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• Preface

At this time , the USAF Institute of Technology (USAFIT )

is conducting research measuring the performance of the

human visual system under various visual tasks. This

researc h is be ing done in con junction with the Aeros pace

Medical Research Laboratory (AMRL). The purpose is to

attempt to gain further insi ght int o processing in t he

human visual system .

Previous USAFIT theses have dealt with foveal contrast

sensit ivit y , peri pheral contrast sensitivity, and ex panded

field of vision . This study was designe d to evaluat e t he

peripheral visual system under various loading conditions .

I would li ke to express my deepest appre c iat ion t o

Dr. Matthew Kabrisky for his encouragement and assistance .

His insi ght and advice contri bute d greatly to t he com pletion

of this thesis . In ad~d ition , no psychophysiolog ical

experiment can be complete d without subjects , and my thank s

go out to them for the many hours of time they gave :

Karena Burc hfie ld
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Rachel Sims

Daniel R. Burchfield H

i

—.~s~ .-- • • ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
—

~~~~ •. 



Content s

Page

Preface i

List of Figure s iv

List of Tables ix

Abstract   x

I. Introduction 1

Purpose 1
Background 2
Asym metry of the Cerebral Hemispheres . 7

II. Apparatus 13

III. Testing Proce dure  19

Approach 20
Responses 23

IV. Results 26

V. Conclusions 29

VI . Rec ommendations 31

Bibliography 32

Appendix A : Z-Axis Stimulus Timing 34

Appendix B: Accuracy Values (%) : MK , 500 MSEC   36

• Append ix C : Accuracy Values ( %) :  MK , 100 MSEC   41

Appendix D: Accuracy Values (%) : MK , 50 MSEC   54
Appendix E: Accuracy Values ( %) :  MK , 20 MSEC  • 59

t Append ix F : Accuracy Values ( %) :  KB , 500 MSEC . . 64

Appendix G: Accuracy Values (%) :  KB , 100 MSEC . . 68

Append ix H : Accuracy Values ( %) :  KB , 50 MSEC . . 72

Appendix I: Accuracy Values ( % ) :  KB , 20 MSEC . . 76

ii

~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-~~~ — - - - —~~~~-



.5 -,

Appendix J : Accuracy Values (%) : JK , 500 MSEC .  80

Appendix K: Accuracy Values (% ) :  JK , 100 MSEC .  84

Appendix L : Accuracy Values (% ) :  JK , 50 MSEC .  88

Appendix M: Accuracy Values (%) : JK , 20 MSEC .  92

Appendix N: Accuracy Values (%) : CH , 500 MSEC .  96

Appendix 0: Accuracy Values ( %) :  CH , 100 MSEC .  100

Append ix P : Accura cy Values (%) : CH , 50 MSEC .  104

Appendix Q: Accuracy Values (% ) :  CH , 20 MSEC .  108

Appendix R: Accuracy Values (%) : RS , 500 MSEC .  112

Append ix S : Accuracy Values (% ) :  RS , 100 MSEC .  115

Append ix T : Summary of Test Data 118

Vita . . .  127

* 111

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5 .5 5.5.5 ~~~~t~_~~~~:



List of Figure s

Fi gure Page

1 Luminance Profile of a Sine -Wav e G rat ing . . 3
2 Neural Elements in the Primate Retina . . . 4

3 Density of Ro ds and Cone s Across the
Retina  5

4 Contrast Sensitivity in the Temporal
Retina for Various Eccentricit ies 7

5 Visual Pathways 9

6 Stimulus Pattern Generator 14

7 Switching Box 16

8 Possible Presentations on I-IP--1205A
Oscilloscope 17

9 St imulus Display Posit ions 21

10 Eye Movement During Fixation on a
Stationary Point 22

11 Possible Displays With Two Pei’ipheral
Oscilloscopes 24

12 Stimulus Duration Timer 35

13 Plot of Accuracy : MK , 500 msec ,
Positions 1 and 2 37

14 Plot of Accuracy : MK , 500 msec ,
Positions 3 and 14 38

15 Plot of Accuracy : MK , 500 msec ,
Positions 5 and 6  39

16 Plot of Accuracy: MK , 500 msec ,
Positions 7 and 8 40

17 Plot of Accuracy : MK , 100 msec ,
Positions 1 and 2 43

18 Pl ot of Accuracy : MK , 100 msec ,
Positions3an d 4  44

k-
iv



19 Plot of Accuracy : MK , 100 msec ,
Posit ions 5 and 6 45

20 Plot of Accuracy : IVIK , 100 msec ,
Positions 7 and 8 46

21 Plot of Accuracy : MK , 100 msec ,
Posit ions 9 and 10 47

22 Plot of Accuracy : MK , 100 msec ,

S 
Positions 11 and 12 48

23 Plot of Accuracy : MK, 100 msec ,
Positions 13 and 14 49

24 Plot of Accuracy : IVIK , 100 msec ,
Positions 15 and 16 50

25 Plot of Accuracy:  MK , 100 msec ,
Positions 17 and 18 51

26 Plot of Accuracy : MK , 100 msec ,
Positions 19 and 20 52

27 Plot of Accuracy: MK , 100 msec ,
Positions 21 and 22 53

28 Plot of Accuracy : ~VIK , 50 mse c ,
Positions 1 and 2 55

29 Plot of Accuracy: MK , 50 msec ,
Positions 3 and 4 56

30 Plot of Accuracy : MK , 50 msec ,
Positions 5 and 6 57

31 Plot of Accuracy : MK , 50 msec ,
Positions 7 and 8 58

32 Plot of Accuracy : MK , 20 msec ,
Positions 1 and 2 60

33 Plot of Accuracy : MK , 20 msec ,
Positions 3 and 4 61

34 Plot of Accuracy : MK , 20 msec ,
Positions 5 and 6 62

35 Plot of Accuracy : MK , 20 msec ,
Positions 7 and 8 63

L
v

~

-.—-..—. 

