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Abstract 

The emergence of teleoperation and virtual 
environments has greatly increased interest in "synthetic 
experience", a mode of experience made possible by both 
these newer technologies and earlier ones, such as 
telecbrnmunicarion and sensory prosthetics. I maintain 
that understanding synthetic experience must begin by  
recognizing the fallacy of naive realism and with the 
recognition that the phenomenology of synthetic 
experience is conrinuous with that of ordinary 
experience. I demonstrate the continuity of synrhetic 
experience and normal perceptual experience with respect 
to two issues: the determination of' a person's 
phenomenal location in space and the experience of 
"being in touch with" near and remote objects. 

The emergence of teleoperation and virtual 
environments has greatly increased interest in "synthetic 
experience" [I], those forms of experience which are 
made possible both by these newer technologies and by 
earlier ones, such as telecommunication and sensory 
prosthetics. Recently, a number of authors have offered 
a variety of taxonomies and conceptual schemes for 
thinking about the experiential states associated with 
synthetic experience (e.g., presence. externalization) and 
the properties of the effectoridisplay arrangement that 
promote various degrees of perceptual realism [I,  2-91. 
Here I assert that an understanding of synthetic 
experience must begin by acknowledging that the 
phenomenology of synthetic experience is continuous 
with that of ordinary experience. 

In previous articles [6, 71, I have argued that in 
seeking to understand the phenomenology associated 
with the use of teleoperators and virtual environments, 
we must recognize the fallacy of naive realism. the 
unreflective view that the world we experience around us 
is one and the same as the "physical world." Vision, for 
example. is experienced as a transaction between 
observer and environment in which the eyes are mere 
windows on the physical world. This view fails to 
recognize that ordinary experience is mediate--that what 
we experience is an elaborate construction of o w  senses 
and nervous system that is so highly functional a 

representation of the surrounding environment that we 
unsuspectingly act upon the former as if it were the 
latter. In its place, we need to substitute a form of 
representative realism that makes the distinction between 
the phenomenal world. that of which we are directly 
aware, and the physical world. that which underlies our 
phenomenal awareness but can only be known through 
inference. Among the facts that demand this alternate 
view is the mchromacy of human color vision--while 
color is part of the very fabric of the visual world, its 
smct three-dimensionality is a consequence neither of 

' 

object pigmentation nor of light but of processing 
within the visual system itself. 

An important division within the phenomenal world 
is that between "self' and "non-self'. Normally, but not 
always, stimulation arising from outside of the 
observer's physical body is attributed to the non-self. 
However, there are varying degrees of this distal 
attribution or externalization. At one extreme the 
observer is aware of the immediate visible, audible, and 
palpable environment of ordinary perception; at the other 
extreme. the observer experiences "being in contact 
with" remote objects and events (e.g.. through telephony 
and television). 

Users of virtual and teleoperator display systems can 
experience either "being in" the remote or simulated 
environment (presence) or "being in contact with" the 
remote or simulated environment (distal attribution, 
telepresence). Presence occurs when the observer has 
neither prior knowledge nor sensory information 
signifying that heishe is using a virtual or teleoperator 
display; the experience then ought to be that of being in 
the location of the slave device (in the case of a 
teleoperator) or in the location specified by the virtual 
environment system. More commonly, however. the 
observer will also have some sensory information or 
prior knowledge that heishe is interfaced to a display; in 
this case. the experience probably will be one of being 
in one location but "in touch with" a remote or 
simulated environment. 

It is not surprising that many of the articles cited 
above avoid any explicit consideration of the 
phenomenology of normal perception. for the authors 
may have been reluctant to broach the topic of 
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phenomenology out of a concern that a discussion of 
phenomenological ideas will inevitably lead to a muddle. 
Although I share the same reservation, I believe that an 
understanding of "synthetic experience" can come about 
only by confronting the very real philosophical issues 
[e.g., see 11-22]. 

In this brief article. I attempt to show the continuity 
of synthetic experience and normal perceptual experience 
with respect to two issues: the determination of a 
person's phenomenal location in space and the experience 
of "being in touch" with near and remote objects. 

In examining the question of what determines a 
person's phenomenal location, we begin by recognizing 
that localization is always relative to some environment; 
the issue is not one of knowing one's coordinates in 
some absolute coordinate frame. Furthermore, the 
discussion will focus on sensorily-based localization and 
not upon the contributions of memory and thought, 
which alone determined the localization of the Dennett's 
hapless ego when all sensory input was lost (in the 
insightful and provocative essay, "Where am I", by 
Dennen [lo]). 

