dragon or a giant talking penis in the Metaverse. Spend 
five minutes walking down the Street and you will see all of these." (Stephenson 1992, 
p. 33-34.) 

Figure 5 illustrates the concepts discussed in this section, i.e., embodiment, 
representation and perception. Embodiments are part of the representation and the 
participants can perceive actions through the representation that consists of embodiments 
and the environment. One uses embodiment to represent something that is perceivable by 
others and by oneself.  

The possibility to perceive both own actions and the actions of others, or, mutual 
perception, is one of the most important features in remote collaboration systems. Only 
with reversibility of perception, are remote participants able to control and adapt their 
actions without too unsure feelings of the message (Robertson 1997). 
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Figure 5. Relationships between embodiment, representation and perception. 

 
Benford et al. (1997) define the user embodiment as the provision of users with 

appropriate body images so as to represent them to others and also to themselves. They 
state that the inhabitants of collaborative virtual environments (and other kinds of 
collaborative systems) ought to be directly visible to themselves and to others through a 
process of direct and sufficiently rich embodiments. They further argue that the user 
embodiment is relevant to co-operative systems in general, although these seem to 
neglect the issue altogether. Many collaborative systems still view the users as people on 
the outside looking in and make no provisions for visualising them inside the system. So, 
as a result, users only become known to one another through their disembodied actions. 
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According to Robertson's (1997) definition, embodied actions are those of an active 
and perceiving embodied subject. The actions are executed, or acted out, purposefully to 
be observed by the actor, as well as, by other users located within visibility. These actions 
are, thus, considered as classes of cognitive practices that are simultaneously available to 
the actor and others in a shared space. 

Benford et al. (1997) have proposed a list of design issues that need to be considered 
by the designers of virtual bodies. The issues relevant for this work are personal 
representation (identity, background information, personalisation) and conveying activity 
(presence, location, viewpoints and actionpoints, availability and degree of presence, 
gesture and facial expression, relationships with objects and information, history of 
activity). The most basic form of activity is presence and the primary goal of a body 
image is to convey a sense of someone's presence in a virtual environment. This should 
be done in an automatic and continuous way, so that other users can tell 'at a glance' who 
is present. Furthermore, the degree of actual presence should be explicitly shown. 

Virtual humans have a key role to play in shared virtual environments and true 
interaction with them is a great challenge. Most of the existing CVE systems still use 
simple embodiments for the presentation of participants in the environments. More 
complex virtual human embodiment increases the natural interaction within the 
environment. The more natural perception of each other by the users (and of autonomous 
actors) increases their sense of being together, and thus the overall sense of shared 
presence in the environment (Thalmann 2001). 

"The motivation for embodying users within collaborative systems becomes clear 
when one considers the role of our bodies in everyday (i.e. non-computer-supported) 
communication. Our bodies provide immediate and continuous information about our 
presence, activity, attention, availability, mood, status, location, identity, capabilities 
and many other factors. Our bodies may be explicitly used to communicate, as 
demonstrated by a number of gestural sign languages, or may provide an important 
accompaniment to other forms of communication, helping coordinate and manage 
interaction (e.g., so called 'body language')". (Benford et al. 1997, p. 93.) 

Allbeck and Badler (1998), in their analysis of avatar characteristics based on the 
Neal Stephenson novel Snow Crash (Stephenson 1992), list seven characteristics: 
appearance, clothing and attachments, ethnicity, locomotion, body actions, forms of 
communication, and emotions and personality. Following a similar line of thought, 
Jensen (2001b) outlines two important aspects that an avatar of the user has: appearance 
and functionality. Appearance defines what the avatar looks like, and is thus, very often 
synonymous with the way the user presents him or herself in the virtual environment. 
Functionality defines all the different functions an avatar may have. These include, for 
example, animation and behaviour patterns, emotions via facial expressions, carrying 
objects and proving one's identity. 

According to Thalmann (2001) the avatar representation in single-user virtual 
environment fulfils three important functions: 1) the visual embodiment of the user, 2) 
means of interaction with the world, 3) means of sensing various attributes of the world. 
When considering multi-user virtual environments, such as CVEs, the participants' 
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representations are also used for communication, thus increasing the crucial functions of 
the avatar representations: 

1. Perception (to see if anyone is around) 
2. Localisation (to see where the other person is) 
3. Identification (to recognise the person) 
4. Visualisation of the other's interest focus (to see where the person's attention is 

directed) 
5. Visualisation of the other's actions (to see what the other person is doing and 

what is meant through gestures) 
6. Social representation of self through decoration of the avatar (to know what the 

other participant's task or status is) 
 

Using articulated models for avatar representation fulfils these functionalities with 
realism, as it provides the direct relationship between how an avatar is controlled in the 
virtual world and how the avatar moves relative to this control, allowing the user to use 
his or her real-world experience. Thalmann chose to use complex virtual human models, 
aiming for a high level of realism, but articulated "cartoon-like" characters could also be 
well suited to express ideas and feelings through the non-verbal channel in a more 
symbolic or metaphoric way (Thalmann 2001). 

Bogh Andersen and Callesen (2001) point out that character design in Final Fantasy 
VII (1998) is based on the style from Japanese anime films and the simple and naïve 
world of the fantasy tradition. The characters are archetypal and have few, but very 
distinct, features. They further describe the characters as follows: 

"The main character Cloud Strife has an extreme long sword, spiky hair, elegant 
clothes and athletic stature like a prince. Barret Wallace has the heavily built stature of 
a warrior; his arm is a gun and he has extremely slender hips, like an X. Tifa 
Lockheart has very long legs, she has feminine and girlish features and is dressed for 
fighting as a teenage Amazon." (Bogh Andersen & Callesen 2001, p. 152.)  

The distinctive features of the characters make them unique and they become visually 
recognisable, which is important for the elaborate use of cinematic techniques, with 
frames ranging from close-up to panoramic throughout the game. 

The basic interaction process between individuals in shared virtual environment starts 
from the appearance of the avatars. The static features such as clothes and body-shape are 
used for identification purposes but they can also be interpreted to convey some 
messages. McGrath and Prinz (2001) found in their experiment, Symbolic Acting, that the 
majority of their subjects liked the animated avatars and several suggested that the 
introduction of animated avatars made their experience more like attending a real face-to-
face meeting. Furthermore, the research indicates that there is a need to have more 
customisable avatars for the users, in order to provide them with flexible enough 
identification and representation procedures. The user would like to have different 
clothing, body-shapes, colouring and special features for their avatars. 

"The couples coming off the monorail can't afford to have custom avatars made and 
don't know how to write their own. They have to buy off-the-self avatars. One of the 
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girls has a pretty nice one. It would be considered quite the fashion statement among 
the K-Tel set. Looks like she has bought the Avatar Construction SetTM and put 
together her own, customized model out of miscellaneous parts. It might even look 
something like its owner." (Stephenson 1992, p. 34-35.) 

In several games and VR systems, in general, users are able to choose what 
representation they would like for themselves in the virtual world or, alternatively, to 
customise a standard avatar so that it suits them. This degree of flexibility widens the 
scope of control that a user is permitted and encourages a sense of ownership or 
identification of the avatar. This results in unique avatars becoming associated with the 
personalities, actions and roles of their controllers (Nunamaker 1997). 

"Allowing users to personalise body images is also likely to be important if CVEs are 
to gain widespread acceptance. Such personalisation allows people to create 
recognisable body images and may also help them to identify with their own body 
image. An example of personalisation might be the ability to don virtual garments or 
jewelry." (Benford et al. 1997, p. 96.) 

In addition to representing oneself and one's identity to others, the 3-dimensional 
virtual environments offer naturalistic ways to solve the problems of recognising what 
views and scenes are available to other participants. Embodiment of the user offers 
significant benefits because the use of embodiments located in the virtual world provides 
the participants with access both to the other, and to the other's actions and orientations in 
the local environment. The embodiments can be seen alongside the objects, at which they 
are looking and pointing. In this way, and unlike media spaces, (representations of) 
participants are visibly embodied in, and connected to, the common world of objects 
(Hindmarsh et al. 2001). From this aspect, the concept of embodiment is tightly coupled 
with the object-focused interaction. The actions of participants being visible through the 
embodiments provide visual pointers to the object, which is the target of the collaborative 
work. 

The main issue in terms of perceiving one's own actions is the matter of presentation. 
The two common practices used in games and virtual environments are the first-person 
and third-person points of view (POV). The former lets the user to see what the avatar is 
seeing at the moment, while the latter provides external perspective allowing the user to 
perceive his or her avatar as well. Clarke-Willson (1998) argues that the main contributor 
of the classic games is their use of the third-person POV. Although it does not provide as 
visceral experience as the first-person POV, the experience can be much more complex. 
The relationship between the player, the avatar, and the world provides much greater 
opportunities for interaction. The ability to see one's own avatar in the world provides 
both feedback to personal actions and also allows more flexible interaction in relation to 
the surrounding world. 

"First-person games tend to be faster and more immersive. There is a greater sense of 
being 'in the world' as the player sees and hears along with his character. Third-person 
games allow the player to see his character in action. They are less immersive but help 
the player build a stronger sense of identification with the character he is playing." 
(Bates 2001, p. 48.)  
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Furthermore, the user embodiment can provide significant benefits in terms of feeling 
a sense of control over one's avatar. Clarke-Willson (1998) points out the solution of the 
third-person person POV:  

"If I can see myself in the scene, and how I move in relationship to other objects in the 
scene, then I feel much more in control. If something is bumping me from behind, I 
can see it. I'm not left in a semiparanoid state where I have no idea what's affecting my 
character and therefore me." (Clarke-Willson 1998, p. 233-234.) 

In many computer games that rely on a film like presentation of the game world (such 
as certain adventure games or role-playing games) the first-person POV is preferred in 
order to allow different degrees of interactivity. This is in contrast to most film 
presentations. In film a first-person view is seen as an artificial form of narration, which 
is normally used for very specific purposes only. The usual third-person narrative device 
allows for spectator immersion and character involvement and at the same time ensures 
acceptability and credibility as far as representation of reality goes (Dankert & Wille 
2001). The view that a user has on the CVE will depend highly on the task. For one task a 
top map-like view and behind-the-avatar view could be most useful, while the more 
traditional avatar side views would be not used at all. The benefits of a particular view 
will depend highly on the task at hand.  

The issue of avatar appearance, whether static, dynamic, kinetic or spatial, is one of 
the major factors that can increase the communication, co-ordination and collaboration 
possibilities in CVEs. If other participants can perceive intentional, or unintentional, 
representations, they have a chance to act accordingly. If the message is never 
constructed, there hardly is any room for interpretations either. Similarly, the 
representation and perception of environment, and artefacts within, can greatly contribute 
to the overall richness in interaction. 

3.2.5  Control of communicative embodiments 

Human beings are very sensitive to rather small variations in the facial expressions, 
gestures, and posture of their conversation partners. In order to allow users to experiment 
a higher degree of realism, virtual environments have to go beyond the photo-realism and 
provide a "physical behaviour-realism” adding kinematic and dynamic behaviour to the 
primary graphical representations of the avatars (Spoelder et al. 1999). However, in 
multi-user and non-deterministic environments the kinematic and dynamic behaviour of 
participants' avatars requires methods and tools of control. 

"If you have a virtual environment in which you can see other people somehow - 
personas or avatars - the most important thing you can provide to make a rich 
environment is not typed chat or 3D, but the ability to visibly express oneself. That 
includes the ability to build a custom representation of who you wish to be, but such 
an ability is only a start. When technology allows it, I think movement and gesture 
will be equally if not more important than name and likeness." (Hettema 1998, p. 378.) 
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Believable facial emotions are still very hard to obtain. However, according to 
Allbeck and Badler (1998) the current research has been able to tackle most of the 
problems in creating the likes of a science fictional virtual environment described in Neal 
Stephenson's Snow Crash (Stephenson 1992). The major gaps are reported to lie in the 
control transformation from the user's desires to the avatar's actions and in the 
modification of an animated action based on the attitude, personality, and reactions of the 
live participant. 

Synchronous interaction with a virtual environment may be carried out in two 
different ways: either as a one-to-one (direct) mapping or as an interpretation (indirect 
mapping). The direct mapping covers the methods where the subject's movements are 
duplicated directly in the virtual world. Mapping is indirect when the subject's 
movements are captured, interpreted, and then used to control something (Moeslund 
2001). However, the representation and implementation of dynamic embodiments and 
embodied actions have proven to be relatively difficult especially in the desktop CVEs 
where the user-interface devices do not necessarily support enough degrees-of-freedom to 
control the avatar. The literature offers at least two major trends in seeking the solution to 
this problem. The first approach tries to replicate the actions of the user in real time and, 
thus, aims at providing concurrent representation of the actions in style of direct mapping 
(cf., Hindmarsh et al. 2001). The second approach examines possible ways of presenting 
stylised gestures that mimic the actions of the user (cf., Guye-Vuilleme et al. 1999).  

Hindmarsh et al. (2001) describe three key problems, especially evident in the context 
of referential gestures, associated with the second approach. First, the inability to shape 
and mould a gesture in, over and through the space reduces the opportunities to produce 
more inventive or evocative gestures around objects. Second, the initiation of gesture 
patterns requires cognitive effort, which most often involves additional actions. This may 
cause the representation of the gestures to fall out of sequence or out of context, and thus 
reduce or distort the informative nature to the gesture. Finally, participants could be 
alienated from their involvement in the interaction and the activity at hand. The explicit 
effort of providing informative cues to others may result in weakened ability to receive 
information. The "mimic" buttons may take too much concentration away from the task 
and other participants. 

Drozd et al. (2001) have also noted the problems with pre-programmed gestures that 
have to be invoked through explicit key presses. They found out that the complexity of 
gesturing, caused by the key mapping, hindered the process of improvising in the virtual 
environment. The users in their Avatar Farm experiment found it quite distracting to try 
to invoke various gestures when they did not remember all of the keys by heart. 

The central finding from the Inhabiting The Web studies (Tromp & Snowdon 1997) is 
that the embodiment of the participant does not provide enough control. The problems 
such as the degree of control over the embodiment, missing non-verbal interaction 
mechanisms, and a lack of natural mappings to embodiment control were reported. For 
example, the detailed facial and gestural expressions and delicate object manipulation 
were missed by the participants. 

Tromp and Snowdon (1997) argue that there are several reasons for the coupling 
between user interface and user embodiment. The user embodiment provides the user 
with control from inside the CVE application; thus creating a need for an additional 
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interface to the embodiment, not just an interface to the application. Furthermore, the user 
embodiment forms part of the user interface as it provides the user with feedback on their 
current state and their relative position to other artefacts in the virtual environment. 
Finally, the nature of the user interface may affect the nature of the embodiment. For 
example, if the user has a physically immersive user interface, then an articulated 
embodiment will be appropriate. A desktop user, however, might prefer a simpler 
embodiment. 

The importance of seamless coupling between user’s actions and the virtual 
environment is evident if natural representations are to be achieved (Johnson & Leigh 
2001). However the desktop VR systems and consumer products, such as game consoles, 
do not usually have sophisticated tracking devices to capture the movements of the 
participant. This forces the designers to seek additional solutions to control problems. 

Cooper and Benjamin (1994) describe the concept of virtual actors for virtual 
environments that eases the control problem. The actors are like puppets controlled by the 
human participant. The general concept itself is not unique - most of the computer games 
have the player characters programmed to act more or less like puppets. The main 
contribution of virtual actor concept is the possibility to control the puppet through 
various interfaces ranging from simple commands to a full-body data suit. In this sense, 
the puppet could act like a semi-autonomous agent with some of the interaction pre-
programmed and the rest left to the control of the user. This approach would enable, 
depending on the input interface, virtual embodiment of the user's action without too 
much confusion regarding the user interface. 

The traditional mechanical puppets, or marionettes, and the corresponding theatre 
form provide insight to the actions embodied within an external 'body'. The restrictions 
and limitations of the control mechanism force the puppeteers to control their characters 
with relatively minimised means. The former puppeteer John Hettema provides 
illustration of the phenomenon:  

"The obvious aspect of puppetry is the kinetic sensibility. You have to be able to 
associate where parts of your body are and how they're moving relative to other things, 
in ways that you normally don't do. From the kinetics, you develop a good 
understanding of the essence of movement in order to express character; from those 
skills, you learn much about the essence of expression. By 'essence', I mean 
minimizing - knowing what to put in and leaving out all but the essentials. The rule 
always applies." (Hettema 1998, p. 374.) 

The avatars in current CVEs tend to be limited in terms of their expressive 
capabilities. In many cases they are merely customised 3D cursors that mark their owner's 
position within a virtual world. Although the expressiveness of avatars is relevant to 
interaction within the CVE in general, it is a particular concern for the broadcast output 
where there are people who observe the actions of others. For example, television 
viewers are accustomed to a rich visual experience that includes trained human actors. 
Watching simple avatars, often with no facial expression or other gestures, is likely to be 
unsatisfactory (Benford et al. 2001). 

Furthermore, Vilhjálmsson and Cassell (1998) argue that today's avatars serve as 
presence indicators, rather than actually contributing to the experience of having a face-
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to-face conversation. In order to increase the communicative role of avatars, they propose 
a method to automate the animation of important communicative behaviour in order to 
use avatars as communicative agents supporting the text-based communication with 
expressions and gestures. Their BodyChat system allows users to communicate via text 
while their avatars automatically animate attention, salutations, turn taking, back-channel 
feedback and facial expression, as well as simple body functions such as the blinking of 
the eyes. 

"In most current graphical chat systems the user is obliged to switch between 
controlling the avatar behavior and typing messages to other users. While the user is 
creating the message for her interlocutor, her avatar stands motionless or repeats a 
selected animation sequence. This fails to reflect the natural relationship between the 
body and the conversation that is taking place, potentially giving misleading or even 
conflicting visual cues to other users." (Vilhjálmsson & Cassell 1998, p. 269.) 

When multiple people are in the space it can often be difficult to tell who is speaking 
if the audio does not come from a particular point in space. Adding mouth movements, 
even with crude lip synching to the avatars, is useful to give cues about who is speaking 
(Johnson & Leigh 2001). Some voice-based systems offer simple lip synching, which 
greatly enhances the experience, but actions such as gaze and gesture have not been 
incorporated or are simply produced at random to create a sense of 'liveliness' 
(Vilhjálmsson & Cassell 1998). 

The work conducted by McGrath and Prinz (2001) describes the need for symbolic 
acting in the case where the indication of the speaker is needed. They observed that the 
most frequently requested symbolic action was one to indicate who is talking. Users have 
suggested moving lips, moving the head, movement of the arms or simply an icon above 
the user's avatar. If the indication of the speaker could be displayed and combined with 
more realistic avatars it would help users to identify who is talking. The results indicate 
that although complete realistic lip-sync implementation is not necessarily required, at 
least some indication of who is speaking would help the users to turn their focus towards 
the speaker and identify the person also visually. 

Based on the aforementioned examples, controlling the appearance, expressions and 
movements of an embodiment, or avatar, have strong communication and co-ordination 
elements if their representation and perception is supported by the CVE. For example, 
Fraser et al. (1999) have argued that supporting awareness in interaction seems to be a 
crucial factor in allowing tasks to be effectively accomplished through CVEs.  

Furthermore, there are several examples of simulated physical contact, especially in 
action games, but also within CVEs. The lack of haptic devices and feedback decreases 
the impact of natural physical contact, but the virtual environments can apply quite 
radical implementations for greater benefit. For example, Benford et al. (1997) describe a 
physical feature that has been implemented for checking whether another user is present 
or not in the environment. When meeting a stationary embodiment, the user can grab it 
and give it a shake. An angry reaction from the embodiment signals that it is occupied. 
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3.2.6  Autonomy and hierarchy in interaction 

In addition to the autonomous actions that support interaction, hierarchical levels of 
control and abstraction can be considered as another dimension in interaction modelling. 
There are various models of interaction, which illustrate the concept as a hierarchically 
structured and layered system. This section describes some of the models described in the 
literature. The description of bottom-up formulation of the world provided by Rokeby 
(1998) could act as an introductory comment for this section:  

"The whole system is built from the ground up. Subatomic particles interact to 
produce atoms and molecules. Atoms and molecules interact to produce organic and 
inorganic matter. Matter gathers into things with higher-order behaviours like 
mountains, rivers, plants, and humans. These things interact in the whole complex 
process of life. Ideas, words, and concepts are things that we use to describe these 
processes. They're inexact generalizations and simplifications that are necessary for 
our sanity." (Rokeby 1998, p. 32-33.) 

In a way, the description captures the essentials of multi-layered interaction; the 
system should be built from the atomic level in order to achieve flexibility, but it must 
also have higher-level abstractions enabling easy manipulations. In essence, the main 
factor in all of the following models is the possibility to select the corresponding level of 
control. The participant may thus choose applicable interaction level based on the context 
and task. Furthermore, modular solutions to interaction might offer possibilities to 
combine and rearrange the atomic actions in order to create emergent behaviours and 
expressions. 

"Rather than simply providing a fixed library of high level navigation and interaction 
commands it seems obvious that a more flexible user extensible approach would be 
more useful. An obvious approach is to create software that enables users to create 
their own 'macros' that encapsulate high level commands. Users would then be able to 
extend and modify the set of available macros in order to meet their current needs." 
(Tromp & Snowdon 1997, p. 41.) 

The lowest-level behaviours include controlling the motor system, for example, 
making the avatar move a little to the left or right. The primitive actions, such as, 
“walking” and “sitting” are called motor skills. Motor skills rely on kinematic and 
inverse-kinematic modelling to modify the underlying geometry (Maes et al. 1997). 
However, according to Wibroe et al. (2001), direct kinetic influence, i.e., control of the 
individual limbs, is not usual and not very practical in games. Users normally have access 
to higher level behaviours and not to the individual features of the actions. They do not 
have to specify the atomic movements of arms, hands and legs, since a simple fight 
would be very difficult to orchestrate. Sometimes users themselves have to avoid 
obstacles; sometimes they can just point to a place, and the avatar itself will find the path. 

Murray (1997) describes an autonomous character that can accept a director’s 
commands at four levels. The controller can prod the character into action by sending a 
command to the character’s motor system (e.g., go forward), to the behaviour modules 
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(e.g., find a juicy steak), or to the motivation system (e.g., you are very hungry). Figure 6 
illustrates the four levels of action. The strong point of this type of architecture is that it 
allows the character to respond to the environment spontaneously and to put together 
complicated strategies for doing things.  
 

MOTOR SYSTEM

BEHAVIOUR MODULES

MOTIVATION SYSTEM

PERCEPTION

 

Figure 6. Four level action architecture of an autonomous character (Murray 1997). 

 
Blumberg and Galyean (1995) present an approach to control which allows an 

external entity to ”direct” an autonomous character at the motivational level, the task 
level, and the direct motor level. They provide a layered architecture and a general 
behavioural model for perception and action selection, which incorporates explicit 
support for multi-level direction. By providing the ability to direct the character at 
multiple levels, the user can choose the appropriate level of control for a given situation. 
Figure 7 illustrates the three levels at which a character can be directed.  

 

MOTIVATIONAL
LEVEL

TASK
LEVEL

DIRECT
LEVEL

Just do the 
right thing

"you are
hungry"

do THIS the
right way

"go to 
that tree"

do what I
tell you

"wag your
tail"

 

Figure 7. Three levels for directing an autonomous character (Blumberg & Galyean 
1995). 

 
Madsen and Granum (2001) have described a similar approach for controlling 

autonomous agents. In their work an avatar is an agent where some functionality has been 
taken over by a human. One way of using an agent as an avatar is for the user to control 
the movements of the avatar by using some interface. Another possibility is to control the 
agent's movements using a higher level of abstraction, i.e., using action commands such 
as "moveTo object" without any detailed control of the path. In their approach, the agent 
is alive, regardless of the abstraction level for avatar control, when it is being used as an 
avatar. That is, the agent still receives percepts as it would if it were moving around on its 
own accord. This feature makes it possible to let the avatar to act as autonomous agent 
when the user is not able to direct control. When the user comes back to the virtual 
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environment he or she can take command of the avatar again and continue from that point 
on. 

Thórisson (1997) has modelled a layered and modular action control for 
communicative humanoids. In her model, the acts and motor-schemes create a hierarchy 
of continuous abstraction that can be entered at any level, from each of the layers in the 
system. Figure 8 illustrates the hierarchical structure of the system. The acts are 
descriptions of behaviours that can be realised in more than one way. For example, 
behaviour smile could be realised in various ways, depending on the context. The motor-
schemes, in the model, contain a list of the motors to move, and their absolute positions. 
These are used as the final realisation of corresponding behaviours, for example, by using 
the animation system. 
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ACTACTACT
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Figure 8. Hierarchical structure of the action composition (Thórisson 1997). 

 
In the model proposed by Blumberg and Galyean (1995), the behaviours are 

organised into groups of mutually inhibiting behaviours which are, in turn, organised in a 
loose hierarchical fashion. The groups at the upper levels of the hierarchy contain general 
types of behaviours (e.g., ”engage-in-feeding”) which are largely driven by motivational 
considerations, whereas lower levels contain more specific behaviours (e.g., ”pounce” or 
”chew”) which are driven more by immediate sensory input. The behaviour that is active 
may either issue primary motor commands, or activate the behaviour group which 
contains its children behaviours (e.g., ”search-for-food”, ”sniff”, ”chew” might be the 
children of ”engage-in-feeding”). The behaviour groups localise the interaction among 
behaviours, which facilitates adding new behaviours. 

