Vision Fin de Siécle

A Reductionistic Explanation of Perception
for the 21st Century?

Ken Nakayama

The 20th century has been one of triumph, at least for science. In its explosive
growth, myriad fields have been created, others have been altered beyond recogni-
tion. At the very beginning of the century, classical physics was considered by some
to be exhaustive and complete. Yet almost immediately these foundations were
shaken and superseded by strange and jarring ideas, special and general relativity,
quantum mechanics, and so on. In biology, residual vitalistic thinking gradually gave
way to a mechanistic conception of life, a consequence, in part, from Darwin’s influ-
ential theory. A century later, this view was vindicated with Watson and Crick’s
structure for DNA and the subsequent rise of molecular biology. This reductionis-
tic achievement provided a simple model accessible even to the layperson, explain-
ing how a molecule could replicate itself, how it could also code for specific pro-
teins. Thus, the central dogma of molecular biology (DNA—RNA—protein)
provided a key insight about life. Much of course had to be done and significant
questions still remain. Yet almost overnight there was no longer a “secret of life.”
No longer could one stare at the cell’s protoplasm and see it as the mysterious life
substance. Now within each cell, one could imagine a mixture of specific mole-
cules with particular shapes and affinities.

The explosion of new concepts and findings resulting from the growth of mo-
lecular biology has been phenomenal; its ideas have completely transformed most
areas of biology and medicine. Yet none of these subsequent developments can even
be remotely compared to the discovery of DNA and the delineation of the genetic
code when considered against a yardstick measuring the deepest of mysteries solved.
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To be challenged by comparable mysteries, an increasingly diverse number of sci-
entists are drawn to the brain, the most complicated physical and biological object
known. Here the gulf between what is taken to be the outward phenomena and
the possible explanation is the very widest. How does the brain, a physical object,
go about the process of mediating complex behavior and conscious experience?
More to the point for this chapter, how does the nervous system allow us to expe-
rience the visual world as we do? With the most talented scientists and armed with
the most advanced technical instruments, is there any chance that we can under-
stand seeing in such dramatic reductionistic terms? Will we, say in a generation or
two hence, marvel at the definitive advance in understanding of perception at a
mechanistic level?

Of course, this is a premature question, given the present state of knowledge.
Yet even framing such a question may have some value in providing a different con-
text to imagine what kinds of information are needed to envision goals. To even
consider an answer, one must start at least briefly with some history.

I. ANTECEDENTS

First, I should note that the experimental study of visual perception was already
very well developed during the earlier part of the 19th century, certainly well before
the proclaimed birth of experimental psychology by Wundt in 1879. Several
achievements stand out. Thomas Young’s (1802) surprising and correct promulga-
tion of the trivariant nature of color vision, followed by Helmholtz’s (1909/1962)
codification provided secure foundations for the science of color. Wheatstone’s
(1838) invention of the stereoscope provided a dramatic example of how the pre-
sentation of two flat images could give rise to the perception of three dimensions.
Methodologically, there were important advances as well; in particular, the psy-
chophysical methods developed by Fechner (1860) were foundational.

Alongside these more tangible advances, there was a broad current of theoreti-
cal assumptions about perception inherited from an earlier period when perception
was mainly the province of philosophy. Two broad perspectives are discernible. First
is a strong empiricist tradition, related to British associationism, assuming that the
contents of perception, and particularly vision, are the consequence of learned asso-
ciations of elementary sensations, coupled with motor-action and tactile feedback
(Berkeley, 1709). For example, Helmholtz comments that as a child his mother took
him to the town square where he thought he saw miniature puppets on the church
tower which were really fully grown persons. According to Helmholtz, he had yet
to learn that small figures (in terms of visual angle) at great distance were really full-
sized persons. Thus, he argued that our perceptions require unconscious inferences,
linking the elementary sensations through locomotor experience to acquire the cor-
rect perception of size and distance. An opposing line of thinking in a more nativist
tradition, exemplified by Hering (1868), was more sympathetic to the idea of
inborn characteristics of the organism, developing more or less independent of
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experience. Depth for Hering (1868) was indicated by the stimulation of various
retinal loci in the two eyes according to the geometry of binocular vision (see
Turner, 1994). :

