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Abstract 

Four procedures were used to measure the extent of the detection 

fields of four primary meridians of the binocular visual fields of four 

subjects. Procedure I (Moving Target) used a horizontally moving target 

and a stationary fixation point. Procedure II (Fixed Target) used a 

stationary target and a horizontally moving fixation point. Procedure 

III (Saccadic Move) used a saccadic eye movement between two stationary 

horizontal fixation points and a stationary target. Procedure IV 

(Flashed Target) used a stationary fixation point and a .6 second 

flashed target. The results from the dynamic procedures (I and II) 

and the two static procedures (III and IV) were very similar for each 

subject. In the dynamic procedures, the relationship between a change 

in contrast and.an equivalent change in^velocity tends to support 

Bloch's Law (IxT^C) between 2 deg/s and 20 deg/s for a given retinal 

location. The relationship between the reciprocal of relative single 

glimpse probability of four subjects measured in this study and the mean 

detection times for comparable stimuli taken from Krendel and Wodinsky's 

Study (1960) appear to be linear and highly correlated (.92 to .99). 
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CHAPTER I 

INTRODUCTION 

A.  History 

The functional size of the visual field for a given subject and 

physical experimental condition has a degree of variability (Täte, 

1977). In addition to the training and fatigue effect, the method 

-of measurement is important. Static and kinetic perimetry may pro- 

duce different results at different retinal positions (Fankhauser 

and Schmidt, 1960). With static perimetry, temporal summation increases 

retinal response UD to approximately .5 seconds for small targets and 

the liqht adapted eye (Aulhorn and Harms, 1972). Changing velocity 

of the tarqet with kinetic perimetry chanqes the field size (Gold- 

mann, 1945; Fankhauser, 1969; Van de Brink, 1954; Nurdygin, 1968) 

but the effect has not been well.quantified. Burg (1968) found a 

gradual decrease in the size of the visual fields from ages 16 to 50 

with more rapid decline after age 50. Farrimond (1967) also found a 

decrease in dynamic visual acuity (DVA) with age. Binocular visual 

fields are larqer than monocular fields (Harrington, 1964) when over- 

lapped and centered at the right and left fixation points due to 

increased temporal field sensitivity and compensated nasal obstruction. 

• Published data of binocular visual fields are limited since commercially 

available perimeters are designed for monocular testing. 



B.  Relationship of Visual Fields to Visual Search Modeling 

In a study by Krendel and Wodinsky (1960) the mean time to detect 

targets in an unstructural visual field was investigated. Using four 

subjects and 3072 search trials each, the variables examined were 

background lumination, size of targets, size of search area, and con- 

trast between the targets and background. The authors' mathematical 

search model was a simple probability summation model (Pirenne, 1943) 

derived from a report by Lamar (1946). The probability of detecting 

a target was based on the probability of detecting a target on a 

single visual fixation or single glimpse (Psg) and the number of 

fixations or glimpses in the specified search area. Single glimpse 

probability was considered a constant, and assuming successive 

fixations are independent, and random, the probability of detecting 

a target after the number of glimpses was expressed as follows: Pkg = 

1 - (1-Psg)k; where k equals the number of glimpses; Psg equals the 

probability of detection on a single glimpse; and Pkg equals the 

probability of detection after k glimpses or fixations. 

The probability of detecting a target on a single glimpse (Psg) 

depends on target eccentricity and the size of the area to be searched. 

If the loci of all maximal eccentricities at which the target can be 

detected are defined, the conspicuity of this target can also be de- 

fined as an area (measured in steradians or square degrees), somewhat 

circular in shape, and commonly referred to as the visual lobe for a 

particular target. Psg, therefore, is defined as the ratio of the 

area of the visual lobe to the area to be searched for a randomly 

located target in an unstructured field. 



Williams' (1966a) report shows that visual search in an unstructured 

background is not random, but is generally organized such that the sub- 

ject's fixations avoid overlap until the entire area has been searched 

once. Williams' mathematical model deals with the probability of 

detection for a single scan of the area (Pss) and the number of times 

the area is scanned (N) such that P(N scans) = 1 - (l-Pss)N. 

C.  Visual Field Size and Fixations in Target Detection Probability 

The visual lobe's shape may vary with conspicuity of a target 

from a circle to an irregular ellipse, but for simplicity of dis- 

cussion the visual lobe will be considered a circle. To determine 

the minimum number of glimpses reauired to find a target with 100% 

probability for a given size area, the visual lobes from each glimpse 

must overlap (Fig. 1A) in an organized search pattern. If the visual 

lobes barely contact each other, (Fig. IB), the probability of 

detection for one scan of the area is .785 or ir/4. In figure IB, the 

distance between the center of the visual lobes equals .707 X diameter 

of one visual lobe (.dvl), or the cosine of 45 degrees. The minimum 

number of glimpses required for 100% detection for a given rectangular 

area would range from one glimpse to (height of search area/.707 X 

[dvl]) times (width of search area/.707 X Idvl] = N (.glimpses). Since 

glimpses are only whole numbers, a fractional value for the height 

and width ratio to glimpse diameter would be raised to the next 

whole number. 

To determine the time required to cover a given size search area 

with a perfect scanning pattern, for a particular stimulus, the time 

between glimpses must be determined. In a study by Ford, et. al. 



Figure 1 - Separation between visual lobes and detection probability. 
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(1959) on the analysis of eye movements during free search, using six sub- 

jects they found a range of fixation time for a five second search trial 

from about .05 to .60 seconds with a mean of approximately .30 seconds. The 

size of an eye movement in the 30 degree circular field ranged from 1 to 

25 degrees with a mean of 8.6 degrees. Barnes (1976) recorded eye movements 

of 10 pilots searching for ground targets from a helicopter. The average 

fixation time on any one item was .9 seconds with an average upper range 

of approximately 5 seconds. There are several major differences between 

*he laboratory and field study. In the Ford study, the subjects had only, 

to detect a target in an unstructured background in 5 seconds. In the 

Barnes study, the pilots had to detect and identify a target in a complex 

background as quickly as possible with no set time limit. 

The effect of practice or learning in a search procedure is evident 

in a study by Neisser (1963). In searching for a letter in a matrix of 

letters the average time per item was .6 seconds the first day and .1 

seconds after twenty-two days of practice. Studies of eye movements 

indicate that search in an unstructured field is neither purely random 

nor perfectly organized, and the time between fixations varies con- 

siderably for a given subject. Consequently, studies that try to evaluate 

stimulus differences with time to detection are characterized by target 

location and subject differences (variables) that tend to mask the var- 

iable under investigation, and require a large number of trials.to detect 

stimulus differences. The conspicuity of targets has been indirectly 

calculated with search studies. By measuring the conspicuity or 

the visual lobe of a target on a particular background with the eyes 

in motion in a controlled searching manner, search probability 



calculations and studies could be simplified. By creating a theoretical 

standard with a optimal scanning pattern, individual performances could 

be evaluated and judged relative to this standard. 