The hierarchical composition of tasks has been described by Gabbard and Hix (1997). 
In their model, the most basic user tasks, called "primitive" tasks, form a base from which 
more complex tasks are built. An example of a primitive task may be one of simple 
movement, such as the movement of a finger. By definition primitive tasks are the 
simplest tasks. They are also the most general in terms of use due to their occurrences in 
every high-level task. In addition to these, a set of primitive tasks creates a higher-level 
task called a "composite" task. For example, a user performing the primitive task, move 
finger, using all four fingers and thumb in the correct order, is essentially grasping. 
Furthermore, combining the tasks “grasp” and “move arm” results in a high-level task 
“acquire object”. 
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Another example of hierarchical control for actions of autonomous agents or user-
controlled avatars can be found from Goldberg (1998). He describes a system called 
IMPROV that uses procedural animation combined with behavioural scripting for 
creating flexible and life-like characters for virtual environments. The system divides the 
actions of avatars into a set of groups. The action, in this case, is defined as a single 
atomic or repetitive activity that does not require explicit higher-level awareness or 
conscious decision. Actions within a group are mutually exclusive of one another; 
activating one causes the action currently active to end. Actions in different groups can 
operate simultaneously, so activities of certain parts of the body can be layered over those 
involving others. Using this structure, the basic set of actions can be combined to create 
dozens of composite animations while minimising the risk of inadvertently creating a 
behaviour that is either unbelievable or not lifelike. The solution serves as the mechanism 
for user-controlled avatars by enabling multiple levels of abstraction for the possible 
actions. 

According to Benford et al. (1997), the discussion of gesture and facial expression 
relates to voluntary versus involuntary expression. Real bodies provide us with the ability 
to consciously express ourselves as a supplement or alternative to other forms of 
communication. This could be supported by virtual bodies in the form of limbs that can 
be manipulated. On the other hand, involuntary expressions (i.e., that over which users 
have little control) is also important (looks of shock, anger, fear, etc.). However, support 
for this is technically much harder as it requires automatic capture of sufficiently rich 
data about the user. 

"It is likely that some of the 'little' movements that surround an avatar might be 
automatically generated: e.g., attention (facing), searching, watching, and maybe small 
locomotor movements to maintain personal space and body orientation toward 
subject." (Allbeck & Badler 1998, p. 22.) 

According to Jensen (2001b), specific animations and behaviours of an avatar can be 
released or triggered by different factors, such as: user behaviour (a click of the mouse), a 
time factor, collision detection, proximity to other objects or avatars, the appearance of an 
object, a touch sensor, or some other event. Although by definition avatars are under the 
control of the user, the degree of control can vary in practice quite a bit. In certain cases 
the user can completely control all of the avatar's movements and communicative actions 
down to the smallest detail. In other cases, the user can only determine actions, behaviour 
patterns, gestures, moods, manipulation of objects, etc., on a more general level. This 
behaviour is then carried out by a pre-programmed automatic system. 

"Users want software that supports but does not take away their sense of control, so 
they can do what they want when they want, and not be constrained by the software." 
(Preece 2001, p. 265.) 

The creators of multi-user environments have realised that avatars need to be 
animated in order to bring them to life, but their approach has not taken into account the 
number of different communicative functions of the body during an encounter. The 
traditional approach of providing menus where users can select from a set of animation 
sequences or switch between different emotional representations has not been successful. 
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The largest problem with this approach is that the user has to explicitly control every 
change in the avatar's state. In reality however, many of the visual cues important to 
conversation are spontaneous and even involuntary, making it impossible for the user to 
explicitly select them from a menu. Furthermore, the users are often busy producing the 
content of their conversation, so that simultaneous behaviour control becomes a burden 
(Vilhjálmsson & Cassell 1998). 

One solution for the overwhelming problem of communicative actions in a virtual 
environment is provided by McGrath and Prinz (2001). Their method of Symbolic Acting 
takes the normal desktop activities of the user and uses those to drive his or her avatar as 
representation for other participants. The representation is symbolic, i.e., the avatar acts 
out the symbolic meaning of what the user is doing. Furthermore, this acting is mutual 
with the avatars of those with whom the user is collaborating. This means movement, 
navigation and actions without additional user input other than that which they already 
employ. The method provides enormous possibilities for managing and controlling the 
semi-autonomous interactions by offering a solution which is not taking the control away 
from the user, but is instead acting as a helping hand between the user and his or her 
avatar.  

The game industry has been using the cognitive modelling approach to instruct the 
autonomous characters in games. According to Funge (1999) cognitive models go beyond 
behavioural models, in that they govern what an autonomous character knows, how that 
knowledge is acquired, and how it can be used to plan actions. Cognitive models are 
applicable to instructing the new breed of highly autonomous, quasi-intelligent characters 
that are beginning to find use in interactive computer games. Moreover, cognitive models 
can play subsidiary roles in controlling cinematography and lighting. Figure 9 illustrates 
the computer game modelling hierarchy with the cognitive modelling approach being the 
apex of the hierarchy.  

 

GEOMETRIC

KINEMATIC

PHYSICAL

BEHAVIOURAL
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Figure 9. Cognitive modelling in computer games modelling hierarchy. Based on 
(Funge 1999). 

 
Non-symbolic design is a concept that refers to virtual environment implementation 

which is based on physical or other models that define the rules for world events. So, 
instead of pre-programming the behaviour and action of objects (e.g., path for the 
computer-controlled character), the system calculates the outcome based on world data 
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(Rollings & Morris 2001). This approach of avoiding pre-programmed and fixed events 
enables a degree of emergence in the game world by combining simple and atomic rules 
into varying outcomes (Juul 2002). 

"It is the development of numerous robust and logical systems that leads to player-
unique solutions to situations in the game. One could describe these solutions as 
'emergent' from the systems design of the game, a popular buzzword in game design 
circles. Establishing a game universe that functions in accordance with logical rules 
the player can easily understand and use to his advantage allows players to come up 
with their own solutions to the problems the game presents. Nothing can be more 
rewarding for the player than when he tries some obtuse, unobvious method for 
solving a puzzle or combat situation and it actually works." (Rouse 2000, p. 123-124.) 

In addition to the hierarchical approach and autonomous behaviour, inverse 
kinematics is a method of behaviour and animation control that is widely used in the field 
of computer games. In essence, the method applies behaviour to objects instead of the 
avatars, thus, enabling a larger set of programmed actions and the possibility to expand 
the set by introducing new objects. The idea behind inverse kinematics is clearly 
presented in the question asked by Goldberg (1998) "What if, instead of teaching the 
character how to drink from a beer bottle, we encode the instructions for performing the 
appropriate animation into the bottle itself?" This way each item the character 
encountered would have all the instructions for its use built into it, requiring only that the 
user direct his or her attention to it in order to enable its use. In one interface scenario, the 
user points to the bottle with the cursor and is then presented with a number of options 
for what to do with it. The user chooses one of these options, and then the animation 
attached to the bottle drives the character to perform the action. The cause-and-effect 
relationship is reversed, but, from the user's point of view, the action appears natural 
(Goldberg 1998). 

The advantage of inverse kinematics is that it is possible to continually introduce new 
elements into the environment because the animations for the elements' uses are included 
in their design. This method enables having an infinitely expandable variety of possible 
actions/animations available to the character. The character control file is also reduced to 
a physical description of the character and a set of behavioural modifiers that are used to 
alter the flavour of the animations, giving each character a unique body language and 
personality (Goldberg 1998). 

3.2.7  Replication of real world interactions 

Modelling and constructing interaction possibilities for games and CVEs tends to face the 
basic question of how many real world conventions should be replicated in virtual world 
interactions. Replication of real world interactions includes, in this context, the 
mimicking of real world attributes when designing the virtual world. The level of this 
replication usually determines the level of realism (e.g., photo-realism and physical 
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accuracy) of the system. This section outlines examples of both schools-of-thought - the 
realistic and the non-realistic modelling. 

All forms of media, and especially the interactive media, attempt to mimic certain 
aspects of real-world human experience. Just as visual media, such as painting and film, 
are bound up with the human experience of seeing the world, interactive media try to 
mimic the human experience of interacting with things in the world. People pick up, 
manipulate, and examine objects. People look around in different directions and search 
for things. People walk and travel around through the world and thus enter into new 
surroundings with new objects to manipulate. People communicate "face-to-face" with 
the representations of other people (Robinett 1998). 

Learning from interaction with a virtual world is similar to learning from interactions 
with the real world. This means that if the interaction is implemented in a 
straightforward, consistent, and believable manner, users will be able to develop a mental 
model from the VE exactly like they would develop a mental model of a new city they 
explore. The guiding principles for interface design should follow the argument, which 
states that “if we want our own artificial worlds to communicate most effectively, we will 
model them after the real world, following its rules wherever appropriate.” The real world 
is a complex, adaptive structure formed from a few simple, driving principles, and 
humanity has become attuned to its every nuance (COVEN 1997). 

Gabbard and Hix (1997) state that the environment in which a VE user is immersed 
has an effect on usability, by conveying an activity context to the user.  For example, an 
aircraft cockpit suggests flying a plane, and an operating room environment suggests 
surgical training. A relevant setting may, thus, increase user presence and immersion. 
Furthermore, components of the environment may suggest activities via the real-world 
metaphor or functionality. In this case, a real-world consistent strategy of object 
appearance and functionality can be used to exploit a user's prior knowledge of the real 
world. The use of metaphors may also decrease the cognitive load associated with 
translating user intentions to user actions. 

"Attempting to model reality may be one way to give players an advantage going into 
your game-world; through their own life experiences, players will know to some 
extent what to expect of your game-world." (Rouse 2000, p. 132.) 

The potential advantage of replication is great familiarity and easy learning curve for 
users. On the other hand, the risk is that of reproducing unnecessary real-world 
constraints in the virtual world (Bullock et al. 1993). In certain situations it is good to 
have real-world constraints such as gravity and collision detection, and at other times it is 
good to be able to turn that reality off and be able to do more than could be done if this 
was a real space (Johnson & Leigh 2001). Straightforward reproduction of real world 
characteristics is thus not necessarily the most appropriate ambition for a digital 
environment. This is in part because the physical environment has constraints that it may 
not be helpful to reproduce, and in part because the digital environment may be given 
different and helpful capacities that the physical environment cannot match (Büscher et 
al. 2001a). 

VE is often imagined as potentially being as dynamic, rich, and true-to-life as the real 
world. However, such a high-fidelity replication of the real world is not only technically 
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challenging, but also possibly not always useful. Simple, informative VEs that actually 
facilitate real work may provide much more utility than high-fidelity, true-to-life VEs 
(Gabbard & Hix 1997). 

When the virtual environments apply metaphors from the real world, they usually also 
create a set of affordances that users tend to follow either consciously or subconsciously. 
For example, the Legible City experiment described by Büscher et al. (2001) presented 
the environment as an urban cityscape with rudimentary buildings and "streets" in 
between these. The observations indicate that users quite strictly followed the set of 
affordances at the beginning of their trial. After some experience they started to explore 
options not directly afforded by the presentation. These explorations were more or less 
accidental at first, but soon adopted as common practices. 

Bullock et al. (1993) regard the problem of replication as an open question. They state 
that people need not necessarily reproduce all the spatial constraints of the real world in 
the virtual one. However, features such as teleport may result in some interesting social 
problems such as jumping into the middle of a group of people who are talking about the 
visitor. Some other mechanisms may thus be required to solve these problems. For 
example, the system could use the temporal nimbus to pre-announce the arrival causing 
people to perceive a growing awareness of the visitor. 

Within the computer games domain, the games that contain the highest level of 
immersion are usually the ones that try to simulate the interactions of the real world 
within the context of the game. The nature of these games in question is usually more in 
the simulating of some real or fictional setting and the corresponding interactions. This 
aspect justifies clearly the approach of replicated interactions, although more out-of-this-
world actions might be more effective. As a matter of fact, it is claimed that this 
replication of the interaction from the physical world to the virtual world is never 
completely realistic, and severely limits the potential for productivity (cf., Bowman & 
Hodges 1999 and Preece 1994). Furthermore, Rouse (2000) argues against the general 
notion of more realistic games being more compelling and immersive. He claims that 
adding too much realism to games and game-worlds may actually ruin the experience. By 
forcing the players to tackle mundane and often tedious real-world activities can create a 
more annoying than fun gaming experience. The degree of realism can be an effective 
factor in providing familiarity for the players, but the level of realism should not burden 
the overall gameplay. In addition, the realistic environment would have to be realistic in 
most of the aspects, or otherwise the players will immediately notice the elements that are 
working against their expectations originating from the real world. 

The complexity and level of detail in real world interactions is difficult to reproduce in 
the virtual world. The number of degrees of freedom in the virtual environment often has 
be reduced in order to make the systems simple enough to use. For example, making 
facial computer animation look convincing has proven to be a difficult task. Most 
systems for facial animation are very complex, and can include between 70 and 80 
control parameters. An alternative approach to photo realistic animation is what might be 
called a "caricature" approach where important features are exaggerated. According to 
Thórisson (1997), the approach can be surprisingly expressive. For example, the 
ToonFace system only has 21 degrees-of-freedom, instead of 70, to provide adequate 
facial expressions. 
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In order to design and implement the necessary forms of interaction, or degrees of 
freedom, there have to be ways to select the appropriate ones. Rokeby (1998) points out 
the problem of straightforward replication:  

"I've argued that virtual experiences don't do justice to the richness of the human 
experience. I'm not suggesting that the richness of experience cannot be increased 
through interactive technologies or that the best interface would be one that exactly 
replicated the full experience of reality. In fact, designers of virtual experiences are 
often so literal in their attempts to simulate reality that they stifle some of the most 
exciting potentials that these new media offer." (Rokeby 1998, p. 36.) 

The empirical evidence of successful selective fidelity is brought forward by 
Brutzman (1998) who outlines an example of lower-quality replication of interaction in 
the context of training simulators. Selective fidelity was a buzzword coined in the 
SIMNET program, meaning that a simulator needed only to be good enough to 
accomplish the training goal at hand. The tank simulators that SIMNET fielded had 
relatively low resolution, a relatively low frame rate, no motion base, an inexpensive 
fiberglass hull, and a reduced set of controls. The tank simulator clearly illustrates the 
potential for networked systems. Even with low-quality replication these systems can be 
highly usable for collaborative tasks. 

The limitations of technology and selected implementation affect the level, form and 
realism of interactions available to the participants of CVE. For example, in text-based 
environments, such as MUDs, there are hardly any possibilities to directly replicate real 
world interaction. According to Masterson (1996), the non-verbal communication forms 
may be of limited utility in text-based environments, but still can have significant 
meaning in the communication processes. Essentially, the degree to which any non-verbal 
code is made important on MUD is limited in part only by the creativity and ingenuity of 
the designers and programmers. If the real world interactions cannot be directly 
replicated, they can be simulated in a meaningful and enriching way. 

One area of replication that is under considerable discussion is the required realism of 
the embodiments, or avatars, of the users. One of the leading edge research programmes 
around realistic virtual humans has been conducted by the research groups from LIG 
(Thalmann 2001) and MIRALAB (Magnenat-Thalmann et al. 2001). However, in the 
context of CSCW, the realism of avatars is not as straightforward as in the fields of 
simulation and modelling. The role of the realistic embodiments in CVEs has been 
discussed, for example, by Hindmarsh et al. (2001):  

"…the findings from our experiments would suggest that the straightforward 
translation of human physical embodiments into CVEs (however detailed) are likely to 
be unsuccessful, and indeed misleading, unless participants can also be provided with 
the perceptual capabilities of physical human bodies, including a very wide field of 
view and rapid gaze and body movement." (Hindmarsh et al. 2001, p. 135-136.) 

They conclude that in order to compensate for the constrained views and actions 
possible within virtual environments, more exaggerated and even unrealistic 
embodiments should be used. One example of this type of approach is the visible field-
of-vision presented in Hindmarsh et al. (2001). The representation of the field of view 
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provides information about what objects the other participant can see even if his or her 
avatar is not directly visible to the user. 

Benford et al. (1997) suspect that too realistic avatars only serve to heighten users' 
expectations. The more human the avatar looks, the more human it should behave. 
Furthermore, virtual embodiments may have to convey information that their real 
counterparts do not. Instead of concentrating too much on replication, the emphasis 
should be on increasing the perceivable identity of participants: 

"Recognising who someone is from their embodiment is clearly a key issue. In fact, 
body images might convey identity at several distinct levels of recognition. First, it 
could be easy to recognise at a glance that the body is representing a human being as 
opposed to some other kind of object. Second, it might be possible to distinguish 
between different individuals in an interaction, even if you do not know who they are. 
Third, once you have learned someone's identity, you might be able to recognise them 
again (this implies some kind of temporal stability)." (Benford et al. 1997, p. 95.)  

Avatars with highly stylised bodies can be much easier to differentiate within the 
environment but may not be appropriate for all user types. Some users may feel the living 
cartoon characters to be very comfortable interaction partners after the initial surprise. 
Other users may desire a more serious representation of themselves in the virtual world. 
Using, for example, photographs to generate avatar heads that look like the actual user is 
a way to help bridge between recognition in the virtual world and the real world (Johnson 
& Leigh 2001). However, Raybourn (2001) illustrates the benefits of non-realistic 
characteristics:  

"…in the absence of physical markers such as biological sex, race, physiological and 
involuntary non-verbal reaction, and other general state characteristics, the individual 
has an extraordinary degree of control in presenting any self s/he wishes. For many 
participants of electronic communities, including IRCs, MOOs and 3D CVEs, 
communicating becomes a heightened, directed, goal-oriented activity - instead of 
cursory, everyday activity that may involve unconsciously reacting to another's 
utterances." (Raybourn 2001, p. 249.) 

The main problem in making more explicit and complete visualisation is the level of 
detail required. Verbal descriptions need only describe the most important elements of a 
scene - the mind of the listener will complete a rich enough environment from the key 
elements. In visual medium all visible facets of the area must be described in the 
appropriate detail, varying from an impression on a flat backdrop to the construction of 
3D facades. With pictures and other visual media there must be something at every 
position of the image (Arnold 2001). 

It is obvious that a digital environment could only have limited success in emulating 
its physical counterpart, since the capacity to fully reproduce just the visible dimension of 
the latter is still quite primitive. In addition, emulation encompasses not only the 
realisation-projection of the environment, but also the means of interacting with it 
(Büscher et al. 2001a). 
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"A major challenge for any real-time system is simulating real-world behaviors such 
as multiple object collisions, gravitational and electromagnetic fields, physical 
constraints, soft objects, liquids, gases, deformations etc., most of which are readily 
simulated using conventional computer animation techniques." (Vince 2001, p. 21.) 

The increase in complexity of interaction that is created by trying to mimic too many 
real-world actions is clearly visible in the evolution of first-person shooters (e.g., Doom, 
Quake, Unreal, Operation Flashpoint). The first games were highly innovative in their 
ways of modelling more realistic environments than the players were accustomed to. 
However, these games immediately made the players complain about missing features, 
such as jumping or climbing. The realistic environments created high expectations for 
realistic interaction. The next generation of games were, thus, boosted with additional 
features that made the games more realistic. Unfortunately, this development also made 
the games much too hard to master for the novice players (Rouse 2000). 

3.2.8  Aspects of drama and narration in interaction 

A virtual world is, in many senses, analogous to a theatre - a place where something will 
happen, and which must be designed and staged and peopled to suit that which will take 
place there. The design and construction of the inanimate elements of virtual worlds is 
analogous to the design and construction of sets, scenery, and other properties of the 
stage. Virtual worlds could certainly be used to view pre-recorded performances in three 
dimensions. But virtual worlds are clearly not merely alternatives to traditional 
performance venues for viewing linear narratives. The potential characteristic of a virtual 
performance event is the possibility for spontaneous interaction between characters – in a 
more-or-less non-linear manner (Cooper & Benjamin 1994). 

The utilisation of drama and narration in CVEs does not only entail the game 
applications. Aspects of entertainment and fun can be of great value in other applications 
as well. For example, Stigel (2001) points out that the virtual environments built for 
exploratory purposes must have built-in suspense and uncertainty and these should be 
created in a way that the user is constantly kept up to the mark and on track. 

The non-linear nature of virtual environments makes the effective utilisation of drama 
and narrative difficult. If the participants are simply allowed to go about their business in 
an unstructured environment, there is no way to guarantee that the tension will build and 
the stakes will continue to rise. In games where social scenarios play a great role, the 
complications in relation of the staging events can critically hinder the flow of the game. 
In these cases, there is the need to introduce the agent that acts in the role of director 
(Goldberg 1998). The director agent could be totally autonomous and follow the pre-
scripted set of rules. On the other hand, the human-controlled director agent might prove 
to be successful in multi-user environments where all or most of the avatars are 
controlled by human participants (cf. Drozd et al. 2001). 

The staging of behaviours and actions of the participants are critical for plot 
development and thus need to be communicated to other participants. This can be done in 
many ways, for example, a spotlight can hit the object of desire; the lighting can darken; 
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the sound effects can cease and give way to an ominous silence; the music can change, 
etc. These control mechanisms can be used in conveying a story or an event through 
interaction. The properties of the virtual stage must, thus, be controllable and belong to 
the degrees of freedom, either for autonomous agents or human participants. The direct 
person to person interaction is thus expanded with the possibilities to control the 
attributes of the environment (Bogh Andersen & Callesen 2001). 

One perspective towards interaction can be acquired by examining it through the 
findings of film theory and theory of narrative. According to Bacon (2000), the basic 
problematic behind following a story can be summarised into a couple of questions 
concerning the balancing of the treatment in narration. In a way, the same approach could 
be applied to the interactions and especially to the embodiments of user’s acts. The basic 
elements behind storytelling and narration can be seen as an enhancement or 
augmentation to interaction, in terms of subtle and non-obtrusive channels for conveying 
a message. For example, if a participant wants to convey his or her feelings to fellow 
users, there might be several possibilities in arranging the storytelling situation and the 
flow of story in a way that even the untold is conveyed. The story, or explicit message, 
itself could have a lesser role, and the dramaturgical and narrative aspects might come 
forward. 

The application of narrative aspects can be difficult in a highly non-deterministic 
multi-user virtual environment. Wibroe et al. (2001) state that the minimal requirement 
for narration is a conflict of intentions, which in turn makes some kind of planning 
mechanism necessary. Of course, it could be argued that in most of the settings where 
several participants aim to collaborate, there are bound to be conflicts of intentions. Then, 
the main design issue involves creating the dramatic conflicts and implementing these in 
a way that enables fruitful narratives. 

It is not completely clear what is the relationship of narrative and interaction. If 
storytelling is considered as an example of narration, there can be some conflicts as 
explained by Joiner (1998):  

"I believe that, on a fundamental level, storytelling and interactivity are exclusive to 
each other. Interactivity puts the player in charge; storytelling puts the author in 
charge. Interactivity allows the player to go wherever and to do and see whatever he or 
she wants. Storytelling would dictate that the protagonist be restricted to acting in 
ways that make sense dramatically." (Joiner 1998, p. 153.) 

In addition, the shifts in control in interactive storytelling can severely break the 
suspension of disbelief. Making a decision about what the character should do next, 
which most players approach on a purely intellectual and strategic level, requires a 
detachment from the mood of the story that most authors of narrative would prefer to 
avoid. 

Figure 10 illustrates Joiner's (1998) model of the relationship between interactivity and 
storytelling as a continuum. In general, games with a highly scripted and sequential 
structure are on the right, and games that lack this are on the left. The stories, if any, of 
the games on the left are mainly 'told' by the players themselves. On the other hand, the 
games on the right contain more or less coherent stories provided by the game authors. 
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The placement of the example games in the continuum represents Joiner's subjective view 
and are provided for illustrative purposes. 

 

INTERACTIVITY STORYTELLING

Pong

SimCity

Castle Wolfenstein

Lemmings
Ultima

Defender of the Crown

Madness of Roland

Civilization

Wizardry

Zork

Wing Commander

Monkey Island

 
Figure 10. Continuum of interactivity (Joiner 1998, p. 154). 

 
According to Bates (2001), the solution to compile narrative structures and 

interactivity is to create areas in which the player has freedom and then to string these 
areas together in a linear series. This could be implemented, for example, by organising 
the world into geographical areas, presenting a set of missions to be completed, or by 
providing a set of puzzles for the player to work on at a time. The idea is to present the 
player with a limited challenge that somehow fits the larger story. A concrete example of 
using this approach is provided by Rouse (2000): 

"There are numerous powerful techniques for telling a story during gameplay. Half-
Life was universally praised in the gaming press for the strength of its story. However, 
if one looks at the game's story, it is not actually all that compelling, perhaps even 
hackneyed. Many other games, even many other first-person shooters, have contained 
stories just as compelling. What Half-Life did well, however, was to tell its story 
entirely from within the gameplay. The player never loses control of his character, 
even if he is locked in an observation room, stuck on a tram car, or thrown in a 
garbage compactor. The story is communicated through a combination of level 
settings, chatty scientists, announcements over the PA system, and NPC [non-player 
character] scripted behaviors." (Rouse 2000, p. 224.) 

The relevance of drama and narration to interaction forms can mainly be seen in the 
"staging" of the virtual environment. Mechanistic forms of expression and action do not 
guarantee applicable solutions if the setting is not properly designed. Even if the CVEs 
are not strict storytelling platforms, the freedom to tell one's story and to enact it out 
could be one of the design guidelines when constructing these environments. However, 
the setting and plot are useless if there is no willingness on the participant's part to 
immerse into the scenario. The following section outlines the concepts of immersion and 
suspension of disbelief in terms of interaction. 
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3.2.9  Immersion and suspension of disbelief in interaction 

This section outlines some main factors how immersion and suspension of disbelief are 
constructed to enhance interaction. Willing suspension of disbelief is a phenomenon that 
occurs in the mind of an audience who willingly suspend their critical faculties in order to 
let the story flow even if there are unrealistic and inconsistent details in it. For example, a 
reader may allow the story to unfold and encompass him or her although the events or 
characters are not real. The term suspension of disbelief was originally coined by 
Coleridge (1973) and has since been adopted especially into the games industry (Pimentel 
& Teixeira 1993). 