~~~~~~~~ 
...~T r .:. ’_ . 

~~~~ ~~~~~~~~~ 



F ~~~~~~~~~~~~~~~~~~
— —-..- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ . ‘

36 Pl ot of Accuracy : KB , 500 msec ,
Positions l and 2  65

37 Plot of A ccuracy : KB , 500 msec ,
Positions 3 and 4 66

38 Plot of Accuracy : KB , 500 msec ,
Positions 5 and 6 67

39 Plot of Accuracy : KB , 100 msec ,
Positions 1 and 2 . 69

40 Plot of Accuracy : KB , 100 msec ,
Positions 3 and 14~ 70

41 Plot of Accuracy : KB , 100 msec ,
Positions 5 and 6 71

42 Plot of Accuracy : KB , 50 msec ,
Positions 1 and 2 73

43 Plot of Accuracy : KB , 50 msec ,
Positions 3 and 4 74

414. Plot of Accuracy : KB , 50 msec ,
Positions 5 and 6 75

45 Plot of Accuracy : KB , 20 msec ,
Positions 1 and 2 77

46 Plot of Accuracy: KB , 20 msec ,
Positions 3 and 4 78

47 Plot of Accuracy : KB , 20 mn sec,
Positions 5 and 6 79

48 Plot of Accuracy : JK , 500 msec ,
Positions 1 and 2 81

49 Plot of Ac cur’~cy: JK , 500 msec,
Positions 3 and 4 82

50 Plot of Accuracy: JK , 500 msec ,
Positions 5 and 6 83

51 Plot of Accuracy : JK , 100 insec ,
Positions 1 and 2  . 85

52 Plot of Accuracy : JK , 100 msec ,
Positions 3 and 4 86

vi



“—S - 
_____ ~~~~~~~~~~~~~~~~~~~~ - ‘ ‘ rt~r._...———- ---’- ’—’ - - —~~~— -—— . . ’.—,.-— ’. ——r —5— —.5 5-r

53 Plot of Ac curacy : JK , 100 msec ,
Positions 5 and 6 87

54 Plot of Accuracy : JK , 50 msec ,
Positions 1 and 2 89

55 Plot of’ Accuracy: JK , 50 msec ,
Positions 3 and 4 90

56 Plot of Accuracy : JK , 50 msec ,
Positions 5 and 6 91

57 Plot of Accuracy : JK , 20 msec ,
Positions 1 and 2 93

58 Plot of Accuracy: JK , 20 msec ,
Positions 3 and 4 94

59 Plot of’ Accuracy : 3K , 20 msec ,
Positions 5 and 6 95

60 Plot of Accuracy : Cli, 500 msec ,
Positions 1 and 2 97

61 Plot of Accuracy : CH , 500 msec ,
• Positions 3 and 4 98

62 Plot of Accuracy : Cl-I , 500 msec ,
Positions 5 and 6 99

63 Plot of Accuracy : Cli, 100 msec,
Positions 1 and 2  101

64 Plot of Accuracy : Cli, 100 msec ,
Positions 3 and 4 102

65 Plot of Accuracy : Cli, 100 msec ,
Positions 5 and 6 103

66 Plot of’ Accuracy : Ch , 50 msec ,
Positions 1 and 2 105

67 Plot of Accuracy : Cli, 50 msec ,
Positions 3 and 4 106

68 Plot of Accuracy : CM , 50 msec ,
Positions 5 and 6 107

• 69 Plot of Accuracy : Cli, 20 rnsec ,
Positions 1 and 2 109

vii

5*— - -~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — S  5- S~~~~~ .5 _ _ _



70 Plot of Accuracy : CH , 20 msec ,
Positions 3 and 4 110

71 Plot of Accuracy : Cli, 20 msec ,
Positions 5 and 6 111

72 Plot of Accuracy : RS , 500 msec ,
Positions 5 and 6 113

73 Plot of Accuracy : RS , 500 msec ,
Positions 7 and 8 114

74 Plot of’ Accuracy: RS , 100 msec ,
Positions 5 and 6 116

75 Plot of Accuracy : RS , 100 msec ,
Positions 7 and 8 117

76 Accuracy vs Hemifield 118

77 Accuracy vs Hemifield 119

78 Accuracy vs Position 120

79 Accuracy vs Display Duration 121

80 Contrast vs Accuracy 122

81 Accuracy vs Hemifield 123

82 Contrast vs Accuracy 124

83 Accuracy vs Position 125

84 Contrast vs Accuracy 126

viii

— --.5- ‘-.5 _ . -_i_ - - •
~~~~~~~~~~ :L, ~~~~~~~~~~~~~~~~~~~~~



~~5~’ ~~~~~ — 
- 

‘~ • 
- 5- ’ 5 

______

List of Tables

Table Page

I Subject Data 19

II Interaction of Variables 28

III Ac curacy : MX , 500 msec 36

IV Accuracy: MX , 100 msec 41

V Accuracy : MX , 50 msec 54

VI Accuracy : 1VIK , 20 msec 59

VII Accuracy : KB , 500 msec 64

VIII Accuracy : KB , 100 msec 68

IX Accuracy : KB , 50 msec 72

X Accuracy : KB , 20 msec 76

XI Accuracy : JK , 500 msec 80

XII Accuracy : JK , 100 msec 84

XIII Accuracy : JK , 50 msec 88

XIV Accuracy : JK , 20 msec 92

XV Accuracy : Cli, 500 msec 96

XVI Accuracy : CH , 100 msec  100

XVII Accuracy : CH, 50 msec 104

XVIII Accuracy : CH , 20 msec 108

XIX Accuracy : RS , 500 msec 112

XX Accuracy : RS , 100 msec . 115

ix

____ •
——S .5_.55S —-‘---.5--- — 5-— —.5 k—



r *-J~~ :~~~~~ 
-— ‘ ——.5-—-- ~~~~~~~~~~~~~~~ ‘ ‘—.5——- ~~~~~~~~“ ‘ ~~ —- •—- --— ~~~~--

GE/EE/76-l6

Abstract

This report measured the effects of’ single and

multiple spatial presentations in various positions in

the human peripheral visual field . Subjects fixated on

a central point and attempted to accurately discern

orientations of peripherally 1ocate~ stimuli. The

peripheral tasks were sthe-wave gratings generated on

HP— l2O5A oscilloscopes. ~~ir-~~1 i were presented at various

positions along the horiz r.~a1 and vertical axes of the

visual field . Stimulus ~r - - - ; e r t , ~ t i u r ,  t imes were 20 , 50 ,

100, and 500 msec.

Lateral differences in perception were noted with the

data showing high statistical significance. The number of

events processed also proved to be a significant variable .

The dominance of the right cerebral hemisphere for

processing spatial information was very evident . Such

results have strong implications as to where spatial

presentations should be located in the visual field to

maximize visual performance .
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PERFORMANCE OF THE HUMAN 
-

PER IPI-IERAL VISUAL SYSTEM

UNDER VAR IOUS LOADS

I .  Introduction

Purpose

The purpose of th is  thesis was to determine the

e f fec t  of single and mu lt iple spat ial presentations in

various positions in the human peripheral visual field .