D.  Theory of Visual Lobe Size and Relative Retinal Motion 

The manner in which the average size of the visual lobe changes 

with target velocity relative to the fixation point is unknown. This 

study will attempt to measure these changes and to differentiate for 

a given velocity component whether (1) the visual system has a constant 

size visual lobe for a particular stimulus, but the decrease in the 

measured visual fields is due to the separation of the number of 

successive lobes by independent glimpses or visual frames per unit 

time (Fig. 2); (2) whether target or eye movement actually decreases 

the size of the visual lobe from less energy on a given receptive 

field per unit time and there are no independent glimpses, but con- 

tinuous depressed inputs from visual stimuli (Fig. 3); or (3) some 

combination of both. . 

Bloch's Law, that intensity times time (IxT) is a constant for 

short duration stimuli under approximately 30 ms (Brindley, 1959), 

would imply that doubling the stimulus velocity would require a 

doubling of the stimulus intensity at threshold for a particular 

receptive field. With decreasing stimulus velocities (.i.e., crossing 

a receptive field in more than approximately 30 ms) inhibition com- 

ponent should increase, resulting in a decrease in the detection 

lobe (Fig. 3B). 

In the first case, with glimpses the visual system would be com- 

parable to a motion picture camera. If the visual event occurred 



Figure 2 - Same size visual  lobes, separated by eye movement velocity. 
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Figure 3 - Bloch's Law and variable size visual  lobe theory. 
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between successive film exposures, it would not be recorded. For a 

spot moving with a uniform linear velocity during a film exposure, 

the event would be recorded as an elongated spot or a line (image 

smear). The recorded luminance of this line would be reduced (com- 

pared to the static spot) but fairly uniform. 

If the visual system were comparable to a video camera principle, 

a similar moving spot would also be recorded for a single frame as an 

elongated spot or line. However, unlike the film exposure, the 

luminance of the elongated spot would not be uniform. The luminance 

of the elongated spot in the opposite direction of movement would 

be less, decreasing in an exponential value for a linear distance of 

movement. This decrease in luminance is a function of phosphor 

decay in a video system. 

Wolkmann C1962) found a .5 log increase in threshold of a spot of 

light stimulus with saccadic eye movements, and plotted the data with 

the,probability of detection versus log, stimulus intensity with and 

without eye movements. Her probability curves would support the 

second possibility (Fig. 3) that the visual lobe is continuous but 

reduced in size with saccadic eye movements. 

Starr (1969) found similar visual suppression with saccadic eye 

movements, but found no suppression with smooth pursuit eye movements. 

The test flash used, however, illuminated the whole field of view. 

Smooth pursuit eye movements might produce Fig. 2, but no suppression 

if the successive glimpses were sufficiently overlapped. A mixture 

of rapid pursuit and saccadic movements would give a mixed response. 

Recordings of eye movements (Yarbus, 1967) show that during visual 

12 



fixation on a stationary point, the eyes continue to move in small 

drifts and saccades. 

E. The Purpose of Study 

The purpose of this study was to determine the effect of pursuit 

eye movement velocity and prior saccadic eye movement on the size of 

the visual detection lobe compared to standard kinetic and static 

perimetry results. The experimental conditions of target size, 

background luminance, and contrast were used so that theoretical cal- 

culations could be compared with actual detection time data. 

The data obtained from a moving fixation point may be used in the 

development of a device and technique of measuring the visual detection 

lobe for a given stimulus in laboratory and field environments where 

the number of variables and stimuli values can not be accurately 

quantified. However, the visual response for suprathreshold foveal 

stimuli can be expressed in degrees of peripheral vision to detection, 

which is a major factor in the probability of detection in search 

problems (Overington, 1976). 

13 



CHAPTER II 

INSTRUMENTATION AND PROCEDURES 

A.  Approach 

Peripheral visual fields are clinically measured with the subject 

fixating monocularly at a fixed point in an unstructured field, and the 

stimulus moved toward the fixation point or flashed at various locations. 

—In routine visual activity, however, a stimulus is detected with both 

eyes fixatinq after a saccade and/or moving in a pursuit manner and 

not necessarily directly towards the target. 

In an absolute unstructured field, the eyes have nothing to fixate 

upon, and in searching the eyes and head would move according to the 

whims of the subject. The visual detection lobe for a particular 

target would be very  difficult to measure in this manner. If a small 

fixation point is provided, the relationship between the eyes and 

target locations at detection can be determined. A fixation point 

will probably affect the visual detection lobe slightly, but the 

effect should be a constant for all stimulus conditions and provide 

comparative values for the variables examined. Two examples of applied 

search activities in relatively unstructured fields are pilots searching 

in a clear sky and seamen searchinq the ocean. In both examples the 

searched'areas usually have large horizontal dimensions and smaller 

vertical ones. Therefore, the eye movements are predominantly 

horizontal with vertical steps at the lateral limits of the search 

area. With horizontal eye movements, a motionless target will enter 

14 



the visual detection lobe parallel to the eye movement and vertically 

displaced from the loci of the fixation points. Therefore, the 

vertical and horizontal meridians of visual field were measured 

with a target or the eyes moving in a horizontal direction at or 

vertically displaced from the fixation points. 

B. Equipment and Arrangement (Fig. 4.and.5) 

A list of equipment and model numbers appear in Appendix A. 

C. Electronic Operation (Fig. 4) 

For horizontal movement, a triangular shaped wave was selected 

on the signal generator as input to the scanner amplifier. The am- 

plitude of the triangular wave was adjusted to produce 25 degrees of 

rotation on the optical galvanometer. One cycle at one hertz 

represented 50 degrees of mirror rotation and projected an image 

at 100 degrees per second. The position output from the scanner 

amplifier was connected to a sample hold amplifier and a digital 

voltmeter. A second scanner amplifier was connected to an optical 

galvanometer to produce vertical displacement of the target. The 

position output of the vertical scanner amplifier was connected to 

the digital voltmeter via a switch box. 

The sample hold device and auxiliary circuitry provided the target 

location, controlled shutter operation, and triggered maximum signal 

amplitude for calibration. The sample hold device contained a quad 

7400 Nand gate chip, three way switch, two position switch, subject 

push button input, and reset button. Two of the Nand gates were con- 

nected with the reset button to make a set-reset flip flop. One Nand 

gate was connected to the pulse out (TTL) output of the signal 

15 



Figure 4 - Electrical and optical  schematic. 
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generator via a two-way switch which triggered the shutter drive unit 

at either the peak or trough of the triangular wave, and allowed either 

a left or right movement of the target per cycle. The fourth Nand gate 

was connected to the three way switch, the pulse out (TTL) of the signal 

generator, and the sample hold. In one position of the three position 

switch, the peak voltage from the scanner amplifier position output was 

displayed on the digital voltmeter. The second position measured the 

trough, and the third position was connected to the subject button. 

