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The Reality of Experience: Gibson's Way

Abstract

This paper considers some first principles that might provide
a basis for an objective science of experience (presence or
immersion). Dimensions that are considered include classical
Newtonian measures of the distal stimulus, changes in neural
mechanisms reflecting the proximal stimulus, information
theoretic measures of the statistical properties of events, and
functional properties related to intentions and abilities. Gib-
son's ecological framework is suggested as a promising func-
tional approach for defining the reality of experience in rela-
tion to the problem of designing virtual environments. This
approach emphasizes the tight coordination between per-
ception and action and fixes the measurement coordinate
system relative to the capacity for action.

1 Introduction

In the early stages of this [relativity] theory, its name
led to the erroneous impression that this approach in
science is based on the philosophic view of ‘relativ-
ism’—the idea that all knowledge is relative only to
the ‘knower’—i.e., that there is no objective knowl-
edge to talk about. Of course, Einstein never had this
view in mind—his approach was just the opposite,
where one focuses on the invariant (objective) law of
nature. To avoid confusion, Einstein tried to rename
his theory ‘invariententheorie’ (theory of invariants),
implying a focus of this theory on absoluteness rather
than relativeness. However, he eventually rejected the
name change because of further confusion he thought
it might entail. (Sachs, 1993, p. 4)

Any science begins with some assumptions about the
fundamental nature of “‘reality”’—whether there is an
absolute, objective, reality independent of the observer
or whether the facts of reality are only relative to an ob-
server. These assumptions guide our choices or guesses
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about the appropriate ““rulers” for describing that real-
ity. This is true for behavioral sciences as well as for
physical sciences. The question of the measure for “‘real-
ity”” is also a fundamental starting point for theories and
measures of virtual environments. What are the appro-
priate rulers for measuring the experiences in virtual en-
vironments and for comparing those experiences against
the experiences of reality? As the title of this article indi-
cates, I have a bias. I believe that the assumptions under-
lying Gibson’s (1979) ecological approach provide a
promising basis for framing questions of “‘presence’’ and
“immersion’” with regard to virtual environments.
However, the goal of this article is not to convince read-
ers of this position, but simply to heighten awareness to
the assumptions and existential commitments that shape
our theoretical and experimental perspectives on experi-

¢nce.

2 Newton's Way

Newton chose space and time as the absolutes for
his program. Thus, space and time were considered as
dimensions of a container whose existence was indepen-
dent of the objects contained within. This container
then became the basis for an “objective”” description of
an object or event. It became the measure of reality.
Fechner (1860,/1966) extended Newton’s program into
the field of psychology, arguing that it is only the physi-
cal that is immediately open to measurement, whereas
the measurement of the physical can be obtained only as
dependent on the psychical’’ (p. 8). Thus, Fechner boot-
strapped his program on the same existential commit-

John M. Flach and
John G. Holden
Psychology Department
Wright State University
Dayton, OH 45435
jfflach@desire.wright.edu



Flach and Holden 91

ment as Newton. For the most part, experimental psy-
chology remains committed to Newton’s basis in which
three-dimensional space and time (e.g., chronometric
analysis) are the absolutes against which to measure be-
havior and experience.

3 Einstein's Way

Einstein, along with many others (e.g., Galileo,
Huygens, Leibniz) questioned the decision to use space
and time as absolutes. Einstein argued that there was no
“objective” test (i.e., experiment) that could distinguish
the difference between uniform motion and absolute
rest. The implication was that space and time were rela-
tive to a reference frame and thus could not be the basis
for bootstrapping a science committed to realism. Space
and time could not be the measure of reality. These mea-
sures were not observer independent. The relative na-
ture of space and time creates a dilemma—ecither relin-
quish the commitment to realism, to objectivity, and
maintain space and time as the basis for measurement,
or, find a new basis. Einstein refused to give up the com-
mitment to realism and chose instead to realign his basis
for reality. This commitment led to the choice of the
speed of light as the absolute upon which to bootstrap
measures of reality.

Einstein’s choice, obviously, has had revolutionary
implications for our view of the physical world. Because
the speed of light has dimensions of space and time,
these dimensions which in Newton’s program were or-
thogonal are now viewed as dependent. The speed of
light provided a mapping from space to time and vice
versa. Such a mapping was inconceivable within the
Newtonian program. But what are the implications for a
science of cognition and behavior? What are the implica-
tions for a science of experience? What are the implica-
tions for technologies such as VR whose objective is to
shape experiences?