A novel and later much vilified approach was the program of the structuralists,
an attempt to discern the relation between elementary sensations and perception.
Much depended on introspection, a procedure requiring trained observers who
could isolate their sensations for later understanding of how they contributed to
perception. Most treatments consider this to be a somewhat misguided chapter in
the history of experimental psychology, one that provides an object lesson of failed
goals and methods. Flawed as it was, the underlying motivation did not seem out
of step with the times. The modern science of chemistry was in its infancy (John
Dalton proposed his theory earlier in the century) and Mendeleyev was just propos-
ing the periodic table. So, why shouldn’t the new science of psychology make an
attempt along a parallel track to delineate the basic constituents of sensation and to
see how they formed perception? Reasonable as it may have seemed then, it failed
the ultimate-of scientific tests. It didn’t work, and it didn’t lead anywhere except to
provoke reaction. The detractors were many—William James (1892) in America, the
Gestalt psychologists in Germany, and later and most enduringly, the behaviorists.

The Gestalt revolution launched against such structuralist thinking began with
Wertheimer’s (1912) famous paper on apparent motion (see also Hochberg, chap.
9, this volume). Although apparent motion was noted much earlier by Exner, also
forming the basis of cinema, Wertheimer’s contribution was still memorable because
he was able to show in addition to seeing two stationary flashes, there was some-
thing not present in the stimulus: “phi,” the perception of motion. Particularly
significant to Wertheimer, there was a restricted range of spatial and temporal rela-
tions between the flashes where the stationary flashes themselves were invisible, yet
vivid motion was still seen. One could experience pure “phi” without seeing
the constituents that evoked it. Thus, argued Wertheimer, one simply could not
analyze perception into its elementary sensations. To explain these phenomenon,
Wertheimer suggested that there was, related to the presentation of the two suc-
cessive flashes, a “short circuit” in the brain that was related to the perception of
motion. The existence of this supposed physical phenomenon was a brain correlate
of perception.

Other important phenomenon were quickly identified by the Gestalt psychol-
ogists and their numerous contemporaries. Most important was the phenomenon
of perceptual grouping as well as the figure—ground distinction, highlighted most
dramatically in Rubin’s (1915) classic face—vase demonstration. The Gestalt psy-
chologists saw these new phenomena as reflecting autonomous laws of perception,
not determined by learned associations acquired through experience. Rather, they
saw the phenomenon as revealing some as yet unspecified holistic physical process
taking part in the medium of the brain. Kohler in particular was taken with brain
field theory very early on and continued this line of thinking for many decades
(Kohler, 1924, 1947).
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Such ideas, however, were not enthusiastically received by those in the newly
emerging behavioristic tradition. Developing at about the same time in the United
States, behaviorism eventually became the reigning approach to psychology, largely
stimulated by animal learning experiments conducted decades earlier (by Morgan,
Thorndike, etc.), also buttressed by Pavlov’s studies on conditioned reflexes. The lat-
ter did not shrink from the task. “Now, gentleman, we shall pass from peaceful affairs
if we may so so, to matters of war, to Mr. Kohler. We are at war with him” (Pavlov,
1935, 1957, p. 599). Based on his own work and the prevailing Zeitgeist, he stated,

Are not Helmholtz’s famous “unconscious conclusions in his Physiological Optics—in
reality conditioned reflexes? We may take as an example the case of a drawing imitat-
ing the visual character of a relief. In actual experience, of course, the tactile and mus-
cular stimuli proceeding from a relief represent the initial and fundamental stimuli . . .
which only subsequently obtain a vital significance by being constantly reinforced by
tactile and muscular stimuli. (Pavlov, 1957, p. 215)

In America, Hull’s (1943) axiomatic behavioral theory linked stimuli in the ani-
mals environment to responses that could be selectively strengthened during drive
reduction. Obviously in hindsight there were many shortcomings of Hull’s con-
nectionistic theory and its immediate successors. Interestingly, even Hull acknowl-
edged his own theory’s limitations. He postulated somewhat surreptitiously the
concept of “afferent neural interaction” to account for the organism’s tendency to
respond to Gestalt-like relations, for example, to the brighter of two lights, rather
than to absolute luminance.