The immersion into the virtual environment can be achieved in various ways. Apart 
from the most drastic form of visual and aural isolation from external stimuli (physical 
immersion), there are less mechanistic ways also. Clanton (2000) describes one clear 
example of using the movie-like concept in order to grab the player emotionally into the 
game:  

"The first time I played this game [Resident Evil], I ended up sitting in an empty office 
at midnight, shaking, unwilling to continue the game, listening intently to the little 
sounds all around, and unhappy about the prospects of walking across the dark parking 
lot to my car. The character and story had created almost as powerful an emotional 
impact on me as the film." (Clanton 2000, p. 317.) 

The story, thus, enriches the emotional impact of the game, and it can even guide the 
game play. This method of psychological immersion is heavily used in literature and film. 
The immersion, in this context, is not achieved in mechanistic ways using high-end 
interface techniques. Instead, the artistic representation of text, images and sounds are 
used to stimulate the mind of the participant. 

"Immersion is what happens when you make the moment-to-moment experience so 
compelling that the player is drawn completely into the game and the 'real' world 
disappears. It isn't until he hears birds chirping that he realizes he's spent the whole 
night playing the game (again!). This can be as true of chess games as it is of action 
games." (Bates 2001, p. 26.) 

The perceived and felt emotions play an important role in achieving a level of 
immersion. Although first-person games tend to have the impact of greater immediacy, 
seeing the emotions of the character the player has identified with on screen can create a 
wider range of emotions (cf. movies). Basic emotions of fear, excitement, and triumph 
are evoked in first-person games. However, the breadth of emotions is nowhere near the 
ones enabled by third-person games. For example, the poignancy of leaving behind one's 
girlfriend for a great adventure in the big world, early in The Legend of Zelda, the 
Ocarina of Time, can only be expressed in a third-person game where the player 
identifies with a character showing those feelings. Showing the player the emotional 
response of the proxy character (avatar) in a third-person game using the language 
universalised by Hollywood causes the player to feel them (Clanton 2000). 
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However, there is a problem with third-person games where the player sees his or her 
character in the game instead of just seeing what that character would see. Often the 
character in question has such a strong personality and appearance that it may be difficult 
for the player to feel properly immersed in the game. If the character is too much of a 
departure from the one the player could see himself or herself being, the player may 
become frustrated when that character speaks lines of dialog he or she would not say or 
performs other stupid actions (Rouse 2000). 

The illusion of presence is fragile. Although the participants of compelling virtual 
environments tend to suspend disbelief, the inconsistencies can instantly shatter the 
illusion. For example, objects inter-penetrating or characters not responding to the user's 
presence can completely shatter the sense of presence. This means that the overall 
consistency is much more important for immersion than the overall realism. The illusion 
can be compelling enough so that most participants accept being in a synthetically 
generated environment and focus on the environment instead of technology (Pausch et al. 
1998). 

In order for the virtual environment experience to be as real as possible, it is not only 
important to aim at realism. It is even more important that the simulation is engaging. In 
order for computer-based games and simulations to actively engage players, or users, 
three conditions must exist - curiosity, challenge and fantasy (Raybourn 2001).  

According to Brutzman (1998), one of the main reasons that networked virtual 
environment systems can drastically reduce the fidelity of simulations and still maintain 
the suspension of disbelief is that the human participants are actually interacting with 
other humans. Even with cartoon displays and reduced set of controls, the fact that both 
friendly and hostile players, in a simulated fight, are controlled by other humans, can 
make the system believable and engrossing. 

The setting, or the virtual environment, plays a important role in creating a sense of 
immersion. In addition to the spatial interactions, the environment provides the theme and 
the background for the player to draw upon later. This has been especially successfully 
used in the games domain as reported by Bates (2001): 

"One of the most celebrated sequences in recent games is the opening movie of Half-
Life. As you take the tram ride down into the belly of the Black Mesa facility, you are 
presented with a continuous stream of images and sounds that authoritatively place 
you in time and space. Through the use of consistent and concrete detail, the game 
draws you into its fictional world while the real world around you dissolves, 
unnoticed." (Bates 2001, p. 81.) 

The game is perceived through the player's visual, audio, and tactile senses and takes 
shape in the player's mind. The more sensory inputs that are (expertly) stimulated in the 
player, the more an enveloping game state is reinforced. Games that achieve the state 
within the player are the games whose effect approaches that of good music or, in Mihaly 
Csikszentmihalyi's term, 'flow' (Csikszentmihalyi 1990). Successful game design controls 
the player's blood pressure and, thus, makes the experience as compelling as possible 
(Pierce 1998). 

The accidental, or non-deterministic, outcomes of interaction can be a great source of 
fun and enjoyment for the participants in CVE. The non-expected outcomes of events 
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when users accidentally do something they did not plan, or something they even tried to 
prevent from happening, such as ramming into the building with cycle, can provide 
enormous exploratory possibilities. The laws of the virtual environment being different 
than the real world counterpart can cause the users to achieve things not possible 
otherwise. For example, when people accidentally collide with a building and they notice 
that the environment lets them cycle right through makes the learning of these interaction 
oddities to provide a lot of fun for the participants (Büscher et al. 2001b). 

The main problem of voluntary participation occurring games domain does not 
necessarily apply to work applications. At every instance while the player is playing the 
game, the he or she has the option to turn it off and do something else. The designer's 
responsibility is to prevent this from happening. The way to make sure that the player 
does not go away is to hold his or her attention constantly, to entertain him or her from 
moment to moment. This is far more important than most designers realise. At every 
point while the player is in the game, he or she should have something interesting to do 
(Bates 2001). 

"Make the game entertaining moment to moment by keeping it interesting. Give the 
player a lot to do - but also make sure that what he does is fun." (Bates 2001, p. 26.) 

The role of immersion and suspension of disbelief is of great importance to interaction 
and interactivity. The design effort can be targeted to more beneficial areas if designers 
realise that virtual environments do not necessarily need to be realistic. They just need to 
be consistent, engaging and convincing enough for the particular application. If the 
participants willingly submit themselves to the intrigues of the virtual world, they have a 
greater chance of representing and perceiving the applicable interaction forms. In 
addition to physical aspects, such as a wide field-of-view in generating a sense of 
immersion and presence within the computer-generated environment (Furness 2001), the 
immersion covers an abundance of psychological issues that could be tackled with the aid 
of theories from the film and game industry. 

3.3  Interaction design approaches for games and virtual 
environments 

The literary analysis of this thesis is also targeted to the interaction design process itself. 
The general understanding of existing interaction design approaches, in the context of 
games and CVEs, may reveal potential drawbacks and areas of further development. 
However, the lack of applicable design processes for the purposes of this research directs 
the effort to construct a specific method. 

This section describes the theoretical issues of game and CVE design. Although the 
starting point is the academic work and theories of interaction design in this context, the 
discussion is not limited to the world of academy and, thus, various lessons and pointers 
learned from the field of game design are outlined and analysed. The major portion of the 
literature is empirical in nature, and is provided by practitioners in the field. The gap 
between the academic world and the world of the entertainment industry is narrowing 
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year by year, but still there seem to be numerous solutions that could be applied from one 
world to the other. 

The concept of game design is used to determine what choices the player will be able 
to make in the game-world and what ramifications these choices will have on the rest of 
the game. The game design determines what win or loss criteria the game may include, 
how the user will be able to control the game, and what information the game will 
communicate to him or her, and it establishes how difficult the game will be. In short, the 
game design determines every detail of how the gameplay will function. (Rouse 2000). 

The design of virtual environment experiences may differ quite largely from 
traditional multimedia design. According to Laurel et al. (1998) the art of designing in 
VR is really the art of creating spaces with qualities that call forth active imagination. 
The VR artist does not bathe the participant in content, but rather invites the participant to 
produce content by constructing meanings to experience the pleasure of embodied 
imagination. This could be said to apply in most of game design as well. The nature of 
the experience is not just a passive process, but usually includes active creation of self-
experience. 

3.3.1  What can CVE design learn from games? 

According to Clanton (2000), the design communities of CVEs and games have 
complementary skills but they rarely mingle and have little awareness of one another. 
Few software application designers attend game design conferences and, consequently, 
few software applications show any awareness of techniques of game design that could 
make them easier and more fun to learn and use. For example, game designers know that 
frustration is not an enemy but a friend to be carefully sought and pampered and 
massaged into shape. This manipulation of the level of frustration can lead a user to the 
strongest senses of accomplishments. Nothing is more interesting than solving a problem 
that is not too easy or too difficult. This true whether it is discovering how to accomplish 
a complex task with an office automation application, or sneaking past watchful guards in 
a nuclear power plant held by terrorists (in a game!). 

The sense of gradually acquiring mastery over a game is a pleasure that cannot be had 
in traditional media. One does not get better at watching TV, for example. The feeling is 
more like what people encounter as they learn a sport - increased skill brings increased 
pleasure. Thus, game designers design games where the better the player plays, the more 
he or she wants to play it. (Bates 2001.) 

"Easy to learn, difficult to master. Anyone can sit down at Quake and start shooting 
things. As he gains more experience, he realizes that if he stands in one place, he'll get 
killed, so he learns to start moving while shooting. Then he learns to circle-strafe. 
Then, to shoot while running backwards. Then, to figure out which weapons are better 
up close or far away. Then he learns to rocket jump. As he progresses, he learns the 
characteristics of each weapon. He learns to 'lead' his opponent. Anyone can pick up 
Quake and start having a good time within minutes, yet the longer he spends mastering 
the game, the more enjoyable it becomes." (Bates 2001, p. 37.) 
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However, if the virtual environment is uninspiring, dull, or boring to use, it will not 
hold the participants' attention for any long periods of time. The examples of computer 
games in relation to fun and enjoyment are brought forward as an attempt to achieve 
more appealing systems. Virtual environments are described to have the potential to 
provide even greater wealth of experience than just enjoyment and fun, due to their close 
proximity to the film art. (Marsh & Wright 2000.) 

The task-oriented virtual environments that aim at supporting some real world 
activities are in many cases failing to enable compelling experiences for the participants. 
The virtual shopping malls and virtual conferencing have a hard time in acquiring the 
dynamics of real world counterparts. Contrary to these, the entertainment sector seems to 
overcome the limitations of technology. According to West and Hubbold (2001) one 
challenge for CVE design is in making the environments engaging and bringing them to 
life. They argue that in part this relies upon good ideas for content and activities, but it 
ultimately depends on techniques for coding complex behaviours and managing the 
interactions between participants, and between participants and the environment. So, 
although technology is not necessarily the focus of this research, it provides the basic set 
of enabling factors deciding what type of content and what kind of activities are feasible 
in terms of implementation. 

The best way to get more understanding about the nature of games and game design 
itself is to obtain practical experience from the field. According to Clarke-Willson (1998):  

"The best research investment you can make for virtual environment interface design 
is to buy a game machine and to sit down and play for several hours a week. In 
discussing look-and-feel, it's always easier to discuss look because we have 
terminology (developed over many centuries). But for now, while interactive design is 
emerging from the garage into the mainstream of culture, it is still best to 'feel' the 
interface directly, and the best way to do that is to play games." (Clarke-Willson 1998, 
p. 239.) 

Bates (2001) claims that no one person can come up with all the creativity necessary 
to make a game successful. Game design is a collaborative art, and needs contributions 
from all the disciplines, including story, art, programming, gameplay, sound, and music. 
Everyone involved in the production of the game has a claim on the design, and the 
design process must be flexible enough to include each person's contributions. 

"Only really good designers have any hope of predicting what is going to be fun or not 
in a game, and even the most experienced designer will tell you that they use a lot of 
prototyping, experimentation, and general floundering around until they come up with 
the gameplay they want. These talented veteran designers do not have crystal balls; 
they only have an improved chance of anticipating what will make for compelling 
gameplay. They do not truly 'know' more than anyone else." (Rouse 2000, p. 250.) 

The closest thing game development has to a reliable system for developing an 
original game is to get some small part of the gameplay working first, before moving 
ahead to build the rest of the game. This may be called a prototype, a demo, a proof-of-
concept, a level, or simply the current build of the game. It is not meant to show off the 
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game's technology. Instead, it is something that shows off the game's gameplay, which 
includes all of the features described in the game's focus (Rouse 2000.) 

"… a playable demo will make the game easier to sell to a publisher or a green-light 
committee. Nothing proves to the financiers that your game is moving in the right 
direction better than a compelling prototype." (Rouse 2000, p. 254.) 

Although the overall game design process is shady, the fact that there always is a 
playable game available for team members to pick up and play, and see what they are 
working on and how it impacts the game, there is a concrete understanding of the current 
situation. And if anything someone adds or changes makes this playable version of the 
game less fun, it is possible to immediately discover the problem and rectify it (Rouse 
2000.) 

The multiplayer games have some common denominators with the so-called god 
games. According to Bates (2001), these games do not have pre-set "win" condition. The 
game designer must still design a compelling activity that is fun for the player, but 
instead of pushing him or her in a given direction, the players are let to choose their own 
paths.  

"Overall, think of the game as a big sandbox for the gamer to play in. Give him 
maximum flexibility, and never tell him that he has failed. You can create missions for 
him if you like, but you also must let him set his own goals and make his own game." 
(Bates 2001, p. 70.) 

Although there exists an increasing body of literature describing and analysing games 
from the design perspective (Crawford 1982, Rouse 2000, Bates 2001, Rollings & Morris 
2001), the approach in these is mainly practitioner oriented, and, thus, does not 
necessarily tackle other than very practical and technical issues within the games domain. 
Still, numerous publications discuss game design as an internal part of research 
experiments. Irrespective of whether these are text-based MUDs (Slator et al. 1999), 3D 
game platforms (Lewis & Jacobson 2002, Bylund & Espinoza 2002, Kaminka et al. 
2002) or game-like testing environments (Greenhalgh et al. 1999), they all apply game 
design to solve their research problems. One of the few exceptions of applying game 
design to non-game virtual environments is provided by Clarke-Willson (1998). 

3.3.2  What can game design learn from academic research?  

According to Clanton (2000), few game designers know much about the HCI design 
community. Many games seem to have one or more flaws that HCI designers know how 
to remedy. The HCI design community has gathered empirical evidence for the value of 
user testing and iterative design, yet these techniques often still meet with resistance in 
serious software companies. 

"The craft of creating the games is largely an oral tradition. There are a few 
commercial schools that address all the skills necessary for this medium. It takes 
skilled workers, not just programmers or artists, to create a great piece. For the most 
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part, the manufacturers' employees possess the core competencies necessary to create 
successful videogames. These companies must attract, educate, and provide 
technology for scores of designers before the true artists rise to the top. A designer 
capable of multiple successes is rare indeed, and the target of every development 
house. Having that talent at the right time with the right technology is even harder. It 
takes a confluence of individual skill, technology, market timing, and luck to create a 
successful arcade videogame." (Pierce 1998, p. 453.) 

The development of a game design tends to be a chaotic, unpredictable process filled 
with problems not even the most experienced producer, designer, or programmer can 
foresee. Customarily, development on computer games continues until the absolute last 
possible second, with changes made right up to the time the gold master disc is shipped to 
the duplicators. For PC games, usually a patch follows shortly thereafter, since the game 
was never properly finished in the first place (Rouse 2000). While the reasons for the 
chaotic process are not clear, the maturity and artistic nature of the field is often claimed 
to cause the chaos. However, the traditional software engineering approach has been 
argued to suit well to game design as well (Rollings & Morris 2001). 

The major problem in game design, from the researcher's point of view, is the secrecy. 
It is difficult, almost impossible, to gather concrete material from the entertainment 
industry. The trade secrets of individual game houses are not usually openly 
disseminated. In relation to this, the scientific community can contribute to the existing 
body of knowledge by applying action research and experimental approaches. The 
problems and solutions can be openly discussed if the purpose of the work is mainly 
academic. The open source development, which is also widely applied in game design, is 
one practical implication of the possibilities and benefits. 

The role of the academia in helping the area of game design can thus be seen within 
the fields of non-commercial research and dissemination of the results. The research 
world can study and experiment with the game design, and then publish the insights for 
potential entrepreneurs to adopt. Even with the highly tacit and personal traits included in 
the game design process, there is an abundance of qualitative material and knowledge 
that can be disseminated by the academia. 

The benefits of applying game design in academic research are relatively clear. 
However, the game designers may find it difficult to apply the results of the researchers, 
although there are numerous examples of successful knowledge sharing, for example, in 
the areas of artificial intelligence, graphics rendering and simulation. The conceptual 
approach to interaction analysis and design could be applied by game developers as well. 
The theoretical discussion in the fields of communication, human-computer interaction 
and computer supported co-operative work can all provide useful concepts and tools for 
the practitioners. 

The holistic concept of interaction forms, and the corresponding rich interaction 
design approach, is a synthesis between theoretical background and empirical findings. 
The foundation of communication and collaboration stays the same even if the medium is 
somewhat different and the application domain is somewhat different. 

Although multi-player games have successfully transformed games into a world of 
increased interpersonal interaction, the means and forms of interacting are still relatively 



 
 

100

limited. The action games tend to focus on tactics and hand-eye co-ordination, while role-
playing games concentrate on resource management and simple group dynamics. The 
ways to express oneself are generally within the level of pre-programmed emotes and 
windowed text chat. Based on the aforementioned literature analysis, the basic theories 
and needs for enriching the interaction are well known. However, the successful design 
and implementation of this is mainly at the level of piecemeal solutions. The following 
section outlines the constructs that have been designed and implemented in order to 
evaluate the process and outcome of rich interaction design. 

3.4  Summary of theoretical and empirical analysis 

Previous sections cover a number of areas of interaction and interaction forms. Although 
not exhaustive, the review of literature offers an extensive view into the complexities and 
varieties related to aspects of interaction. This section summarises the findings and 
briefly analyses the different areas covered. Furthermore, the key findings that inform 
and provide implications for design for the forthcoming empirical sections are outlined. 

The theoretical background of the concept of interaction in the context of CVEs and 
games provides a basic conceptual understanding of the phenomenon. The behavioural, 
communicational and technical perspectives of interaction suggest multidisciplinary 
approaches for interaction modelling and design. The key findings are, thus, related to the 
concept of interaction, how it can be defined and what is included in it. Furthermore, the 
interaction design implications in terms of limitations, possibilities and weaknesses are 
brought forward from the conceptual analytical point of view. 

Non-verbal communication forms: The importance of NVC in real world interaction 
implicates the possible importance in CVEs and games as well. The delineation of the 
non-verbal communication forms by drawing upon communication channel theories 
enables the construction of the basic structure for the interaction form model. This can 
provide a theoretical framework for further structuring and analysing interaction forms – 
both in literature and in experiments. 

Level of interaction: The quantitative and qualitative nature of interaction requires 
game and CVE designers to approach the phenomenon in an interdisciplinary manner. 
Although artistic selectivity seems to be difficult to structure and model, the guidelines 
and heuristics for design support could be constructed in technical points of view. This, 
however, still requires heavy design effort in order to succeed. Furthermore, the key 
finding in terms of interaction levels is the importance of increasing the qualitative level 
of interaction in order to enhance the overall interaction. Therefore, the aspects of 
content, impact and various artistic areas of design need to be considered. 

Spatial aspects of interaction involve the Spatial behaviour and Environmental details 
categories of the NVC forms. These include the notions of space and place, use of 
artefacts, requirements for world modification, environment affect, avatar orientation, 
position and locomotion and the issues of spatiality and environment that affect the 
interaction between participants and between the participants and corresponding 
environment. 
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Aural aspects of interaction: Paralanguage, as defined in Section 3.1.2, has mainly 
been associated, in the literature on communication, with speech attributes and 
utterances. However, when considering interaction forms in the context of CVEs, there 
are numerous other instances and representations for audio. By drawing upon CSCW, 
film and computer game literature it has been shown that the audio channel, by itself, is 
not just an independent part of the communication and interaction processes. Instead, the 
support for aural interaction cues provided by spatial audio, sound effects and 
soundtracks can greatly enhance the interpersonal interaction – even into the levels not 
possible in the physical world. In summary, aural aspects of interaction have a significant 
role, in addition to pure audio, in the representational, spatial and temporal forms of 
interaction.  

Temporal aspects of interaction: The coherent and synchronous progress of time, 
whether realistic or non-realistic, makes it possible for the virtual environments and its 
participants to simulate the non-verbal communication forms called chronemics (as 
described in Section 3.1.2). The examples of use and perception of time illustrate the 
possibilities of time-related interaction forms and provide implications for design. 
However, due to the limited range of discussion, there is a need to analyse the 
applications of chronemics in more detail.  

Representation and perception of embodiments: The representational aspects of 
interaction, such as appearance and embodiment are major factors that can increase the 
communication, co-ordination and collaboration possibilities in CVEs. Whether static or 
dynamic, the representation of self relates mainly to the Physical Appearance category of 
the NVC model described in Section 3.1.2. However, the nature of virtual environments 
directs the concept more towards Avatar Appearance because the physical form of self is 
not necessarily present. The key finding related to the representation of self is that if other 
participants can perceive the intentional, or unintentional, representations of others, they 
have a chance to act accordingly. If the message is never constructed, there hardly is any 
room for interpretations either.  

Control of communicative embodiments relates mainly to the Kinesics and Haptics 
categories of the NVC model described in Section 3.1.2. Based on the examples from 
literature, controlling the appearance, expressions and movements of an embodiment, or 
avatar, have strong communication and co-ordination elements if their representation and 
perception is supported by the CVE. However, the user interface limitations have 
rendered many applications unsuccessful. Therefore, the interaction design needs to 
concentrate on providing novel ways of supporting communicative embodiments and 
their control. 

Autonomy and hierarchy in interaction: Hierarchical levels of control and abstraction 
can be seen as another dimension in interaction modelling and design. In the reviewed 
literature, there are various models of interaction which illustrate hierarchically structured 
and layered interaction systems. The key finding, based on the literature, is that 
interaction forms have to be designed at various levels of abstraction. It is not enough to 
have only the concept of interaction covered – there is a need for another dimension in 
modelling interaction as well. The hierarchical modelling of interaction can, therefore, 
support interaction forms in designing and developing games and CVEs. 
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Replication of real world interactions: Modelling and constructing interaction 
possibilities for games and CVEs face the basic question of how many real world 
conventions should be replicated in the virtual world interactions. Replication of real 
world interactions includes, in this context, the mimicking of real world attributes when 
designing the virtual world. The level of this replication usually determines the level of 
realism of the system. The examples of replicating real world interaction indicate that 
there is a need to balance the interaction design according to the application. Realism 
cannot be the only objective. Instead, the possibilities of virtuality should be effectively 
harnessed, as evident in numerous computer games. The design effort can be targeted to 
more beneficial areas if designers realise that the virtual environments do not necessarily 
need to be realistic. Heuristics for interaction design can be constructed based on the data. 
The heuristics, in turn, can illustrate various ways of supporting implementation of 
interaction forms. 

Aspects of drama and narration in interaction: The relevance of drama and narration 
to interaction forms can mainly be seen in the "staging" of the virtual environment. 
Mechanistic forms of expression and action do not guarantee applicable solutions if the 
setting is not properly designed. The literature indicates that all interaction forms can be 
designed as purely functional or functional in terms of a selected theme, story, etc. Even 
if the CVEs are not meant to be strict storytelling platforms, the freedom to tell one's 
story and to enact it could be one of the design guidelines when constructing these 
environments. Therefore, various heuristics for interaction design and guidelines for the 
design process can be constructed based on the literature.  

Immersion and suspension of disbelief in interaction: The main factors how 
immersion and suspension of disbelief are constructed to enhance the interaction offer 
valuable implications for design. Willing suspension of disbelief is a phenomenon that 
occurs in the mind of an audience who willingly suspend their critical faculties in order to 
let the story flow even if there are unrealistic and inconsistent details in it. The role of 
immersion and suspension of disbelief is of great importance for interaction and 
interactivity. The virtual environments need to be consistent, engaging and convincing 
enough for the particular applications. If the participants willingly submit themselves to 
the intrigues of the virtual world, they have a greater chance of representing and 
perceiving the applicable interaction forms.  

Interaction design approaches: Various lessons and pointers learned from the field of 
game design are outlined and analysed. The gap between the academic world and the 
world of the entertainment industry is narrowing year by year, but still, there seem to be 
numerous solutions that could be applied from one world to the other. There exists an 
increasing body of literature describing and analysing games from the design perspective, 
but the approaches have mainly been practitioner oriented. Although multi-player games 
have successfully increased computer-mediated interpersonal interaction, the means and 
forms of interacting seem to be relatively limited.  

Summary of findings: Based on the literature analysis covering the aforementioned 
areas of interaction, it appears that the basic theories and needs for enriching the 
interaction are well known, although the interaction design process is generally a weakly 
documented area. Furthermore, because interaction design is usually integrated with the 
overall development process, it is difficult to assess the overall benefits.  
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The findings of this section suggest various possible ways to enhance the 
understanding of interaction forms and, therefore, improve interaction modelling and 
design. Theories of non-verbal communication provide a solid framework for 
conceptualising interaction forms. However, the large area of related interaction aspects 
guides the research to take into account the detailed requirements and possibilities of 
individual interaction forms. Furthermore, the shift from a physical world into the virtual 
environment requires the research to concentrate on issues such as the required 
replication level, control of embodiments and the hierarchical structuring of controls. 

Based on the literature, the quantitative aspects of interaction are, however, not all 
there is in the domain of interaction forms. The successful modelling and design of 
interaction forms requires additional knowledge of drama, narration, immersion and 
creation of suspension of disbelief. The artistic side of interaction, although difficult to 
conceptualise, seem to form an important part of interaction design.  