D.  Optical and Mechanical Operation (Fig. 5) 

The target and fixation points were made with high contrast black 

and white, 35 mm film. Small black circles (approximately 2 mm) were 

placed on white tyoinq paper and photographed from a distance of two 

to three feet. The resultant negatives were opaque with an almost 

flawless small circular clear area as examined with a microscope. 

A sturdy optical table and stand were constructed with plywood and 

angle iron. The optical table was immediately above the subject's head. 

Shock absorbing material was placed under the projectors and optical 

benches to reduce vibration. The zoom lenses on the projectors were 

adjusted to produce 4.8 arc min targets which measured 4.25 mm at 3.05 

meters (10 feet). The apertures of the electronic shutters were adjusted 

for proper nonfiltered target illumination. An adjustable optometric 

examining chair, with head brace securely positioned the subject. 

The backqround illumination source was a General Electric 500 watt 

frosted incandescent lamp, and was controlled with a rheostat. 

Neutral density filters were made in 0.1 log steps usinq Kodak 

neutral density film and verified with a Beckman spectrophotometer. 

18 



Figure 5 - Physical equipment arrangement. 
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The screen was made with masonite boards and supported by 2x4's 

and 3/4" plywood ribs. The.height of the semi-circular screen was 

1.83 meters (six feet) with a diameter of 6.10 meters (20 feet). The 

screen was built in four forty-five degree horizontal sections and joined 

with joint tape and cracksealer. The screen's surface was primed with 

3M's 915-P3 white and painted with 3M's Nextel Velvet 202-A1- white. 

With the single 500 watt background light source, no seams were visible 

to the subjects. 

For Procedure I, the target slide was in projector A and the fixation 

point in projector B (Fig. 4). For Procedures II-IV, the target slide was 

in projector B and the fixation points in projector A. For Procedure I, 

the vertical movement of the mirror by the galvanometer was in position 

3 (Fig. 4). For Procedure II-IV, the vertical galvanometer was in 

position 2. Horizontal movement by the other galvanometer was from 

position 1. Front surface mirrors 4 and 6 were used for projector A to 

project the image to the horizontally rotating mirror centered in position, 

The mirrors were shielded from the background illuminating source. 

E.  Calibration and Verification 

Screen Luminance: 

To achieve as near a uniformity of luminance as possible for the 

screen, the ceiling and floor immediately in front of the screen 

were covered with flat white art paper. The 500 watt background light 

source was moved on the stand to balance the luminance values of the 

right, left, and center portions of the screen. The height of the 500 

watt light was above the mid-line of the screen which resulted in 

the upper part of the screen being slightly brighter than the lower 
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portion. To keep the contrast of the target constant, the target 

was moved horizontally only at the 3 foot level or vertical mid-point 

of the screen and the fixation points were moved vertically as nec- 

essary (Table 1). The luminance at the center of the screen was ad- 

2 
justed to 42.48 cd/m at the beginning of the session. 

Horizontal Target Location Calibration: 

Using a reflex aircraft sight mounted on a protractor, the target 

position could be located in degrees from the center of the screen 

when viewed from the subject's chair. The offset control on the scanner 

amplifier moved the target and position output was displayed by the 

digital voltmeter in millivolts. The voltage was recorded for every 

5 degree change in horizontal target positon. The resulting relation- 

ship was 1 degree = .06 volts (Fig. 6). Linearity variation between 

voltage and degrees for the G-300 PD Optical Scanner is ±.15%. 

Vertical Target Calibration: 

The vertical movement of the target for the right and Teft projectors 

had different conversion values from voltage to degrees. The distance 

from the screen to the point of rotation of the right and left channel 

mirrors was slightly different, and changed slightly when the vertical 

galvanometer was moved. To achieve the vertical movement for the dif- 

ferent procedures, one galvanometer had to be repositioned. The vertical 

conversion factors was recalibrated each time the mirror was moved. Since 

there was linearity between voltage and degrees, the target was moved at 

30.5 cm (1 foot) intervals and corresponding voltage was recorded. The 

slope of linear regression between degrees and voltage was calculated 

for the conversion factor. The initial verification of vertical linear- 
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Figure 6 - Optical scanner calibration (horizontal), 
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ity between voltage and degrees was determined for each channel at 

thirty-two points or every 5.08 cm (2 inches) (Fig. 7A & 7B). 

Target Luminance and Size; 

The target size was set at 4.8 arc min or 4.25 mm at 3.05 meters (10 

feet). The luminance was measured with a Pritchard Spectra Photometer 

using the 2 arc min aperture. The luminance was adjusted at the begin- 

ning of each session to provide 68% contrast with no filters in the 

optical system.  This allowed for a constant luminance for each exper- 

iment which was varied by ND filters. 

Neutral Density Filters: 

Neutral Density Filters were made with Kodak neutral density film 

in .1 log unit steps. The percent transmission was measured with the 

Beckman spectraphotometer. 

Using the Pritchard Spectra Photometer, the target luminance 

was measured on the screen for each neutral density filter with the 

complete optical arrangement. The background luminance was set at 

42.5 cd/m2 and the contrast determined (Table 2). 

F. Variables Examined: 

The target size was 4.8', (4.25 mm at 3.05 meters). The background 

luminance was in the photopic range and held constant at 42.48 cd/m2 

(12.4 ft-L). The targets and fixation point were moved only hori- 

zontally. Target and fixation point velocities used: 1, 2, 4, 8, 12, 

16, and 20 deg/s. Five constant levels were selected: .27, .34, .43, 

.54, and .68. Contrast is defined as (Lt-Lb)/Lb; where Lt=Luminance 

of target and Lb=Luminance of background. Four primary meridians were 

measured: 0th, 90th, 180th and 270th (Fig. 9). Five Trials were ob- 
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Figure 7 - Optical scanner calibration (vertical). 
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TABLE 2 

Neutral Density Filter Transmissions, Target Luminance 

.and Contrast Determinations  :: 

Log Filter 0 .1 .2 .3 .4 

Calculated % 
Transmission 

100% 79.4% 63.1% 50.1% 39.8% 

Measured % 
Transmission 

100% 79.7% 62.7% 47.6% 37.1% 

Target Luminance; 
(cd/M2) 

72.3 65.5 61.1 56.5 53.4 

Desired Contrast 68% 54% 43% 34% 27% 

Measured Contrast 70% 54% 44% 33% 26% 
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tained for each experimental condition. Because of the duration of 

time required to complete the procedures, two subjects were given three 

contrast and four velocity values. The means, standard deviation, 

correction factors, and calibration values for each subject, procedure, 

meridian, velocity, and contrast value are found in Appendix B. 

G. Subjects 

The subjects used in this study were three faculty members and one 

graduate student, who were familiar with psychophysical experiments. 

