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I. Introduction

Within the scope of visual pattern recognition for reading, the debate between feature and templatic
theories has various supporting arguments for each (Crowder & Wagner, 1992). However, there is certain
physiological and experimental evidence that suggests a feature-based system best represents the true nature of
the recognition process. If this evidence holds fast, feature-based systems seem to be capable of adapting to novel
situations and building up in complex ways that can be seen as precursors to a model capable of supporting

efficient whole-word recognition.

At the basic physiological level, neurons in the retina have been identified which respond like feature
detectors, and the structure and further assembly of those in higher-order animals hints at an adaptive means of

building up a complicated feature detection and recognition process.

The nature of experiments on visual after-effectsGwhere an extended stimulus tires certain detectors and
causes a reaction to neutral stimuliGguides us to the locations of these various feature detectors. These after-
effects also encourage a contrastive view of feature detection, in which each feature detector looks at a
complementary pair of features and compares them to generate its output. The complexity and specificity of
feature detectors is also acknowledged by research into after-effects, showing that higher-level feature detectors

are capable of exacting responses to particular stimuli.

If features are indeed the underpinnings of pattern recognition, then whole-object recognition is the
recognition of features in relation to each other, forming a grander schema for perception tasks to take on.
Evidence supports this from experiments on physiological nystagmus, which is the rapid, unconscious, and
uncontrollable jitters and self-corrections of the eye. The removal of nystagmus results in a surprising effect that
gives us strong support for a part-based recognition model, but also raises some questions about meaning and top-

down processes.



Having acknowledged the possibility of a feature-based system and the coalescent nature of its makeup, it
is possible to look at object and whole-word recognition as a higher-level feature-detection process that may share
common traits with the physiological systems it is built upon. In particular, the Pandemonium model can benefit
from (and possibly be expanded by) these findings. The idea of a variable ranged activation of the neuron or basic
feature detector encourages Pandemonium’s theory of dynamically shouting demons. Even so, after-effects may
pose a problem for studies showing that re-stimulation by a particular, or semantically related, previously
stimulated item results in a faster response due to context-based lowering thresholds of activation (Crowder &

Wagner, 1992).

II. Neurophysiology of Vision

Vision is first stimulated on the photoreceptors of the retina, which are specialized neurons that transmit
chemical signals in response to light. Neurons all receive signals from other cells, responding by sending out a
constant base signal to other neurons that can be increased by receiving excitatory signals and decreased by
receiving inhibitory signals. Photoreceptor cells in the eye occur in two types: rods, which are highly sensitive to
light but not color, and cones, which are color sensitive and concentrated in the fovea. (The fovea is the central
area of the retina containing only cone cells and is responsible for the sharpest vision.) Cone cells are also
separated into three types, each of which is most sensitive to a particular wavelength of light, approximating to red,

green, and blue.

Photoreceptors then combine together by a series of other cells, including bipolar cells, which excite in
response to one cell or inhibit in response to another. The signals from the bipolar cells then travel through a
network of ganglion cells. (Ganglion cells are neurons with axons several inches long which carry the signals from
the bipolar cells out of the eye to the brain, forming the optic nerve.) The visual cortex is the rear portion of the

brain primarily responsible for more deeply processing signals from those cells.



II1. Evidence About Feature Detectors

1. After-Effects of Difference Detectors and Complex Feature Detectors

There is a quirk of vision reported by Lindsay & Norman (1977) that gives us significant insight into the
process of pattern recognition. If a subject looks at a pattern of red-colored squares for a minute or so, then
immediately looks at a white surface, they then perceive the complementary (green) color in that same pattern in
the absense of any stimulus that should cause such a response. This response is termed an after-effect, and is the
result in the preceding example of the tiring of certain retinal cones responsible for color perception. Since the
stimulus was exclusively red, this particular experiment would have the effect of tiring (or acclimating) only cones
sensitive to red wavelengths. The resulting green after-effect arises from the interconnections of the bi-polar cells

and cone cells.

Physiological color vision in humans (and several other mammalian species) works by the comparison—
through a specialized bipolar cell termed a difference detector—of the levels of activation for the three types of cone
cells. Red and green cells are compared, and blue cells are compared to yellow (the comparison of red and green).
In a neutral environment without any preceding stimulus, both red and green cells in that complementary
arrangement would output the same baseline signal, and the difference detector that compares the two would emit
its own baseline signal. With red stimulated, however, red cells begin exciting and outputting at a higher level than
the baseline signal that the green cells output, which stimulates the difference detector into outputting above its
baseline. Over time, the red cells will begin to tire from the red stimulus, and when that stimulus is removed and
replaced by a neutral stimulus, the red cells emit a signal that is less than their baseline while green, which has not
tired, emits its regular baseline signal. The result is that the difference detector is less activated by the tired red
cells but not inhibited by the green cells so that it perceives green as having a higher signal than red, and so

outputs a diminished signal itself, represented visually as green.



This effect, however, is dependant on the eye: When only the left eye is acclimated it will experience the
effect, but the right eye will not, showing that this after-effect is physiological. The acclimation occurs only in the
eye that is stimulated, but not at a cortical level that would transfer the effect to the other eye. On the other hand,

certain after-effects do transfer between the eyes, which indicates a cognitive acclimation as opposed to a
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