The holistic concept of interaction and the corresponding interaction design 
implications are a synthesis between theoretical background and empirical findings. 
Therefore, interaction concept models, design methods, design processes, and design 
experiments are needed in order to get an adequate level of understanding of the research 
topic. The practical design experiments that apply the interaction concept models should 
be used to illustrate how theory and practice could be combined. 

 
 
 



 

4 Constructs 

The constructive part of the research consists of several cases, which include the creation 
of various constructs (guidelines, design processes and prototypes) that demonstrate 
related aspects of the concept of interaction forms. The results of this phase are man-
made artefacts that were created based on the theoretical understanding gained during 
analysis. The important part of the work is the construction process itself, which is also 
documented. 

Three forms of constructs were developed in order to get an adequate level of 
understanding of the research topic. The constructs include concept models (interaction 
form models and hierarchical interaction model), design methods (rich interaction design 
guidelines) and instantiations (system prototypes in the form of design cases). The 
iterative construction process has been used to enhance the evaluation and validation of 
the constructs. 

4.1  Interaction models 

The constructs of this research include several evolutions of concept models that describe 
the composition of interaction forms. This section outlines the development and 
background of the models by illustrating the construction steps that led to the final 
version of the interaction form model.  

The development of interaction models was started by analysing virtual team 
interactions by using the communicative action theory as the framework (Manninen 
2000b, publication I). Manninen (2001, publication III) introduced the preliminary 
models and outlined the scope of the research. The use of the developed interaction 
model as the framework for analysing team game interactions was discussed in Manninen 
(2002b, publication IV). Finally, the application and evaluation of the models has been 
discussed in Manninen & Kujanpää (2002, publication V) and Manninen (2002a, 
publication VI). 

Figure 11 illustrates the logical evolution of concept models from data to final version. 
The empirical data was organised into the preliminary Interaction Form Taxonomy (IFT) 
based on the level of affinities of individual interaction form types and by applying the 
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communicative action theory as directing framework. At this point, however, some of the 
findings were not explicitly identified due to the lack of correctly focused scientific 
framework. The communicative action theory was not explicitly focused on 
manifestations of interaction and, thus, the data was not coherently organised. The second 
phase involved the construction of Non-Verbal Communication Form Model, which acts 
as a solidifying framework for the preliminary model and non-categorised data. The final 
phase was the construction of Rich Interaction Model which encompasses all of the 
interaction forms originating both from empirical findings as well as theoretical concepts. 
The final version of the model contains also those categories from the preliminary model 
that did not fit the NVC model. 

 

DATA NVCIFT RIM

?

?

 

Figure 11. Evolution of concept models from data to final version. 

4.1.1  Development of interaction concept models  

The interaction form model was constructed by collecting empirical material (video 
recordings, interviews, walkthroughs, observations, and heuristic evaluations) from 
networked games, game events and from self-organised gaming sessions (Manninen 
2001, publication III). The first version of the model was the preliminary Interaction 
Form Taxonomy, which was used as a working version of the conceptualisation process. 
Figure 12 illustrates the interaction forms and their relations as modelled at the beginning 
of the research. 
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Figure 12. Preliminary taxonomy of interaction forms. 

  
The main aim of the model was to provide as exhaustive a set of interaction forms as 

possible. However, due to the high number of available interaction forms, the model was 
structured into several main categories, which, in turn, contained a number of sub-
concepts. 

The starting point for the conceptual modelling was the interaction form support 
offered by existing CVEs. In order to acquire a basic set of currently available interaction 
forms, a number of contemporary multi-player games were studied and the material was 
expanded with heuristic evaluations (Manninen 2000b, publication I; Manninen 2002b, 
publication IV). The games that were observed included, for example, a 3D multi-player 
action game called Counter-Strike. The game was very realistic when compared with the 
regular Unreal/Quake action games, and players really had to work in teams and think 
about what they are going to do to achieve their goals. 

Due to the straightforward nature of Counter-Strike, the heuristic evaluation was 
further targeted towards role-playing games and towards games containing aspects of 
social interaction and constructivism. The evaluated games were to form as large an 
interaction composition set as possible in this context. The games that were studied 
included action games (e.g., Action Quake, Team Fortress) and role-playing games (e.g., 
EverQuest, Ultima Online). Additional material was also obtained from text-based games 
and flight simulators. 

The next step in constructing the concept model was the categorisation of different 
interaction forms. The basic criteria for categorisation were the closeness and relations of 
different sub-concepts. For example, all the interaction forms that relate to the appearance 
of the avatar were grouped together. The construction was based on conceptual analysis, 
and thus, offered a somewhat coherent illustration of the corresponding interaction forms. 
The first versions of the model were constantly refined and revised according to the 
additional evaluations of games and other CVEs. 

The results of the computer game analysis described in Manninen (2000b, publication 
I) indicated that the communicative aspect of current multi-player games was enabled by 
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the relatively limited set of interaction forms. Still, the available features of the games 
that contained a limited amount of language-based communication seemed to be enough 
to enable certain level of communicative actions. This level, however, was usually 
achieved by overcoming the restrictions and limitations of the system. The in-game 
support for communicative interaction forms was, thus, usually too low. 

According to a Counter-Strike study (Manninen 2002b, publication IV), the team 
members did not explicitly communicate as much in the middle of the game rounds as 
should have been expected. The players generally played so long that they did not 
actually need to say or hear anything, they just observed other players and knew what 
would be the best place to be in. This could have been a result of an adaptation process – 
in a way the feeling of presence had been enforced by the familiarity of the environment 
and missions. If the situation had been more realistic, people would possibly have 
interacted with each other in many different ways, i.e., hand signals and short words. 
Since it was impossible to write, control the avatar, and shoot at the same time in the 
current games, people decided to keep themselves alive instead of chatting with each 
other. The limited hand signals and reduced non-verbal communication available in 
today’s 3D games severely restrict the communicative possibilities in multiplayer 
gaming. 

4.1.2  Non-verbal Communication Form Model 

The theoretical framework that would support the aforementioned preliminary model was 
applied at a later stage. Before the integration, the preliminary model was used as a basic 
design guideline to construct an empirical experiment called Tuppi3D. The experiment 
was then evaluated using the synthesised model of non-verbal communication channels 
described in the literature on communication. 

The resulting Non-Verbal Communication Model was constructed based on the 
literature on communication by combining the models presented by Argyle (1975), 
Burgoon & Ruffner (1978) and Fiske (1982). The model was further refined by adding 
the concepts provided by Allbeck & Badler (2001) and Masterson (1996). The model 
acted as a priori framework for empirical analyses. Figure 13 illustrates the synthesis of 
the non-verbal communication literature in the form of a satellite model (see Section 2.4 
for satellite model description). The model consists of the channels, or forms, of non-
verbal communication, which exist in interpersonal interaction. The perceivable 
interaction forms encountered in the Tuppi3D experiment were analysed based on the 
NVC model. Manninen and Kujanpää (2002, publication V) have elaborated on the 
experiment and the outcome of the analysis. 

After the analysis of perceivable non-verbal communication forms in the experiment, 
the concept model was modified in a way that the structure of non-verbal communication 
forms created the backbone of the model. The categories from the preliminary concept 
model were then added to the base model. The combined model, thus, covers a wider 
range of interaction forms. Furthermore, it takes into account the aspects of virtual 
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environments by also describing the forms that are not necessary applicable in physical 
world interactions. 
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Figure 13. Non-verbal communication form model. 

 
Haptics reflects the use of touch in communication situation (Burgoon & Ruffner 

1978). This category consists of physical contacts like handshakes and patting (Allbeck 
& Badler 2001). Bodily contact stimulates several different kinds of receptors - 
responsive to touch, pressure, warmth or cold, and pain (Argyle 1975). The physical 
aspect of non-verbal communication forms an effective part of interpersonal interaction 
both in positive and negative situations (Fiske 1982). In the context of this research, 
haptics relates to simulated, or virtual, physical contact which occurs between avatars. 

Physical appearance defines the attributes of image and presentation of self (Burgoon 
& Ruffner 1978, Fiske 1982). Appearance contains the visual aspects of one's 
presentation. Argyle (1975) divides this into two: those aspects under voluntary control - 
clothes, bodily paint and adornment - and those less controllable - hair, skin, height, 
weight, etc. The aspects of appearance can, thus, be thought of as static or dynamic 
communicational messages depending on the attribute. The virtual environments extend 
the possibilities of appearance due to the higher level of control of one's attributes. 
Because of these differences the physical appearance are referred to as avatar 
appearance in the context of this research. 

Kinesics includes all bodily movement except touching, commonly referred to as body 
language (Burgoon & Ruffner 1978). The hands and to lesser extent the head and feet can 
produce a wide range of gestures, which can be used for a number of different purposes 
(Argyle 1975). Head nods are the up-down movements of the head. These are involved 
mainly in interaction management, particularly in turn taking in speech. It could consist 
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of one or several sequential (rapid) nods with various speeds (Fiske 1982). Posture 
defines the way of sitting, standing and lying down (Argyle 1975). Interestingly, and 
perhaps surprisingly, posture is less well controlled than facial expression. Gestures 
involve the hand and arm as the main transmitters, but gestures of the feet and head are 
also important. They are usually closely co-ordinated with speech and supplement verbal 
communication. In addition to gestures, Allbeck & Badler (2001) describe body 
movements as a form of non-verbal communication.  

Facial expressions may be broken down into the sub-codes of eyebrow position, eye 
and mouth shape and nostril size. These, in various combinations, determine the 
expression of the face, and it is possible to write a 'grammar' of their combinations and 
meanings (Fiske 1982). Furthermore, Argyle (1975) classifies blushing and perspiration 
as facial expression conveyed by the skin. Birdwhistell (1970) in (Argyle 1975) has 
provided an exhaustive scheme for classifying the facial expressions in a structural way. 

Spatial behaviour consists of proximity, orientation, territorial behaviour and 
movement (locomotion) in a physical setting (Argyle 1975). Burgoon & Ruffner (1978) 
use the term proxemics to include actions relating to the use of personal space. Proximity 
consists of the various actions corresponding to the use of personal space. How closely 
someone is approached can give a message about the relationship. Different distances 
usually convey different meanings. Orientation defines the direction where a person is 
turned to. How the body is angled in relation to others is another way of sending 
messages about relationships. This code can also convey information about the point of 
interest, or, focus (Fiske 1982).  

Paralanguage is the non-verbal audio part of speech and it includes the use of the 
voice in communication (Burgoon & Ruffner 1978). Masterson (1996) describes these as 
Vocalics, or non-verbal cues to be found in a speakers voice. Furthermore, non-verbal 
aspects of speech contain prosodic and paradigmatic codes (Fiske 1982). The former is 
linked to the speech (e.g., timing, pitch, and loudness) and the latter are independent of 
the speech (e.g., personal voice quality and accent, emotion, disturbances). Non-verbal 
vocalisations (Argyle 1975) are an essential part of communication and they can 
significantly change the meaning of the message. 

Occulesics are movements in facial area and eyes, e.g., gaze (Masterson 1996). Eye 
movement and eye contact depict the focus, direction and duration of gaze in relation to 
other participants (Fiske 1982). Allbeck & Badler (2001) use the term visual orientation 
to differentiate this group from spatial behaviour. Argyle (1975) describes two groups of 
variables associated with gaze: amount of gaze (e.g., how long people have eye-contact) 
and quality of gaze (e.g., pupil dilation, blink rate, opening of eyes, etc.). 

Environmental details define the appearance of surroundings providing contextual 
cues Masterson (1996). These include artefacts that can be used and manipulated within 
the environment (Burgoon & Ruffner 1978). Argyle (1975) states that moving objects and 
furniture, leaving markers, and architectural design can be used to communicate through 
the space and place. Argyle originally describes manipulating the physical setting as part 
of spatial behaviour, but since the use of objects has been associated with environmental 
details by others, the category presented by Argyle is divided into two.  

Chronemics involves the use and perception of time and relates to how people 
perceive, structure, and react to time and the messages they interpret from such usage 
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(Burgoon & Ruffner 1978). Masterson (1996) describes the example of being punctual 
versus being late as one illustration of this group. However, there are several other 
possibilities in using time as a communication tool. For example, pauses can be used to 
increase anticipation and to make others to pay closer attention to one’s actions. 

Olfactics reflect on the non-verbal communicative effect of one's scents and odours 
(Masterson 1996). Perhaps the most common example of this form is the use of 
perfumes.  

4.1.3  Rich Interaction Model 

The term rich interaction itself is relatively loaded due to the ambiguous definition of the 
word 'rich' and, thus, it can be risky to use. However, wrapping the difficult and multi-
faceted concept under a label which is generally and intuitively understood, helps and 
directs the discussions and debates about the related issues also in interdisciplinary 
forums. Drawing from the literature descriptions presented on Section 3.1.3 and 
delineating with the aid of empirical material, the definition of rich interaction contains 
both quantitative and qualitative aspects. The rich interaction model illustrates the range 
of interactivity by providing the overall scope, or the forms, of interaction. 

The conceptual model is merely a tool for analysis, and thus, is not meant for hard-
coding the categories. The borders of individual concepts may be vague, and the 
categorisation of the concepts may vary. The aim of this work is to explicitly illustrate the 
occurrences and basic relations of these forms, and, therefore, the purpose of the 
taxonomy is to provide a holistic point of view on the structure of interaction forms. 

Figure 14 represents the first layers of the decomposition that forms the proposed 
concept model of interaction forms. The map illustrates the main interaction types that 
can be found within current multimedia games and CVEs. The forms have been 
categorised into 12 classes, each consisting of a number of sub-concepts. The basis for 
this taxonomy is the categorisation of various interaction forms in terms of the 
communication channel, context, and acting entities (e.g., body parts, environment, 
fellow team members, etc.). 

It has been attempted to keep the naming of the sub-concepts within the level of 
interaction forms without describing the functions that can be executed by using the 
forms. However, there are some sub-concepts that can be considered as styles of 
interaction. For example, emotional physical contact does not imply any specific 
interaction forms. It merely directs the thinking towards the instances of emotional forms, 
such as hugging, petting, holding hands, etc. In relation to this, the consistency of the 
model is compromised. Still, the naming convention aims at providing as clear a tool for 
analysis and design as possible. 
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Figure 14. Revised concept model of interaction forms. 

 
The deeper levels of the model are not illustrated for conceptual clarity. In most of the 

categories, the next level would consist of various instances of the interaction form. For 
example, the hair concept, belonging to the avatar appearance main category, can contain 
specific attributes of hair, such as length, colour, and shape. 

The construction of the revised concept model follows the logical evolution illustrated 
at the beginning of Section 4.1. The detailed organisation of interaction form categories, 
during each phase of construction, is illustrated on Table 5. The final version of the model 
encompasses all of the interaction form categories and, thus, fills the gaps of the previous 
two models. 

 
Table 5. Evolution of interaction form models and their categories. 

Preliminary 
Interaction Form 

Taxonomy 

 Non-verbal 
Communication Form 

Model 

 Rich Interaction 
Model 

• Avatar Appearance  • Physical Appearance  • Avatar Appearance 
  • Facial Expressions 
  • Kinesics 

• Body Language 
 
• Gestures  

• Facial Expressions 
• Occulesics 
• Kinesics  • Occulesics 

  • Object-based 
• World Modificat.  

• Environmental 
Details  

• Environmental 
Details 

• Control & Coord.  • Spatial Behaviour  • Spatial Behaviour 
• Physical Contact  • Haptics  • Haptics 
  • Paralanguage  • Non-verbal Audio 
  • Olfactics  • Olfactics 
  • Chronemics  • Chronemics 
• Language-based    • Language-based 
• Autonomous / AI    • Autonomous / AI 
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The following section illustrates the forms, or manifestations, of interaction based on 
the theoretical and empirical analysis. A brief description of each of the main categories 
is provided by incrementing and further focusing the descriptions of Non-Verbal 
Communication Model illustrated in Section 4.1.2. The model does not try to replicate the 
physical world interaction forms. The relation to the physical world is taken into account 
when applicable, but the potential of virtuality is also harnessed. Furthermore, the model 
is not meant for dictating how participants are allowed to act and function within a CVE. 
On the contrary, it tries to bring forward the scope and scale of interaction forms and their 
potential in CVE applications. 

Autonomous / AI & Automatic category includes a set of pre-programmable actions 
and reactive behaviour that resembles subconscious and intuitive actions in the physical 
world. Some of these actions can be regulated by the system while others are modifiable 
by the participants. This group of interaction forms overlaps with most of the other 
categories. However, the autonomous actions are considered as a separate group because 
of their importance in terms of design and the specific nature of most of the actions. 
Examples of this group include, e.g., automatic reactions and reflections to set situations 
and criteria and higher levels of abstraction in interaction form control. Autonomous 
interaction can be used, for example, as a way to convey communicative intentions: 

"The interaction between user choices and autonomous communicative behaviors 
allows the user to concentrate on high level control and locomotion, while depending 
on the avatar to convey the communicative signals that represent the user's 
communicative intentions." (Vilhjálmsson & Cassell 1998, p. 277.) 

In this case, the role of autonomous interactions is to overcome the user interfacing 
problem. Churchill et al. (2001) approach the problem by arguing for a practical solution 
that would let the computer control the mundane and banal activities, which do not 
necessarily require total control by the participant. This solution would make it possible 
to access the virtual world through various terminals, because the level of scripted, or 
automated, behaviour could be set according to the capabilities of the terminal used as the 
user interface. However, there are other examples of possible applications for 
autonomous interactions. See Section 3.2.6 for a detailed description of autonomous and 
automatic forms of interaction. 

Avatar appearance defines the attributes of image and presentation of self in the form 
of an avatar. Drawing upon the detailed examples of the interaction form concepts in 
Sections 3.2.4 and 3.2.5, appearance contains the visual aspects of one's presentation, 
such as, clothes, body colour and adornment, hair, skin, height, size, etc. The aspects of 
appearance are either static or dynamic communicational messages, depending on the 
attribute and level of implementation. Instead of a direct physical form, the users of 
virtual environments have representations of themselves that could be used as proxies for 
communication and interaction: 

"The people are pieces of software called avatars. They are the audiovisual bodies that 
people use to communicate with each other in the Metaverse." (Stephenson 1992, p. 
33.) 
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The CVE context enables novel ways of utilising appearance as a form of interaction 
because the physical constraints are not necessarily replicated from the real world. For 
instance, avatar size and shape can be dynamically altered in order to convey particular 
messages. Furthermore, the basic form of an avatar is not restricted to the real-world 
humanoid figure but can be freely selected and modified. According to McGrath and 
Prinz (2001), whatever the realism of avatars, there should be high flexibility in terms of 
modifying one's avatar to suit the personal need. The generic appearances offered by the 
system can be highly realistic or very abstract, but they should be adaptable to each 
individual’s prerequisites.  

Chronemics involves the use and perception of time in synchronous interaction. There 
are several possibilities of using time as a communication tool in games and CVEs. For 
example, pauses and speed of movements can be used to increase anticipation and to 
make others pay closer attention to ones actions. Furthermore, the tracking of time (e.g., 
changes of day and night or fading campfire) can provide a significant frame to the 
communication situation. 

The experience of passing time is a subjective one and depends on what a person is 
doing. However games and CVEs with first-person perspectives and fluid movement 
through space follow real time relatively closely. Therefore, the pacing of a game 
becomes a combination of the preset pacing of the computer-controlled events and 
characters in the game, along with the pacing determined by the players (Wolf 2001).  

Temporal interaction forms can, thus, be seen overall as all mechanisms to represent 
and control the pace of events (e.g., ticking clock, time limit, day and night). 
Furthermore, they affect the interpersonal activities and communication (e.g., pauses, 
rapid response, hesitation). See Section 3.2.3 for further examples of temporal interaction 
forms. 

Facial expressions follow similar patterns as within the physical world, except the 
anatomy of the 'face' is not strictly defined. So the facial features, in various 
combinations, determine the expression of the face with a possible non-realistic aspects. 
However, the traditional conventions tend to be the ones mostly supported (e.g., mouth 
shape, eyebrow level and shape, etc.) Although face is the most significant channel of 
non-verbal communication in the physical world, the virtual environments tend to 
diminish the role of face due to graphics resolution limitations. However, in close 
encounters and discussion-oriented situations the facial expressions are fully perceivable 
even in games and CVEs.  

According to Thalmann (2001) there are at least four methods of dealing with the 
design and implementation of facial expressions in CVEs: video-texturing of the 
participant's face, model-based coding of facial expressions, lip movement synthesis from 
speech, and predefined expressions or animations. Whatever the mechanisms used for 
facial expressions, they should not be ignored. Instead, they should be designed and 
supported in ways that contribute to the overall interaction. Section 3.2.5 offers some 
background to the possibilities and problems of controlling communicative expressions. 

Environmental details, like in the physical world, define the appearance of 
surroundings providing contextual cues. These include the virtual artefacts that can be 
used and manipulated within the environment. Moving objects, leaving markers, and 
creating personal architectural designs can be used to communicate through space and 
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place. The mutual affect involves the effect environment has on the user and vice versa. 
For example, physical boundaries (e.g., walls), lighting (e.g., shadows), and the matter 
filling the virtual space (e.g., water) can change the performance of the participants. The 
dynamics of the setting vary according to the implementation. However, usually at least a 
restricted construction and, especially, destruction of the environment is allowed.  

Although 3D virtual environments are inherently spatial, it could be argued that some 
of these environments suffer because they depend too much on space without supporting 
the creation of a sense of place. CVEs need to support the evolution of places for 
interaction, and not simply provide spaces where interaction could take place, if they are 
to be successful in the long term (Churchill et al. 2001). This phenomenon forces the 
interaction design to also consider the issues of space and place and the ways to provide 
enough environmental support for the participants, such as possibilities to express 
themselves by modifying the surrounding environment. Additional requirements and 
issues of interaction forms that relate to the use and effect of the virtual environment can 
be found in Section 3.2.1.  

Kinesics includes the movements and posture changes of the avatar. Head movements, 
in virtual environments, have not been so heavily involved in interaction management as 
hand gestures, particularly because of lack of control. For example, the head nods are 
often replaced by so called body nods, where the whole avatar performs the nodding 
movement. Postures, however, have been generally supported to define the way of 
sitting, standing and lying down. Furthermore, the walking, crawling, running and 
jumping movements are examples of dynamic postures that define the way and form of 
locomotion (even when not actually moving in space). Gestures, generally, tend to follow 
similar conventions as in physical world. However, the problems in controlling one’s 
avatar in terms of communicative kinesics is the key issue:  

"Given the complex motions currently embedded in some sport simulation games, 
however, it is clearly possible to endow an avatar with a considerable action 
vocabulary provided that there is an appropriate mechanism to select (and control) the 
desired one." (Allbeck & Badler 1998.) 

The kinesics can, thus, be supported but the control problems are still limiting 
applications. Nevertheless, kinesics can be designed as an integral part of interpersonal 
communication. Instead of designing purely utilitarian movements, the avatars should 
also have more ambiguous expressive and gestural movements. See Section 3.2.5 for a 
detailed discussion about controlling the movements of the embodiment. 

Language-based Communication is the major channel for interpersonal information 
sharing in most of the current CVEs. The use of language, or symbols, can be modelled 
and conveyed textually, aurally, and in the form of images. Text chat and voice-over-IP 
speech support are examples of the channels that support this group of interaction forms. 

According to Cherny (1995a) text-based MUDs follow mainly the conventions of real 
world language-based communication. The user has the possibility to define the message, 
intended target, and sometimes even the boundaries or limits of the message. 
Furthermore, “speech” is traditionally limited to the room where the issuing user is 
located. Contemporary 3D environments are still following the conventions of early 
MUDs, although the spatial limitations of language’s “hearing” range may be different. 
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However, adoption of 3D audio with support of streaming capabilities enables detailed 
aural models that enhance the possibilities of speech interaction.  

Although language itself is not within the focus of this work, the level of language 
abstraction and automation is highly relevant. Speech audio with spatial auralisations 
represents the level of highest 'manual' control. Instead, pre-programmed phrases and 
textual parser support represent a somewhat abstracted and automated utilisation of 
language. 

Non-verbal audio includes the use of voice in communication, which is often referred 
to as paralanguage. The non-verbal aspects of speech contain prosodic and paradigmatic 
codes. The former are linked to speech (e.g., timing, pitch, and loudness) and the latter 
are independent of the speech (e.g., personal voice quality and accent, emotion, 
disturbances). In addition to these, CVE systems can contain various sound effects and 
background music that can be used as manifestations of interaction.  

Manipulation of sound sources and their apparent locations in space is one of the 
oldest and most powerful of theatrical effects, providing the means to construct more 
elaborate, convincing sets and characters in the minds of the audience than they could 
ever see on stage (Foster & Schneider 1998). Therefore, the communicative role of non-
verbal audio can hardly be dismissed. 

Furthermore, successful, i.e., purposeful, silence is a strong form of interaction that 
often causes problems in networked settings because of lag (e.g., communication partner 
does not mean to be silent but the network lag makes this happen). See Section 3.2.2 for 
descriptions of additional aural forms of interaction. 

Occulesics are representational movements of the eyes, e.g., gaze. Eye movement and 
eye contact depict the focus, direction and duration of the gaze in relation to other 
participants. However, because there is no physical coupling between the direction of 
view and the representation of visual orientation, CVE participants may not be sure about 
their partner's gaze direction. In relation to gaze direction, Benford et al. (1997) identify 
viewpoint and actionpoint as important aspects of conveying one's activity. A viewpoint 
represents where in space a person is attending and is closely related to the notion of gaze 
direction. In contrast, an actionpoint represents where in space a person is manipulating, 
i.e., what is the target of action.  