All subjects had shown normal stereopsis in previous binocular eval- 

uations. Three subjects were low myopes, requiring spectacles. Their 

distant visual corrections and resultant activities were as follows: 

BM O.D. - 2.75 sph - corrected to 20/15 
O.S. - 2.00 sph - corrected to 20/15 

DP O.D. - .75 - 2.50 x 15 - corrected to 20/20 
O.S. - .75 - 1.75 x 180 - corrected to 20/20 

RH O.D. - 2.00 - .50 x 165 - corrected to 20/15 
O.S. - 2.00 - .50 x 5 - corrected to 20/15 

One subject was emmetropic (DH) with 20/15 unaided visual acuity in each 

eye. The ages of the subjects were BM-39, RH-40, DP-54, and DH-3Q. 

H.  Description of Procedures 

Procedure I - Moving Target: 

For the 90th and 270th meridian (Fig. 8), the subject looked at a 

fixation point binocularly and the target moved horizontally above or 

below the fixation point. Between trials the fixation point was moved 

vertically. The target always traveled in the middle of the screen to 

minimize target contrast fluctuations from vertical variations of the 

luminance of the screen. The target was initially presented at ec- 

centricities at which it was not detected and progressed in approximately 
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Figure 8 - Visual field meridians. 
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1° Steps toward the fixation point until it was perceived. Between 

trials the subject looked at pictures below the screen. At the begin- 

ning of a trial the experimenter cued the subject to look at the fix- 

ation point. 

For the Oth and 180th meridian the fixation point was placed vert- 

ically at the same level as the moving target. The experimenter cued the 

subject with a command of "ready" at which time the subject looked at the 

fixation point. The target was then moved towards the fixation point, 

and the subject pressed a subject button when the target was detected. 

Procedure II - Stationary Target: 

For the 90th and 270th meridian, the subject looked binocularly at 

a moving fixation point and detected a stationary target. The fixation 

point moved horizontally in approxmately 1° steps above or below the 

centered target. Between trials the subject looked at pictures and was 

cued before the beginning of a new trial as in Procedure I. 

For the 0th and 180th meridian, the target was placed in the center of 

the screen and the fixation point moved horizontally towards the station- 

ary target. When the target was detected, the subject depressed the sub- 

ject button. 

Procedure III - Saccadic Eye Movement: 

For the 90th and 270th meridian the target was placed in the center 

of the screen and two horizontal fixation points were placed above or 

below the target. The fixation points were separated six degrees with 

the target directly above or below the right fixation point. The sub- 

ject made a saccadic eye movement binocularly from the left to the right 

fixation point and reported whether the target was seen or not seen. The 
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experimenter instructed the subject to look at the left fixation point. 

When the sound of the shutter opening was heard, the subject moved his 

fixation to the right fixation point as quickly as possible. The target 

was exposed for .7 seconds. 

For the Oth meridian the fixation points were placed to the left of 

the target and the subject made a saccadic eye movement from left to 

right. For the 180th meridian the fixation points were placed to the 

riqht of the target and the subject made a saccadic eye movement from 

-right to left. 

Procedure IV - Flashed Target 

The target was located in the center of the screen and flashed for 

.6 seconds. The fixation point was moved above, below, riqht and left 

of the target for the four meridians in approximately 1° steps towards 

the target until the subject reported a positive response. Five trials 

were taken for each contrast value. The subject was given a "ready" 

command prior to each presentation. 
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CHAPTER III 

RESULTS 

With four procedures and four subjects a total of 3985 measurements 

were taken. Five measurements were made for each stimulus condition. 

The mean and standard deviation for each stimulus condition, procedure, 

meridian, and subject are calculated from calibration and correction 

"factors and tabled in Appendix B (Page 101). 

A.  Meridian Plots for each Subject and Procedure 

The means of the data points were graphed and tabled with ±1 standard 

deviation according to subject, procedure, and meridian (Appendix C), 

page 140. The independent variable (X-axis) and dependent variable . 

(Y-axis) are reversed in the plots to extend the peripheral vision scale 

and provide spacing for the tables above the graphs. The standard 

deviation values in the meridian tables are relatively small and usually 

less than one degree for all subjects, procedures, and vertical meridians 

(90th and 270th). The standard deviations of the horizontal meridians 

(0th and 180th) are generally larger, but usually less than two degrees. 

There are several explanations. The method of limits was used on the 

vertical meridians and the method of constant stimuli with a reaction 

time correction factor for the horizontal meridians with the two 

dynamic procedures (I and II). The binocular horizontal visual field 

is larger than the vertical and includes the blindspot of one eye 

between 11 and 18 degrees. The stimuli were not randomized for velocity 

or contrast. 
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Decreasing contrast reduced the size of the visual field. In the 

dynamic procedures, increasing velocity of either the target or fixation 

point also decreased the visual field size and always occurred at a 

velocity beyond four degrees per second for all subjects. Insufficient 

data were taken in the lower velocities to determine exactly at what 

velocity the field began to reduce. For subjects BM and DP the visual 

field was usually reduced from the lowest velocity taken of 1 degree 

per second, with an occasional increase at 2 degrees per second. 

With the two static procedures (III and IV) the sensitivity of the 

binocular fields for a given contrast value shows the horizontal meridians 

(Oth and 180th) to be similar. The upper meridian (90th) is smaller than 

the lower one (270th). With Procedure III and IV, a definite change in 

retinal sensitivity function occurs with a change in contrast beyond 

approximately 13 degrees from the fovea fdr horizontal meridians for sub- 

jects BM and RH. Subject DH showed similar changes with Procedures I 

and II beyond 15 degrees. This flattening of the retinal sensitivity re- 

sponse beyond 15 degrees is characteristic of the normal visual field. 

(Harrington, 1964; Aul horn, 1972; Sloan, 1961; Täte, 1977). 

B.  Vertical and Horizontal Relationship of the Visual Fields 

The four meridians were plotted for each subject and procedure, 

and appear in Appendix C. Averaged fields of the four subjects for 

the four procedures are plotted in Figures 9 to 12 with meridian 

means and standard deviations in Table 3. Only the 43% contrast 

targets are averaged for the four subjects for the dynamic procedures 

(I and II). An increase in target velocity for the dynamic procedures 

(I and II) decreased the size of the visual fields, and a decrease in 
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Figure 9. - Plot of four meridians for moving target procedure 
at 43% contrast. 
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Figure 10 - Plot of four meridians for fixed target procedure 
at 43% contrast. 
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Figure 11 - Plot of four meridians for saccadic move procedure. 
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Figure 12 - Plot of four meridians for flashed target procedure, 
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TABLE 3 