Hebb (1949) in his seminal book articulated the complementary strengths of ear-
lier Gestalt theory and the behavioristic approach. Noting the extremes of each, he
writes,

Two kinds of formula have been used, leading at two extremes to (1) switchboard the-
oty, and sensori-motor connections (2) field theory. . . . In the first type of theory .. .
cells in the sensory system acquire connections with cells in the motor system, the
function of the cortex is that of a telephone exchange. Connections rigidly deter-
mine what animal or human does and their acquisition constitutes learning. . . . (2)
theory at the opposite extreme denies that learning depends on connections at all, and
attempts to utilize instead the field conception that physics has found so useful. The
cortex can be treated as a statistically homogeneous medium. (p. xvii)

Gestalt theory and related formulations (Lashley’s theory of mass action) were
more suited to handle the organizational aspects of vision, providing at least the
beginnings of an explanation of how the relations between individual stimuli could
play a role. Yet, Gestalt theory was silent in dealing with how such relational factors
could be causally related to behavior. There was no mechanism in Kohler’s brain
state theory of how the global electrical pattern would plausibly actuate the spe-
cific nerves that would cause motor behavior. Gestalt theory with its preoccupation
with dynamic states ignored the possible role of specific neural connections. In
Hebb’s terminology, distributed systems (i.e., brain state theories) were able to han-
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dle the problems of stimulus equivalence (that a triangle remained a triangle under
various size changes, viewpoints, positions, colors, etc.) but were not able to deal
with behavior.

Hebb’s, frankly, speculative theory was able to provide at least a plausible account
of how very specific neural circuits (cell assemblies and phase sequences) might actu-
ally respond to stimulus relations, and by virtue of their embodiment in a neural
circuit, they had the potential to influence motor behavior.

Even though the specifics of Hebb’s formulations were based on some outdated
concerns (he needed to postulate reverbatory circuits to deal with short-term mem-
ory phenomena), his monograph was a milestone. Although in hindsight it provided
no specific research agenda, it provided something of perhaps greater significance.
It suggested a plausible and respectful reconciliation of the seemingly contradictory
posturing of the Gestalt tradition and the behaviorists, acknowledging the contri-
butions of each by presenting a speculative brain theory that would overcome their
respective weaknesses. As such, Hebb’s theory at mid-century provided hope and
inspiration to serious workers in the still undeveloped brain sciences, giving them
the courage to pursue their own research agendas with the expectation of future
progress, overcoming what seemed like the current stagnation and futile debate.

II. VISUAL RECEPTIVE FIELDS

Single-unit visual electrophysiology emerged against this background in the 1950s.
Before reviewing its development, however, we need to consider, at least briefly,
some key concepts about brain tissue as it developed over the past 150 years.

In the 19th century scientists began to understand brain structure, which
reflected a general growth in biological knowledge. For example, Schwann’s (1839)
cell theory marked the beginning of the modern era of histology, indicating that
the constituents of biological tissue were made up of tiny repeating elements.
Because the nervous system was so much more complex and the variation and tor-
tuosity of neurons was so much greater, cell theory did not seem immediately
applicable. Many thought the nervous system was formed by a complex continu-
ous reticulum: that there were no elementary units. It was only after Ramon y Cajal
perfected Golgi’s technique that Waldeyer-Hartz (1891) was able to argue with force
that nerve cells (neurons) were separate entities, that they made contact at specific
points (the word synapse was not coined as yet), and that neurons were likely to
form the elementary constituents of the brain (see Finger, 1994). Later, Sherring-
ton was able to hypothesize mainly from behavioral experiments that the points of
contact (synapses) were likely to be both excitatory and inhibitory, an intellectual
leap later confirmed by Eccles (Sherrington’s student) recording from within single
neurons themselves. Presynaptic neurons could excite or inhibit neighboring cells,
and the net result could be an action potential, the all-or-none impulse that was
specialized for long-distance communication. The action potential represented a
neural decision as to the sum total of excitatory and inhibitory influences. Thus,