While the subject fixated on a central point , ability

to discern accurately orientations of peripherally

located stimuli was observed. Sine-wave gratings at two

possible orientations were presented as the peripheral

stimuli on Hewlett-Packard 1205A oscilloscopes. Testing

was accomplished at various positions along the horizontal

and vertical axes of the subject ’s visual field. Display

exposure times to the subjects ranged from 500 msec to

20 msec.

The goal of the experiment was to determine if any

detectable difference occurred in subject accuracy which

would correlate with visual hemifield presentation and

number of events to be processed. Previous study has

shown that peripheral expansion of a field of attention

along both the left and right horizontal axes does not

effect foveal contrast sensitivity to any significant

level. Also , the field of attention extends at least to

1
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equal eccentricities from the foveal midpoint both left

and right along the horizontal axis . In addition ,

processing of multiple events along the right horizontal

axis seems highly more complex than single event processing

(Ref  14 :147-152). This experiment invest igated the nature

of single and multiple event processing at various

eccentricities of the peripheral visual system in left ,

right , upper , and lower hemifields.

Background

The manner in which man perceives his surrounding

environment is very complex. Perception in the human

visual system is controlled by physiological and

psychophysical factors as well as the optical factors of

the eye . The optics of the eye are well-understood , but

the other subjective factors have to be studied in many

context s to glean knowledge of the work ings of the visual

system .

A fundamental ability of ‘the human visual system is

the detection of changes in the spat ial distribution of

st imulus intensity in the visual f ield . The advent of

Fourier analysis in optics has led to the usage of

sine-wave gratings as visual stimuli. The angular spacing

of the bars of the grating is expressed in cycles-per-degree

of visual field (Ref 3:312-324). Fig . 1 illustrates

the sine-wave grating contrast , which can ultimately be

2
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~~ contrast =

Luminanc e (L ) . max mm

I .
.

-

- 

- 

~~~~ L~j~

Fig. 1. Luminance Profile of a Sine-Wave Grating

defined in terms of the maximum and minimum luminance

(Lmax and Lmin respectively) of the sinusoidal luminance

variation by the equation

Contrast = 

T
~max L~~ (1)1max mm

The reciprocal of the center- to-center  separation ( s )  is

the spatial frequency .

• Many investigations have been concentrated on the

imag ing properties of the foveal portion of the human

visual system . In comparison , very l i t t le work has been

done with the imaging properties of the peripheral visual

system .

I. ’ .- The functioning cells of the retina are the receptor

3
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Fig. 2. Neural Elements in the Primate
Retina (Ref 3:125).

cells , rods (H) and cones (C); the intermediary cells ,

bipolar (B) and horizontal (H); and the ganglion cells (G),

whose axons make up the optic nerve. The bipolar cells

consist of two major types , midget bipolar (MB ) and

diffuse bipolar (RB). The midget bipolar makes connection

with only one receptor cell -- a cone ; diffuse bipolars

connect with as many as 50 rods and 7 cones. Likewise ,

ganglion cells are made up of midget gangliin (MG) and

4
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diffuse ganglion (DG) types , with the midget mak ing a

connection with only one midget bipolar and the diffuse

connecting with groups of bipolar cells. Fig . 2 is a

schematic diagram of these connections .

As a result of the neural connections , large

dif ferences  exist between the foveal reg ion of the retina

and the peripheral region of the retina . Only cones exist

7A~ 1
80°

60°
60°

40° 1 Blind spot 40°

20° 20°

(1°

Fovea Optic nerve

180,~D0 I I I I I I I I I I I I I I

‘

-~~ 40,000 -

20,000 - 

~~~~~~~~~~~ 
Cones

0 
— 

~
- • - 

‘ ‘ r  ,

70° 60° 50° 40~ 30° 20° 10° 0° 100 20° 30° 40° 500 60° 70° 80°
Tempora l on retina Nasal

Fig . 3. Density of Rods and Cones
Across t~ae Retina (Ref 3:137)

.5.5- --- ’- - - - -  —-  — —---— --- ---.---- -.---— -
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in the fovea and a one-to-one relationship between cones

and the underlying bipolar cells exists presumably enabling

high spatial resolution information transmission . However ,

the predominant receptors in the peripheral reg ion are the

rods, yet both rods and cones converge at the bipolar cells

in the process of transmission of information . This leads

to higher acuity in the foveal region compared to the

peripheral , but the high density of rods converging on

single bipolar cells in the peripheral retina leads to

higher sensitivity to light energy in the peripheral

region.

Cowger (Ref 4) studied the acuity of the peripheral

visual field to eccentricities up to 45 degrees. Contrast

sensitivity decreased as eccentricity and spatial frequency

increased. Cowger attributed this to the rods , which , as

the predom inant receptors in the peripheral region of the

retina , would receive the largest proportion of’ peripheral

incident light.

In attempting to explain the peripheral retina

functional organization, Hilz and Cavonius (Ref 10:1333-

1337)  also reported that contrast sensitivity decreased

with increases in eccentricity. They also found that the

amount of decrease depended on the spatial frequency of

the stimulus as shown in Fig . 4.

The limits of the visual field of the eye can be

* determined by the physical dimensions of the retina and

6
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I

Wabal frrqu.ney (c/d.g)

Fig. )4~ Contrast Sensitivity in the
Temporal Retina for Various
Eccentricities (Ref 10:1334).

retinal sensitivity . Together , these factors determine

the accessibility of light rays to the visual system.

On the side of the eye nearest the nose (nasal field),

the visual field is restricted to approximately 60 degrees

from the middle of the field . The binocular field of

vision is typically defined as the field comm on to both

eyes ; thus , the binocular field is approximately 60 degrees

either side of the vertical meridian .

Asymmetry of the Cerebral Hemispheres

Many studies have dealt with the subject of cerebral

7
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dominance in man . In most animals , the structure of the

nervous system is basically symmetrical. However, in

man the two cerebral hemispheres differ greatly in

function. Before 1970, most information on the differing

functions of the two cerebral hemispheres has come from

the study of malfunctions in the brain caused by surgical

procedures , disease , or accidental damage. One apparent

division of function suggested by studies of patients

whose cerebral hemispheres had been surgically

d isc onnected is that of the processing of linguistic

(verbal) information versus nonlinguistic (spatial)

information . In both visual and auditory modes , linguistic

processing appears to be located predominately in the left

cerebral hemisphere ; whereas , nonlinguistic processing

appears to be localized in the right cerebral hemisphere .

Right-handed subjects tend to show this dominance more

predominantly than left-handed subjects (Ref 6, Ref 7).

