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Abstract. Sometimes old ideas in the history of civilization could be applied in computing technology in the appropriate moment with the aim to have a new impact. Virtual worlds are not a new concept. Since the early days of its known history, humankind has sought to shape its environment. In the process of modeling their physical world, humans tend to create alternate worlds, which are subject to the rules of the human creators – even pretending to be a sacred space "created by God". Those "philosophical" virtual worlds exist only in the mind of their originators (hence the name “virtual”). Technology-mediated virtual worlds are manifested and shared with others through a particular medium "in mind". These worlds can be designed to be experienced through more than one medium. 
This paper considers computer-mediated virtual worlds. Current emphasis in the representation construction in these virtual worlds is mostly on the richness and efficiency of information visualisation. Worlds developers and designers do not pay enough attention on thier audio counterpart. In this paper the authors discuss a holistic approach towards the design of virtual worlds integrating the sound dimension in the virtual architecture of cyberspace. In summary, the work extends the dominating principle "What you see is what you get" to "What you hear and see is where you really live". 
Introduction: Virtual worlds - as technology and “living” environment

Technologically, virtual worlds have started to evolve as a new medium since the beginning of the last century. The US Patent 1183492 for a head-based periscope, awarded to Albert B. Pratt in 1916, is considered to be the first head-mounted display.
 The seminal works of Ivan Sutherland brought a number of significant developments in virtual reality technology, including the concept of interactive computer graphics
 and the concept of ultimate display (a display in which a person can interact with the objects in a world that does not necessarily follows the laws of the physical world).
 The emphasis in the design of virtual worlds is on the interaction between people and constructed video representations of the real world. For example, Krueger’s video place
 utilizes video cameras and other input devices to construct a virtual world controlled by the untethered human motions. These virtual reality technologies are computationally intensive and expensive applications, used mostly in specific domains, like training systems for air pilot, drivers and other simulations of physical world environment.

The development of distributed digital media, linked through the World Wide Web (WWW) technology, created a radically new opportunity for integration, access communication and sharing of information resources. The combination of virtual worlds concept with distributed Web media and client-server computing led to a paradigm shift, namely, to the development of visual 2D and 3D virtual spaces in the 80-s and 90s of the XX century.
 These spaces have been developed initially as social spaces (“places”) for virtual communities. A typical example of such 2D (Habitat)
 and 3D (the Active Worlds Alpha Universe)
 spaces are shown in Figure 1a and 1b, respectively. The domination of „visualisation requirements” shaped the interfaces to the distributed virtual worlds on the Internet. Figure 1b illustrates an example of typical interface to the virtual world space. The access includes a 3D area where all the action in the virtual space happens. The 3D area is populated by different objects that constitute the design of the virtual world. The 3D designs are referred also as virtual architecture. There is a chat area, where the synchronous text-based communication takes place. The avatars embedded in the virtual world enrich communication through their individual sets of gestures, which vary from avatar to avatar.
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	1a. 2D virtual world
	1b. 3D virtual world (Active Worlds)


Figure 1. Examples of the interfaces to 2D and 3D distributed virtual worlds operating over the Internet.
The essential lesson learned from the experiences with Habitat is that cyberspace is defined more by the interactions among the actors within it
 than by the technology with which it is implemented. In other words, virtual worlds (in broad sense) to some extent are independent of their medium (the virtual worlds as technology). A virtual world is a real representation of a world that may have or may have not a physical counterpart. It can be thought as a simulation of a domain manifested in some medium where the simulation is driven by rules of behaviour – programmed (in computer-mediated ones) or imagined (in mental worlds) – simple or complex. These rules are directly related to the design of the virtual world. In present these rules heavily affect the forms, colours and dimensions of the visual space. The domain includes the space, avatars, objects and rules of the virtual world. To some extent domain is approximated by the metaphor used to describe the relations of the elements that constitute the domain. Figure 2 illustrates the designs of virtual offices produced by different set of rules. The design of the office in Figure 2a follows the rules that simulate “traditional” office setup, including furniture and even a simulation of a desk lamp. The mapping defined by the metaphoric analogies of the physical office design has the advantage of the familiarity of the relationships between the objects in the virtual world (e.g. working documents are expected to be found on the desk). The design of the office in Figure 2b follows the aesthetic rules derived from Mondrian’s neoplasticism.
 The key advantage of this design is the novelty and the style that appeals towards our perception of beauty and drags the user on to "stay inside" for a while. Such style can cause “positive vibes” that can setup the comfortable “communication wave” of the people inhabiting such space.
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	2a. „traditional” virtual architecture design
	2b. virtual architecture design influenced by Mondrian style