4 Fechner's Way

One response is to persevere with the commit-
ments of Newton and Fechner—to argue that Einstein’s

insights are not pertinent at the scale of human behavior;
to argue that Einstein’s insights have implications for
atomic and cosmic scales of reality, but not for reality at
the ecological scale. For psychology this argument leads
naturally to a view of the environment as objects distrib-
uted within a container with dimensions of space and
time. The container and the objects within are consid-
ered to have an absolute existence independent from the
animal being studied. For those working in the Fechne-
rian tradition, Newtonian measures become the touch-
stone for reality. Classical measures of space and time
become the defining properties of a stimulus. They de-
fine the “real”” object. Human experience is measured
against this reality. The implication for virtual reality sys-
tems is that fidelity is defined in relation to the corre-
spondence between the simulated world and the “‘real”
world as measured using the ruler and clock of classical
physics. Thus, we have constructs of “‘real time’” and
“real distance”” against which we can compare the “vir-
tual times’” and ““virtual distances.”

5 Helmholtz's Way

Helmholtz (e.g., 1962) chose to bootstrap the
psychological program on biology. He noted the differ-
ence between the ““distal’” stimulus, that could be de-
fined in classic Newtonian terms and the “‘proximal”
stimulus, which could be defined in terms of changes in
sensory mechanisms. With the emphasis on Miiller’s
“law of specific nerve energies,”” Helmholtz chose bio-
logical mechanisms as the basis for objectively defining
the stimuli of experience. Thus, for those who follow the
Helmhotzian tradition, the structure of nerves, eyes,
ears, muscles, brains, and so on become fundamental
touchstones for understanding the experience of reality.
With this approach, the ““acid’’ test of a theory is the
ability to be “objectified’” or instantiated by an underly-
ing biological mechanism. This approach leads naturally
to constructs such as ““visual space”” or ‘“auditory space”
where the experience of space and time are specific to
the biological mechanisms that mediate the experience.
The implication of this approach for virtual reality is that
fidelity is defined relative to the ability to simulate the
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biological mechanisms—the proximal stimulus. Thus,
binocular and binaural inputs might be considered es-
sential to a high-fidelity experience of space.

6 Broadbent's Way

Broadbent (1971), Miller (1956), and others
chose to emphasize principles of control and communi-
cation as the grounds for bootstrapping studies of expe-
rience. In this program the properties of communication
channels and control systems provided the basis against
which to measure reality. This foundation allowed the
abstraction of invariant principles using information
theory, control theory, and signal detection theory. For
those who have followed Broadbent’s lead, stimuli are
defined in terms of their statistical properties (e.g., bits
per second or probability density functions). With this
approach, emphasis was shifted from the classical New-
tonian dimensions of space and time and the biological
dimensions of neural activity to dimensions that re-
flected the observer’s expectations. The probability or
likelihood of an event became a defining feature against
which to measure the experience of that event. This ap-
proach suggests that information processing rate, sensi-
tivity, bias, and stability might provide the best measures
of fidelity when evaluating virtual reality systems.

7 Dewey's Way

The reflex arc idea, as commonly employed, is defec-
tive in that it assumes sensory stimulus and motor re-
sponse as distinct psychical existences, while in reality
they are always inside a co-ordination and have their
significance purely in the part they play in maintaining
and reconstituting the co-ordination. (Dewey, 1896/
1972,p. 99)

This quote from Dewey reflects an important concern
about the way the concept of feedback has been opera-
tionalized within psychology. Figure 1 attempts to illus-
trate this concern. Part A of the figure illustrates the
conventional representation of feedback for an informa-
tion processing system. This representation retains New-
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Figure |. Altemative views of a closed-loop information processing
system. The traditional representation (A) treats stimulus and response
as distinct and external to the coordination. The alternative
representation (B) illustrates Dewey's intuition that the stimulus and

response are coupled within the coordination.

ton/Fechner’s view of the information processing sys-
tem as contained within an environment. Stimuli and
responses are seen as distinct and are represented as ex-
ternal to the coordination. They are of the environment,
not intrinsic to the coordination. The representation in
Part B is identical, in terms of control theory. However,
the impression created by this representation better cap-
tures Dewey’s intuitions. In this representation, stimuli
and responses are intimately coupled and are at the heart
of the coordination. This perspective requires a shift
from properties of objects in the environment (in terms
of space time or statistical properties) or from static
properties of biological processing mechanisms to dy-
namic properties of the relationship that arises from in-
teraction with an environment. Dewey’s perspective rep-
resents a functionalist approach where action and the
purposes of the action play a significant role in defining
the stimuli of experience. The reality of experience is
defined relative to the intentions and action capabilities
of the ““actor.”” Note that in this functionalist perspective
the human is no longer considered a ““passive’” observer
responding to stimuli, but an active and creative force
shaping the stimuli of experience. The implication of
Dewey’s intuitions for virtual reality are that the focus
shifts to the coordination between perception and ac-
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tion. The measure of fidelity is the degree to which the
simulation captures the richness of natural couplings
between perception and action.