Dynamic Procedures 
Averaged meridian size in degrees and ±1 standard 

deviation for four subjects at 43% contrast 

Moving Target - Procedure I 

Meridian 

Veloci ity 270th 90th 0th 180th 

l°/s Mean 14.07 12.04 17.01 15.97 

S.D. .71 .43 4.14 4.08 

4°/s Mean 12.19 10.85 13.91 12.16 

S.D. 1.35 .24 2.23 1.76 

8°/s Mean 8.48 7.78 10.81 9.07 

S.D. 2.72 2.17 2.56 1.99 

16°/s Mean 3.74 3.66 5.60 6.01 

S.D. 2.57 

Fixed Target 

1.69 

- Procedure II 

2.59 2.24 

Meri dian 
- * 

Veloci ty 270th 90th 0th — 180th 

10/S Mean 14.76 12.50 14.77 14.91 

S.D. .89 1.36 1.75 .24 

4°/s Mean 13.71 11.49 13.73 14.35 

S.D. 1.01 1.64 2.00 1.91 

8°/s Mean 10.56 8.05 10.85 11.72 

S.D. .88 1.14 3.00 1.16 

16°/s Mean 5.59 4.55 6.14 6.60 

S.D. 2.01 1.54 2.73 1.95 

NOTE: Table continued on following page. 
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TABLE 3 (Continued) 

Static Procedures 
Averaged Meridian size in degrees and ±1 standard 

deviation for four subjects 

Saccadic Move - Procedure III 

Meridian 

Contrast •• 270th 90th 0th 180th 

68% Mean 13.60 11.11 19.74 21.39 

S.D. 1.28 1.69 5.13 7.93 

43% Mean 8.55 7.75 12.11 11.78 

S.D. 2.07 .83 1.62 2.10 

27% Mean 4.36 4.42 7.65 7.11 

S.D. 1.39 .71 2.81 3.26 

Flashed Tar get - Procedure IV 

Mer idian 

Contrast 270th 90th 0th 180th 

68% Mean 12.98 11.39 
* 

19.68 22.11 

S.D. 1.49 .84 6.84 8.07 

43% Mean 8.51 7.11 12.86 11.95 

S.D. .57 1.14 1.34 .84 

27% Mean 4.92 3.96 8.25 8.51 

S.D. .63 .68 1.52 1.42 
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contrast also decreased the visual fields in a similar manner for the 

static procedures Cl11 and IV). 

Although an increase in velocity decreased the size of the visual 

fields in the dynamic procedures for a given contrast value, the dynamic 

procedures produced visual fields larger than the static procedures for 

a given contrast at velocities less than 8 deg/s. A description of 

individual four meridian and plots (Appendix D) follows. 

Subject DH showed very similar fields and symmetry for all procedures 

-for the conditions plotted. Subject RH showed similar results except for 

Procedure IT (Fixed Target) where the vertical meridians show almost 

equal sensitivity to the horizontal meridians. Subject DP showed a 

skewness of the field for Procedure III tSaccadic Move) to the right, 

which is not seen on the other procedures. This could be explained by 

either constant overshoot of saccadic eye movements to the right or 

either a delay or undershoot of movements to the left. The Fixed Target 

procedures also produced smaller visual fields than the moving targets 

procedure for an equivalent stimulus value for subject DP. Subject BM 

showed a skewness of the field for Procedure II (Fixed Target) to the 

left, which was not seen on the other procedures. This might be ex- 

plained by subject BM slightly leading the moving fixation on pursuit 

movements to the left or lagging on movements to the right. 

C.  Relative Size of the Visual Fields 

The relative size of the visual fields are graphed among the sub- 

jects for each procedure (Figures 13-17). Only the 43% contrast field is 

plotted for Procedures I and II. The area of the visual field is ex- 

pressed by the following equation:  (270th and 90th) (180th and 0th)/2; 

48 



Figure 13 - Plot of calculated area of visual fields 
for Procedure I for each subject. 
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Figure 14 - Plot of calculated area of visual fields for 
Procedure II for each subject. 
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Figure 15 - Plot of calculated area of visual fields 
for Procedure III for each subject. 
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Figure 16 - Plot of calculated area of visual fields for 
Procedure IV. 
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where each meridian is degrees and the area is in square degrees. 

Witn the Saccadic Move and Flashed Target Procedures (III and IV) 

a definite pattern in the area of the field functions is noted between 

subjects. Subjects BM and RH show a significant change in the slope 

beyond 200 square degrees. Subject DH has a linear relationship be- 

tween the area of the field and log contrast change in stimulus with 

a linear regression correlation of .99 for both procedures. With the 

Fixed Target Procedure (II) subjects BM and RH have parallel slopes 

of the function of area size with velocity change. Subjects DP and 

DH also have parallel functions. The difference between subjects for 

Procedure II is most apparent between velocities 1 and 4 deg/s. 

Subjects BM and RH have less of field increase than subjects DP 

and DH with a decrease in velocity in this range. With the Moving 

Target Procedure (I), subjects BM and RH show similar functions with 

the greatest increase in field size occurring between 1 and 4 deg/s. 

It was also noted that subjects BM and RH had a change in the 

symmetry of the fields for Procedure II compared to the other pro- 

cedures. The actual size of the visual fields varied up to a factor 

of approximately two for a given stimulus condition among the four sub- 

jects. Subject DP was the oldest subject (age 54) and averaged smaller 

visual field sizes than the other subjects on all procedures. The area 

of the visual field for subject DP was consistently the smallest of the 

subjects at higher movement velocities in the dynamic procedures and 

at lower contrast in the static procedures. Subject DH was the youngest 

subject (age 30) and tended to show the largest area of visual field 

of the subjects for the higher velocities in the dynamic procedures. 
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However, subject DH did not show similar trends in the static procedures. 

A much larger sample size and age span would be required to determine a 

differential between dynamic and static procedures in relation to age. 

When the areas of the visual fields for each procedure are averaged 

for the four subjects and graphed, the resulting plots are very similar 

for the dynamic procedures (I and II) and the static procedures (III and 

IV) (Figures 17 and 18). Procedure II appears to produce a larger size 

visual field than Procedure I for a given velocity. However, the dif- 

ference appears to be mainly from subject DP, and is possibly due to 

a luminance calibration error. 

D.  Comparison Between Procedures (Table 4-7) 

The four different procedures were compared for each subject and 

meridian using linear regression analysis. In the dynamic procedures 

(I and II) target velocity was an additional variable. The velocities 

for Procedures I and II that averaged similar peripheral field values 

to Procedures III and IV were selected for analysis. 