Figure 2. Different rules define different spatial (and visual) designs
When experiencing a space with other human participants it is important to be able to sense their presence in the virtual world, i.e. to be aware where they are positioned, which way they are looking and what they are saying. Avatars
 can visualise humans in a virtual ambiance. They vary from simple images to save on computational expense, through 3D simplified geometries, ending with photo-realistic representations (including a full 3D body scan of a person) as illustrated in Figure 3. The photo-realistic avatar at the right-hand side in Figure 3 is shown within an avatar design studio, which allows manipulating and designing the geometry, look-and-feel, gestures and other animated behaviours in terms of avatar character.
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Figure 3. Variety of avatars in distributed virtual worlds
The sound as a medium element in virtual worlds

The design of virtual worlds has been substantially biased towards the “visual” component,
 reflected in the explosive growth of information visualisation techniques.
 The stronger accent has been placed on “what could be seen”. In the embedded challenge audio vs. visual dimensions this led to some underestimation of “what could be heard”. The possible damage by an unbalanced interaction and inhabitancy of virtual reality is caused by the overload of human visual perception system, which may lead to a discomfort and unpleasant perceptions in visually intensive virtual worlds, caused by the not necessarily perception of the virtual world as a seamless extension of the physical world in which the person lives. Consequently, a virtual world inhabitant is confronted with the dilemma to give up this „adoptive identity“ and to rush to another one till he returns to his own reality. J. Lanier, one of the founders of the visualized virtual reality
 explains this phenomenon with the propelling source energy of the web, an “erotic quality” that turns you on and on to surf away, to remove the next veil, driving you in the state of not being able to stay longer than a couple of minutes at the same site. 

Our point of interest is to turn our view towards the sound dimensions as fundamental for the "insider feeling" of virtual reality. The appropriate sound vibrations can greatly enhance person’s ability to become mentally immersed in the virtual world. From ambient sounds that give cues to the mood of the virtual world setting to sounds associated with particular avatars, aural representation is a key to positioning participant in a comfortable zone and offering enjoyable experience.

Further we consider some of the current issues at the sound level. The groundwork for using computer-generated and computer-controlled sound in virtual worlds was laid in the early 80s of the past century, in the area of sonification (the use of sound to represent large datasets).
 Sonification could be viewed as the equivalent of information visualisation in the area of sound – the presentation of information in an abstract sound form. Sonification maps a number of parameters of a dataset to specific parameters of sound, so that the human sound system can detect patterns in the data based on the resulting sounds. For example, particular sound can vary based on the changing mood of a person behind an avatar. 

At present, sounds in virtual worlds are grouped in (i) ambient sounds; (ii) marker sounds that mark an event; (iii) index sounds – sounds that continually provide information about the state of something, and; (iv) sounds that augment or substitute for perceptions made by the other senses.

Ambient (or background) sounds are the sounds generally used to set the mood of an experience. The technique is well understood and applied by film and play directors. The ambient sound technique is not interactive. For example, a common sample loop sound used at the entry of virtual worlds is the sound of birds in a forest or of flowing water. The sound aims at calming and relaxing the people who enter the virtual world. These sounds usually do not change with respect to the user interaction with the virtual world, a part from disappearing when the user gets at a particular distance from the entry to the world. The 3D sound allocation and modeling for virtual reality applications has been initiated in the 90s by Scott Fisher and Elizabeth Wenzel at NASA. Nowadays virtual worlds use spatialised sound models. These models emulate the fading of the sound in the atmospheric medium. The idea is illustrated in Figure 4. Let avatar P6 be the source of the sound. According to the distance attenuation model the sound should be fading in radial directions from that person, and at a certain distance will become below the threshold for being heard. In our example, avatars P1, P2 and P3 will perceive the sound, when P4 and P5 will not. 
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Figure 4. Distance attenuation model for sounds in virtual worlds