The human nervous system provides information to each

cerebral hemisphere primarily from the opposite half of

-the body . The human visual system is arranged such that

vision to the left of a fixation point (left hemifield)

is mediated by the right half of the brain (right

hemisphere) and vice versa . In binocular vision , objects

in the left hemifield are seen by the right half of the

retina of each eye , and the neural channels from the

right side of both retinas go to the visual cortex of the

8 
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right hemisphere . Nerve pathways interconnect the two

hemispheres to allow the visual field to be perceived

as a single unit . The largest of these pathways is the

interhemispheric commissure (the point of union between

the two hemispheres). This pathway is commonly known as

the corpus callosum , and it plays a key role in

coordinating activities between the hemispheres.

During the l970s, researchers have been involved

in developing methods to study the asymmetry of

• hemispheric functions in normal people , since data from

damaged brains is always open to question .

Kimura (Ref 12) has studied normal subjects by using

a tachistoscope to present a visual stimulus to either

the left  or right of a fixation point thus stimulating

only one cerebral hemisphere directly . Her studies involved

determining the accuracy of locating dots in space and the

slant of lines in space. Both of these tasks were performed

by matching what had been seen to multiple-choice arrays

on a sheet of paper. She found a clear right hemisphere

dominance in analyzing this information and further found

that specialization of the right hemisphere for spatial

tasks is more noticeable in males than in females. In

addition, her data showed no difference in the accuracy

of detecting that a dot or slanted line was present from

one hemifield -to the other. Kimura felt that such simple

tasks show primary process asymmetry and are a testing of

10
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the regions near the striate cortex , not remot e temporal

readings .

Klatzky in 1970 (Ref 13), Gross in 1972 (Ref 8),

Isseroff in 1974 (Ref 11), Cohen in 1975 (Ref 2), and others

have used reaction time measures as possibly m ore sensitive

to the dominance theory than accuracy reports. Also ,

reaction times have been used by these researchers to study

the nature of the flow of information between the

hemispheres. Any differences in reaction times could be

related to inf ormat ion loss in transmission or corpus

callosurn crossing time . Stimuli in these experiments

gene rally consisted of facial ident i f ication , dot patterns ,

letters , or words.

Evidence exists that shows a definite callosal crossing

time . The primary positive wave of an excitation exclusively

in one hemisphere takes approximately 10 msec to reach the

opposite hemisphere . The secondary negative wave takes

approximately 35 msec crossing time (Ref 16). Behavioral

studies in cats have shown that stimuli projected by way of

the corpus callosum was not identical to the same stimuli

projected by way of the geniculocortical pathways (Ref 1).

This brings out the possibility that the corpus callosum

is a rather limited communications channel and does not

• encode weak signals effectively . Thus , inferior transmission

performance would be most pronounced where stimulus

information was already at a minimum . An example of this

11
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• would be when stimuli are presented at very short disp~ay

times (Ref 5). Isseroff , Carmon , and Nachshon (Ref 11),

as well as others , have shown that the corpus callosum

crossing t im e error is small compared to d ifferences

directly attributable to visual field effects.

Typic ally , however , reaction time measures to study

normal subjects is unstable and often produces very small

statistical differences; that is , the di f ference quanti t ies

may vary considerably and may come or go at different

stages of learning (Ref 2:367). This experiment , th en ,

was an attempt to expand on , with a more statistically

dominant method , some of the the ories related t o th e

human peripheral vision processing system .

12
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II. Apparatus

The apparatus used ‘to generate -the peripheral stimulus

was designed by Dr. Matthew Kabrisky , a professor at AFIT ,

and was the same basic arrangement used by Guidry (Ref 9)

and Sakai (Ref 14). The viewing distance was arranged to

maintain a two degree diameter test field presentation . The

peripheral stimulus was designed in such a manner as to be

challenging to the subject and yet simple to implement .

Another aspect of the stimulus was that it was complete in

itself; ‘that is, results could be obtained from the answers

to the stimulus and not through a matching scheme with other

patterns .

A sine-wave grating with the capability of varying

contrast and varying spatial frequency was chosen . Such a

grating met the desired requirements and presented the

visual system with a truly spatial , nonlinguistic input .

A vertical sine-wave grating was generated on an 1-IP--l2O5A

oscilloscope . Fig. 6 shows the necessary inputs to the

HP-1205A to generate the sine-wave grating.

A triangular wave from Wavetek I produced the required

Y-axis deflection for the sine-wave grating. The X—axis

signal was not synchronized with the Y-axis signal . A

frequency of approximately 85 KHz was used on Wavetek I to

prevent drifting of raster lines visible on the oscilloscope

display because of this non-synchronization.

L
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The stimulus raster was, however , synchr onized with the

grating input frequency by externally synchronizing the

sine-wave input from Wavetek II with the sawtooth output

from the Lavoie 265A oscilloscope . With this external

synchronization , the z-axis modulation signal from Wavetek II

was synchronized with the X input to the stimulus display .

The contrast oi the sine—wave grating display was controlled

by varying the z-axis output of Wavetek II , and the spatial

frequency of the grating was controlled by the output

frequency of Wavetek II. The spatial frequency was set to

one cycle-per-degree throughout this experiment . The

contrast was varied by changing the voltage input to the

z-axis over a range of 6 volts to 0.05 volts.

An orthogonal di”-play of the sine-wave grating was

made possible by interchanging the X and Y inputs by means

of a double-pole , double-throw switch (Fig. 7). This

presented a horizontal sine-wave grating pattern . Cowger

had shown a depressed orthogonal effect , the phenomenon

whereby contrast sensitivity for the orientation orthogonal

to the meridian on which the stimulus is viewed is

approximately one-half the sensitivity to the orientation

parallel to that meridian (Ref 4:24). Therefore , the

HP-l2O5A oscilloscope was tilted 45 degrees off the vertical

to avoid any problems in this area. This allowed display

presentations of 45 degrees left of vertical and 45 degrees

right of vertical (See Fig . 8).

15
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Fig. 8. Possible Presentations On
HP-l2O5A Oscilloscope .

A second HP-1205A oscilloscope was connected in

parallel with the first to provide the capability of

additional loading of the peripheral visual system . All

inputs were the same except the X - Y interchange was

wired through a separate switch to allow same or opposite

orientations of’ the second scope in relation to the first

scope.

The timer that controlle d the stimulus exposure time

was adjustable to four different times: 500 msec , 100 msec ,

50 msec , and 20 msec. The peripheral display scope showed

no variation in contrast or any pattern unti l the subject

depressed the button which remotely triggered the timer.
F 

When actuate d , the timer circuit allowed the z-axis input ,

17
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which contributed the sine-wave grating pattern , to appear

on the scope for the period of time se lect ed from the four

possible times. Then , the scope returne d to the no

variation in contrast , no pattern presentation .