For a given contrast value, the velocity investigated in the dynamic 

methods that averaged comparable results in the static methods varied 

between subjects: DH-16 deg/s, DP-4 deg/s; BM and RH-8 deg/s for 90th 

and 270th meridian, and 4 deg/s for 0th and 180th meridian. This 

velocity difference for subjects RH and BM between the vertical 

and horizontal meridians is most likely due to a difference in methods 

of measure. The reaction time correction factor used for the horizontal 

meridians was measured with foveal supra-threshold targets, and the 

actual procedure required detection of slightly above threshold, peri- 

pheral stimuli which would increase the reaction time correction factor. 
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Figure 17 - Comparison of the area of the visual fields 
between Procedures I and II at 43% contrast. 
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Figure 18 - Comparison of the area of the visual fields 
between Procedures III and IV. 
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TABLE 4a 

Comparison Between Procedures 
Linear Regression Analys is 

• 

Subject. :BM 

Procedures (y) 

• II III IV 

I C=.889 
S=.742 
1=1.96 
7=9.64 

C=.859 
S=.895 
1=3.09 
7=12.63 

C=.879 
S=1.030 
1=1.84 
7=12.81 

X x=10.35 x=10.66 x=10.66 
N=19 N=20 N=20 

l/> 
CD 
s_ 
3 II C=.871 C=.839 

T3 S=1.116 S=1.209 
U o 1=1.77 1=1.050 

III • 

y=12.53 
x=9.64 
N=19 

7=12.71 
x=9.64 
N=19 

C=.964 
S=1.083 
I=-.87 
7=12.81 
x=12.63 

* -    % N=20 

Velc jcity for Procedures I and II = 8 deg/ s 
y - bx + a 

C=Correlation y=raean of y 
S=S" ODe (b) x=me an of X 
I=y Intercept  (a) N=Number of comparison points 
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TABLE 4b 

Comparison Between Procedures 
Linear Regression Analysis 

Subject BM 

Procedures (y) 

II III IV 
I o = .925 C=.947 C=.975 

s= = .952 S=.809 S=.942 
1= = .73 1=2.51 1=1.11 
y= =12.45 y=12.63 2=12.71 
Xs =12.30 x=12.51 x=12.30 

«-» N" =19 N=20 N=19 

to II C=.971 C=.917 
eg S-.810 S=.860 
3 
-o 1=2.45 1=2.00 

7=12.53 7=12.71 
o s- x=12.45 x=12.45 
Q. 

III 

N=19 

• 

N=19 

C=.964 
S=1.083 
I».87 
y=12.81 
x=12.63 
N=20 

Velocity for 180th and 0th meridians 
For Procedures I and II = 4 deg/s 
Velocity for 90th and 270th meridian = 8 deg/s 

y = bx + a 

C=Correlation y=mean of y 
S=Slope (b) x=mean of x 
I=y Intercept (a) N=Number of comparison points 
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TABLE 5 

Comparison Between Procedures 
Linear Regression Analysis 

Subject DP 

II 

Procedures (y) 

III 

C=.873 
S=1.025 
I=-.83 
7=8.56 
x=9.16 

IV 

C=.844 
S=.805 
1=1.91 
y=9.29 
x=9.16 

tu 
s- 
3 

■o 
QJ 
U 
O 
i. a. 

II 

III C=.891 
S=.735 
1=3.04 
y=9.23 
x=8.42 
N=20 

Velocity for Procedure 1=4 deg/s 
Procedure II had error in vertical meridian contrast 

y = bx + a 

C=Correlation 
S=Slope (b) 
I=y Intercept (a) 

y=mean of y 
x=mean of x 
N=Number of comparison points 
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TABLE 6a 

Comparison Between Procedures 
Linear Regression Analysis 

Subject RH 

Procedures (y) 

II III IV 

I C=.925 C='.936 C=.922 
S=.893 S=.922 S=.942 
1=2.99 1=2.99 1=1.53 
£=12.21 y_=12.91 y.=11.67 
x=10.33 x=10.77 x=10.77 

-■ N=10 N=12 N=12 
*"•"■«* 

X 
**"' II C=.981 C=.980 

S=1.008 S=1.047 
3 I=.36 I=-.94 

■o 
CÜ y=12.67 y=11.84 
U 
O x=12.21 x=12.21 
o. 

III 

N=10 

* 

N=10 

C=.988 
S=1.024 
1=1.56 
7=11.67 

:     x=12.91 
N=12 

Velocity for Procedure I and II = 8 deg/s 
y = bx + a 

C=Correlation y=mean of y 
S=Slope (b) x=mean of x 
I=y Intercept (a) N=Number of comparison points 
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TABLE 6b 

Comparison Between Procedures 
Linear Regression Analysis 

Subject RH 

II 

Procedures  (y) 

III IV 

I C=.987 C=.979 C=.979 
S=.795 S=.815 S=.846 
1=3.57 1=2.77 1=1.15 
7=13.37 7=12.91 7=11.67 
x=12.33 x=12.44 x=12.44 

X N=10 N=12 N=12 

in 
CD II C=.988 C=.986 
S- 
3 S=1.018 S=1.056 
U 
<u I=-.95 I=-2.29 u 
o 7=12.67 7=11.84 
Q. 

III 

x=13.37 
N=10 

x=13.37 
N=10 

C=.988 
S=1.024 
I=-1.56 
7=11.67 
x=12.91 
N=12 

For Procedures I and II 
Velocity = 8 deg/s for 270th and 90th meridians 
Velocity = 4 deg/s for 0th and 180th meridians 

y = bx + a 

C=Correlation y=mean of y 
S=Slope (b) x=mean of x 
I=y Intercept (a) N=Number of comparison points 
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TABLE 7 
Comparison Between Procedures 
Linear Regression Analysis 

Subject DH 

Procedures (y) 

II III IV 
I C-.915 C=.953 C=.884 

S=.811 S=.796 S=.680 
1=2.68 1=3.31 1=5.18 
y=8.51 7=9.04 7=10.07 
x=7.19 x=7.19 x-7.19 

""•■ ^ N-12 N=12 N-12 
X 

-11 lJ 

</) II C=.879 C=.857 
S=.829 S=.744 

3 1=1.98 1=3.74 
0) 
U 7=9.04 y=10.07 
o x=8.51 x=8.51 
a. 

III 

N=12 

» 

N=12 

C=.94 
S=.869 
1=2.22 
7=10.07 
x=9.04 
N=12 

Velocity for Procedures I and II = 16 deg/s 
y = bx + a 

C=Correlation 
S=Slope (b) 
I=y Intercept (a) 

y=mean of y 
x=mean of x 
N=Number of comparison points 

68 



Using linear regression analysis, the correlations between procedures 

varied from a low of .84 to a high of .99 for all subjects. Subject RH 

showed the highest correlations between all procedures. Using 8 deg/s 

for vertical meridians and 4 deg/s for horizontal meridians for subjects 

RH and BM improved all correlations between procedures. 

E.  Relationships Between Change in Contrast and Velocity (Table 8) 

The relationship between a change in contrast and an equivalent 

change in velocity (using Procedure I for each subject) was deter- 

mined. The data were plotted on fine lined graph paper as in the 

meridian plots with velocity and degrees of peripheral vision on 

the axes and connected for each contrast value. Selecting even de- 

grees of peripheral vision at two degree intervals for a given mer- 

idian, the velocity value was determined for each contrast value 

by interpolation. For example, for subject BM, Procedure I, 180th 

meridian at 8 degrees of peripheral vision: 27% contrast=3.6 deg/s 

velocity, 34%=9.5 deg/s, 43%=13.2 deg/s, 54%=17.6 deg/s. The difference 

between the velocity values for all the meridians was averaged for a 

corresponding log difference in contrast for each subject, i.e. 5.9 + 

3.7 + 4.2=13.8/3 (average 4.6 deg/s increase is equivalent to a .1 

log contrast decrease). 