It should be noted though that the point of view is not always limited to first-person 
view and, thus, the player may be actually watching the world behind his or her avatar. In 
CVEs, the effective use of this category requires modelling of eye movements and 
detailed enough visuals to accurately portray the gaze direction. The issues of viewpoint 
and direction of view have been discussed in Section 3.2.4. 

Olfactics, similar to the physical world counterpart, refer to the non-verbal 
communicative effect of the user representation's scents and odours. Perhaps the most 
common example of this category is the use of virtual perfumes that signify their 
existence through other communication channels, such as text. According to Davide et al. 
(2001) this group is not widely supported in CVEs, because of the user-interface 
limitations. At present in communications and virtual environment, smell is either 
forgotten, or improperly stimulated due to interfacing and odour synthesising problems. 
Although it is a powerful means of communicating with people, olfactory output suffers 
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from the technical difficulties. More fundamentally, knowledge of the components of 
odours and the mechanisms of olfaction are still somewhat primitive (Jacob et al. 1993). 

However, there are examples, especially in games, of the successful application of 
olfactics as an interaction form (e.g., monster can be "smelled" before seeing, or the 
"perfume" of the lady stays in the air after she has left the room). 

Physical contact reflects the use of virtual touch in communication situations. This 
category consists of actions such as representational handshakes and patting. 
Furthermore, as in the physical world the contact can be modelled to act responsive to 
touch, pressure, warmth or cold, and pain. In the context of CVEs, this group consists of 
virtual interaction between the avatars of the participants. The category includes the 
tactile part of contact as well as symbolic forms (e.g., aggressive, defensive) in order to 
simplify the design by instantiating the purely physical models of contact.  

In addition to realistic models of contact, the non-physical worlds of CVEs allow the 
use of inverse or imaginary physical contact models. For example collision detection can 
be a hindrance if several people are trying to manoeuvre down a narrow hallway in the 
virtual world (Johnson & Leigh 2001). In this case it is rational to remove the collision 
detection and let participants to walk through each other. Furthermore, there are 
numerous examples in computer games where players encounter physical contact via 
their avatars. Section 3.2.5 contains further examples of using embodiments as devices 
for simulated contact. 

Spatial behaviour consists of position, proximity, orientation, territorial behaviour and 
movement in a virtual setting. The term proxemics is used to include actions relating to 
the use of personal space (i.e., the area surrounding the avatar). As in the physical world, 
proximity consists of the various actions corresponding to the use of personal space, i.e., 
how closely someone is approached can give a particular message about the relationship. 
However, due to the lack of immediacy in virtual environment, the distance is not 
perceived as powerful as in the real world. Different distances still convey different 
meanings corresponding to the traditional conventions. Orientation defines the direction 
to which a person has turned to. This code conveys information about the point of 
interest, or, focus. The big difference between the physical and virtual world settings is 
the movement. Because it is relatively effortless to move within the virtual world, the 
participants tend to be on a constant and fast paced move. Section 3.2.1 illustrates the 
aspects of interaction that relate to spatial behaviour. 

These aforementioned categories of interaction forms contain various channels for 
representation and communication within the virtual environment. However, in addition 
to separate interaction form categories, rich interaction can be defined as a function of 
level of detail and degrees of freedom within each category. Figure 15 illustrates an 
example of a quantitative model which depicts the degrees of interaction forms divided 
into five implementation categories. The interaction forms, in this case, contain facial 
expression control support organised according to the level of detail (LOD) and degrees 
of freedom (DOF). The most basic support for interaction form, i.e., Category I, provides 
a static representation that can have descriptive and communicative role but without any 
possibility to change the message. Category II offers a degree of freedom in the form of 
predefined expression set which can be used to convey a variety of messages. Category 
III adds a dynamic range for the predefined expressions, and thus, allows the user to 
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customise the set within the limits of the application. The first level that conforms to rich 
interaction forms by applying the hierarchical interaction model, described in the 
following chapter, is Category IV with modifiable expression components. The 
interaction form, in this case, is divided into a set of components that can be modified and 
combined in order to construct facial expressions. Category V offers a physical model 
based approach where the features of a phenomenon are modelled based on their physical 
world counterparts. For example, a face can be constructed by having models for bones, 
muscles and skin with appropriate control mechanisms (e.g., autonomous agent, face 
capture, etc.). 
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Figure 15. Various degrees of interaction in the case of facial expressions. 

4.1.4  Hierarchical Interaction Model 

An additional dimension on interaction models is constructed in the form of a 
hierarchical interaction model which defines the layers of interactions. The main idea of 
this structure is to divide and classify the actions included in interaction, in order to create 
a hierarchical structure starting from low-level signal-type actions and ascending to the 
level in which the cognitively generated goals and objectives define the purpose of the 
interaction itself. The fields of robotics and artificial intelligence (Albus et al. 1985) have 
used hierarchical structures.  

The main difference with previous hierarchical models and the one presented here is 
the conceptual shape of the model. Figure 16 illustrates the hierarchical interaction model 
and corresponding application examples as inverted pyramid structures. The inverted 
pyramid is used in order to emphasise the number of possible acts, variables, or degrees 
of freedom in each level. This corresponds to the fact that within the lower levels (i.e., 
control - motor skills) the number of degrees of freedom is still relatively low. However, 
if these acts can be combined in various ways, the number of possible patterns is much 
higher. Thus, with a small number of basic control acts it is possible to construct 
numerous variations and combinations of action sequences. 
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Because the top-down approach to interaction design can easily lead to a narrow and 
biased set of features, the approach presented here follows the bottom-up direction, which 
enables a large set of possible interactions with a minimal amount of designed features. 
The basic set of features, or rule set, acts as the building blocks that could be used when 
constructing the desired functionality.  
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Figure 16. Hierarchical interaction model shown as inverted pyramid. 

 
In the context of this research, the hierarchical interaction model was applied, for 

example, when designing a simulated playing card set for the Tuppi3D design case 
Manninen (2001, publication III) and Manninen (2002a, publication VI). The model 
emphasises a bottom-up interaction design instead of the activity-oriented top-down 
approach. The main idea was to start the construction by modelling and programming the 
lower levels of interactions that were applicable to a deck of cards. The levels of 
abstraction were then included to improve the usability. However, the higher levels of 
interaction could be left to the players, thus making it possible to use the same simulator 
to play almost any card game existing today.  

For example, the bottom-up approach makes it possible to deal the cards one by one to 
a number of players. On the other hand, if the player wants to skip this manual task, a 
higher level interaction could be selected and the "deal" abstraction used instead. So, both 
options were fully available to the users, which, in part, created a rich interaction (i.e., 
freedom of choice, flexibility, user control, and non-deterministic complex action 
sequences). This method enabled the development of a fully functional card deck with no 
restrictions imposed by any set of rules. The manipulation of cards followed the lines of 
natural interaction. Figure 17 illustrates the card game interactions organised according to 
the hierarchical interaction model.  
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Figure 17. Hierarchical structure of the card game interactions. 

4.2  Interaction design cases 

Interaction design cases include a set of experiments and system prototypes that have 
been designed and developed to evaluate and revise the interaction models. Each of the 
prototypes is the result of design and development which were conducted in order to 
bring forward both the process and instantiation of the rich interaction design. The 
practical examples of applying the rich interaction concept models are demonstrated with 
four design case implementations. The cases illustrate how theory and practice can be 
combined by introducing multi-player games and game ideology to the research domain. 
The case projects presented include: 

1. “ConsoleDEMO” – Contextual Virtual Reality Prototype of a mobile multi-
player multimedia game demonstrating the contextual aspects of interaction 
(Manninen 2000c, publication II; Manninen 2002a, publication VI) 

2. “Tuppi3D” – Networked 3D playing card simulator with enriched interaction 
through non-verbal communication support, hierarchical interaction models and 
environmental aspects (Manninen 2001, publication III; Manninen & Kujanpää 
2002, publication V; Manninen 2002a, publication VI) 

3. “Team Game” – Team training application which illustrates the collaborative 
aspects of interaction (i.e., communication, co-ordination, co-operation and 
construction) (Manninen 2002c) 

4. “Virtual LARP” – Role-playing environment which emphasises communication 
and enactment aspects of interaction and rich experience through group play 
combined with an artistic approach (Manninen 2002c) 

 
Each of these experiments is briefly described in the following sections. The detailed 

discussion and relationships between the models and the implemented constructs, 
however, can be found from the referred publications. 
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4.2.1  ConsoleDEMO – Contextual Virtual Reality Prototype 

The first empirical experiment – ConsoleDEMO - was used to demonstrate the utilisation 
of Contextual Virtual Reality Prototyping (Contextual VRP) in mobile application 
development. The main emphasis in this approach was the enlarging of the virtual 
prototype to also cover the environment, use case, and other contextual issues of the 
product under development (Manninen 2000c, publication II). The application of the 
preliminary conceptual interaction form model together with interaction design 
approaches of virtual prototyping was expected to bring about a novel solution for using 
CVE and game technologies in product prototyping. 

In order to simulate the contextual aspects of the future ubiquitous game concept, a 
suitable virtual environment platform was constructed by modifying off-the-shelf game 
Unreal Tournament (1999). The purpose of the platform was to provide a level of 
immersion, enable contextual interactions, and control autonomous actors, as well as 
allow access for multiple simultaneous users via the network. In this sense, the virtual 
environment acted as a virtual laboratory, which could be used to design, develop, 
evaluate, and market games and game products with the aid of Contextual VRP. 

The main idea of the ConsoleDEMO experiment was to create a demonstration of a 
hand-held mobile game console by using the Contextual VRP approach. The 
demonstration simulated a small city environment in which users could explore by 
walking around. The product prototype (i.e., the game console) could be used to access 
information and services located in the 'city'. For example, it allowed the user to view the 
world through a semi-transparent screen of the mobile console and to see any virtual 
objects located there. The demonstration showed the possible functions and activities the 
user could engage in with the hypothetical product.  

Figure 18 illustrates the same location of the world viewed with and without the 
mobile console. The penguin (the right hand side picture) is a virtual object and, thus, 
was visible only through the screen of the console. This feature of the prototype 
illustrates one possible location-dependent, augmented reality type of interaction where 
the user could use the console as a looking glass to access the virtual aspects of the 
particular real world environment. 

  

Figure 18. Same location of the world viewed with and without the console. 
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The ConsoleDEMO design case, being a pilot experiment in this research, utilised the 

concept model of interaction only partially. However, the aim for natural interaction 
originated from the early conceptual analyses of interaction forms. Therefore, the 
theoretical frameworks guided the focus and emphasis of design on in-game interactions 
instead of traditional user interface issues. The preliminary taxonomy of interaction forms 
combined with virtual prototyping approaches made it possible to conduct the interaction 
design in a way that enabled relative natural interaction and provided a large-enough set 
of interaction forms to be demonstrated with the hypothetical mobile console. 

Furthermore, drawing on the theoretical discussion of replicating real world 
interactions and requirements for immersion provided implications for design in terms of 
a simulated environment, basic manoeuvrability with the device and ambient effects. A 
limited set of contextual interaction forms from the preliminary interaction form 
taxonomy were designed and implemented successfully. 

Due to the focus of the in-game interaction design, the demonstration did not utilise 
highly realistic interaction techniques between the user and the prototype. The main input 
devices were the keyboard and the mouse. However, the mouse interactions were 
replicated as realistically as possible in trying to estimate and imitate the real-world case. 
This meant that it was possible to 'press' the buttons of the console by pointing at and 
clicking on them with the mouse. 

The conceptual understanding of interaction forms and their potential in CVEs 
encouraged the production of a virtual reality prototype instead of a physical prototype. 
In addition, the relations between the contextual aspects of interaction and individual 
interaction forms were indicated by the early concept models and, therefore, made it 
possible to enhance the method of traditional virtual reality prototyping into a Contextual 
VRP. A further relationship between the models and frameworks and ConsoleDEMO 
construct can be found from Manninen (2000c, publication II). 

The main contribution of this case was the successful utilisation of a game platform 
for prototyping purposes. The selected approach enabled the designers to focus their 
effort on contextual interaction support, which in turn, offered added value for the 
concept evaluation. Although game platforms have been used as tools for academic 
research for a long time, it is only recently that they have been acknowledged as potential 
platforms for research in product and service design. It could be said that the research and 
development of games have been able to harness games as essential tools for constructing 
different gaming concepts. 

The significance of this work, in terms of developing games towards the 
communicative, constructive and collaborative direction, is the enlarged scope for virtual 
prototyping. When developers have the possibility and necessary conceptual knowledge 
to simulate various game concepts in a more holistic way, there is a strong likelihood of 
achieving fruitful results (Manninen 2002a, publication VI). 
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4.2.2  Tuppi3D – Enriching interaction through environmental aspects 

The second empirical experiment, Tuppi3D, was designed and developed in order to test 
and demonstrate the rich interaction design approach in a more holistic manner 
(Manninen 2001, publication III; Manninen 2002a, publication VI). The experiment was 
developed on top of an existing 3D game engine, Unreal Tournament (1999), by 
designing and constructing all the necessary rich interaction features of the game and the 
game world.  

The task concentrated on research issues, such as analysing the needs and possibilities 
for rich interaction, demonstrating the relevant concepts and providing creative support 
for the mobile game design and development. The focus was on rich interaction (freedom 
of choice, activities, gestures, expressions, environment, audio, illusion, experiences, etc.) 
and team play (social setting, community, communication, etc.). The experiment was 
used to simulate the game concepts, the gaming environment, and the potential rich 
interaction features. 

The key issues in designing and developing the prototype were as follows: 
- Understanding the design and development process of interactively rich multi-user 

applications 
- Using the interaction concept model and hierarchical interaction model in the design 

and development of the application 
- Simulating and modelling of the look and feel of the familiar concept and 

community (i.e., the Tuppi card game) in a computerised environment 
 
The described case was part of a research project involving the production of a 

computerised version of Lumberjack's Bridge (or Tuppi in Finnish), a traditional team-
based card game which has its origins in northern Finland. The game shares many 
similarities with Bridge - its more widely known counterpart. The aim of this case was to 
construct a team game that would follow the idea of the original real world version. The 
rich interaction experiment was constructed in the form of 3D representation of the game, 
its players and the corresponding thematic environment. 

The experiment design followed the traditional lumberjack theme with various 
environment and atmosphere effects that supported and enriched the interaction and 
intensity of the experience. Artefacts within the environment were not only used to 
provide the context, but also to present ‘side stories’ for the users (e.g., fishing, tree 
climbing, etc.). The main features of the experiment included various card manipulation 
possibilities and several forms of interpersonal interactions (e.g., non-verbal 
communication). The system was designed to provide a flexible and rich set of 
interactions, which could be freely combined by the players. 

The main playing scene consisted of a log cabin with a central table for card hitting. 
The interior of the cabin was spacious enough to allow up to 16 people to be 
accommodated for an exciting card game. Usually four people take part in the actual 
game play, while the others act as observers. Figure 19 illustrates the interior of the log 
cabin with one player in action (left) and a first-person view of the card table (right). 
Players ‘act’ their roles according to their personal interests. The enactment and 
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embodiment requires a large set of atomic actions that can be combined on-the-fly by the 
players. The purpose of these actions is to allow the players to express themselves beyond 
the pre-designed interactions (i.e., supporting flexibility and freedom of choice). 

One of the ideas behind the playing card simulator is to enable human-directed card 
play in situations where there are no traditional cards available. This means that the 
players can define and decide on the rules, the number of players, and the corresponding 
parameters, without application-related restrictions. The simulator could, thus, be used as 
a general card game core with the possible add-on rule sets and other game dependent 
features. Rich interaction possibilities are, in this manner, increased by allowing users to 
select the actions and activities they would like to perform. The experiment was not a 
game in the sense that there were no predetermined challenges or goals. It merely acted 
as a virtual 'sandbox', in which users could freely play and fulfil their imagination. 
 

  

Figure 19. Log cabin with one player avatar performing a winning act and the view 
through the players ‘eyes’. 

 
The Tuppi3D construct was designed by integrating two models of interaction: 

Interaction form Taxonomy and Hierarchical Interaction Model. The first model provided 
design implications in terms of interaction features of the game. The objective was to 
design a set of interaction forms that would cover the whole concept model. Therefore, 
the model acted as a requirement list for the features to be implemented even in cases 
where there was no clear requirement for all of the features. The framework, thus, made it 
possible to support interaction in ways that were not predictable during the design phase. 
Furthermore, the holistic understanding of interaction forms guided the development 
process into areas that are not part of the traditional software processes (e.g., thematic 
environment design and player-definable game rules). 

The hierarchical structuring of object manipulations and the bottom-up interaction 
design proved to be relatively difficult in practice. However, the initial struggle paid off 
and the resulting construct successfully demonstrated, for example, the free card 
manipulation possibilities. Furthermore, the bottom-up interaction design philosophy 
directed the design to emphasise open-ended features with a not too restricted structuring. 
The interaction choices were left for the players instead of trying to force them to take the 
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road selected by the designers. Further relationships between the interaction models and 
Tuppi3D can be found from Manninen (2001, publication III).  

The analysis of non-verbal communication in the gaming sessions within the Tuppi3D 
platform shows that the support for rich interaction could have an immense positive effect 
on communication and collaboration within the virtual environment. In addition to this, 
the minimum amount of pre-programmed rules allowed the participants to construct their 
own style of playing and socialising (Manninen & Kujanpää 2002, publication V). 

4.2.3  Team Game – Collaborative aspects of interaction  

The team game experiment - a continuation of Tuppi3D - emphasised the collaborative 
and constructive approaches to problem solving and team experiences by drawing upon 
the findings of (Manninen & Kujanpää 2002, publication V). The experiment consisted of 
various action areas that could be explored by a group of players (Manninen 2002c). 
Figure 20 illustrates a group of players (on the left) who collaboratively try to construct 
steps consisting of virtual objects of variable sizes and the overall obstacle course (on the 
right) they have to collaboratively complete. The experiment was implemented on top of 
the Unreal Tournament (1999) game engine. 

The world of Team Game consisted of five separate problems or puzzles, the box pile 
construction being the first one in the set. Additional puzzles included, for example, a 
seesaw that was used to throw players and objects into the air, a maze that was to be 
navigated through and co-ordinated herding of computer controlled rabbits. All of these 
problems were designed in a way that it would require full participation and collaboration 
of the players in order to successfully complete the game. Participants could speak via 
voice-over-IP and they could employ a range of non-verbal communication forms that 
were supported by the system. 
 

 

Figure 20. Players trying to solve a problem by using boxes (left) and overall view to 
the obstacle course (right). 

 
The design philosophy behind the team game experiment was to utilise rich interaction 

design and to introduce some amount of thematic challenges and activities for the 
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players. However, the game world was not built as a consistent path that would 
encompass the players in a strictly linear sequence of actions. The prototypical nature of 
the implementation meant that there were a number of tools, objects, obstacles and areas 
for the participants to explore. This, as noted when experimenting with the system, led to 
interesting phenomena as players mixed the tools and used the areas in contradicting 
ways. The designers, in this case, were not strict implementers of the game. They just 
provided a basic set of scenes and objects for the players to experience. 

The relationships between interaction concept models and the Team Game construct 
were strong due to two factors affecting the design. First, the technological platform and 
digital content of Team Game were mainly the same as that were used during the 
Tuppi3D experiment. The player characters had an existing set of interaction forms 
already implemented and the rules governing the interaction between players and the 
environment were more or less pre-defined. Second, the Team Game was constructed 
with the experiences of Tuppi3D providing basic guidelines. The areas of improvement, 
such as gesturing, spatial interaction and environment details, were analysed and new 
features were designed based on the analysis. The role of the Team Game experiment, 
thus, was to provide practical experience in the areas of interaction forms that were not 
fully covered during the previous experiments. 

Understanding various aspects of interaction enabled the design to follow paths that 
were not too limited, for example, in terms of realism. The seesaw puzzle is a clear 
example of interaction design that did not follow the real world limitations. The 
unrealistic physics model and the resulting high jumps of the players would not be 
possible if the design had followed strict aims for realism. Furthermore, the models of 
interaction allowed the design to contribute to the wide range of interaction forms. 
However, although Team Game was designed with the hierarchical interaction model in 
mind, the design suffered because of the limitations in the technological platform. 
Limited physical models and lack of full-scale inverse kinematics forced compromises to 
be made in the design. However, even small-scale support of bottom-up interaction led to 
systems that indicated the importance and significance of the hierarchical approach. 

The data gathered from the experimental sessions with the Team Game indicates that 
adequate support for communication is critical for co-ordinating the actions of a team. 
Although there was a certain tendency towards chaotic behaviour, as in many multi-
player action games, the significant obstacles and problems to be solved seemed to bind 
the members together.  

The constructive aspect of gaming was seen as a potential area for further 
development, while the current implementation offered some destructive possibilities, 
such as, breaking of the objects. The most significant finding of this case was the overall 
design implication: it is much more difficult to design constructive multi-player games 
than the traditional destructive ones. However, when successful, constructive gaming 
would seem to be more engaging from the players' point of view. 

Games and game-like activities offer enormous potential for practitioners and 
researchers. While the game setting itself could be of great value, there is also the 
additional benefit of acquiring research material from these playing sessions. Because the 
game system had been designed with a research task in mind, it adequately supported 
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various forms of data collection (e.g., video capture, observer views, control mechanisms 
and log files). 

4.2.4  Virtual LARP – Communication and enactment aspects of 
interaction 

The final case presented in this thesis is partially a glance into the future. The earlier 
cases made way for future designs by providing a clearer understanding of the interaction 
forms that enhance communication and collaboration in CVEs and multi-player games. 
However, the previous research indicated that current multi-player games do not support 
these aspects in an adequate manner (Manninen 2002b, publication IV). Although there 
are some exceptions, the implementations seemed to support interaction forms only in a 
very limited manner.  

Contemporary on-line role playing games (RPGs) do not offer enough communication 
and action possibilities for adequate collaboration. Instead, they usually drive the players 
towards the straightforward hack 'n' slash style of gaming - either as solo players or as a 
group. Live role playing, on the other hand, limits the playing to the existing real world 
spaces and places. This places too much emphasis on the imagination and physical acting 
skills of the players in order to achieve engaging experiences. Many of the potential role 
players do not have adequate skills and the appearance to enact the roles they would like 
to. Therefore, computer-supported collaborative play could be harnessed as a method and 
toolset for group-oriented playing. 

The Virtual Live Action Role-Play (V-LARP) experiment was a multi-player 3D 
virtual environment constructed on top of Unreal Tournament (1999) game engine. V-
LARP used rich interaction to enhance the collaborative role-playing games created and 
experienced by the players and the environment. The initial objective of V-LARP 
experiment was to offer players, game masters and the supporting crew with the 
possibility to engage in audio-visual and interactive experiences that were not restricted 
by real world limitations. The system would, thus, act as a general platform and 
environment for various activities that relied on interpersonal interaction. 

By following the previous models of interaction forms and the corresponding 
preliminary design guidelines, the objective in the V-LARP design was to allow the 
players live and experience their roles by using their modifiable avatars in an 
atmospherically engaging virtual world. Role enactment and player-to-player 
communication were designed to be supported by versatile non-verbal communication 
(expressions, gestures, clothing, appearance, kinesics, vocalics, etc.). These followed a set 
of interaction forms as illustrated by the rich interaction form model. Furthermore, the 
design was to follow the bottom-up interaction design approach suggested by the 
Hierarchical Interaction Model. This, however, could not be completely implemented, 
due to the technological difficulties. Various methods of supporting, for example, 
modular expressions and gestures were tried, but none of them worked with the selected 
platform. Nevertheless, the experiment was successful in providing enough indications 
and design implications about the critical areas of rich interaction design. 



 
 

127

V-LARP offered a virtual stage that could be used by the players to get inside the 
world they were playing. Audiovisual environmental details enabled the immersion of the 
players into settings that could be realistic or fictional, historical or futuristic. The player 
controlled avatars supported and enhanced the enactment and representation of the 
character roles. This made it possible to break the experiential barriers and to partially 
live the mediated scenarios. Figure 21 illustrates the screenshots taken from the V-LARP 
experiment. On the left the participants of the experiment converse in a castle yard and on 
the right the scenery for the game, Castle of Oulu, is illustrated. Although, the castle 
environment was designed to act only as the scene for the play, the virtual castle seemed 
to be a highly valuable design by itself. Although the historical prototype of the original 
castle was carefully studied, the design of the virtual castle emphasised unique and 
emotional experiences instead of realism and detailed accuracy. This approach, already 
suggested by the preliminary rich interaction design guidelines, proved to be a successful 
method of creating interactive content. 
 

 

Figure 21. V-LARP participants (left) and the castle of Oulu scenery (right). 

 
The rich interaction design for V-LARP utilised all the earlier models and theories of 

interaction. However, the difficulty of designing multi-player experiences still existed. 
This problem was solved by "prototyping" the role-playing session with the standard 
MUD system. The textual environment offered unbeatable freedom of action due to the 
fact that all shortcomings of the system could be overcome by imitating and imagining 
them verbally (e.g., using emotes). In other words, the MUD session was a non-graphical 
version of the computer-mediated collaborative play in which the textual interaction was 
supported by speech audio. 

The main challenge for the V-LARP experiment was to allow enough possibilities for 
the participants to express themselves non-verbally and to pursue their desired activities. 
The balance between numerous degrees of freedom and an intuitive enough user interface 
may prove to be difficult to achieve. The evaluation of the system was conducted through 
test games and by creating a short film that utilised strong emotional expression and 
events. 
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The V-LARP system, when fully implemented and evolved, could enable a flexible 
and rich action set which could be combined and used according to the desires of the 
players. The mysterious smile of the wanderer, or the sad ballad played by the bard in 
tears could tell their own non-verbal stories. The speeding fireballs of the chanting 
wizard, cloud-scraping flying carpets, or the dextrously built sturdy bridge across the 
river are but a few examples of the possibilities provided by the virtual environment. The 
dynamics of the world, combined with the non-determinism of the human players, 
created the starting point for the unique and creative playing sessions.  