I
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III. Testing Procedure

Five subjects were -tested in this experiment . One

subject (MK ) was highly experienced in psychophysiological

‘testing and had participated as a subject in previous

testing using similar test apparatus. The other four

subjects (KB , JK , Cli , and RS) had no previous training

but were highly motivate d as determine d in the

indoctrination sessions . The experiment was concerned

with relative changes in accuracy of perceiv ing the test

stimulus , so the experimenter was not concerned with

visual problems as long as they were correcta ble with

the use of glasses. In fact , only one subject (RS )

required corrective lenses. Two subjects (MK and JK)

were male and three subjects (KB, Cli, and RS) were female .

Three subjects (MK , KB , and JK) exhibited strong right-hand

dominance , while the other two (Cli and RS) showed strong

left-hand dominance.

Table I
Subject Data

Subject Male Female Left Right
Handed Handed

IVIK X X
KB X X
JK X X
CH X X
RS X X

I I
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Approach

Three subjects (KB , JK , and Cli) were presented

stimuli in six positions along the horizontal meridian .

One subject (P/1K) participated in the testing of these

six positi ons but also partici pate d in an extension of

the testing along the vert ical meridian and quadrants

of the visual field . Thus , P11K was tested with stimuli

in 22 positions . Subject RS was tested only at four

positions due to time constraints on subject availability .

The positi ons use d with RS were chosen to add to existin g

data at those positions . Tests one through eight were

concerned with stimuli along the horizontal meridian .

Displays 9 through 14 tested along the vertical meridian ,

while tests 15 through 22 were concerned with the quadrants

of the visual field . The positioning of the display scopes

is graphically presented in Fig. 9. Presentations were

either 10 degrees or 20 de grees from the fixation point

or combinations at 10 degrees and 20 degrees.

The peripheral displays were “one-shot ” stimuli , and ,

in the case of the two periphera l displays , both displays

were presented simultaneously . The range of latencies of

eye m ovements to peripheral stimuli is about 120 to 240 msec

with the mean latency approximately 200 msec (Ref 17:482).

Thus , the duration of the stimulus display covere d a wide

range of values (500 msec , 100 msec , 50 msec , and 20 msec).

The shorter durations were long enough to perceive the

‘ -4

a
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peripheral display but short enough to prevent inadvertently

shifting the foveal axis to the peripheral display .

Various tests have shown that the eye axis does drift

during attempts to fixate on a point source. This movement

is irregular , but the image of the fixation point always

remains inside the fovea while c onsciously at tempt ing to

fixate on a point . Thus , no eye fixing was used during

subject testing other than by voluntary fixation on a point .

Likewise , since small changes in viewing distance had l i t t le

0 5’ 1.5’ 1.5’ 2.5’

_

Fig. 10. Eye Movement During Fixation on a
Stationary Point . a) Fixation for 10
Sec ; b) Fixation for 30 Sec; c) Fixation
for 60 Sec. Scale in Minutes of Angle
(Ref 18:107).

-4
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effect on testing angles, a head restraint device was

deemed unnecess ary. Four subjects (MK , KB , JK , and Cli) —

were tested at all four display durations . RS could not

adjust to any display duration less than 100 msec.

Prior to record ing data , each subject was made fully

aware of the testing and sc oring proce dures as well as

some of the problems of psy chophysiolog ical t esting in

general . Each subject was free to comment on procedures

or feelings c’oncerning the testing . The general purpose

of the testing was explained to each subject along with

the general workings of the apparatus.

Responses

Before testing began , the subject was adapted to

the experimental li ghting conditions for approximately

ten minutes. Then , the various orientation com b inations

were presented to the subject several times without

scoring accuracy . This allowed the subject to gain a

mental picture of the stimuli prior to collecting data,

The subject was requested to give a response by

illuminat ing the face of the peripheral display oscilloscope

by means of the switching box in the control of the

experimenter. The subjec t fixated on a central point ,

pressed the stimulus button , and observed the sine-wave

grat ing in the peripheral hemifield . The grating did not

appear until the z-axis signal was allowed to reach the

23
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oscilloscope . This signal was available through the

stimulus durat ion t imer which wa~ activated when the

stimulus button was depressed.

The subject responded verbally with the orientation

of’ the peripheral display . With one peripheral display ,

one of two orientations was called out. Wit h two

peripheral displays , the orientations of each d isplay was

required to be reported correctly . Fig . 11 shows the

possible responses to the two display arrangement .

Orientations wer e pre sented randomly by use of random unit s

tables (Ref 15:628-632). The only requirement varying

fr om total randomness was that each orientation was allotte d

the number of presentations found by dividing the total

presentations to be displayed by the number of possible

orientations (e.g., in the two—scope display , if’ 100

Fig . 11. Possible Displays With Two
Peripheral Oscilloscopes.

24
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presentations were to be made , each orientation would be

presented 25 times). Responses and correctness of the

responses were recorded by the experimenter.

Positions of the scopes , stimulus durat ion , and

contrast levels did not follow any specific pattern from

- subject to subject. The total number of presentations at

a particular contrast level varied but appeared statistically

reliable throughout . This number varied from 60

presentations in some cases to 120 presentations in others .

The determ ining factor was the ability of’ the individual

subject to maintain a high degree of c oncentration.

Fatigue produced drastic changes in resalts; however , both

subject and experimenter found it relatively simple -to

determine when fat igue was setting in, and the experiment

was adjusted to account for these subject differences.

I
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IV . Results

Five subjects were tested using the experimental

conditions described in the previous chapter. Four of the

subjects (P4K , KB , JK , and Cli) were tested at all four

stimulus durations . The fifth subject was tested in

accordance with the constraint s outlined previously.

Appendices B through S are the results of -the various

subjects with percentage of’ accuracy of responses as a

function of the contrast of’ the sine-wave grating pattern .

The contrast is based on voltage input to the z-axis .

Heading each appendix is a table of the values plotted

within that appendix . Each appendix is restricted to

testing accomplished with one subject at one stimulus

duration . The peripheral scope positions are based on

those dep icted in Fig. 9.

- - 
This experiment attempted to investigate relative

I . -changes in accuracy as a function of position of the

stimulus in the peripheral visual field. Percentage scores

outlined with parentheses ind icate values determined by
- ‘ 

I interpolating from plots of experimental data.

Appendix T is a summary of the data collected from

the five subjects using the mean scores. The trends are

the same as the individual subjects and can be referred to

for demonstration of the data. Similar graphic results

- ‘ are obtainable from individual subjects.
I.’ -
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The subject data was analyzed using the ANOVA7

computer program , a FORTRAN program which computes

analysis of variance . The program handles up to seven

variables combined factorially . The combination of

fac tors involved in this experiment were analyzed on a

within-subject nanipulation .