The average increase in velocity for all subjects and meridians 

to an equivalent .1 log decrease of contrast for the Moving Target 

Procedure was 3.9 deg/s, ±.53 S.D. The range of averaged meridian 

values for all subjects was from 2.50 to 4.98 deg/s. The range 

of averaged subject values was from 3.30 to 4.30 deg/s. Fig. 19 

are plots of contrast and velocity for the 90th and 180th meridians 
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TABLE 8 

Target velocity increase (deg/s) per .1 Tog contrast decrease at 
equal retinal locations with moving target procedure 

Meridian  90th (N)   270th (N)   0th (N)   180th (N)   4 Meridians 

Subject BM 

Mean   3.60 (13)   4.35 (14)   4.28 (18)  4.94 (18)   X = 4.30 

S.D.     .97       .44        .91       .89      S.D. = .89 

Subject RH 

Mean   3.93 (4)   3.88 (4)    3.72 (5)   3.98 (6)   X » 3.88 

S.D.     .49       .66        .93       .98      S.D. = .11 

Subject DP 

Mean   3.36 (8)    2.50 (8)    3.53 (8)   3.91 (7)    X - 3.30 

S.D.     .37        .87        .71      1.33       S.D. = .64 

Subject DH 

Mean   3.98 (2)   3.99 (3)    4.40 (.4)   4.08 (3)   X = 4.11 

S.D. .11 .22 1.43 2.08 S.D.  = .20 

X* 3.72 3.68 3.98 4.23 3.90 

S.D. .29 .81 .42 .48 .53 
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Figure 19 - Plot of the relationships between contrast 
and velocity for a given retinal  location. 
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for subjects BM and DP using Procedure I. Additional meridian plots 

are located in Appendix E. 

Since the .5 log range of this study represented contrast values 

of 27 to 68% and each .1 log change in this range represented only 

7% (27 to 34%) and 14% (54 to 68%) difference in contrast, the linear 

velocity change could be related to a linear contrast change. Then 

a 10% contrast change would equate to a 3.8 deg/s change in velocity 

averaged for all subjects and meridians. One would expect this linear 

-to linear relationship for a given point on the retina (Bloch's Law). 

However, a linear to linear plot of contrast and velocity does not 

significantly improve the linear relationship. The rapidly moving 

circular target appears as a dimmer line from retinal smear and temporal 

summation. Bouman C1953) and Lamar (1947) have studied the total flux 

related to area and elongation of a target. With a length to width 

ratio of 2 and 7, a five factor increase in area from 10 to 50 square 

minutes showed a contrast threshold decrease of approximately .5. The 

shape, area, contrast, and temporal variables investigated within a 

limited range with this study, and predicting contrast and velocity 

relationships heyond the investigated limits may not show a linear 

function. 

F.  Relationship Between 1/Psg and Mean Detection Time (Fig. 20E) 

This section compares the mean detection times taken from a 

search study by Krendel and Wodinsky (1960) with single glimpse 

probability calculations (reciprocal) obtained in this study. The 

stimuli variables are equivalent in both studies, and the measured 

visual field sizes were taken from the saccadic movement procedure (III). 

The reciprocal of single glimpse probability (1/Psg) is the ratio of the 
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Figure 20 - Relationship Between Mean Detection Time and the 
Reciprocal of Single Glimpse Probability. 
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size of the search area to the size of the visual lobe for a given target. 

When the mean detection times taken from the Krendel and Wodinsky 

(K&W) study are plotted with the reciprocal of the relative single 

glimpse probability (1/Psg) from this study using regression; analysis, 

the correlation ranges from .98 to .99 for all subjects (Fig. 20E). This 

correlation was made with procedures III, and is slightly misleading since 

10 of the 12 mean detection times range from .78 to 8.2 seconds. The 

other two detection times are 12 and 24 seconds. When the 12 and 24 

-second detection times are excluded, the correlation ranges from .88 

to .93 aird the slopes are different. The calculated values of Psg for 

a given contrast and area searched varied by a factor of 3 between sub- 

jects DH and DP. This means the time between glimpses would have to be 

three times shorter for subject DP to have the same mean detection time 

as subject DH; or for a given interval between glimpses for both sub- 

jects, DP would have a mean detection time 3 times longer than subject 

DH. Tabled values and regression.analysis for each subject, search area, 

contrast, and mean detection times are in Appendix F. 

Using the reflex sighting device, subject BM showed .99 correlation 

between mean detection time and relative (1/Psg). The correlation was 

.92 when the 12 and 24 second detection times were excluded (Fig. 21). 

The relationship between 1/Psg or relative 1/Psg and mean detection time 

shows good correlations for all procedures for subject BM except for 

Procedure I at 12 deg/s (Table 9). 

Taking the average Psg for the 4 subjects in this study for three 

search areas and four contrast values in the Krendel and Wodinsky study 

the mean search time was calculated using the expression Pkg=l-(1-Psg) , 
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Figure 21 - Relationship between mean detection time and the reciprocal 
of relative single glimpse probability for subject BM 
measured with a reflex sighting device. 
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TABLE 9 

Mean Detection Time vs. Relative 1/Psg= 
(Diameter of area searched/10th Meridian].) 2 

Subject BM 

Relative 1/Psq 

Mean 
Time 

4°/s         Pro III 
Pro II 

Ref1 ex 
Sight 

Pro  IV 12°/S 
Pro  I 

4°/s 
Pro I 

LU 

.(19°)2= 
361 Sq. deg. 

.78 
1.0 
1.3 
4.9 

.52 
1.93 
2.81 
5.2 

.72 
1.21 
1.89 
3.50 

.64 
1.34 
2.78 
8.79 

.52 

.79 
1.75 
3.35 

2.12 
3.07 
4.28 

38.05 

.44 
1.04 
1.90 
4.09 

o 
-J 
LU 
I—t u. 

(32°)2= 
1024 Sq.  deg. 

1.8 
3.5 
6.6      j 

*12.0 

1.48 
5.48 
7.98 

14.75 

2.04 
3.43 
5.36 
9.93 

1.82 
3.80 
7.89 

23.51 

1.48 
2.24 
4.96 
9.51 

6.01 
8.71 

12.14 
107.95 

1.25 
2.95 
5.39 

11.59 

o 

LU (43°)2= 
1849 Sq.  deg. 