4.3  Suggestions for Rich Interaction Design 

The final construct consists of design suggestions for others to use the rich interaction 
framework and models described in the thesis. The suggestions are presented in the form 
of process descriptions and heuristics based on the design cases indicated earlier. Each of 
the cases provides specific scope for interaction design and, thus, the design suggestions 
are combined from the empirical data to aid the successful application of rich interaction 
support for games and CVEs. 

The main contribution of this construct is the design and development approach that 
supports the creation of rich interaction. The primary emphasis is to avoid purely 
technologically driven design and development, but rather to provide a supporting, or 
even a guiding, approach that focuses on the creative process and conceptual 
understanding of rich interaction. This conceptually grounded content production -
oriented approach to an interactive system design is described and evaluated in Manninen 
(2002a, publication VI). 

 The application of the rich interaction form models to the design is not as 
straightforward as to implement them to the requirement specification. The concept 
model cannot be seen as a strict set of features that needs to be implemented in order to 
achieve rich interaction. Instead, the design and development has to be adapted to support 
the creation of rich interaction. The following sections outline the main suggestions for 
rich interaction design. 

4.3.1  Contextual Virtual Reality Prototyping 

The major factor differentiating this approach from the earlier virtual prototyping 
approaches is the enlargement of the prototyping to also cover content oriented design, 
virtual environment, use case, and other contextual issues of the application under 
development. This author has proposed the term Contextual Virtual Reality Prototyping 
to be used to describe this expanded scope of the prototyping with rich interaction 
(Manninen 2000c, publication II; Manninen 2002a, publication VI). 

The inclusion of the missing context to the design simulations expands the area of 
interaction to cover also the environment and other users. The proposed approach enables 
enhancement of the scope, efficiency, and re-usage factors of the product design, 
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development, testing, and marketing. The product can be tested and demonstrated in the 
corresponding environment, thus making it easier to understand the use-cases of, for 
example, a mobile device that has various location-dependent features. 

Contextual virtual interaction consists of two main areas: (1) interaction with other 
users and (2) interaction with the environment. Interaction with other participants, in this 
context, involves mainly computer-mediated communication and interpersonal actions. 
The communicative aspects include speech that can be supported with various forms of 
non-verbal communication. The interpersonal actions are targeted at the avatar, or 
embodiment, of the other user.  

Interaction between a user and the environment involves the use of information that 
reflects both spatial and temporal changes of the relative environment. It is important that 
participants are able to determine where they are heading when moving through the 
environment and also to estimate how contact with an object can be made or avoided. 

The virtual prototype of a mobile product, such as the media phone, is relatively 
limited without the environment and context in which the product is used. The core 
functionality and the user interface issues can possibly be tested and demonstrated with 
the prototype, but the missing or non-immersive context may reduce both the appeal and 
the clarity. Contextual VRP, on the other hand, provides enormous possibilities in all 
cases where the need for the context and environment exists. The ConsoleDEMO design 
case serves as an example of such a scenario. The product and the corresponding use 
environment are both fictional in terms of design and development. The main purpose of 
the demonstration is to present the concept of Contextual VRP, and therefore, relatively 
little emphasis has been placed on the competence of the example product (i.e., the 
mobile game console) itself.  

The network 3D game engine as a prototyping platform provides beneficial features 
that are ready-made solutions for designers. Integrated development tools provide direct 
access to the game engine resources, such as scripting of actions, geometry modelling, 
photo realistic texturing, and to the hundreds of control parameters to configure the 
applications to best suit the requirements. Network support with multi-user capabilities 
enables the testing and demonstration scenarios that require multiple participants (e.g., 
location-based grouping services). The interactive multimedia application provides 
possibilities for seeing and using the product before it is actually manufactured. The 
traditional concept design with still images, scenario descriptions, or films, does not 
allow users to experiment with the concept. Virtual prototyping has solved this problem, 
but it still lacks support for realistic use cases that also include the environment. 

4.3.2  Content-oriented design 

The content-oriented design approach focuses on interactive audio-visual content of an 
application instead of a technology. The design and development of new applications that 
run on top of novel systems and technologies can be forced to tackle the technical issues 
at the expense of artistic and creative content production. For example, the mobile 
version of the Tuppi-game had to be developed on top of constantly evolving platforms 
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and, thus, it was required to spend a major portion of the resources to tackle the technical 
issues. However, the rich interaction design needs to focus on the contents and therefore 
the process has to be successfully integrated with the technological development 
(Manninen 2002a, publication VI). 

In order to adequately apply the conceptual understanding of interaction forms and 
hierarchical interaction, the traditional technologically oriented design and development 
process (e.g., mobile application design) is supported by a rich interaction design 
counterpart, running on top of the contemporary PC platform and utilising more 
processing power and high-end 3D graphics.  

The starting point of the design is to follow the traditional multimedia, game and film 
design processes from synopsis through media editing to programming. Although the 
Tuppi3D design case does not fit into the traditional multimedia or film context in terms 
of being purely presentational material, the basic process was considered to be close 
enough to start with. The main phases in the process are briefly described in order to 
illustrate the role of the rich interaction design in various phases of the process. The main 
phases in the process are illustrated in Figure 22. The overall task was highly iterative 
and experimental in nature, so although the phases are described in a certain order, this 
does not necessarily correspond to the actual realisation of the work. 
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Background & Context Research
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Interaction Design 

Level Design 

Materials, Models & Animation  
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Outline
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Fine-tuning

Dynamics

ConsistencyIntegration 

 
Figure 22. Content production process outline. 
 
Synopsis being the first written outline of the production, it describes the most 

important aspects concerning the design. The approach and selected methods are decided 
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at this stage. Rich interaction is visible as a design philosophy. The rich interaction design 
approach can be specified in the form of methods (e.g., the production involves rich 
interaction design drawing from the thematic material) and detailed content ideas (e.g., 
bottom-up manipulation structure for the playing cards). 

Background & Context Research offers an endless source of material for interaction 
design. The main difficulty is the need for resources to tackle the task, which is not 
always perceived as a productive part of the development. However, this phase provides 
enriched interaction possibilities originating from the context and theme of the 
background. If thematic coherence exists, the designers have a potential resource pool for 
interaction features that are intuitive and well accepted by the users. 

Script Writing being the first major creative effort, it should focus on the enrichment 
of interaction, although the adaptation to the medium will be the final phase of 
implementing the features. The main aim of this phase is to create a solid base for rich 
interaction and experiences and to explicitly highlight the relevant interaction concepts. 

Visualisation and Concept Art make the written descriptions visual. The visualisation 
process creates the final look-and-feel for the manifestations of various interactions. 
Although most of the interaction forms are visual, the same rules apply to audio design. 

Interaction Design starting from the interactions illustrated by the manuscript and 
going all the way to the user interface is an explicit production phase in making the rich 
interaction concrete. In a multi-player game, the interaction design is not just about 
human-computer interaction and physics models, but also tackles issues such as 
interpersonal communication and group dynamics 

Level Design includes designing the spaces and places for interaction, environmental 
cues and affordances for actions. This phase provides a more concrete illustration and 
plan of the virtual environment that forms the scene for the actions. The level design 
overlaps with the interaction design - the environment affords certain interactions and 
some interactions require specific features from the environment. Rich interactivity, in 
this phase, mainly relates to the dynamics of the virtual world (i.e., is the world static, or 
can it be manipulated?). 

Materials, Models & Animation is largely about modelling and animating the avatars. 
The complexity of the human model requires a lot of work. Richness in interaction forms 
is realised in terms of avatar appearance, body language and gestures. 

Media Editing does not directly support rich interaction design and development, 
although the fine-tuning of the interaction forms can be used to enhance their 
effectiveness (e.g., caricatures of the facial expressions). 

Programming is the part of the production that makes the world alive. Most of the rich 
interaction functionality is set alive in this phase (e.g., animation sequences, physics 
model, control, etc.). 

Integration is the phase in which all the bits and pieces are put together to work as a 
functional system. Combining graphics, audio, scripts, environment and models is an 
example of the actions that need to be completed. In a way, this task is an ongoing 
activity starting from the first functional prototype until the final version is ready. 
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4.3.3  Two-layer design and development process 

The aforementioned content-oriented design requires specific arrangement in terms of 
process organisation into a two-layer design process. The main reason for the two-layered 
approach is the difficulty in combining both technical and creative work into the same 
production. The limitations and obstacles revolving around mobile platforms can easily 
kill the creative potential of the design. Figure 23 illustrates the two-layer design and 
development process in which the rich interaction research and design belongs to the 
experimental content oriented layer (Manninen 2002a, publication VI). 
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Figure 23. Two-layer design and development process 
 
 
The main aim of the described approach is to provide meaningful and theoretically 

grounded interaction forms to be developed for multi-user systems by applying a 
supporting rich interaction design. Furthermore, audio-visually compelling 
demonstrations enhance the possibilities for shared understanding, and thus make the 
dissemination of the concepts easier. In addition to this, the rich interaction design 
approach provides more flexible and communicative systems. 

The main emphasis of the approach is on avoiding purely technologically driven 
design and development, and to provide, in its place, a guiding approach that focuses on 
the conceptual understanding of rich interaction. With this approach, it is possible to 
design and develop rich interaction for multi-user systems without limiting the process 
with the technological conventions. 

4.3.4  Rich interaction design heuristics 

Based on theoretical and empirical research of interaction forms, this section defines a set 
of heuristics for rich interaction design. These heuristics are meant to act as a guideline 
that supports the aforementioned models, methods, and processes when aiming at 
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enriching the interaction of games and CVEs. Table 6 illustrates the rich interaction 
design heuristics with brief descriptions and examples of each. 

 
Table 6. Rich interaction design heuristics and corresponding descriptions. 

Rich Interaction Design Heuristic Description and examples 
1. Aim at equilibrium between realistic 

and non-realistic interaction forms 
• Tracking beam example of Tuppi3D 
• Seesaw with unrealistic physics in 

Team Game 
2. Follow bottom-up interaction design 

and implementation 
• Start from the atomic parts 
• Apply Hierarchical Interaction Model 
• "Virtual sandbox" 

3. Support interaction forms in various 
categories (as applicable) 

• Apply Rich Interaction Model for 
holistic view but focus when necessary 

4. Enable flexible combination and 
compilation of individual interaction 
forms 

• Macros, multi-channel messages 
(supportive, contradicting, etc.) 

 
5. Emphasise the communicative and 

representational nature of all actions 
(even the small and mundane ones) 

• All actions can be communicative 
• Let users decide how they will use 

actions to communicate 
6. Allow possibilities for collaborative 

construction 
• Construction is flexible and versatile 

way to express oneself 
7. Harness existing dynamic game-like 

platforms (already for prototyping 
phase) 

• Focus on content, experiences and fast 
response loops 

 
8. Explicate, evaluate and demonstrate 

the interaction forms 
• Off-the-shelf platform prototyping, 

networked test environments, virtual 
environment video footage 

9. Apply artistic selectivity when 
deciding the interaction forms to be 
implemented 

• Aesthetically appealing solutions 
enable compelling experiences 

10. Do not forget aspects of fun and 
playability 

• Playfulness offers fertile ground for 
enriched interaction 

 
 
1) Aim at equilibrium between realistic and non-realistic interaction forms: In terms of 

whether to replicate the physical world interaction forms or not, it is suggested that there 
should be an equilibrium, dependent on the purpose of the application, between the two 
types of interactions. This solution makes it possible to maintain the consistency and 
suspension of disbelief even when utilising more effective means of interacting.  

2) Follow bottom-up interaction design and implementation: In order to support 
emergent interaction forms and a large enough set of forms, the system should be 
designed by applying the bottom-up approach. The Hierarchical Interaction Model, 
described in Section 4.1.4, offers a guideline for designing atomic interaction forms that 
can be combined by the users according to their needs. 

3) Support interaction forms in various categories: The availability and multi-modality 
of various communication channels enable users to express themselves according to their 
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desires. For example, when considering the music as an overall and encompassing effect 
in movies, there are several directions where the same phenomenon could be applied to 
virtual environment interaction. As an additional channel for communicating, the music 
could be integrated as part of user actions in terms of overall interaction enrichment. 

4) Enable flexible combination and compilation of individual interaction forms: The 
possibility to combine and construct personal interaction forms enables non-deterministic 
and free use of the corresponding application. By allowing multi-channel messages that 
comprise of components from various interaction form categories, it is possible to let 
users create more subtle and versatile forms of interaction. 

5) Emphasise the communicative and representational nature of all actions: Interaction 
can be efficiently enriched if every action and interaction is modelled and portrayed to 
the participants in a virtual environment. While these representations may not be worth 
functional features status, they offer high potential as communicative elements in 
interaction. 

6) Allow possibilities for collaborative construction: The constructive aspects of 
virtual environments can be both more engaging and communicative from the players' 
point of view. The numerous examples of games that revolve around destruction offer 
only a restricted path for interaction. While there may be several ways to blow up a 
bridge in a game, there could be considerably more possibilities to build it in various 
ways. 

7) Harness existing dynamic game-like platforms: Game-like dynamic platforms make 
it possible to rapidly construct, test and evaluate both functional and aesthetic features 
without spending too much resources on developing the infrastructure of the system. This 
way the designers can concentrate on the conceptual and content-oriented aspects of 
interaction forms.  

8) Explicate, evaluate and demonstrate the interaction forms: The significance and 
usefulness of specific interaction forms can often be validated only through explicit 
demonstrations and experiments. By arranging test sessions and shooting virtual 
environment video material, the designers can bring the necessary interaction forms 
forward. 

9) Apply artistic selectivity: There is a need to maintain an amount of selectivity in the 
process of choosing what interaction forms to implement and how. As evident within the 
domains of films and digital games, aesthetically appealing solutions enable compelling 
experiences. The role of art should, thus, not be forgotten even when designing 
professional CVEs. 

10) Do not forget aspects of fun and playability: Game-like features relate to the 
aspects of experience, challenge and fun in interaction. Enjoyment, in this case, can be 
achieved through mastery of interaction controls. However, the design and development 
of game mechanics and especially the game play are areas that do not fit well into the 
traditional software engineering processes. The traditional simulation approach aims at 
replicating existing models, but it does not usually aim at enjoyment in use. 
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4.3.5  Summary of rich interaction design 

The preceding sections have all outlined specific areas and approaches of rich interaction 
design. The main suggestions and findings are summarised on Table 7, which illustrates 
the components, descriptions and suggestions offered for rich interaction design. These 
suggestions and corresponding models, heuristics and processes are the main contribution 
of this work. 
 
Table 7. Rich interaction components, descriptions and suggestions for design. 

Component Description Suggestions for Rich Interaction Design 
Level of 
interactivity 

  

• Range How many choices 
available? 

• Rich Interaction Model - concept model 
interaction forms 

• Frequency How often they are 
available? 

• Dynamic game-like platforms 

• Impact What is the outcome and 
significance? 

• Rich Interaction Design Heuristics 

Flexibility No pre-programmed 
solutions 

• Hierarchical Interaction Model 
• Combination of different interaction 

forms 
Automation Subconscious and 

intuitive actions 
• Hierarchical Interaction Model 

Abstraction Different levels of 
control 

• Hierarchical Interaction Model 

Perception Awareness of actions 
(self and others) 

• Rich Interaction Model - concept model 
interaction forms 

Context Situational adaptability • Contextual Virtual Reality Prototyping 
• Prototyping with dynamic game-like 

platforms 
• Rich Interaction Model - concept model 

interaction forms 
Artistic 
selectivity 

How are the features 
selected and presented? 

• Rich Interaction Design Heuristics 
• Prototyping with dynamic game-like 

platforms 
• Virtual environment video footage for 

analysis and concept dissemination 
Process Design and production of 

rich interaction 
• Two-layered design process 
• Prototyping with dynamic game-like 

platforms 
• Virtual environment video footage for 

analysis and concept dissemination 
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The level of interactivity, i.e., the range, frequency and impact of choice can be 

supported by several solutions. The range of available interaction forms is conceptualised 
and illustrated in the concept model of rich interaction forms. The model can be used as a 
guideline that targets the design to take the holistic perspective to interaction forms in 
order to take account a wide range of possible communication and interaction forms. 

A high frequency of interaction can be achieved by utilising dynamic game-like 
platforms which enable both fast pace and subtle actions. The applications do not need to 
be fast pace action games. Instead, the potential of optimised platforms can be harnessed 
to enhance the interpersonal interaction and communication and to make the environment 
easily accessible. 

The impact of a selected interaction form is difficult to define and control in multi-user 
environments. However, certain heuristics can be obtained from the interaction analysis 
described in Manninen and Kujanpää (2002, publication V). In brief, the impact of 
individual actions is mainly dictated by the context and the social aspects of the situation. 
Some actions may go unnoticed by other users, or even by the executing participant, but 
they still may provide subtle and sub-conscious clues to others. 

Flexibility in interaction forms can be supported by the hierarchical arrangement of 
available interaction forms. Furthermore, if pre-programmed abstractions are to be 
implemented, there should always be a way for the users to utilise the manual approach 
for a given task. Finally, the possibility to combine and construct personal interaction 
forms enables non-deterministic and free use of the corresponding application. 

Automation and abstraction of interaction forms can mainly be achieved by utilising 
the hierarchical interaction model by means of various levels of abstractions in control. 
This way the participants are able to avoid and automate mundane actions. Instead, they 
can have a desired level of manual control and leave the rest for the system, or software 
agent, to take care of. 

The perception of action is mainly enabled by visible and audible interaction forms 
which provide a channel for communication. The actions of oneself and the actions of 
others have to be perceived in order to support awareness in virtual environments. The 
concept model of interaction forms aids the design to support all the possible form 
categories in order to enhance the perception of actions. 

The contextual aspect of interaction is partially supported by the interaction concept 
models, which take also the environment into account. However, contextual virtual reality 
prototyping can be used to achieve explicit solutions for enlarged scope of interaction. 
Prototyping a system, which supports a wide range of contextual interaction forms, with 
dynamic game-like platforms enables the designers to test and evaluate concepts that are 
not otherwise feasible to implement. 

Artistic selectivity is difficult to specify explicitly. However, a number of heuristics 
can be gathered from the design case descriptions. Furthermore, prototyping of the 
application under design by game-like platforms makes it possible to rapidly test and 
evaluate both functional and aesthetic features. Virtual environment video footage aids 
the process by making the features explicitly visible to the observers, participants and 
other stakeholders. 
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The rich interaction design process could be organised in the form of two-layered 
design where the content-oriented design utilises prototyping with dynamic game-like 
platforms and virtual environment video footage for analysis and concept dissemination. 
The interaction designers can, thus, have the possibility to concentrate on the conceptual 
and content-oriented aspects of interaction forms, while other developers can target their 
efforts on technical matters. 

The interaction design of the final design case, the Virtual Live Action Role-playing 
experiment, followed the rich interaction design guidelines and exploited the experiences 
gathered from the previous design cases. The aim was to support flexible and 
communicative interaction in terms of range and hierarchical arrangement of interaction 
forms. All categories of interaction forms were considered in relation to the V-LARP 
development. Applicable interaction forms were then implemented in order to cover as a 
wide range of available interaction forms as feasible. 
  

 
  



 

5 Evaluating the approach 

The evaluation of the constructs and implementation processes had begun already before 
the actual development took place. The first step in constructing the models and 
instantiations was to figure out what was the aim and how that aim was going to be 
reached. Although, many of the constructs designed and developed during this research 
had been instantiated in the form of game and CVE prototypes, these instantiations 
themselves were not the main issue. They were merely used as tools to prove the 
applicability of the models and to provide empirical design suggestions. 

 The implementation of system prototypes was partially separated from the theoretical 
models constructed during the research for two reasons. First, the implementations were 
tightly coupled to the current technology and existing platforms. However, the theoretical 
background had to be applicable even after technological advancements in the field of 
platforms and tools made the current implementations obsolete. Second, the 
implementations tended to fall short from the full application of the theory. For example, 
the available resources could dictate the level and completeness of the implementation. 
For these reasons there was a need to clearly separate the main contribution and 
evaluative constructs. In order to provide more than mere descriptions of the 
implementation processes and a list of features, this section evaluates the approach by 
taking several points-of-view into consideration.  

The constructive research which produces new outcomes, such as models and system 
prototypes, does not necessarily require performance evaluation as such. However, even 
if the outcome itself is the merit, the potential importance of the new constructs, models, 
methods and instantiations can be evaluated using other methods (Järvinen 1999). For 
example, the qualitative research approach, applied in this work, directs the evaluation 
towards reflective descriptions instead of quantitative measurements. 

When constructing new models, methods and instantiations, the logical development 
of these is one of the most important forms of evaluation. The background and history of 
evolutionary artefacts need to be explicitly pointed out in order to enable unbiased 
judgement of their validity. The following sections outline the main tasks and findings of 
the evaluations by describing in turn the individual approaches and contributions. 
However, the approach is first evaluated as whole and the main validation arguments are 
brought forward in the following summary. 
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5.1  Summary of evaluation 

The evaluation of the interaction concept models and rich interaction design guidelines 
can be organised in the form of three separate validation questions. Each of the questions 
evaluates one aspect of the constructs. The questions are defined as follows: 

1. Can the constructs be used for designing and developing a meaningful 
application? 

2. Is the interaction form set rich enough for the participants to express themselves 
and to enact their roles? 

3. Can the interaction forms be implemented? Which ones were used and which 
ones were left out? 

 
The empirical design cases and corresponding design descriptions indicate that the 

rich interaction form concept model, hierarchical interaction model and corresponding 
rich interaction design suggestions could be used to design and develop meaningful 
applications. The meaningfulness of the applications were analysed and evaluated in 
individual experiments. 

The interaction form set was adequately rich for the participants of a multi-user game 
or CVE application to express themselves and enact their roles accordingly. Although the 
instances of all possible interaction forms may be impossible to list and model, the 
constructed set of categories and examples provided a solid framework for further 
application and tailoring.  

The design cases, together with existing multi-user games and CVE applications, 
prove that the interaction forms conceptualised by the model could be implemented. Even 
in the cases where the user interface and existing technology restricts the realistic 
simulation of an individual interaction form, it could be modelled by using verbal, aural 
or visual replacements (e.g., modelling the olfactics with verbal descriptions in text-based 
MUDs). 

The interaction forms did not have to follow the physical world conventions as such. 
Instead, novel and fictive solutions could be applied to represent the form that originated 
from the real world. For example, the use of tracking beams to indicate the grasped object 
could easily signal the action of the participant to others even if it was not grounded to 
realism 

The results of the evaluation would be more reliable if the constructs were to be used 
by others in designing new systems and applications. Furthermore, in the case of 
prototypes and demonstrations, a larger and more heterogeneous group of test users could 
be used to try out the systems. However, it is not often possible to collect naturalistic data 
in situations that apply novel systems. In these case a quasi-experimental data could be 
obtained by conducting simulated use-case sessions that could be analysed with the aid of 
videotaped material (Fraser 2000, Bowers et al. 1996). The prototypical nature of the 
instantiations described in this thesis made the quasi-experiments a practical and 
adequate way of collecting research data in addition to game session observations. 

The explicitly presented interaction forms and models have directed the analysis and 
design of multi-user games and CVE applications to take the manifestations and 
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representations of actions into account. Instead of emphasising the often technological 
user interface development, the approach has brought forward the content-oriented 
communication and collaboration aspect of these environments. With an explicit set of 
concepts the researchers and practitioners from different disciplines and fields could join 
forces to discuss, analyse and design new applications. 

The complexity and size of the interaction phenomenon made the research relatively 
challenging and difficult. The numerous aspects that relate to the concept of interaction 
forms forced the scope of the research to be limited. However, even with small-scale 
design experiments the problems and pitfalls of everyday design practices were brought 
to the surface. The rich interaction design could be theoretically clear due to the explicit 
models but in practice the case was not that clear. Although the complete field of 
interaction forms was not evaluated within this work as whole, the publications and 
discussion included in this thesis offer significant benefits for the interaction designers 
and collaborative application developers. The models, heuristics and processes were 
constructed and further refined within a set of design cases which, although limited in 
scope, provide empirical validation of the applicability of the contributions. The 
following sections illustrate the evaluation of the contributions by describing the 
development and significance of each of the results. The phases of evaluation and 
corresponding references are illustrated on Table 8. 

 
Table 8. List of evaluated contributions. 

Contribution Evaluation phases (paper references) 
Rich Interaction Forms Model 
(RIM) 

• Preliminary construction and theory-testing  
(Manninen 2000b, publication I) 

• Refinement and application of model  
(Manninen 2001, publication III) 

• Second theory-testing against empirical data  
(Manninen 2002b, publication IV) 

• Interaction analysis against theoretical framework  
(Manninen & Kujanpää 2002, publication V) 

Hierarchical Interaction Model 
(HIM) 

• Construction and application of the model  
(Manninen 2001, publication III) 

• Validation of the need for HIM to support RIM  
(Manninen 2002b, publication IV) 

• Interaction analysis indicating emergent features 
(Manninen & Kujanpää 2002, publication V) 

• Evaluation as part of rich interaction design 
(Manninen 2002a, publication VI) 

Contextual Virtual Reality 
Prototyping approach 
(Contextual VRP) 

• Definition, construction and application 
(Manninen 2000c, publication II) 

• Evaluation in the context of rich interaction design 
(Manninen 2002a, publication VI) 
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Two-layer rich interaction 
design process and content-
oriented approach 

• Analysis of a design case 
(Manninen 2002a, publication VI) 

Rich interaction design 
heuristics 

• Theoretical background (literature) 
• Design case descriptions (all publications) 

5.2  Rich Interaction Model (RIM) 

The first phase in constructing the interaction form model (Manninen 2000b, publication 
I) was related to the conceptual formulation of interaction. The main task was to find out 
whether it was possible to map the proposed interaction taxonomy, or the preliminary 
interaction form concept model, to actions described by Habermas' Communicative 
Action Theory (CAT) (Habermas 1984). Furthermore, the aim was to find out what were 
the benefits of analysing interaction in multi-user games by using social theory. The 
answers to these questions were searched through conceptual analysis by applying CAT 
as a scientific framework. 