The results were analyzed using a six-way analysis

of variance (sex , handedness , c ontrast , hemisphere ,

-

• 

stimulus duration , and stimulus position within a

hemifield). No significant variations occurred with males

versus females (F=6.3515 , p less than .2486). Similarly ,

no significance coul d be a t t r ibut ed to handedness

(F~l.lO62, p less than .4680). Stimuli presented in the

left hemifield were significantly more visible than those

presented in the right hemif’ield (F=32.0636 , p less than

.0095). .Xs expected , decreasing contrast levels as well

as decrea sing stimulus display duration wer e signifi cant

variations (F=442.9527, p less than .0000 and F l98.6328,

p less than .0000 respectively). Changing fr om posit on

1 or 2 to 3 or 4 to 5 or 6 was a significant variable

(F=2l.5892, p less than .0025); however , the difference

be tween one sco pe at 10 degrees and one sc ope at 20 degrees

(position 5 or 6) versus two scopes at 20 degrees (position

7 or 8) was not significant (F=l.l969, p less than .4724).

Significant interaction effects were reached with all

V variables except sex related , handedness related , and

27
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c ontrast variat ion versus hemif ie ld  results .  Table II

shows these significant interactions .

Table II
Interactions of Variables

Variable (*) F p

13 36.7637 .0000

14 16.8745 .0000

23 13.3054 .0069

24 3.0863 .0824

34 17.6569 .0000

123 3.3365 .0216

124 4.3207 .0017

134 11.0186 .0000

234 2.8147 .0409

1234 2.1267 .0170

* 1 Contrast Variation
2 Hemif ie ld Pr esentation
3 Display Position
4 Display Duration

With subject P4K , experiments along the vertical

meridian and quadrants were accomplished. Although

insufficient data exists to adequately perform significant

analysis, the initia l results appear to be hemifield oriented

also , with the lower hemifield superior to the upper

hemifield .

28

.5 —— ~~~
5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — 5———-- -5 -- - - —— “.5-- -— ---



