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Abstract 

The effects of interocular luminance differences on the normal 

binocular VER have been examined by Trick, Campton, and Dawson in several 

experiments. This study has evaluated the effects of interocular luminance 

differences on the binocular VER of six subjects with functional amblyopia. 

Several interesting differences between the VER of these two groups has been 

established. In addi t ion , a new objective t est for f unctional amblyopia has 

been proJ.X)sed. 



Introduction to the VER 

The processing of visual information at the visual cortex generates 

weak electrical currents which may pass through the bones of the skull. By 

placing non-invasive scalp electrodes over the visual cortex, these elec-

trical currents can be relayed to electronic equipment for measurement and 

recording. When these currents are measured as a function of specific 

visual stimulus parameters, they are referred to as visual evoked resp::mses 

(VER's) or visual evoked potentials (VEP's). 

Various stimuli have been employed to generate VER's. The most ooiTUTOn 

of these include a diffuse white light source, an alternating black and 

white grating, and a counterphasil')3 checkerboard pattern. Of these, the 

counterphasing checkerboard pattern appears to yield the most reliable 

evoked response (Barret et al, 1976). In addition, this stimulus has the 

advantage over flash stimulation of providing a constant average luminance, 

while allowing only contrast changes. 

A single visually evoked potential is quite small (approximately 51V), 

and is generally hidden in the relatively large potentials generated by the 

continuous inherent activity of the brain. Tb extract a visual response 

from this spontaneous cortical activity, an averaging technique is generally 

employed. Since the visual response is time locked to the stimulus, its 

characteristics will be enhanced by averaging, while contr ibutions from 

random cortical activity will simultaneously be reduced. The character-

istics of an averaged visually evoked potential are shown in figure 1. 

TWo attributes of the averaged visual evoked response are most f re-

quently utilized in analysis. The first is the VER amplitude, defined 

as the difference in volt age between the peak of a major negative going 

potential (Nl) and the next maximum positive potential (P2). VER 

amplitude has been shown to be dependent upon such optical conditions as 



visual acuity and refractive error, as well as visual system pathology and 

binocular anomalies. The other VER attribute is the resp:mse latency, 

defined as the tline (in milliseconds) between the onset of the stimulus 

and the peak of the major positive potential (P2). VER latency is quite 

consistent both among and between individuals and has been shown to be 

significantly altered in demyelinating diseases, such as multiple sclerosis 

(Regan, D., 1979). 

Backgrou~ 

The mechanisms underlying normal binocular vision are poorly under­

stood. While it has been demonstrated that normal binocular vision results 

from some form of synthesis of the individual monocular responses, the 

manner in which this is accomplished remains obscure. Furthermore, it is 

unclear how these mechanisms may be altered in cases of binocular 

anomalies. 

One method, which has been employed to investigate these neural mecha­

nisms involves the use of single unit recordings fram the striate cortex of 

cats and monkeys (Bubel and Wiesel, 1963 and 1968). These experiments have 

demonstrated that deprivation of light or form may result in neurophysio­

logical variations within the cortex. However, because of their invasive 

nature, these techniques have been necessarily limited t.o non- human subjects. 

Therefore, it is difficult to justify any generalizations made to human 

vision fram these types of experiments. 

An alternative approach which has been utilized to examine human binocu­

larity involves recording pattern reversal VER's. In the past, pattern 

reversal VER's have been recorded for each eye individually and then for both 

eyes simultaneously, while altering such parameters as spatial and temporal 

frequency. Use of this approach has resulted in significant contributions to 

our knowledge (Srebro, 1978~ Wanger and Nilsson, 1978). However, because of 



its llinited design, the knowledge to be derived from this technique will 

also be limited. Furthermore, when this technique is employed to investi­

gate binocular anomalies, such as functional amblyopia, conflicting reports 

are often generated among researchers (Arden et al, 1974~ Tsutsui, 1973). 

Clearly, a better method for evaluating the neural processes subserving 

binocularity would be to incorporate into the VER recording, a technique 

which would allow a more thorough manipulation of the variables influencing 

binocularity. One such technique involves the use of both similar (dioptic) 

and disslinilar (dichoptic) stimulus patterns for each of the two eyes. This 

procedure has been extensively employed in psychophysical experiments (Blake 

and Rush, 1980; Trick and Guth, 1980), but has had limited application in 

VER research (Harter et al, 1980; Lennerstrand, 1978; and Cobb et al, 1967). 

Following this line of reasoning, Trick, Dawson, and Compton (1980) have 

investigated the effects of interocular luminance differences on the 

binocular, pattern-reversal VER for subjects with normal binocularity. 

Our previous investigations have been limited to subjects with normal 

binocularity and interests have been directed toward two goals. The first 

of these was to increase the knowledge about the mechanisms subserving 

binocularity. The second goal was to establish normal population trends 

for our particular paradigm; the significance being that if deviations from 

these trends should occur in cases of abnormal binocularity, then these 

deviations can be documented and in the future may become clinically 

significant. 