Marker sounds are the sounds that indicate the occurrence of a particular event in the virtual world. They denote discrete, fleeting events. The mood-setting nature of the ambient sounds can serve as a marker sound. For example, a change in the rhythm of a drum beat from a disco kick to rhythm and blues may indicate a change in the negotiation phase between participants in a deal struck in an electronic markets virtual world. Marker sounds may be also a separate set of sounds, including world event indicators, interface event indicators, sonification events and sensory substitution events. For example, a world event could be the sound of a door closing (when an avatar is bumped out of an area), a sensory substitution sound could be a „cracking sound” when two avatars collide. 

Index sounds reflect the changing value of a continuous entity, mapping a continuous value (e.g. velocity of movement) to a sonic parameter (e.g., pitch). Another example could be the use of a melody to indicate the comfortable distance between avatars. The changes in orchestration, timbre, and complexity of the synthesized sound reflect how close the avatars are to an optimal (according to some criteria) arrangement.

Although the above discussed sound support in virtual worlds covers variety of functionalities in a virtual world and recognises the significance of aural representation, its potential for an impact in a consistent and deeper holistic way on inhabitants of virtual worlds is still underutilised. In this sense we use the term “unbalanced communication” to stress the dominance of visual communication. The unbalanced communication with virtual reality, based on WWW is part of a wider framework of the universal restructuring of everyday life in a „stream of nomadic movements” which are about to globalise our civilisation.
 In computer-mediated virtual worlds the effect of “diving” into the world begins with physical immersion – synthetic stimulus of the body senses via the use of technology, followed by a mental immersion – having the “sense of presence” within the virtual world. Despite the importance of the visual feedback and experience in the world, the harmony between the visual experience and the aural feedback is an essential ingredient of virtual worlds – the key to opening the „self” in a virtual world.

Opening the „self” in a virtual world

Now let's go back to our dilemma:

A. how to restore the balance of sensations in the process of one's opening to virtual realty; and on the other side, 

B. how to create a binding field, where the individual will keep the illusion as an insider of virtual reality, overwhelming the „erotic power“ to jump to the next site.

The main failure when not taking in account the harmony, beauty and the affect of the “musical vibrations” of a natural world has been discussed and stressed by physicists,
 anthropologists
 and musicologists.
 So far there does not seem to have been taken any appropriate steps to follow this fundamental principle in the practical application of virtual experience. The suggestopedic method of language assessment of G. Losanov
 made a radical step ahead in considering the balance of sensations and showed how “musical vibrations” can influence the sub-conscience to a relaxed, well concentrated recipient of language knowledge.

Summary and conclusions
Based on the above critiques we can point out the following crucial issues, well known since Ancient Times,
 but not consistently applied to the virtual reality implementations and their application, including (what is nowadays labelled as) the cyberspace: 

-
the fundamental ground of the natural feeling inside the world are sound vibrations; 

-
as long as the „musical vibrations” of the natural world are „integrated“ just for advertising or serving to „erotic” purposes
 we'll have only a constructed simulation of what an „insider” feels in a virtual world; and then comes a second wrong step trying to reconstruct some „hearing dimension” of  ambient sounds, complementary to the visual framework. 

We propose to approach this problem by introducing the natural hearing and seeing dimension to expand the natural world into the augmented reality design of virtual worlds. The guiding principles of such design are encoded in the experimental foundations of harmony, manifested in musical harmony, the harmony of the distances between planets and the order of the elements in Mendeleev’s table.
 Our drive for imitation should lead us not to invent „what is natural“, but to hear it. Because hearing is the starting point of feeling the „whole” universe.