-- ~~~~~~~~~~~~~~~~
- - - - - -  

~~~~~

-- -—-. 5--I

V. Conclusions

The apparatus use d in this  experiment was su f f i c i ent

to show the dom inance of’ the right cerebral hemisphere

for processing spatial information . This dominance was

demonstrated at a very significant statistical level.

The apparatus was also adequate to provide preliminary data

which shows that lower hemifield spat ial presentations are

similarly dominant. To carry this to the fullest ext ent ,

the quadrants of the visual field vary similarly . In this

cas e , the ease of’ processing spatial information from

maximum to minimum is left-lower, right-lower , left-upper ,

and right-upper. Such results have strong implications

as to where spat ial presentations should be locate d in the

visual field for maximum perception. For example , in panel

d isplays , secondary gauges or warning lights would be most

easily seen in the left hemifield . If the preliminary

data with subject 1’4K is accurate , furt her arrangement of

the panel wit h secondary gauge s in the lower left quadrant

would seem appropriate. This would allow the peripheral

visual system to be use d to the fullest capacity , while

allowing the foveal region to concentrate on primary gauges.
- 

- The quadrant breakdown warrants further investigation.

The results also showe d a decrease in accura cy when

the number of displays was increased. The significant

interaction of this effect with the hemisphere dom inance

4 - (
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effect could point to the type of processing involved in

- the cerebral cortex. Such re sults could show the right

hemisphere as an integrat or , able to put together inputs

• into a whole pattern to analyze; whereas , the left

hemisphere analyzes accord ing to individual bit information.

The decrease in accuracy due to contrast and stimulus

duration time decreases correlates with the theory of the

corpus callosum as a limited communications channel
— dependent on amount of stimulus information available .

The small number of subjects use d in th is experiment

could appear to limit the scope of’ the results. However ,

the data is extremely consist ent throughout the various

types of subjects. Likewise , data was repeatable for a

subject with as much as six wee ks delay in time , po int ing

to an accurate basic experimental paradigm . Thus , the

data base here in should be sound for further studies of

the processing of inf ormation within the human peripheral

visual system .

I;
I

. I
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VI . Rec ommendations

As state d in the Conclusions , this report shows

significant variations in the ability of the human visual

system to perceive spat ial presentations which correlate

with location of the presentation in the visual field .

Further data are required to fill in all areas of the

visual field. By completing su ch data, re commended f ields

of vision for spatial presentations could be suggested.

Also , the perception base d on location should be

stud ied in relation to design conce pts of such items as

cockpit display units , where peripheral perception could

be used to maximize human performance.

Increasing the data in all areas of the periphery

could also provide more insight into the overall type

of inf ormation processing inherent to ea ch of the

cerebral hemisphere s , leading to a better model of pattern

recognition.

31
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Appendix A

Z-Axis Stimulus Timing

Sakai (Ref 14:58-59) used the following equation

as a relationship of the output duration of the SN74L121,

a one-shot monostable multiv ibrator , to the values of the

external capacitor and resistor in the stimulus timer.

Th is enabled him to determine the values of external

resist or and capacitors required to yield specific

st imulus durations (t
W (OUt)

) f3r the design of’ the stimulus

tim ing mechanism .

tW(out) = CT RT loge 2 (2)

The block d iagram of the stimulus switch and stimulus

duration timer is found in Fig . 12.
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Appendix B

Ac curacy Values (%): P11K , ~QQ 
MSEC

Table III
Accuracy : P11K , 500 msec

C ontrast Peripheral Sco pe Position
(Volts) 1 2 3 4 5

6.00 100.0 100.0 100.0 100.0 94.2
3.00 100.0 100.0 100.0 100.0 (96.2)
1.00 100.0 100.0 100.0 100.0 99.2
0.50 100.0 100.0 (99.3) (98.0) (99.0)
0.25 100.0 100.0 98.7 95.0 98.4
0.15 100.0 100.0 (97 .3)  (89.5) (95.1)
0.10 lOO.0 100.0 96.2 85.0 92.5
0.05 100.0 100.0 51.2 40.0 64.2

6 7 8

6,00 98.3 100.0 100.0
3.00 99.2 (100.0) 100.0
1.00 96.7 100.0 95.0
0.50 (98.0) 100.0 95.0
0.25 99.2 100.0 100.0
0.15 (97.8) (96.7) (89.8)
0.10 96.7 92.5 81.7
0.05 85.8 77.5 75.0
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Appendix C

Accuracy Valu es (%): P4K , 100 MSEC

Table IV
Accuracy : P4K , 100 msec

Contrast Peripheral Scope Position
(Volts)  1 2 3 4 5

6.00 100.0 100.0 100.0 100.0 84.2
3.00 100.0 100.0 100.0 100.0 (85.1)
1.00 100,0 100.0 100.0 100.0 86.7
0.50 100.0 100.0 (100,0) 100.0 84.2
0.25 100.0 100.0 100.0 100.0 90.0
0.15 100.0 100.0 (81.0) (83.1) (74.5)
0.10 100.0 100.0 66.2 70.0 52.5
0.05 95.0 97.5 47.5 50.0 (25.0)

6 7 8 9 10

6.00 95.0 97.5 95.0 100,0 100.0
3.00 (96.2) (97.5) (93.0) (100 .0) (100.0 )

1.00 98.3 97.5 90.0 100.0 100.0
0.50 95.0 94.1 97.5 (100.0) (100.0)
0,25 96.9 92.5 95,8 100.0 100.0
0.15 (94.2) (81.2) (87.4) (91.2) (99.0)
0.10 95,0 72.5 80.8 84.0 98.0
0.05 78.3 (57.5) (69.5) 62.0 100.0

11 12 13 14 15

6.00 96.0 100.0 81.7 96.7 100.0
3.00 (96,8) (100.0) (81.7) (96.7) (100.0)
1.00 98,0 100.0 81.7 ~i6.7 100.0
0.50 (93.9) (99.0) (72.5) (97.5) (100.0)
0.25 90.0 98,0 63.3 98.3 100.0
0.15 (71.5) (90 .0) (56.5) (80.5) (100.0)
0.10 56.0 84.0 (51.2) 66.7 100.0
0.05 (50.0) 50.0 (42.0) (43.0) 100.0
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Table IV (Cont)

16 17 18 19 20

6.00 100.0 100.0 100.0 100.0 100.0
3,00 (100.0) (99.2) (100.0) (100.0) (100.0)
1.00 100.0 98.0 100.0 100.0 100.0
0.50 (100.0) (98.0) (100.0) (99.0) (100.0)
0.25 100.0 98.0 100.0 98.0 100.0
0.15 (100.0) (76.5) (82.0) (98.0) (100.0)
0.10 100.0 60.0 68.0 98.0 100.0
0.05 96.0 50.0 50.0 90.0 82.0

21 22

6.00 100.0 100.0
3.00 (100.0) (100.0)
1.00 100.0 100,0
0.50 (100.0) (98.0)
0.25 100.0 96.0
0.15 (94.5) (89.5)
0,10 90.0 84.0
0.05 58.0 64.0
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Appendix D

Accuracy Values (% ) : P4K , 5Q MSEC

Table V
Accuracy : P4K , 50 msec

C ontrast Peripheral Scope Posit ion
(Volts) 1 2 3 4 5

6.00 100.0 100.0 100.0 100.0 90.0
3.00 100.0 100.0 100.0 100.0 90.0
1.00 100,0 100.0 100.0 100.0 87.5
0.50 100.0 100,0 ( 9 3. 0 )  9 5. 0  84.2
0.25 100.0 100.0 86.2 (87.5) 71.6
0,15 (98.5) (100.0) (67.5) (81.8) ( 63 .5)
0.10 97.5 100.0 52.5 77.5 58 .5
0.05 71.2 87.5 (50.0) 50.0 (45.4)

6 7 8

6.00 91.7 92.5 93 .3 •
3.00 95.8 (9 3 .2 )  (92.0)
1.00 94.2 95.0 90.0
0.50 96.7 92.5 93 .3
0.25 90.0 90.0 95.0
0,15 81,7 6o .o 71.0
0.10 74.2 (36 .0) 51.7
0.05 (69.0) (25.0) (25.0)
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Appendix E

Accuracy Values (%) : P4K , 2O P4SEC

Table VI
Accuracy : P4K , 20 msec

Contrast Peripheral Scope Position
(Volts)  1 2 3 4 5

6.00 100.0 100.0 100.0 97.5 ~35.0
3.00 100.0 100.0 (98.0) 92.5 80.8
1.00 100.0 100.0 95.0 90.0 77.5
0.50 100.0 100.0 71.2 60,0 67.5
0.25 97.5 97.5 55.0 50.0 52.5
0.15 (71.0) (72.5) (52.2) (50.0) (41.0)
0.10 50.0 52. 5 (50.0) (50.0) (32.1)
0.05 (50.0) (50.0) (50.0) (50.0) (25.0)

6 7 8

6.00 94.2 95.0 95.0
3.00 96.7 (93.0) (94.2)
1.00 95.0 90.0 93. 3
0.50 93.3 85.0 80.0
0.25 85.8 (25.0) 41.7
0.15 (63.7) (25.0) (25.0)
0.10 (46.0) (25.0) (25.0)
0.05 (25.0) (25 .0) (25.0)
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Appendix F

Accuracy Values ( %) : KB , 5Q~~ MSE C

Table VI I
Accuracy : KB , 500 msec

Contrast Peri pheral Scope Position
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 100.0 100.0 (100.0)
1.00 100.0 100.0 100.0
0.50 100.0 100.0 (100.0)
0.25 100.0 100.0 100.0
0.15 100.0 100.0 (84.8)
0.10 100.0 100.0 72.5
0.05 97.5 100.0 37.5

4 5 6

6.00 100.0 98,7 93.8
3.00 100.0 (99.2) 93.4
1.00 100.0 100.0 99.2
0.50 (99.2) (99.2) 95.8
0.25 (98.5) 98.7 96.7
0.15 (98.0) (87.7) 9 8.3
0.10 97.5 78.7 96.7
0.05 52.5 53.7 77.5

: 1
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Appendix G

A ccuracy Values (% ) : KB , 100 MSEC

Table VIII
A ccuracy : KB , 100 msec

Contrast Peripheral Sc ope Position
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100 .0) (100.0) (100.0)
1.00 100.0 100.0 100.0
0.50 (100.0) (100.0) 100.0
0.25 100.0 100.0 92.5
0.15 ( i o o . o )  ( 100.0) ( 74 .0 )
0.10 100.0 100.0 60.0
0.05 95.0 100.0 (50.0)

4 5 6

6.00 100.0 80.0 95.8
3.00 (100.0) (85.2) 95.8
1.00 100.0 93.7 96.7 

-
‘

0.50 (100.0) 87.5 93.3
0.25 100.0 77.5 92.5
0.15 (98.5) (65.0) ( 9 3 . 8 )
0.10 (97.5) 51.2 93 . 3
0.05 75.0 (25.0) 70.0
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Appendix H

Accuracy Values (%) : KB , 5Q MSEC

Table IX
Accuracy : KB , 50 msec

Contrast Peripheral Scope Position
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100.0) (100.0) (99.0)
1.00 100.0 100.0 97.5
0.50 (100.0) (100.0) 95.0
0.25 100.0 100.0 8.5.0
0.15 (97.2) (98.5) (67.0)
0.10 95.0 97.5 52.5
0.05 77.5 95.0 (50.0)

4 5 6

6.00 100.0 87.5 97.5
3.00 (100.0) (86.0) 96.7
1.00 100.0 88.7 95.0
0.50 100.0 80.0 95.0
0.25 (88.0) 61.2 90.0
0.15 (79.2) (57.8) 83.3
0.10 72.5 55.0 72.5
0.05 50.0 (50.2) (54.0)
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Appendix I

A ccuracy Values (%) : KB , 20 MSEC

Table X
Accuracy : KB , 20 msec

Contrast Peripheral Scope Position
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100.0) (100.0) (93.0)

-: 1.00 100.0 100.0 82.5
0.50 100.0 100.0 70.0
0.25 97.5 97.5 55.0
0.15 (71.8) (72 .0) (50.0)
0.10 50.0 52.5 (50.0)
0.05 (50.0) (50.0) (50.0)

-

- - 

4 5 6

6.00 100.0 80.0 96.7
3.00 (99,0) 61.2 98.3
1.00 97.5 63.7 95.8
0.50 100.0 57.5 90.8
0.25 67.5 48.7 76.7
0.15 (50 .0) (42.0) (62.0)
0.10 C50.°) (36.8) (51.6)
0.05 (50.0) (27.8) (3 1 .5 )
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Appendix J

Accur acy Valu es ( % ) :  JX , 
~~~ MSEC