2.7 
6.1 
7.2 

*24.0 

2.66 
9.89 

14.39 
26.63 

3.69 
6.20 
9.68   * 

17.93 

3.29 
6.86 

14.25 
42.46 

2.66 
4.05 
8.96 

17.16 

10.86 
15.72 
21.92 

194.89 

2.25 
5.33 
9.73 

20.95 

Correlation 
Slope 
Intercept 

.97 
1.13 
1.06 ' 

.97 

.73 
i.07 

.99 
1.84 

-1.28 

.97 

.72 

.45 

.96 
8.52 

-15.53 

.98 

.89 

.22 

♦without 12 & 
24 s data 
points 

C 
S 
I 

.92 
1.65 

|     -.70 

.91 
1.01 

.14 

.92 
1.58 
-.57 

.89 

.91 
-.19 

.67 
2.97 
1.63 

.93 
1.06 
-.38 

y=bx+a 
y=relat 
x=mean 

from 

ive 1/Psg 
time to detect 

K & W 
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assuming a .33 second interval between glimpses (Ford, 1959)., (Krendel 

and Wodinsky, 1960) and a Pkg of .50. The calculated mean search times 

were approximately four times faster than reported in the Krendel and 

Wodinsky study. If Pkg is assumed to be .70 (log function) where 

the average detection time (mean) would be larger than the fifty 

percentile detection time, the calculated mean search times are two 

times faster than those found. If Pkg is calculated for the mean 

times in Krendel and Wodinsky's study, the values are greater than .92. 
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DISCUSSION 

Contrast vs. Velocity: 

It was anticipated that relative movement of a target to a fixation 

point would enhance detection with peripheral vision up to a given 

velocity and then reduce detection with increasing velocities. However, 

the decrease in peripheral visual fields was not expected in the low 

velocity range of 1 to 4 deg/s nor the magnitude of decrease at 16 

to 20 deg/s. This would explain the variability of visual fields 

clinically taken with kinetic perimetry. With the limited velocity and 

contrast range investigated in this study an accurate prediction of the 

relationship between contrast and velocity at greater values is speculative. 

However, the decrease in contrast with increased velocity could explain 

saccadic suppression. 

Matin (1974) has a good review of saccadic suppression. The causes 

of the suppression can be listed.generally as retinal or centrally 

located with strong evidence supporting both. The rapid movement 

of an image over the retina has been referred to as the retinal 

smear factor in saccadic suppression. Latour (1962) found suppression 

of a spot stimulus 3 log units above threshold during saccadic eye 

movements. The amount of suppression varied depending upon when 

the test stimulus was presented in relationship to the movement of 

the eyes. Latour showed that the suppression begins 40 msec before 

the cessation of eye movement, implying a central suppression mechanism. 

Young (1975) reviewed eye movement measuring techniques and reported 

a 30 msec delay with a photodiode and recorder method as used by 
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Latour. Since the direction of the.suppression and the duration of 

the eye movement recordings were the same, the nonreported delay could 

account for the lack of synchronization between the suppression and 

recorded eye movement. The duration of the eye movement was 150 msec. 

Westheimer (1954) found a typical 20 degree saccadic movement lasting 

approximately 100 msec with eye movement velocities peaking to 400 deg/s, 

If log contrast changes are related to linear velocity changes for 

velocity ranges above 20 deg/s, then a 3 log decrease in threshold for 

"a fixed target would require a retinal rotational velocity of approx- 

imately 120 deg/s. If linear contrast changes are related to linear 

velocity changes, and a 4 deg/s increase in velocity is approximately 

equal to 10% decrease in contrast, then a 3 log decrease in threshold 

would require a 250 deg/s velocity increase. 

Constant vs. Variable Visual Lobe Size with Target Velocity: 

If the data supported a constant size visual lobe for a stationary 

target, and the measured decrease.in the mean field size for a moving 

target was due to the probability of the target occurring during a 

glimpse or a visual off cycle, then the standard deviations of the 

measured values should increase with increased velocity. Looking at 

the results of the Moving and Fixed Target procedures for the vertical 

meridians (90th and 270th) beginning at 4 deg/s velocity, the standard 

deviations do not increase with increased velocity. The decrease in 

the field sizes does approximate Bloch's Law (IxT)=C for short duration 

stimuli. However, as mentioned in Section E of the results, this re- 

lationship is complicated by the apparent change in shape of the target 

during temporal summation. Using the Moving Target procedures with 
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higher velocities and contrast values may have- shown a clearer relation- 

ship between velocity and contrast, and the variability of the visual 

lobe. By determining the threshold of the direct of movement for a 

visible high velocity spot and varying the visual angle of exposure, 

the theoretical visual clock or temporal component of successive 

images could possibly be determined and quantified. 

Relationship Between 1/Psg and Mean Detection Time: 

The search model used in Krendel and Wodinsky's study would have 

-underestimated the mean search time for the measured Psg values found 

in this study. This discrepancy could be due to the following factors: 

(1) Lamar's (1964) search model which assumes random fixations may not 

be valid. (2) The average time interval between fixations for ex- 

tended search may be greater than the assumed .33 seconds. (3) the 

actual target contrast values in Krendel and Wodinsky's study may 

have been significantly less than reported, thereby reducing Psg. 

(4) The size of the visual lobes measured in this study after a 

saccadic eye movement may be larger for a given target than would be 

perceived in an actual search task. (5) The visual responses from 

the subjects in this study may not be comparable to responses in 

the Krendel and Wodinsky study. 

The possibility of using a portable moving fixation point with a 

constant velocity to evaluate suprathreshold target visibility appears 

promising. Visual search studies have been used to evaluate the visi- 

bility of targets for camouflage and conspicuity enhancement applications. 

Because of the extreme inherent variability of such data, the number of 

trials required to show a significant difference is large, resulting 
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in high cost in man-hours and expense. This study suggests that relative 

single glimpse probability can be measured directly and is highly cor- 

related with relative detection time for a given target stimulus. Future 

research is planned to further investigate these relationships. 
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CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Using a 3.05 meter radius screen which subtended a visual angle 

of 170 degrees horizontally by 33 degrees vertically, photopic binocular 

visual fields were determined for four primary meridians using a 4.8' 

target diameter with four subjects. Variables investigated were 

target and eye movement velocity, contrast, and eye fixation before and 

after a saccadic eye movement. For the experimental parameters used in 

this study relative target or smooth eye movement increased the visual 

field size up to approximately 2 deg/s, and decreased the size there- 

after with increasing velocities. A linear change in velocity appears 

to have an equivalent log change in contrast at a given retinal location 

for small circular targets within the velocity range investigated of 

2-20 deg/s. The relationship between the reciprocal of relative single 

glimpse probability determined in this study and mean search time 

taken from a study by Krendel and Wodinsky (1964) appear to have a 

linear relationship and are highly correlated. 

The results of the procedures where the eyes moved in relation to 

a fixed target or where the target moved in relation to steady eye 

fixation were very similar. Also, the visual fields were similar 

before or after a saccadic eye movement. 
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