BOX 26.2

QUANTITATIVE METHODS IN THE STUDY OF VISUAL NEURONS CLASSIFICATION OF RETINAL GANGLION CELLS

Although neuroscientists have learned a tremendous amount about the visual system using the tools developed by Kuffler, researchers have been following a parallel line of studies of the visual system by asking different sorts of questions with the aid of more quantitative methods. In Kuffler’s experiments and, most notably, many of Hubel and Wiesel’s (see later), easily produced stimuli (such as spots, edges, and bars)were used to stimulate visual neurons. Action potentials were detected primarily with an oscilloscope and audio monitor. In the more quantitative studies of visual physiology, stimuli are shown primarily on video monitors and data are recorded with computers. The quantitative study of visual physiology constitutes a large field, which stems from the work of Hartline, Ratliff, Campbell, Barlow, and others (see Ratliff, 1974). Analysis of the receptive fields of retinal ganglion cells in the cat performed by Enroth-Cugell and Robson (1966) represents an early and influential example of this line of research. 

Stimuli used by Enroth-Cugell and Robson, and in many studies that followed theirs, consisted of gratings: light and dark bands whose luminance varied in a sinusoidal fashion across a screen. Gratings were not designed to be the most effective stimuli for visual neurons. The broad goal of this sort of experiment is to study not just what makes neurons respond best, but to study how they would respond to any stimulus and to probe what mechanisms they use to produce these responses. The analytical framework that goes along with these experiments is called systems theory, the study of input-output (or stimulus-response) systems. Linear systems, those that simply add up all of their inputs to produce an output, constitute an important part of this theory. 

Enroth-Cugell and Robson used a simple test of linearity in their study of retinal ganglion cells in the cat. A grating was presented at different positions (called phases), and the responses to its introduction and removal were recorded. Two questions were addressed for each cell studied: (1) If a certain phase (whose bars were arranged white, black, and white; as in Fig. 26.4, 0°) excited the cell, did the opposite grating (black, white, and black; Fig. 26.4, 180°) inhibit it? (2) More importantly, were there null positions for the grating that evoked no response, as excitation and inhibition were perfectly balanced (Fig. 26.4, 90 and 270°)? 

One class of ganglion cells, called X cells, passed these tests for linear spatial summation (Fig. 26.4, left). A second class of cells, Y cells, behaved differently. Like X cells, these cells also had a center-surround receptive field when mapped with spots and annuli. When studied with two opposite gratings, however, the responses evoked were not equal and opposite. Instead, the introduction and removal of the gratings at all positions resulted in two peaks of excitation, and no null position could be found (Fig. 26.4, right). 

The use of systems theory and quantitative techniques in the study of the visual system has had a number of notable successes. It has helped in the classification of different families of visual neurons, such as X and Y cells. Further, it has been used to elucidate some of the mechanisms responsible for the responses of visual neurons (such as directionally selective cells). Perhaps most importantly, along with a large body of psychophysical experiments that employ the same stimuli, it has helped create a common framework in which the responses of neurons can be related to perception.
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