The analysed material, at this stage, was based on the author's personal experience of 
participating in multi-player game sessions. The objectivity of the data was then 
increased by collecting detailed material using the ethnographical approach by observing 
and videotaping ongoing gaming sessions. The games that were studied included action 
games (e.g., Unreal, Action Quake, Counter Strike, Capture the Flag) and on-line role-
playing games (e.g., EverQuest, Ultima Online). 

Some of the examples of data that illustrate the relationship between CAT and the 
interaction forms of preliminary taxonomy are represented in the following table. Table 9 
illustrates the relationships between each of the CAT action and applicable categories of 
preliminary interaction taxonomy. Additional details and further examples can be found 
from Manninen (2000b, publication I) and Manninen (2003). 

 
Table 9. Data examples of CAT actions in relation to categories of interaction taxonomy. 

 Instrumental Actions 
Avatar 
Appearance 

• Modifiable and improvable parameters of player character represent 
personal achievement in RPGs.  

• Longer relationships between the player and avatar encourage 
making an effort in developing the character as a symbol for 
personal achievement.  

Control & 
Co-
ordination 

• Movement style provides the player with a possibility to prevent 
damage by running across dangerous area or by jumping over a pool 
of toxic waste.  

• In RPGs it is relatively common to hide in a supposedly safe place 
while recovering from a fierce battle. 

Object-based • Placing a bandage over the wound in order to stop the bleeding  
• Donning a special protective suit, or using a grabbing hook, makes it 

possible to enter locations that would otherwise be difficult to reach. 



 
 

142

World 
Modification 

• Breaking containers in order to collect consumables, or pulling a 
lever to get the drawbridge down.  

• Arranging a set of boxes in order to gain access to a higher platform. 

 Strategic Actions 
Autonomous  
AI & 
Automatic 

• Automatically blocking a surprise attack 
• Evading stronger opponent when critically wounded 
• Initiating a counter attack without the player's direct command 

Avatar 
Appearance 

• Colour of clothing used as decoy in cases where the team colours are 
the main distinctive factors 

• Wearing special equipment (e.g., silencing sneakers) makes it 
possible to move without creating too much noise 

Control & 
Co-ord. 

• Ambushing attacking team, defending the flag, and crawling or 
kneeling in order to avoid exposure to other players 

Language-
based 

• Bluffing the opposite team by using false status reports  
• Distracting the enemy by feeding in irritating taunts 

Object-based • Using extra energy to gain advantage  
• Stealing the critical artefact before others can take it 

World 
Modification 

• Cutting the access by destroying the bridge  
• Opening the trapdoor located under the opponent  

 Normatively Regulated Actions 
Autonomous 
AI & 
Automatic 

• Balance of the game easily disrupted by using (or cheating with) 
ready-made automatic procedures. 

• Some amount of autonomic interactions may be forced by the 
system as an essential part of game rules (e.g., aiming difficult when 
exhausted due to the shaking) 

Avatar 
Appearance 

• Indicator of team members: regulating the colours, skins, or shapes 
of the avatars inside the team  

• Visible equipment is used to indicate special role or abilities of a 
team member (e.g. medic’s Red Cross pack, wizard’s magic wand) 

Control & 
Co-
ordination 

• "Camping", or hiding in a special place while sniping other players 
one by one (usually strongly regulated by playing communities) 

• Soloing players in team-oriented games become targets of dislike  
Language-
based 

• Debate and pursue of in-character language in RPGs 
• Strong suspension of disbelief required so players want the 

communication to follow the norms of the game setting (e.g., 
medieval fantasy, futuristic space exploration) 

World 
Modification 

• Usually limited due to technological restrictions  
• Building a castle too close to other players' premises may lead to 

serious quarrels, or even fights. 
Gestures • Special sign, or secret code, of a player group  

• Waving hand when encountering other avatars can be part of the 
protocol developed by a clan. Outsiders, or newbies, when trying to 
imitate these special salutations can face public humiliation (there 
are relatively strong feelings towards the etiquette) 
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Physical 
Contact 

• Shooting of team members is strongly regulated by team players 
• "Criminal" players sometimes kicked-out from the game server 
• Player who uses weaker weapons against stronger ones are usually 

strongly valued 
 Dramaturgical Actions 
Avatar 
Appearance 

• Can reflect players' style and attitude truly or falsely 
• Equipment is used to show the power of the player, and even the 

names of the avatars can indicate a purposeful dramaturgical act 
Control & 
Co-
ordination 

• Tactical decoying of the opponent with false attack while 
concentrating a strong ambush elsewhere 

• Player may choose to walk instead of running, in order to create an 
illusion of the wounded character 

Language-
based  

• Calling the medic when not actually wounded can be used to create 
false illusion of the player's current status 

Gestures • Raising both hands as a sign of surrendering  
• Exploitation of gestures still relatively limited in multi-player games 

Physical 
Contact 

• Elimination of other players can be used for idealisation purposes 
(e.g., fair play) or mystification purposes (e.g., surprise attacks) 

 Communicative Actions 
Control & 
Co-
ordination 

• Team configuration, attack/defence synchronisation, and even in 
attack/defence ratios of opposite teams generally communicated 
before, during and after the game.  

• In RPGs the adventurer group follows some amount of 
communicative action, or the group will split. 

Object-based • Sharing the treasure equally among adventurer group, and 
exchanging (buying/selling) artefacts by utilising win-win principle. 

Language-
based  

• Most of the negotiations during consensus seeking are executed 
verbally, thus, making language a main tool for this action. 

 Discursive Actions 
Autonomous 
AI & 
Automatic 

• Autonomous actions mostly highly criticised, partially limited, and 
even totally banned in game settings that are easily unbalanced. 

• Decision to limit these types of actions may not be successful on 
player basis only.  

• Specific gaming servers disable certain features, and gaming worlds 
that consist of separate zones with individual norms.  

Control & 
Co-ord. 

• If the configuration of teams is not balanced the weaker team may 
problematise the original configurations.  

Physical 
Contact 

• Player killing causes a lot of diversity among network player 
communities.  

• One solution has been the establishment of separate zones that allow 
this type of behaviour. 

 
 
The application of social theory framework as a tool to analyse interaction forms 

indicated the importance of combining the research effort of various disciplines in order 
to achieve better results in the area of game and CVE interactions. The utilisation of real-
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world social patterns as the basis for VE interactions resulted in more usable and 
acceptable solutions that were easy to adopt due to the familiarity of the concepts. 

CAT could be criticised in the light of the conditions under which the communicative 
action takes place. The idealistic environment with freely speaking, highly contributing, 
and collectively acting individuals may be hard to find in the real world. On the other 
hand, game settings and communities may enable totally different conditions than in 
other cases. The motivation and contribution issues may not be that uptight in the field of 
entertainment. 

The second limitation of CAT is the language-centred perspective. The assertion that 
language enables and supports all human action is somewhat limited when considering 
the above analysis. The majority of the interaction types were not based on language, but 
instead, they were based on the actions and non-verbal behaviour of the individual. Still, 
the CAT framework was helpful in shaping and solidifying the preliminary concept 
model of interaction forms. 

The analysis indicated that there is a strong social aspect in current multi-player 
games. Although this hardly was a ground breaking discovery, the fact that players of fast 
paced action games tried to enrich the interpersonal interaction by finding novel ways of 
communicating is quite significant. Even the games that contain a limited support for 
language-based communication provided room for several interaction forms that follow 
the types of social actions.  

Furthermore, the findings suggested that the preliminary interaction form concept 
model reflected the types of actions occurring in multi-player games. The model could 
have been constructed based on the six social action types instead of the categorisation 
selected by this author. However, the categories of CAT describe higher-levels of 
interaction, such as, strategic and communicative acts, and therefore the full application 
of CAT for this work was not feasible. The differences between representations of 
interaction and motivational issues would have introduced too much incoherence in the 
model.  

The early phases of the research described the concept of interaction in order to lay 
the basic ground for further research. More understanding on the interaction occurring 
inside games and CVEs was provided by analysing the communicative and social aspects 
of computer-mediated interaction in multi-player games. The main impact and 
contribution of this phase was the explication of the preliminary concept model in order 
to continue the evolutionary construction of the interaction form model. 

The logical continuation of model construction was the refinement of the interaction 
concept model and development of the corresponding experiment that utilised this model 
(Manninen 2001, publication III). Additional research material was collected from a 
networking game event and from self-arranged gaming sessions. The material consisted 
of video recordings, interviews, walkthroughs, observations, and heuristic evaluations. A 
total of twenty games were studied and the material expanded with heuristic evaluations 
of a number of CVE applications.  

The main portion of recorded material was collected during a gaming event organised 
by Vector ry, the Network Gaming Association of Finland. The number of participants 
was over 40. The games played included, for example, the Half-Life multi-player 
modification called Counter-Strike. The game is very realistic when compared with the 
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regular Unreal/Quake action games, and players really had to work in teams and think 
what they were doing to achieve their goals. Due to the straight-forward nature of 
Counter-Strike, the heuristic evaluation was further targeted towards role-playing games 
and towards games containing aspects of social interaction and constructive actions. The 
research material was selected based on the preliminary survey of multi-player games.  

The interaction concept model could be analysed, for example, against the framework 
proposed by Winograd in (NRC 1997). Winograd describes three primary modes of 
interacting with a virtuality that are learned by every normal person in infancy: 
manipulation (perceiving, grasping, modifying, and controlling objects), locomotion 
(observing location and moving from place to place), and conversation (using language 
to communicate with another person in a two-sided discourse). The representatives of 
these modes can be found from the interaction model although there are some 
contradictions in the classification. Furthermore, the model describes additional modes of 
interaction such as non-verbal communication, co-ordination, appearance, and 
autonomous actions. 

The successful construction of the Tuppi3D design case indicates the potential of 
applying the explicit interaction form model into design and development of game and 
CVE applications. However, the application of this model was, at this stage, too limited 
for any major validation. Instead, the research gained enough experience to go forward 
with deeper analyses of the instantiations against the proposed interaction model. 

In order to acquire detailed data and solid validation of the usefulness of the model, a 
further analysis of existing interaction forms in relation to the proposed interaction 
concept model was conducted (Manninen 2002b, publication IV). The research methods 
used in the analysis were qualitative. The players were interviewed using open-ended and 
semi-structured interviews and the game playing sessions were observed and videotaped 
using an ethnographical approach. The main objective of the interviews and observations 
was to acquire explicit descriptions of applicable interaction forms in order to find ways 
to apply this knowledge to multi-user game and CVE design. Table 10 illustrates some 
excerpts of data in relation to virtual team interactions during the observed gaming 
sessions. Detailed descriptions of the data can be found from Manninen (2002b, 
publication IV) 
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Table 10. Excerpts of data illustrating the categories of interaction forms. 
 Examples of data 

A
va

ta
r a

pp
ea

ra
nc

e 

• Provides visual information to other players. 
• Allows the players to have different roles in the game.  
• The physique of the avatar is limited in terms of size and body structure.  
• Team members have similar type of clothes, but there is some amount of 

variation available for the players to select (e.g., type of camouflage).  
• Active weapon and protective armour (equipment) are visible to others. It is 

possible to estimate the range, speed of fire, and other characteristics of fellow 
team members and opponents.  

• Effectiveness of this visual information seems to be rather low due to the average 
firing distances.  

• Apart from the weapon and other equipment, the appearance is relatively static 
and offers mainly support for identification, such as, team and role (e.g., hostage, 
bomb carrier, etc.).  

• Level of perceived details is not always adequate to enable accurate 
identification. The avatars are most of the time too far to be clearly recognised. 

Fa
ci

al
 e

xp
re

ss
io

ns
 • Not largely supported by the system and they are not directly controllable by the 

players.  
• The only perceivable expressions are combined with specific animation 

sequences, such as getting injured or killed (e.g., grins, heavy breathing, etc.)  
• Action game players are not too interested in having stronger expressions and 

much rather treat the avatars as pawns in the game. 
• The fast pace of the game renders the effectiveness of facial expressions useless, 

there is not be enough time for the players to perceive the small-scale cues.  

K
in

es
ic

s 

• Body language is implemented in injury related expressions such as limping.  
• Posture changes of the avatar, during various actions, convey the act to others 

within vicinity (jumping or kneeling to take cover). 
• Players invented their own workarounds to overcome the communication barrier 

(e.g., pointing to a certain direction with weapon).  
• Automatic gestures combined with various actions (e.g., changing the weapon, 

reloading it, or throwing a grenade, execute specific gesture animations that are 
visible to oneself and to others). 

• Attacking player may be jumping up and down while running, in order to avoid 
the fire of the enemy.  

• Accuracy of own fire is enhanced by standing still, or kneeling, while aiming.  
• Head movements are not specifically supported and they are coupled with the 

overall body movement. 

O
cc

ul
es

ic
s • Not specifically modelled. The eyes stay fixed to the general direction of the 

face, and there are no perceivable differences. Requires higher level of detail and 
slower pace of action. Only the close encounters provide enough level of detail 
for accurate perception of eye movement. 
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• The most common actions revolve around injuries – the overall performance of 
the avatar is affected by the level and location of his or her injuries, which cause 
certain amount of bleeding (visible to others) and restrictions to movement 
(limping, etc.). When the amount of injuries exceeds the critical level, the avatar 
falls down and the player is out of the game. 

• Backward movement when taking a shot or the loss of sight when affected by the 
flashbang are actions that cannot be interrupted. These forcefully implied cues 
enable the simulation of various physical occurrences. 

• The self-programmed actions, or auto actions, which are acceptable in certain 
games, seem to be highly discouraged in this community. 

N
on

-v
er

ba
l a

ud
io

 

• Sound effects of actions, such as shooting, walking, running, jumping, reloading, 
etc. These effects are one of the major signals for others to comprehend what is 
going on in the game. 

• Silence is one important aspect of a fighting game (e.g., quietly walking or 
sneaking and restraining of reloading while ambushing the opponent).  

• Certain surfaces and objects, such as doors and ladders, cause specific sound 
effects, which in turn are clear signals to the nearby opponent. 

• Paralanguage was modelled only in terms of pre-programmed phrases. The game 
session itself contained a large amount of paralanguage that was occurring out of 
the game, i.e., over the monitors across the room. 

L
an

gu
ag

e-
ba

se
d 

co
m

m
un

ic
at

io
n 

• Predefined voice messages and text-based chat channels. The cries for medic, 
need for backup, enemy sighted, and team status reports are the most common 
messages filling the audio space of the game environment. The textual chatting is 
an additional form of exchanging information, but due to the typing effort, seems 
to be less used, at least during hectic action.  

• Large amount of out-of-game communication over the computer screens. The 
players were able to hear each other even with the headphones on. The players 
got excited, were frustrated, tried to get their acts together, or just laughed out 
loud during the game rounds.  

• The lack of natural communication has been approached with third-party 
software providing voice-over-IP messaging, but still the player community 
favours the LAN parties in terms of making best out of the games. 

Sp
at

ia
l b

eh
av

io
ur

 

• The orientation seems to be both an important cue for others to see where the 
player is looking as well as a way to overcome the restrictions of the limited field 
of vision. The players tend to constantly run around with necessary side-glances 
to see what is going on outside their field of view. 

• The position changes of the avatar during various actions, both conveys the act to 
others within the vicinity, and also provides possibilities to access, for example, 
an advantage over the opponent. The kneeling behind a crate, or other object 
within the environment, is a typical way of seeking cover and gaining an element 
of surprise. 

• The search for tactical advantages includes, for example, positioning oneself 
behind the opponent by circling around him or her. Positioning of oneself in 
relation to the team members seemed to be an important tactical tool. The 
supportive firing from covered angle and the cross-fire enabled by spread-out 
positions of the players are examples of team positioning. 

• The aggressive nature of the game tends to force the players to have a large 
distance between them and the opponent. However, close encounters occur due 
to the element of surprise (narrow passages and small rooms in the environment). 
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• Shooting, stabbing, and blowing-up are the main actions executed to get rid of 
the opposing team. However, the game is not a chaotic deathmatch, because the 
added winning factors bring in another aspect of team playing. 

• The injury model differentiates various body parts from each other. The head shot 
is more fatal than a shot in the arm. The speed and force of impact is modelled 
according to the weapon-type. Some of the weapons can penetrate thinner walls 
located in the environment.   

• No direct alternatives to violence, except running away or hiding. No support for 
blocking, or otherwise defensive contact-oriented actions, except protective 
armour. The few examples of non-violent contacts include freeing the hostages 
by touching them, and standing in the way of another player and thus blocking 
his or her route. 

E
nv

ir
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• Environment limits the playing area in the form of boundaries, it affects the 
player performance (e.g., darkness), and it offers protection for the players by 
representing additional scenery (e.g., colours, textures, and objects). 

• Layout and familiarity of the environment is important. If the teams are 
experienced players, the element of surprise seems to be rather non-existent, 
because every player knows all the advantage points of the environment. 

• Dynamic environmental details are generally not supported by this game, 
although some of the environments contain destroyable windows and doors.  

• Changes in the environment can provide a hint to other players (someone has 
been near the broken element).  

• In addition to breaking, there are also doors that can be opened and closed, and 
even locked. 

C
hr

on
em

ic
s • Individual game rounds start at a pre-set time, so the players have time to equip 

themselves. The end game is usually determined by winning factors (e.g., 
rescuing all of the hostages, defusing the bombs, or encountering the time out). 

• If the player gets killed before the round ends, he or she has to wait as an 
observer till the start of the next round. 

 
 
The concept model of interaction forms was relatively well supported by the findings. 

The behaviour of the participants followed the interaction forms in most of the categories. 
However, the limitations in the user interface, animation and in the game system made 
some of the forms non-usable and reduced the possibilities for natural interaction. 

There were no significant findings that did not fit the concepts described in the model. 
On the contrary, the model involved several interaction forms that were not observed 
during this research. Of course, the nature of the application domain maintained the level 
of abstraction relatively high, so, for example, there were no indications of detailed direct 
manipulation or complex artefact sharing that are common in other VR applications, such 
as medicine and industrial design. 

The usefulness of the model is in providing a conceptual framework that can be 
applied as a basis for analysis, evaluation and design of multi-user games and CVE 
applications. It should be pointed out, however, that the model, by itself, is not a 
sufficient requirement specification for rich interaction design. Additional dimensions for 
interaction design are required, for example, in the form of a hierarchical interaction 
model. 
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In order to get more data about the limited communicative features, it would have 
been beneficial to study and compare different games from different genres. Still, the 
large amount of material collected during this research provides an insight to the 
interactions that occur inside (and outside) of one of the most popular action games 
available at the time of research. Furthermore, the scope of the research, i.e., interaction 
forms, does not necessarily require large quantities of data. Instead, adequately rich 
descriptions enabled the categorisation and establishing a solid enough framework to be 
applied in future designs. 

According to the material collected, the support for team interaction in action games 
is adequate. However, the players tend to communicate by giving orders and information 
outside the game, over their screens or by using third-party software. This indicates that 
the players would like to have some additional interaction support as well. A majority of 
the players observed during the research were experienced, who generally tended to adapt 
to the complexities and limitations of the systems. The findings suggest that less 
experienced and novice users would especially benefit from a richer set of interaction 
possibilities. 

The main implications for design, provided by this work, are not necessarily technical 
ones. The increase in bandwidth and communication channels can enhance the 
interaction, but the main task would be to balance the system using artistic selectivity and 
principles of game design while creating team-oriented applications. The designers of 
these environments could not only really learn from the field of entertainment and the 
games industry, but also from the conceptual work and theoretical models of interaction. 
The need to understand the concept of interaction in multi-user games and CVEs seems 
to be highly relevant if the intention is to construct rich experiences for the users.  

The detailed interaction form analysis presented in Manninen and Kujanpää (2002, 
publication V) follows qualitative research principles by providing rich descriptions of 
the interaction phenomena. The scope of the publication covers the manifestations of 
non-verbal communication forms. The perceivable actions and behaviours have been 
described and analysed without tackling the social or cultural aspects of communication. 
The point of interest, thus, is to find more understanding about the possibilities and 
effects of NVC in the CVE context. 

The theoretically-grounded NVC model was used as a framework for the analysis of 
interaction in a multi-user computer game session. The analysed game session was 
conducted with an experimental system that had been designed and constructed based on 
the rich interaction concepts. The analysis is presented with descriptions of the interaction 
phenomena observed in the filmed session. The video was filmed using a first-person 
view from one of the participants by capturing his monitor feed. The video material has 
been decomposed into small fractions using the interaction analysis techniques. The total 
number of fractions in the 2 minute and 33 second video was 93. The fractions have been 
transcribed and analysed according to the corresponding utterances, actions, expressions, 
gestures and sounds. Table 11 illustrates an example of the section of the transcription. 
Further details and additional data excerpts can be found from Manninen and Kujanpää 
(2002, publication V).  

The main points implied by the fractions have been analysed and the results have been 
compared to the NVC model constructed from the theoretical background material. In 
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addition to the categorisation of individual user interactions, the sequence and timing of 
the actions have been analysed. Issues, such as turn-taking, co-ordination and co-
operation are of interest for this research. Although the emphasis was on the non-verbal 
aspects of communication, the transcribed verbal part provided more insight into the 
interaction. 

 
Table 11. Excerpt from the interaction decomposition. 

# s Actions, Expressions, Gestures and 
Sounds 

Verbal Communication 

21. 46  Tony: Two, may I have, thank you 
22. 48 Heikki observes the deck (beam indicating)  
23. 49 Tony turns towards Heikki Soili: One for me 
24. 50 Heikki puts three cards 

Tomi focuses onto the table 
Tony turns towards Tomi and glances at 
Heikki briefly 

 

25. 52  Heikki: Three for me… mmm… no 
… three… yes…sorry, mmm… 
slight confusion… 

26. 53 Soili turns to Tomi  
27. 56 Tony pushes his two cards towards the table 

centre   
 

28. 59 Tomi puts four cards onto the table 
Tomi levels his view 

 

29. 00 Tomi starts dealing new cards 
Tony glances at Heikki (orientation) 

 

 
 
The NVC model was relatively well-supported by the findings. The communicational 

behaviour of the participants followed the face-to-face interaction conventions in most of 
the categories. However, the limitations in the user interface, animation and in the CVE 
system made some of the forms non-usable and reduced the possibilities for natural 
communication. 

The focus of the NVC model is too limited when considering the overall rich 
interaction design. The model originates from the physical world where many of the 
things such as body, sense of touch and sensomotoric control are taken for granted. 
However, the CVEs do not follow the conventions of the physical world. The virtual 
environments and games require additional features and interaction forms which do not 
necessarily fit into the communicational model. The model has to be expanded to cover 
the most basic primitives of virtual environments. Still, the model provides a partial 
conceptual cover for the interaction phenomena. The familiar conventions and well-
established categories help the designers to focus on the necessary interaction forms 
when designing new virtual environments. 
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The analysis indicates that even small-scale NVC support can greatly increase the 
natural and intuitive forms of interaction. Richer interaction possibilities provide the 
participants with flexible ways of communicating and acting within the virtual 
environment. First of all, the availability of various interaction mechanisms helps 
participants choose the ones fitting their purposes. Second, the combination of different 
communication channels makes it possible to enhance the messages, or to execute 
contradicting behaviours. Third, the tacit "knowledge" can be conveyed by enabling sub-
conscious and intuitive actions, which are perceivable by other participants. 

The design implications raised by the analysis include the following: 
• The extended NVC model can be used as a basic set of requirements for 

communicational virtual environments. The communication forms should be 
implemented so that users have enough freedom to utilise the ones they see most fit 
for their needs. 

• Automatic and autonomous gestures and expressions would greatly enhance the 
communication by providing a model for sub-conscious actions 

• Higher-quality speech audio would improve the utilisation of the paralanguage, 
which, in turn, would form a natural way of enhancing the communication. 

• Gaze direction measurement and mapping it into the environment would enable 
more tacit and fine-grain communication. 

5.3  Hierarchical Interaction Model (HIM) 

The Hierarchical Interaction Model was constructed in order to support the interaction 
form model as an additional dimension to design. The experiment that utilised this model 
was designed to provide empirical data about the applicability issues of the model 
(Manninen 2001, publication III). Conceptual analysis and theoretical knowledge was 
further used to refine and formulate the model. 

The successful construction of the Tuppi3D design case indicates the potential of 
applying the explicit hierarchical interaction model into the design and development of 
game and CVE applications. The bottom-up design approach by using the hierarchical 
interaction model enabled the developers to support emergence in the playing sessions. 
Although the application of the model was relatively limited, the research gained enough 
experience to go forward with deeper analyses of the instantiations against the proposed 
interaction model. 

The experimental application of the Rich Interaction Model indicated that additional 
guidelines and/or models are needed to support the instantiation of the interaction forms. 
The model, by itself, is not a sufficient requirement specification for rich interaction 
design. Additional dimension for interaction design was, thus, provided in the form of a 
hierarchical interaction model (Manninen 2001, publication III). 

The detailed interaction form analysis presented in Manninen and Kujanpää (2002, 
publication V) indicates that the bottom-up interaction design approach enabled 
participants to construct and combine interaction forms according to their desires. The 
emergence was supported by avoiding the hard coding of the higher level interaction into 
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the system. The players, thus, had numerous possibilities of completing their tasks in an 
individual manner. 