It is clear that one can experience being at a 
determinate location only to the extent that the sensory 
field is spatially differentiated. If the sensory field is 
uniform, then one's self-localization is indeterminate. If 
the sensory field varies only slightly, then one can only 
localize oneself approximately. For example, if all one 
has is the sense of smell and a spatial gradient of some 
odorous substance emanating from a source, then one at 
best can tell one's direction relative to the source. We 

can surely conclude that the spatial uncertainty with 
which one self-localizes is determined by variations in 
the sensory field and one's perceptual sensitivity to these 
variations; this is true for both direction and distance. If 
a person is asked to state as precisely as possible where 
he/she is located within space, vision is likely to be the 
most important determinant of the "egocenter". Because 
the spatial structure of light and the visual system 
together provide the most spatially articulated field of all . 
the senses, localization by sight is the most determinate. 
The acoustic environment and auditory system provide a 
well articulated sensory field as well, but one that falls 
far short of that provided by vision. 

Where then is the visual "egocenter"? This is a 
question that has been the focus not just of speculation 
but of empirical research as well (e.g., 23-24). One 
method for determining the egocenter is to find the 
approximate physical intersection of the extensions of 
rods at different locations in space that have been 
adjusted by the observer to appear to point directly to the 
observer. The physical location of the "direct egocenter" 
given by this method, however, depends upon how the 
observer views the rods. If the observer views with just 
a single eye while keeping the head stationary, the visual 
egocenter coincides with the center of the rotation of that 
eye [23]. If instead, the observer views with both eyes, 
the direct egocenter shifts to a new location that is 
usually somewhere between the two eyes. In either case, 
the direct egocenter identifies the origin of phenomenal 
visual space with a rather precise location in physical 
space (see figure.) Interestingly, the observer judges the 



apparent (or judged) egocenter to be the same in the two 
cases [231. That the observer experiences the egocenter 
as somewhere within the phenomenal head presumably 
results from the observers' being able to see portions of 
the physical head within the larger visual field. 

If the only sensory information that an observer has 
for self-localization is an articulated visual field provided 
by a teleoperator or virtual display, then lacking prior 
knowledge to the contrary, the observer clearly ought to 
localize himselfherself relative to the objects within the 
remote or simulated visible environment (see figure.) In 
actuality, of course, this ideal is probably unattainable. 
Instead. the observer will have sensory information or 
prior knowledge indicating location of the observer's 
physical head. The likely result is that the observer will 
experience being in one location but in contact with the 
remote or simulated environment (distal attribution or 
telepresence). 

I now turn to the experience of "being in contact 
with" objects and environments that vary in their degree 
of physical remoteness. I begin with haptic touch [12- 
14, 25-26], where the observer typically explores the 
surroundings with arms, hands, and fingers. When we 
touch a hard object with the bare hand, we invariably 
experience this as direct contact with the object. Now if, 
instead, we wear gloves or feel the object when it is 
covered with layers of fabric, the sense of feeling the 
object itself is often nearly as compelling [14] even 
though the contact between skin and object is now less 
physically direct. An even more indirect form of 
touching is exploring an object with a hand-held probe 
[13, 14, 16, 18,271. Observers describe the experience 
as contact between the probe and object rather than as 
vibrations or deformations of the skin. Still even more 
indirect is the haptically-mediated use of the Tactile 
Vision Substitution System [28-29, 21-22], a system 
that consisted of a television camera driving a matrix of 
vibrating stimulators placed against an observer's back or 
abdomen. By actively manipulating the camera, 
observers were able to scan a high contrast object, the 
images of which were converted to vibrotactile patterns. 
Although, initially, observers reported experiencing only 
changing patterns of vibration on the torso, extensive 
practice led some of them to report experiencing 
stationary objects in front of them. 

The fact that we tend to attach greater import to distal 
atmibution when feeling with a probe than when feeling 
directly with the hand is to be explained by the difficulty 
we have in expunging naive realism from our thinking. 
In fact, direct touching between bare skin and object is 
no less a constructive process than is indirect touching. 
The same can be said for vision and audition; whether or 
not these senses are "extended by optical, acoustic, or 
electronic devices, the resulting perceptions are always 
mediate, never direct, for the central nervous system 
constructs what is perceived. Thus, whether the senses 
are "extended" or not. the experience of "being in touch 
with" some object or environment that is within arm's 

reach, miles away, or just a computer simulation is a 
phenomenological consequence of the same perceptual 
process. This experience of distal attribution depends 
upon the observer being able to form an internal model 
of the linkage between the efferent commands from the 
brain to the muscles and effectors and the consequent 
changes in afferent information ascending the sensory 
pathways [4,6, 21.22, 30, 311. A very simple linkage 
is that involving movement of one's one arm; efferent 
commands to move the arm produce a tightly coupled 
change in visual stimulation as the visible arm moves. 
A much more complex linkage might be movement of a 
pair of video cameras mounted on a remotely located 
robot being controlled by the operator. If the observer 
can model the linkage that controls the robot, helshe 
will experience either being at the remote site (presence) 
or being in contact with it (distal attribution). If, 
however, the linkage, even though~determinate, is too 
complex to be learned by the operator, distal attribution 
or presence will not ensue. 

References 

Robinett, W., "Synthetic experience: A proposed 
taxonomy", Presence: Teleoperators and Virtual 
Environments, 1, 1992, 229-247. 