This experiment will compare population trends for subjects with 

functional amblyopia to those previously determined for subjects with 

normal binocularity. Several interesting phenomenon have emerged from 

this experiment, as well as a potentially useful test in the clinical 

diagnosis of functional amblyopia. 



Methods and Procedures 

Six subjects were selected from the patient population at the College 

of Optometry, Ferris State College. All subjects had been diagnosed as 

having functional amblyopia. Four of the subjects were strabismic amblyopes 

and two were anisometropic amblyopes. 

Each subject was required to sit for three one and one half hour 

sessions, thus theoretically generating three data sets per person. 

However, technical problems resulted in the use of one or t\\10 data sets 

per person. 

VER's were differentially recorded between an active electrode 

(Ag-AgCl), attached with conductive paste, two centimeters above the inion 

on the mid-sagittal plane, and linked reference electrodes clipped to the 

ear lobes. A forehead electrode was used to ground the subiect. 

The potentials were evoked by an alternating black and white checker-

board pattern, generated on a television screen by a Nicolet visual 

stimulator (NIC-1006). At a one meter viewing distance, the television 

screen provided a 16.5 degrees by 12. 6 degrees pattern, with each check 
k .,.l ... t<(;S 

subtending 14 :t-flel:ies of arc. 'Ihe mean luminance of the pattern was 26 

cd/m2, with a 74% contrast. 'Ihe pattern was alternated at 3.75Hz, and 

a dark central spot served as a fixation target. 

The evoked potentials were amplified by a low noise differential 

amplif ier and actively f iltered. The filtered signals were then averaged 

and recorded by a Nicolet CA-1000 signal averaging computer (see figure 4). 

The responses were averaged over 100 pattern reversals. 

Each subject was seated in a chair at a viewing distance of one meter 

from the screen. Each experimental session included a standard binocular 

condition (OU), along with right eye (OD) and left eye (OS) monocular 



conditions. In addition, all sessions included a series of conditions in 

which one eye viewed the pattern through various neutral density filters 

(six filters ranging from 0.3-2.0), while the other eye viewed the unatten­

uated pattern. A pair of clear safety goggles was modified to hold the 

Wratten filters in position. The non-viewing areas of the goggles were 

covered with black ta~ to eliminate extraneous light. A set of conditions, 

in which the checkerboard pattern is monocularly viewed through the same set 

of Wratten filters, was included. Therefore, each session will be composed 

of 28 conditions: two monocular, one binocular, 12 binocular with one eye 

attenuated, 12 monocular with that eye attenuated, and one noise condition. 

Results and Discussion 

In order to better understand the signi.ficance of this experiment, a 

review of previous experiments for subjects with normal binocularity is 

needed. During these investigations, several attributes of the normal 

binocular VER have been determined. First, the mean amplitude during 

binocular stimulation exceeded the mean amplitude during monocular 

stimulation by a factor of approximately 1.4. This value is in good 

agreement with ther2 value rep:Jrted in other VER research (Srebro, 1978) 'i 

Sanger and Nilsson, 1978) and in psychophysical investigations of binocular 

brightness and contrast (Home, 1978); Fry and Bartley, 1933); and Blake and 

Rush, 1980). This phenomenon has been called binocular summation (Srebro, 

1978). 

When the VER amplitude is plotted as a func·tion of the amount of 

attenuation of the stimulus during dichoptic viewing conditions, a complex 

interaction is revealed (figure 2). For small interocular luminance 

differences (less than 0.9 log units), the amplitude of the dichoptic 



'--j VER is greater than the amplitude of either monocular response. For larger 

interocular luminance differences (1.3- 2.0 log units), the amplitude of the 

dichoptic VER is less than the amplitude for either monocular response. 

That is, when a large luminance difference is created between the two eyes, 

the amplitude of the response is less than when one of the eyes is complete­

ly occluded. This phenomenon has been suggested to be the cortical corre­

late of the psychophysical phenomenon of Fechner's paradox (Trick and Dawson, 

1979). 

Also from this graph it should be evident that the VER amplitude does 

not vary significantly across the levels of attenuation for either monocular 

response. This could be expected, since the range of neutral density filters 

utilized are not sufficient to prevent viewing of the stimulus. Finally, it 

should be noted that the monocular unattenuated amplitudes are nearly 

identical. Tnis should be expected if each eye contributes equally to the 

binocular response. 

In addition to the VER amplitude trends, various latency trends were 

obtained for the subjects with normal binocularity. In figure (4), VER 

latency can be seen to remain relatively constant across t he range of 

attenuation as long as one or both eyes remain unattenuated. This is 

apparently because the contribution from one eye occurs at the same point in 

time regardless of the stimulus viewed by the other eye. However, when one 

eye is occluded and the stimulus for the other eye is progressively 

attenuated, the latency can be seen to rise to a statistically significant 

level (p_S_.OOl). This effect is likely due to the decreasing level of 

luminance of the stimulus. 