The validity and applicability of the model has been further evaluated as part of rich 
interaction design (Manninen 2002a, publication VI). The role of the model as part of the 
production was observed to be not clear enough. The model and corresponding guidelines 
were not concrete enough to be explicitly exploited. Based on this observation, the rich 
interaction design guidelines have to be presented in a clear 'cookbook' format. The 
models served the designers by providing an explicit map and scope of the design area. 
This helped the group to take different aspects of interaction into account without 
neglecting any potential design issues. However, the bottom-up design philosophy led to 
a solution where the user controlled the environment instead of the environment 
controlling the user. 

The successful application of the Hierarchical Interaction Model requires a platform 
which supports bottom-up design, for example, in the form of inverse kinematics. The 
Team Game experiment and, especially, the V-LARP system both suffered from the 
limited support from the platform point of view. Limited physical models and lack of 
full-scale inverse kinematics forced the design to make compromises. However, even the 
small-scale support of bottom-up interaction led to systems that indicated the importance 
and significance of the hierarchical approach (Manninen 2002c). 

5.4  Contextual Virtual Reality Prototyping 

The contextual aspects of interaction were tackled by proposing the method of Contextual 
VRP for illustrating and evaluating the concepts of a future products (Manninen 2000c, 
publication II). The implementation focus was on mobile product development in the 
cases where a fully functioning physical prototype was not an option. Contextual VRP 
enlarges the concept of Virtual Prototyping by adding the missing context to the 
simulations. The proposed solution was based on the utilisation of an entertainment 
industry application as the prototyping platform and it provided possibilities for cost-
effective, collaborative, and distributed prototyping and demonstration work.  

An example of Contextual VRP, illustrating an imaginary concept of a mobile 
augmented reality console, was implemented using the proprietary Unreal game engine. 
The proposed approach enabled enhancement of the scope, efficiency, and re-usage 
factors of the product design, development, testing, and marketing. The product could be 
tried out and demonstrated in the corresponding use environment, thus making it easier to 
understand the use-cases of, for example, a mobile device that had various location-
dependent features. 

The virtual prototype of a mobile product, such as the media phone, is relatively 
limited without the environment and context where the product is used. The core 
functionality and the user interface issues can possibly be tested and demonstrated with 
the prototype, but the missing or non-immersive context may reduce both the appeal and 
the clarity of the services. Contextual VRP, on the other hand, provided further 
possibilities in the cases where the need for the context and environment existed. The 
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demonstration illustrated in the publication served only as an example of such a scenario. 
The product and the corresponding use environment were both fictional in terms of 
design and development. The main purpose of the demonstration was to present the 
concept of Contextual VRP, so there was not too much concern about the relevance of the 
example product (i.e., the mobile console) itself.  

Manninen (2002a, publication VI) delineates further arguments that support the 
application of the Contextual VRP approach. The network multimedia game as a 
prototyping platform provides beneficial features that are ready-made solutions for 
designers. Integrated development tools enable direct access to the game engine 
resources, such as, scripting of actions, geometry modelling, photo realistic texturing, and 
to the hundreds of control parameters to configure the applications to best suit the 
requirements. Network support with multi-user capabilities enables the testing and 
demonstration scenarios that require multiple participants (e.g., location-based grouping 
services). The interactive multimedia application provides possibilities for seeing and 
using the product before it is actually manufactured. The traditional concept design with 
still images, scenario descriptions, or films, does not allow the users to experiment with 
the concept. Virtual prototyping has solved this problem, but it still lacks the support for 
realistic use cases that also include the environment. 

It should be pointed out that the Contextual VRP approach constructed in this work is 
relatively limited, both in size and in complexity. The development of a bigger, more 
functional and more professional demonstration would require larger resources in terms 
of people and tools. Even the smallest game-related projects nowadays have at least a 
dozen people working on them. This is due to the fact that computer games and their 
modifications are getting very complex: a large amount of work is required to create the 
graphics, animated 3D objects, sounds, levels, and the program code. The same kind of 
resource hunger seems to apply to all areas of multimedia design and production. In any 
case, one of the suggestions of this work is to promote the exploitation of ready-made 
platforms and engines that have been originally developed for other purposes. By using 
this approach, it would be possible to save time and other resources and, still, be able to 
provide appealing and realistically interactive product concept demonstrations. 

Contextual VRP approach can only be used effectively to prototype concepts that can 
be easily modelled and simulated. For example, if the physical game environment 
consists of elements that require high levels of detail, the construction of the simulation 
may be too demanding. Furthermore, the simulated approach may not necessarily 
demonstrate the realistic experiences and compelling aspects of the gameplay. For 
instance, the action-packed fighting game may provide much stronger sensations when 
the participant is physically running out in the open than when he or she is sitting in front 
of a computer. 

As part of rich interaction design the contextual VRP approach was a relatively easy 
and efficient way of testing various concepts and of ‘selling’ the idea to management. The 
board meetings with industry representatives were suitable places for demonstrations and 
concept trials. Due to the interactivity and rich media, the concept came out clearly, even 
to the partners that were not constantly following the details of the research and 
development (Manninen 2002a, publication VI). 
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Still, the contextual VRP approach has been criticised because it relies on a synthetic 
experience and environment. The physical prototypes (i.e., duct tape, wires and off-the-
shelf components boosted with imagination) were claimed to be somewhat more concrete 
(e.g., physically), especially during the focus groups and user tests. However, the work 
described in this paper focuses on the concepts that are too difficult, or too expensive, to 
prototype using the traditional methods. The approach described in this paper is by no 
means the best practice for every possible design case. However, the case that cannot be 
prototyped just by relying on imagination and rough mock-ups may well benefit with 
more engaging simulation of the concepts. 

5.5  Two-layer design process 

The rich interaction design process, as whole, was described and analysed in Manninen 
(2002a, publication VI). The suggestions for rich interaction design were formulated in 
the form of interaction models, design case descriptions and heuristics. 

The success of the design process, however, was not measured against any specific 
quality criteria. Instead, there are several issues that validate the level of success. The first 
is the response received from the industry. The overall feedback was very encouraging 
and the industrial representatives felt the experiment was on the right track in providing 
rich interaction support for traditional mobile application development. 

Furthermore, the selected approach, with the two experimental designs, covers a 
significant area of design and development by considering inter-disciplinary issues, such 
as, industrial design, marketing, behavioural sciences, communication, and the arts. The 
involvement of the industrial partners increases the reliability and significance of the 
results and their applicability, although both of the described experiments are merely 
laboratory prototypes and not commercially produced products. 

One issue providing evidence of the success of the rich interaction design, is the 
comparison between the technologically developed mobile version of the game and the 
3D version described in Manninen (2002a, publication VI). The flexibility, control, 
communication and co-operation possibilities are much more satisfactory in Tuppi3D 
when compared with the current implementation of its mobile platform counterpart. The 
results from a video analysis of the game sessions indicate that the players had found 
innovative ways to use the system features in communicating and collaborating with each 
other. Furthermore, the environmental themes enriched the experiences of the players.  

The analysis also indicates that the participants could effectively use various forms of 
communication, if the system was designed to support them in a memorable, yet 
invisible, way. A creative combination of the various communication channels makes it 
possible to enhance the overall interaction and further increases the usefulness of the 
collaborative virtual environments. 

One example illustrating the rich interaction design in the form of non-designed 
challenges provided by the system relates to the simulation nature of the application. In 
this case, the subject of one experiment was exploring the virtual environment when he 
encountered the log cabin. Just by sheer curiosity, the subject wondered whether it would 
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be possible to climb on to the roof of the cabin. After a series of fruitless running and 
jumping attempts, the subject pushed a barrel next to the cabin wall and tried again by 
first jumping on to the barrel. When this was not enough, the subject brought another 
barrel next to the first one and tried again - now running and then jumping. At this point, 
the subject's aim and the pattern of behaviour were clearly visible. After a half-hour 
effort, the subject had brought more items next to the cabin and constructed stairs leading 
to the rooftop, thus gaining access to the ‘top of the world’. This experiment is an 
excellent example of a user-created challenge within the environment - the designers 
certainly had not planned this type of activity! 

Perhaps the most important issue was the entertainment factor of the system; both the 
design team and the outside test users spent an enormous amount of time just fooling 
around in the virtual environment - and having fun! Of course, it is a prerequisite for 
computer games that they need to be fun to use. However, the main aim of this work was 
not directly to develop a system that was fun, but the fun factor was hoped to be 
‘increased’ as a side product of the rich interaction design approach.  

The rich interaction design approach can feed the technologically oriented 
development processes by approaching the design and development from the content-
oriented direction. The knowledge and results acquired from experimenting with the 
high-end audio-visual environment provides, for example, the embedded system 
development with an additional perspective that supports, without conventional 
limitations, the traditional technological-oriented tasks.  

With the two-layered design and development approach consisting of two separate 
teams, the project was able to meet the short-term goals as well as provide enough 
creative assets for the current and future versions of the application. This helped in 
designing innovative concepts and compelling content. 

The shared understanding between the separate teams was achieved with the aid of 
illustrative demonstration material, such as videos, experiments, and narrative 
descriptions. When comparing the two designs - the 3D version based on the PC platform 
and the mobile version - the benefits and drawbacks of each solution were clearly visible. 
So, instead of arguing for the different visions on paper, the designers and developers 
were able to try out these totally different solutions. Empirical hands-on experience 
significantly outweighed the design documents. 

The project was successful in introducing a creative content production for mobile 
application development. Contextual Virtual Reality Prototyping combined with 
conceptual understanding of rich interaction provided satisfactory results. From the rich 
interaction design point of view, the importance of non-verbal communication in CVEs 
and multiplayer game environments was brought forward and demonstrated in theory and 
in practice. Furthermore, the rich interaction design philosophy led to a solution where 
the user controlled the environment instead of the environment controlling the user. 

Although the creative and content oriented work was implemented on top of a less 
limiting platform (i.e., PC compared to small hand-held devices), a number of restrictions 
reducing the applicable interaction features still exist. The specifics of the proprietary 
game engine may prove to be too limiting, so the balance between cost versus benefit can 
be difficult to estimate. However, in this case, the differences between the 3D game 
engine running on a PC and contemporary mobile devices are still relatively large. So, 
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even with the limitations of the PC platform, it was possible to outrun the vividness and 
dynamics of the interaction features when compared with the mobile platform. 

The rich interaction design approach can drastically fail if production lacks freedom. 
The successful application of the two-layer design process requires enough support and 
trust from the management, so that the team can fruitfully express their creativity. This 
can be seen as a potential risk from the management side. 

5.6  Rich interaction design heuristics 

The evaluation of design heuristics has been mainly described within each of the 
publications included in this thesis. The background material for the heuristics originates 
from the literature and theories presented in Chapter 3. The following briefly outlines the 
evaluation of each of the design heuristics. 

1) Aim at equilibrium between realistic and non-realistic interaction forms: Based on 
the literature and empirical experiences it is evident that there is need for both 
approaches. However, when considering purely the communicative nature of 
applications, the full harnessing of virtuality offered best results at the expense of realism. 
The virtuality makes it possible to introduce new conventions of communication that are 
not realistic or possible in the physical world. For example, various augmented 
information (e.g., gaze cues and sound effects) can be added to enhance the 
communication. The reduced realism was not considered to limit the use of the systems if 
accurate replication of the physical world is not necessary. 

2) Follow bottom-up interaction design and implementation: Together with the 
Hierarchical Interaction Model, the bottom-up approach to interaction design was able to 
produce systems that supported flexible, adaptive and constructive forms of interaction. 
For example, the basic primitives of card manipulation in Tuppi3D allowed the users to 
pursue a wide variety of tasks that were not pre-designed in the construction phase. The 
drawback, however, is the increased development effort. Implementing a new higher-
level feature can be easier than breaking it down to atomic interaction components. 
Nevertheless, the bottom-up procedure, while requiring resources, provides added value 
in terms of emergent features. 

3) Support interaction forms in various categories: The Rich Interaction Model 
provides a framework that directs the design to support a wide range of interaction forms. 
However, if the supported forms do not cover several categories, the level of 
implementation does not fully allow the flexible combination of individual interaction 
forms. For example, by supporting only the avatar appearance category, the designers 
rule out many possibilities for combinatory interaction because the number of potential 
combinations is reduced inside a category. The drawbacks of this heuristic are the 
increased development effort and difficulties in selecting the potential interaction forms 
to be supported. Based on the experiments an adequate compromise can be achieved by 
designing at least some interaction forms into each of the categories. 

4) Enable flexible combination and compilation of individual interaction forms: The 
interaction analysis of the Tuppi3D experiment indicated that participants can create 
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subtle and innovative ways to communicate when they have a basic set of building blocks 
they can combine. For example, the different messages conveyed by synchronous 
gesture, speech and environment manipulation can convey meanings that are highly 
dynamic and detailed in content. The possibility for combining individual interaction 
forms is highly dependent on the bottom-up design approach and available support for 
multiple categories. According to the experiment, the user interface proved to be the most 
significant hindrance preventing the full application of this heuristic. However, modular 
interaction forms structure can be achieved in the form of macros and multi-channel 
interaction (e.g., the combinations of voice, mouse-based analogue movements and 
keyboard-based digital functions). 

5) Emphasise the communicative and representational nature of all actions: The user 
experiments indicate that participants perceive also messages which are not consciously 
produced by others. This phenomenon provides great communicative potential as sub-
conscious actions do not require cognitive effort. The users are generally forced to take 
action when engaged in tasks. These actions, if aurally or visually modelled, can convey 
messages to others without the actor making explicit effort in representing his or her 
actions. The support for interaction forms based on a large number of categories can aid 
the design to take the less obvious communicative possibilities into account. 

6) Allow possibilities for collaborative construction: The construction process 
provides endless representational variations for the users to express themselves. 
Combined with collaborative challenge, the participants will be able to enrich each 
other's experiences. For example, the Team Game experiment indicated that the 
participants find highly innovative ways in overcoming the obstacles when the system 
supports constructive interactions. In comparison to destructive features evident in 
contemporary games, the constructive features, while difficult to design, offer a higher 
range of possibilities. 

7) Harness existing dynamic game-like platforms: The rapid prototyping and 
development enabled by selecting a proprietary game engine as the design and 
development platform made it possible to focus on the interaction design and achieve 
empirical experiences already at the beginning of the production. Furthermore, the 
dynamic nature of game platforms enables the design of experience-oriented and 
compelling applications. 

8) Explicate, evaluate and demonstrate the interaction forms: The significance and 
usefulness of specific interaction forms can often be validated only through explicit 
demonstrations and experiments. By arranging test sessions and shooting virtual 
environment video material, the designers can bring the necessary interaction forms 
forward. For example, the hours of video trailers and detailed video material produced 
from the experiments allowed the designers to observe significant phenomena that 
otherwise would have not been discovered. 

9) Apply artistic selectivity: The domains of films and digital games indicate that 
aesthetically appealing solutions enable compelling experiences. However, the 
audiovisual special effects do not guarantee satisfactory user experience. The design 
cases described in this thesis indicate that it is possible to achieve adequate results with 
minimal resources when there is conceptual understanding of the applicable interaction 
forms. 
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10) Do not forget aspects of fun and playability: The numerous test sessions, 
presentations and laughter-filled analysis hours offer empirical suggestions about the 
usefulness of fun and playability. Although there are application domains that might find 
these difficult to adopt, there seems to be enormous potential in applying less serious 
approaches to virtual environment design. If the networked systems are to bridge the gaps 
of geographical distances, there is need to support the communication situations with 
other than technical features as well. 



 

6 Conclusions 

The contribution of this research relates to the conceptual model of interaction forms and 
the corresponding understanding of the phenomenon. The results reveal important and 
neglected aspects of interaction forms to the world of game and virtual environment 
designers. Combined with the descriptions of interaction design processes - both 
theoretical and empirical - the overall outcome of the work is applicable to a wide 
audience designing or using computer systems that support communication, co-ordination 
and collaboration. 

This chapter concludes the thesis by outlining the contribution and significance of the 
work. The main results are presented in the form of proposed solutions to the two-
component research problem described in Section 1.3. 

Research problem 1. What interaction forms exist in multiplayer games and what are 
their main characteristics? 

The conceptualisation of the interaction forms has been conducted based on both 
theoretical and empirical analysis. Chapter 3 discussed the various aspects of interaction 
that helped in formulating the concept. The concepts have been presented in the form of 
evolutionary interaction models in Section 4.1. The concept of the interaction form itself 
has been described as an action that can be perceived as a manifestation of the user-user 
and user-environment interaction. These forms are used to convey the actions of the user 
to oneself, and to others. The interaction forms enable awareness of actions by offering 
mutually perceivable visualisations and auralisations within the virtual environment. A 
detailed representation of the interaction forms has been provided in Section 4.1.3. 

The Concept model of Rich Interaction Forms, or the Rich Interaction Model, 
illustrates the typology and relations of the forms of interaction. It provides the 
framework for analyses and heuristic evaluations of CVEs and guides the design of CVEs 
to consider all possible interaction forms in order to create more communicative virtual 
environments.  

The main purpose of the presented concept model was to explicitly illustrate the types 
and components of interaction occurring inside multi-player games and CVEs. Although 
some of the components may be trivial or somewhat out of traditional contexts, they 
provide a set of manifestations that can be considered and evaluated when developing 
CVE applications. 
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The usefulness of the model is in providing a conceptual framework that can be 
applied as a basis for the analysis, evaluation and design of desktop VR applications. It 
should be pointed out, however, that the model, on its own, is not a sufficient requirement 
specification for rich interaction design.  

The interaction analysis approach that is based on communication and social theory 
frameworks indicates the importance of combining the research effort of various 
disciplines in order to achieve better results in the area of game and CVE interactions. 

Research problem 2. How can the understanding of possible interaction forms be 
applied in order to aid in the designing of games and professionally used CVEs? 

The main implications for design are not necessarily technical ones. The increase in 
bandwidth and communication channels can enhance the interaction, but the primary task 
is to balance the system using artistic selectivity and principles of game design while 
creating team-oriented applications. The designers of these environments could - almost 
certainly - benefit from the entertainment and game industry, but also from the conceptual 
work and theoretical models of interaction. The conceptual and theoretical models of 
communication and interaction should be utilised in order to make solutions natural and 
intuitive. The need to understand the whole concept of interaction in virtual environments 
is evident if the communicational needs of the users are to be supported. 

The rich interaction concept model can aid designers by directing the development to 
support the crucial areas of interaction. Freedom of choice and the possibility to combine 
various interaction forms can enhance the communication, co-ordination and co-
operation aspects of networked applications and services.  

The following contributions explicate the application of conceptual understanding into 
the design of CVEs and multi-player games. 

The Hierarchical Interaction Model supports bottom-up interaction design and 
implementation. It guides the design of CVEs to support enriched interaction. Together 
with RIM, it enables the flexible combination of various interaction forms. Furthermore, 
HIM provides an explicit two-dimensional perspective to the domain of interaction 
forms. The application of bottom-up interaction support, with a clear understanding of the 
richer interaction set required, can aid in developing more usable and communicative 
applications. 

The Contextual Virtual Reality Prototyping approach demonstrates the contextual 
nature of interaction and provides an approach to design and evaluate physically non-
existing products and concepts. The approach provides R&D personnel a way to enlarge 
their field-of-vision by adding the ever-important use environment and context to the 
prototypes and simulations. The contributions of VRP research can be utilised with this 
new approach, thus making it possible to enhance the scope, efficiency, and re-usage 
factors of product design, development, and marketing. With the proposed approach, the 
product can be tried out and demonstrated in the corresponding environment, thus 
making it easier to understand the use-cases of, for example, a mobile device that has 
location-dependent features. Furthermore, the evaluation of the concept requires a less 
cognitive load in terms of figuring out the real-world counterparts of the VRP 
interactions. 

The Application of dynamic game-like experimenting platforms saves prototyping and 
experiment construction time, and allows design and development teams to focus on 
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relevant issues. The design cases indicate that there is true potential in a multi-player 
action game engine such as Unreal - even for entirely different markets than the 
traditional network games. All the multimedia tools of the application are relatively easy 
to use and integrated in the same package, so it will require little effort to create 
prototypes such as the one described in this thesis. Furthermore, the increasingly 
important multi-player support, which comes with the platform, makes it not only 
possible but easy to test how several simultaneous users use the system when interacting 
with the virtual environment and with each other. 

Two-layered rich interaction design process allows creative and conceptually 
grounded interaction design. The main emphasis of the approach is to avoid purely 
technologically driven design and development, and to provide, in its place, a guiding 
approach that focuses on the conceptual understanding of rich interaction. With this 
approach, it is possible to design and develop rich interaction for multi-user systems 
without limiting the process with technological conventions. However, successful 
application of rich interaction design requires a clear and concrete conceptual 
understanding of interaction. The advantage of the described approach is that rich 
interaction design can provide meaningful and theoretically grounded interaction forms to 
be developed for multi-user systems. Audio-visually compelling demonstrations enhance 
the possibilities for shared understanding, and thus make the dissemination of the 
concepts easier. In addition to this, the rich interaction design approach provides more 
flexible and communicative systems. 

Utilisation of virtual environment video footage in analysis and concept dissemination 
provides descriptions on how to film inside virtual environments, in order to use the 
footage for analysis and design purposes. For example, the concept dissemination from 
quasi-experiments to showcase video trailers has been described. 

Finally, the design case descriptions bridge the theoretical issues to practical design, 
and provide suggestions for rich interaction design. The rich interaction design heuristics 
offer designers and developers guidelines which can be followed when aiming at 
enhanced interaction in games and CVEs. 

One of the major limitations concerning the usefulness and applicability of the results 
is the size and vagueness of the research area. With the many aspects and issues revolving 
around interaction, it is critical to ask whether the selected methods can be used to 
actually find and develop a new understanding of interaction. The psychological and 
cognitive issues may well be significant enough to render the results of this work narrow 
and superficial. 

However, the reference discipline, i.e., information processing science, behind this 
research directs the focus to concrete and perceivable issues. The selected approach is not 
meant to cover all areas of scientific thought. It aims merely at contributing to the area of 
CVE and game design by providing some theoretical and practical implications that can 
be used to improve the communicative, collaborative and constructive aspects of the 
networked virtual environments. 

The significance of this research is related to the increasingly important role of CVEs 
in global organisations and virtual enterprises (geographically dispersed teams), as well 
as in the everyday life of people (virtual communities, entertainment). The 
communicational and functional enhancements of virtual environments and multi-player 
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games make the interpersonal interaction more usable and applicable in computer-
mediated settings. The benefits of the research can be listed as follows: 

− It enables a deeper understanding of the concept of interaction forms in the 
context of CVEs and multi-player games. 

− It encourages more supportive, appealing and communicative applications by 
applying interaction models and theories in the form of rich interaction design 
guidelines. 

 
The results of this research are significant for multi-player game and CVE designers as 

they illustrate the importance and possibilities of rich interaction in networked settings. It 
is possible to reduce the limitations and restrictions of computer mediation by enabling 
more flexible and natural interaction. Although the naturalness and intuitiveness of face-
to-face communication is hard to achieve, virtual environments provide additional and 
novel ways to enhance the weak areas of interaction. 

The rich interaction concept model can aid designers by directing the development of 
games and virtual environments to support the important areas of interaction. The 
freedom of choice and the possibility to combine various interaction forms can enhance 
the communication, co-ordination and co-operation aspects of the VR applications. 



 

7 Proposals for further research 

The work described in this thesis ended up being much more focused than originally 
planned. Still, the sheer size of the research area, i.e., interaction forms, proved to be 
large both in breadth and in depth. There are several tasks that need to be tackled in 
future research in this field. This chapter proposes some areas for further research within 
the core topic of the thesis, as well as within fields closely related to this work. 

The Rich Interaction Model, although applicable and coherent within the level of 
interaction form categories, requires further evaluation and refinement, especially on the 
level of individual interaction forms and their representations. The main categories form a 
reasonable shape, but the relations and locations of various sub-categories are not yet 
fully defined. It must be noted though that the complexity of the concept makes it 
relatively challenging to construct one model that would serve to illustrate the 
phenomenon in every possible context. 

Still, enhancing the concept model with more details would strengthen the structure 
due to the increase in the conceptual scope. A set of longitudinal field studies about the 
usage of interaction forms in current on-line games and social communities could provide 
a wider range of empirical evidence on the existing interaction forms, whether these are 
directly designed to be supported by the systems, or whether they are clever workarounds 
invented by users. 

Some practical solutions and problems worth further work include the design of 
identifiable, customisable and more communicative avatars, AI and agent-supported 
actions and responses in user interface intensive tasks, user profiles as a basis for gestures 
and body language (identification, personalisation), and possibilities for more 
constructive forms of interaction. 

The interaction form model needs additional dimensions that would support, for 
example, the design and automating of interaction. Although the Hierarchical Interaction 
Model supports the concept model by adding a third dimension to it, there is a great need 
for additional tools that would connect the theory to the practice. In particular, tools that 
could bridge the gap between low-level interaction forms and high-level activities would 
be useful when designing new CVEs. 

The holistic concept of interaction is a broad subject to be tackled within a thesis. The 
research of rich interaction in this context has just reached its first milestone and, thus, 



 
 

164

there are still major problems to be solved and questions to be answered in the future, one 
example being the problem of replicating real world activities that include both 
philosophical and implementation issues. In addition to this, the possibilities of 
successful artistic and aesthetic perspectives in rich interaction design require thorough 
empirical design and development work that would rigorously explicate the possible 
trends and patterns in design. 

The design and implementation of interaction forms discussed in this thesis cannot be 
of any use if there is no support from the user interface side. There is a great need to 
research ways of integrating the representational interaction forms to user interfaces and 
interface techniques. These areas were defined as out of scope for the purposes of 
limiting the breadth of this research. However, the efficient application of rich interaction 
design requires full integration with interface design. 
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