The clue of opening the „pearly gates of cyberspace“ is not laying only in approaching back the historical experience of our civilization,
 not in building up a symbolic lobby through a discovery of „spiritual” dimension in it, just to catch the attention of all spiritual religionists,
 but in trying to hear it and to feel it among everyday life activities. Every beat of the heart, that could be the key of a musical success, every rhythm (and melody) that makes us relax, even the sound intervals of „silence“ are part of this wholeness we are looking for. The variety of its appearance is the reason that it could be shown in so many different ways of evidence (orthodox choir opening the space at a click, baroque music etc.). For example, particular sound loops, derived from sections in orthodox choir chants, can be used as the mood setting ambient sounds. The cultural diversity in a global virtual world gives us the opportunity to personalise them referring to their religious and cultural background; so the original sounds can be filtered in a way that preserves the harmony, but changes the timbre.

The main problem in the experimental process to solve our dilemma is how to introduce universal sound vibrations (as developed by Kepler) and keep away from any mystical stream (Kabbalah, Tantra etc.) trying to „heal your soul“.
 

The practical answer is more than simple: the musical intervals have already found a „virtual reality“ and we have only to follow „with the eyes“ to the binding field of the shared space. The crucial point is to bind our emotions to the natural concentration of „total listening” of the natural feeling. If we do not concentrate emotionally (not only visually or rationally), we are going to fail in an "emotional fallacy", seduced by the free flow of emotions. This step will cause us to „paint” an artificial recess for the happy few who would „see” and „hear” it; what is equally to an insider of a small group (called "universe", not a "pluriverse" in the sense of William James). Our aim here is to "create" a shared room for everyone willing and prepared to hear it, not a virtual reality for a „social group” (or a small elite).
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� See Sherman and Craig (2003 : 24).


� See Sutherland 1963.


� See Sutherland 1965.


� See Krueger 1982.


� This was later referred as a visual revolution by J. Lanier, one of the fathers of this development (Zaleski 1997 : 134-157, 180-196).


� See Rheingold 1991.


� � HYPERLINK "http://www.activeworlds.com" ��http://www.activeworlds.com�


� See Qvortrup 2001.


� Piet Mondrian (1872-1944) was a Dutch painter known for his rigidly geometric style, which he labelled as Neoplasticism. The style is characterised by the use of straight lines in horizontal and vertical directions, forming patterns of rectangles, and filling the rectangles with pure primary colours. Mondrian regarded neoplasticism as an attempt to unify the arts and give man an orderly environment of beauty. 


� See Maher 1999.


� The original meaning of avatar is the earthly embodiment of a deity.


� J. Lanier is calling it a „revelation“ as well (Zaleski 1997 : 137).


� See Chen 1999.


� See J. Zaleski 1997 : 135.


� see Bly 1982.


� See Deleuze / Guattari 1980 : 434-537. 


� J. Kepler 1619; A. Einstein 1913, 1922; D. Bohm 1980, 1993; see also K. Wilber 1985.


� Gr. Bateson 1977, 1979.


� J.-E. Berendt 1985, R. Haase 1989.


� See Ostrander / Schroeder 1979.


� Heraclitus (Stobaios III 129 : Diels / Kranz 22B 112; Hippolytos Haer.IX 9,5 : Diels / Kranz 22B 51), Pythagoras, Plato (R.546A, Epin.991A, Ti.35A) and Aristotle (Cael.290b). 


� Such as meant in Plato’s dialogues (esp. Pl.Smp.201d-207a; see K. Dover 1980 : 1-2, 13-14) followed by others (M. Heim 1990, J. Lanier : Zaleski 1997 etc.).


� See Shevelev et al. 1990.


� See Bohm / Hiley 1993.


� As done by M. Wertheim 1999.


� Here is a wide stream of healing therapies, religion sites (see Zaleski 1997) up to „confess online“ etc. see esp. � HYPERLINK "http://www.healthynewage.com/tsound.html" ��www.healthynewage.com/tsound.html� 


� See his apology against the Oxford cabbalist R. Fludds 1622.
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