8 Gibson's Way

Gibson shares Fechner’s goal to develop a psycho-
physics to account for the relation between cognition
and a real physical environment. However, unlike Fech-
ner, Gibson does not accept the Newtonian program as
an appropriate basis for describing the objects of percep-
tion. He argued that “‘the concept of space has nothing
to do with experience. . . . Space is a myth, a ghost, a
fiction for geometers” (1979, p. 3). He continues, ““The
notion of three dimensions with three axes for Cartesian
coordinates was a great convenience for mathematics . . .
but an abstraction that had very little to do with actual
perception’” (1979, p. 148). With regard to time, Gib-
son wrote, ‘“The flow of abstract empty time, however
useful this concept may be to the physicist, has no reality
for an animal. We perceive not time but processes,
changes, sequences’” (1979, p. 12).

Gibson shared Helmholtz’s appreciation for the con-
straints that biological mechanisms place on perception.
However, whereas Helmholtz focused on the micro-
structure of sensory and neural processes, Gibson fo-
cuses on the macrostructure of action. Gibson was more
concerned about the biological constraints on action and
how they shape and limit the functional couplings be-
tween animals and environments than upon the biologi-
cal constraints on communication within a nervous sys-
tem. He argued that “information is not specific to the
banks of photoreceptors, mechanoreceptors, and che-
moreceptors that lie within the sense organs’” (1979, p.
243).

Gibson shares Broadbent’s intuition that the invariant
properties of human performance might rest with
higher-order abstract properties of perception-action
systems as might be described by the theory of dynamic
systems. However, he had serious misgivings about
whether this systems approach could be based on statis-
tical notions of information. On the one hand, he wrote,
“What psychology needs is the kind of thinking that is

beginning to be attempted in what is loosely called sys-
tems theory” (1979, p. 2). On the other hand, Gibson
was clearly dissatisfied with traditional operationaliza-
tions of systems theory in the study of human perfor-
mance. For example, he argued that ““Shannon’s concept
of information applies to telephone hookups and radio
broadcasting in elegant ways but not, I think, to the
firsthand perception of being in-the-world, to what a
baby gets when first it opens its eyes. The information
for perception, unhappily, cannot be defined and mea-
sured as Claude Shannon’s information can be” (1979,
p- 243). Also, when people responded to Gibson’s con-
cept of a perceptual system as ‘‘nothing but a case of
feedback’ he was discouraged and wrote “people did
not understand” (1979, p. 244). Gibson chose to focus
on the problem of coordination as the fundamental
problem rather than on the problem of communication
emphasized in the information processing program. This
focus is consistent with the functional approach to cog-
nitive systems represented by Dewey’s position.

There is a notable similarity between Gibson’s way
and Einstein’s way. The speed of light is a fundamental
constraint on action. This is the touchstone upon which
Einstein bootstrapped his approach to reality. In a similar
way, Gibson has chosen the constraints on action as the
fundamental basis for the reality of experience. The
speed of light bridges space and time in Einstein’s pro-
gram, constraints on action bridges animal and environ-
ment in Gibson’s program. The construct of affordance
reflects this new fundamental basis for reality in the rela-
tionship between actor and environment. It promises an
“objective’’ scientific program for approaching meaning.
In this program meaning is not a subjective interpreta-
tion, which is the product of information processing.
Rather, meaning can be objectively specified and mea-
sured in terms of the constraints on action. Constructs
such as Pi numbers, in which dimensionless ratios be-
tween environmental objects and effectors serve as an
objective basis for measurement, reflect this approach to
meaning (e.g., Warren, 1995; Shaw, Flascher, and Kadar,
1995). It is not the absolute size of an object or an abso-
lute distance that defines the reality of an event. Rather
it is the size relative to hand size or distance relative to a
mode of locomotion. Note while this approach measures
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objects and events “‘relative’’ to an actor, it is no less ob-
jective than other physical approaches to measurements.

The ““invariants’” of reality are considered to be objective
actor-dependent properties of events, not observer-inde-
pendent properties.