In this experiment, the amblyopic subjects demonstrated several marked 

deviations from the normal population. In the first, the mean amplitude of 

the amblyopic and non-amblyopic eyes were significantly different (figure 5) 



(p~.05). Also, the amblyopic eye's amplitude was significantly reduced 

across the entire range of attenuation except for the 1.7 log unit con­

dition. Recently, there has been much controversy over this finding. Some 

researchers have actually found amplitude to be larger for the amblyopic 

eye. Tbday it is generally agreed that the VER amplitude of the amblyopic 

eye is spatial frequency dependent. For our experiment, the spatial 

frequency was relatively high and the amplitude was significantly reduced. 

Secondly, the amplitude of the unattenuated binocular response was 

7.59 .ll. v' , which is not statistically different from the 6 .39 ... zV value 

obtained for t he non-amblyopic eye. While there may seem to be a small 

contribution from the amblyopic eye, it must be assumed that the majority 

of the binocular response originated from the non-amblyopic eye. The 

amblyopic eye's mean amplitude was 3.72. 

When the binocular curve of the normal population is compared to the 

binocular curve of the amplyopic subjects, as in figure 6, an interesting 

phenomenon can be seen to be occurring. When the amblyopic eye is 

unattenuated and the non-amblyopic eye is attenuated over the log unit 

range, the curve can be seen to approximate the curve of the normal 

population. However, when the non-amblyopic eye is left unattenuated and 

the amblyopic eye is attenuated, the VER amplitude fails to decline to the 

level expected for the higher interocular luminance differences. This 

probably indicates a failure of the amblyopic eye to have a significant 

inhibiting effect on the non-arnblyopic eye as was seen in normal subjects. 

Furthermore, one may be lecrl to suspect that there may be an inability to 

demonstrate a Fechner's Paradox phenomenon, although ·this experimentation 

was not done. 



By far, the most clinically significant finding to arise from this 

experiment lies in the latency deviations from the normal population. As 

you may recall, VER latencies for the normal population remain relatively 

unchanged, as long as at least one eye remains unattenuated and is allowed 

to view the stimulus. This is not true for the amblyopic subjects (figure 

7) • When the amblyopic eye is left unattenuatoo and the stimulus to the 

non-amplyopic eye is increasingly attenuated; there is a significant rise in 

the latency values. In particular the 1.7-2.0 log unit conditions are 

statistically significant (~.05). The mean latencies for these 

attenuation levels are in good agreement with the latencies found when one 

eye is occluded and the other is increasingly attenuated. 'Ibis phenomenon 

can probably be explained by the dominancy of the non- arnblyopic eye, but the 

mechanism is unclear. 

Conclusions 

This experiment has demonstrated sharp contrasts between the VER of 

subjects with normal binocularity arrl those with functional amblyopia. In 

several instances, it has demonstrated a relative inability of the amblyopic 

eye to influence its companion eye. In comparison, the non-amblyopic eye 

demonstrated strong tendencies to influence the binocular response. This 

tendency is not unlike that of normal monocular responses except to a much 

greater degree. 

As has been previously demonstrated (Arden et al, 1974~ TSutsui, 1973~ 

and Trick et al, 1980), the amplitude of the VER for the arnblyopic eye is 

significantly different from that of its companion eye. The amount of 

difference can be expected to depend on both the spatial and temporal 

characteristics of the stimulus. 



Clinically, a new test for amblyopia could soon be added to our 

repertoire. However, unlike most amblyopia tests which are subjective, 

this test is completely objective and, therefore, could prove valuable 

in the diagnosis of amblyopia in non-responders and malingerers. 

The test would consist of comparing latencies for the binocular 

unattenuated condition to the condition when a 2.0 neutral density filter 

is placed over the suspected non-amblyopic eye. If a large difference in 

latency is found between these conditions, then amblyopia should be con­

sidered. Obviously, conditions of spatial and temporal frequency should be 

maintained at levels tested herein. As a precautionary measure, further 

clinical testing should precede any interpretation of these results. 

An interesting follow-up experiment to this one would be to attempt 

to use this latency deviation technique to follow several amblyopes during 

amblyopia training. It could prove very valuable to our training procedures 

if this latency difference was seen to decrease with amblyopia training. It 

may also provide some information as to which techniques are most efficient. 

Finally, it would act to scientifically substantiate the need for amblyopia 

therapy. 

Further experimentation needs to be done comparing the VER of persons 

with abnormal binocularity to those with normal binocularity. These 

comparisons may provide excellent clinical testing techniques, as well as 

input into the understanding of normal binocularity and deviations from it. 

The use of the dichoptic viewing technique in VER research has proven 

to be an invaluable tool. Unlike other techniques in VER research, it 

allows a differential look at the monocular components of the binocular 

response to a controlled stimulus. In the future, this may provide valuable 

information in the understanding of binocularity and the s~nation process. 
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Figure 1. A typical VER waveform. See text for explanation of the 
characteristics. 
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