Ellis, S. R., "Nature and origins of virtual 
environments: A bibliographical essay". 
Computing Systems in Engineering, 2, 1991, 321- 
347. 

Heeter, C., "Being there: The subject'ive experience 
of presence", Presence: Teleoperators and Virtual 
Environments, 1, 1992, 262-27 1. 

Held, R. and Durlach, N. I., "Telepresence, time, 
delay, and adaptation", in Pictorial Communication 
in Virtual and Real Environments, S. R. Ellis, M. 
K. Kaiser, and A. J. Grunwald (Eds.), London: 
Taylor and Francis, 1991. 

Held, R. and Durlach, N. I., "Telepresence". 
Presence: Teleoperarors and Virtual Environments, 
1, 1992, 109-1 12. 

Loomis, J. M., "Distal attribution and presence", 
Presence: Teleoperators and Virtual Environmenu, 
1, 199h. 113-119. 

Loomis, J. M., "Presence and distal attribution: 
Phenomenology, determinants, and assessment", 
Proceedings of the SPIE Conference on Human 
Vision, Visual Processing, and Digital Display Ill, 
1666, 1992b. 590-595. 



8. Sheridan. T.. "Musings on telepresence and virtual 
presence". Presence: Teleoperators and Virtual 
Environments. 1. 1992, 120- 126. 

9. Zeltzer. D.. "Autonomy, interaction. and presence", 
Presence: Teleoperators and Virtual Environments, 
1. 1992, 127-132. 

10. Dennett. D. C., "Where am I?", in Brainstorms, D. 
C. Dennett (Ed.), Montgomery. VT: Bradford 
Books. 1978. 

11. Epstein, W.. Hughes, B., Schneider, S.. and Bach-y- 
Rita. P.. "Is there anything out there?: A study of 
distal attribution in response to vibrotactile 
stimulation", Perception. 15. 1986,275-284. 

12. Gibson, J. J., "Observations on active touch", 
Psychological Review. 69 ,  1962,477490. 

13. Gibson, J. J., The Senses Considered as Perceptual 
Systems. Boston, MA: Houghton-Miffin, 1966. 

14. Katz, D., The World of Touch, translated by L. E. 
Krueger. Hillsdale, NJ: Erlbaum, 1989, originally 
published. 1925. 

15. Koffka, K., Principles of Gestalt Psychology. 
London: Routledge and Kegan-Paul, 1935. 

16. Lotze. H.. Microcosmus: An Essay Concerning 
Man and his Relation to the World, translated by E. 
Hamilton and E. E. C. Jones, Edinburgh: T & T 
Clark. Vol. I. Book V. 1984. 

17. Polanyi, M.. Personal Knowledge, New York: 
Harper & Row, 1964. 

18. Polanyi. M., The Tacit Dimension. Garden City, 
NY: Doubleday, 1966. 

19. von Fieandt, K. Perception of the self directly and 
as a mirror image. The World of Perception, K. 
Fieandt. Homewood, IL: Dorsey, 1966. 

20. Weber. E. H. (1978) Der Tastsinn, translated by D. 
J. Murray. New York: Academic, 1978, originally 
published 1846. 

21. White. B. W., "Perceptual findings with the vision- 
substitution system", IEEE Transactions on Man- 
Machine Systems, MMS-11, 1970, 54-59. 

22. White. B. W.. Saunders, F. A.. Scadden, L.. Bach- 
y-Rita, P., and Collins, C. C. "Seeing with the 
skin", Perception & Psychophysics, 7, 1970, 23- 
27. 

23. Howard, I. P. and Templeton, W. B.. Human 
Spatial Orientation. New York: Wiley, 1966. 

24. Roelefs, C. O., "Considerations on the visual 
egocentre", Acta Psychologica (Hague), 16, 1959, 
226-234. 

25. Blumenfeld, W., "The relationship between the 
optical and haptic construction of space". Acta 
Psychologica (Hague). 2. 1936. 125- 174. 

26. Loomis, J. M. and Lederman, S. J., "Tactual 
perception", in Handbook of perception and human 
performance: Vol. 2. Cognitive processes and 
performance, K. R. Boff, L. Kaufman, and J. P. 
Thomas (Eds.), New York: Wiley, 1986. 

27. Carello, C., Fitzpatrick. P., and Turvey, M. T.. 
"Haptic probing: Perceiving the length of a probe 
and the distance of a surface probed, Perception & 
Psychophysics, 51, 1992, 580-598. 

28. Bach-y-Rita, P., Brain Mechanism in Sensory 
Substitution, New York: Academic, 1972. 

29. Guameiro, G., "Experience of tactile vision", 
Perception, 3, 1974, 101-104. 

30. Corker, K., Mishkin, A., and Lyman, J., 
Achievement of a Sense of Operator Presence in 
Remote Manipulation, Technical Report No. 60. 
UCLA School of Engineering and Applied Science, 
Biotechnology Laboratory, 1980. 

31. Piaget, J., The Construction of Rea l iv  in the 
Child, translated by M. Cook. New York: Basic, 
1954. 