Einstein and Gibson’s program are similar in another
respect. Whereas the Newtonian program described the
world in terms of interactions between particles, Einstein
chose to describe the world in terms of fields. Field de-
scriptions give preeminence to abstract relations as the
fundamental basis of causality. In other words, con-
straints become fundamental. This shift from particle
descriptions to field descriptions is clearly reflected in
Gibson’s constructs such as ““safe field of travel’” and
“optical flow field.” Kugler and Turvey’s (1987) model
of termite nest building and Kirlik’s (1995) model of
skill in a helicopter simulation are important examples
that illustrate the power of field descriptions. As Feyn-
man (1965) has noted, equations based on Newton’s
laws (particles), fields, or minimum principles are math-
ematically equivalent. However, they are ‘“‘completely
unequivalent when you are trying to guess new laws’” (p.
53). Physics has discovered that field theories have led to
better guesses about laws of ““matter.”” In a similar vein,
the ecological approach to psychology is betting that
field theories will lead to better guesses about the laws of
“‘what matters.”

The emphasis on constraints as fundamental is also
reflected in the movement of ecological psychology to-
ward nonlinear dynamics as a language for describing
the coordination (e.g., Beek, 1989; Haken, 1988; Kelso,
1995; Thelen, 1995). The phase space representations
are images of the dynamic constraints on coordination.
In this respect, the following quote from Haken (1988)
reflects a shift from Shannon’s notion of information as
constraints on transmission rate, to a theory of informa-
tion that more directly relates to the constraints on coor-
dination.

The concept of information is a rather subtle one . . .
information is linked not only with channel capacity

or with orders given from a central controller to indi-
vidual parts of a system—it can acquire also the role of
“medium” to whose existence the individual parts of a
system contribute and from which they obtain specific

information on how to behave in a coherent, coopera-

tive fashion. At this level, semantics may come in. (p.
23)

The implication of Gibson’s approach for virtual real-
ity is a focus on the coupling between perception and
action as the focal point of design. From this perspective
it is the dynamic interplay between visual, acoustic, and
tactile feedback and the actions of looking around and
manipulating objects that determines the fidelity of a
simulation. Smets (1995) characterizes this perspective
and the implications for design for telepresence in terms
of a shift from a focus on properties of an image to con-
cern for properties of flow, from focus on motion paral-
lax to focus on movement parallax. From this perspec-
tive, action takes precedence. The experience depends
more on what can be ““done’” than on the quality of vi-
sual or acoustic images. In this perspective the experi-
ence of space is determined by the degrees of freedom
on action, rather than by the resolution or dimensional-
ity of the displays. This does not mean that the display of
information is irrelevant, any more than Einstein’s
choices made Newton’s calculus irrelevant. Rather, it is a
question of precedence. For Gibson’s way, action takes
precedence. It fixes the coordinate system against which
invariant properties of perception and action can be dis-
covered.

For Gibson’s way the reality of experience is grounded
in action. Thus, in the design of experiences in virtual
environments the constraints on action take precedence
over the constraints on perception. This approach pre-
dicts that the experience of space will depend more on
the mode of locomotion than on the visual and acoustic
images. The reality of a surface will be in its implications
for action (e.g., does it impede locomotion) rather than
in its appearance (e.g., does it look like a wall). In this
approach, the reality of experience is defined relative to
functionality, rather than to appearances.

9 Summary
As noted in the introduction, a primary goal of this

article is to challenge those interested in designing vir-
tual environments to consider possible foundations for
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understanding and measuring the reality of experience
(i.e., presence or immersion). These assumptions repre-
sent “first principles’ for a science of experience. As
such, they are not true or false. They provide a basis for
our rules of measurement, a touchstone for objectivity.
But these first principles cannot themselves be proven or
falsified. These assumptions cither provide productive
platforms for exploration or not.

A secondary goal of this correspondence is to present
Gibson’s ecological perspective for consideration. There
is no question that the Fechnerian, Helmhotzian, and
information processing traditions have stimulated im-
portant experimental programs and have produced sig-
nificant insights with regard to understanding human
performance. These are well-accepted perspectives, but
creativity often depends on an ability to shift perspec-
tives and to create alternative representations. Alterna-
tive representations are not right or wrong, despite the
rancor and territoriality of academic debates that imply
otherwise. They are simply more or less productive with
respect to particular goals of understanding and applica-
tion. It is unlikely that any single perspective or repre-
sentation will provide a complete understanding or will
be appropriate for every application. We believe that the
first principles outlined by Gibson for an ecological ap-
proach to human performance provide an important
alternative representation that might enrich our under-
standing of human performance. We further believe that
this perspective might make a particularly productive
platform from which to launch explorations into applica-
tions of virtual reality.
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