Table XI
A ccuracy : JK , 500 msec

Contrast Peripheral Scope Posi t ion
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100.0) Cloo .o) (100.0)

-
‘ 1.00 100.0 100.0 100.0

0.50 (100 .0) (100.0) (97.5)
0.25 100.0 100.0 95.0
0.15 (100 .0) (98.5) (88.0)
0.10 100.0 97.5 82.5
0.05 92.5 97 .5 70.0

4 5 6

6 .oo 100 .0 87.5 88.8
3.00 (100.0) (85 .6)  (90.5)
1.00 100.0 82.5 93.8
0.50 (100.0) ( 7 5 . 5)  (91.2)
0.25 100.0 68.8 (89.1)
0.15 (95.8) (59.8) 87.5
0.10 92.5 52.5 75.0
0.05 75.0 41.2 52.5
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Appen d ix K

A ccuracy Values (%) : JK , 100 MSEC

Table XII
• A ccura cy : JK , 100 msec

Contrast Peripheral Scope Position
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100.0) (98.3) (100.0)
1.00 100.0 97.5 100.0
0.50 (100.0) ( 9 7 . 5)  (100.0)
0.25 100.0 97.5 100.0
0.15 (100.0) ( 9 7 . 5)  (8 4 . 5)
0.10 100.0 97.5 72.5
0.05 90.0 92.5 70.0

4 5 6

6.00 100.0 57.5 88.8
3.00 (100.0) (57.1) (89.2)
1.00 100.0 56.3 90.0
0.50 (100.0) (52.0) (88.8)
0.25 100.0 47.5 87.5
0.15 (92.8) (53.0) (82.0)
0.10 85.0 42.5 71.2
0.05 47.5 (25.0) 47.5

• 
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Appendix L

Accuracy Values ( % ) : JK , 5Q MSEC

Table XIII
Accuracy : JK , 50 msec

Contrast Peripheral Scope Position
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100.0) (100.0) (99.0)
1.00 100.0 100.0 97.5
0.50 (100.0) (100.0) (83.8)
0.25 100.0 100.0 70.0
0.15 (100 .0) (100.0) (67.2)
0.10 100.0 100.0 65.0
0.05 75.0 70.0 52.5

4 5 6
6.00 100.0 50.0 90.0
3.00 (ioo .o) 5 6 .3  (88.0)
1.00 100.0 47.5 85. 0
0.50 (98.8) 55.0 (85.0)
0.25 97.5 52.5 85.0
0.15 ( 9 3 . 2)  (45.0) 71.2
0.10 90.0 38.8 61.2
0.05 55.0 (28.1) (44.0)
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Appendix M

Accuracy Values ( %) :  JK , 20 MSE C

Table XIV
A ccuracy : JK , 20 msec

Contrast Peripheral Scope Position
(Volts) 1 2 3
6.00 100.0 100.0 100.0
3.00 (100.0) (100.0) (97.0)
1.00 (100.0) 100.0 92. 5
0.50 100.0 (100.0) (76.2)
0.25 95.0 100.0 60.0
0.15 (78.1) (80.5) 45.0
0.10 65.0 65.0 6 7.5
0.05 (50 .0) (50.0) (50.0)

4 5 6

6.00 100.0 66.2 90.0
3.00 (99.0) 51.2 (88.0)
1.00 97.5 52. 5  85.0
0.50 (93.8) 45.0 68.8
0.25 90.0 47.5 56.2
0.15 52.5 36.2 (48.0)
0.10 4 7.5 (27.0) (41.2)
0.05 ( 4 7. 5)  (25.0) (29.8)
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Append ix N

Accuracy Values ( %) :  CH , 5Q~Q, MSEC

Table XV
Accuracy : CH , 500 msec

Contrast Peripheral Scope Position
(Vol ts )  1 2 3
6.00 100.0 100.0 100.0
3.00 (100 .0) (100.0) (100.0)
1.00 100.0 100.0 100.0
0.50 100.0 (100.0) 100.0
0.25 100.0 100.0 90.0
0.15 (100.0) (100.0) (84.2)
0.10 100.0 100.0 80.0
0.05 100.0 100.0 52.5

4 5 6

6.00 100.0 93.8 98.8
3.00 (100.0) (91.6) (98.2)
1.00 100.0 87.5 97.5
0.50 (100.0) ( 8 8 . 5)  (98.2)
0.25 100 .0 90.0 98.8
0.15 (100.0) (90.0) (99.4)
0.10 100.0 90.0 100.0
0.05 50.0 68.8 75.0
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Appendix 0

Accuracy Values ( %) :  CH , 100 MSEC

Table XVI
Accuracy : CH , 100 msec

C ontrast Peripheral Scope Position
(Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100 .0) (100.0) (100.0)
1.00 100.0 100.0 100.0
0.50 100.0 (100.0) 97.5
0.25 (100 .0) 100.0 92. 5
0.15 (100.0) (100.0) (79.0)
0.10 100.0 100.0 50.0
0.05 97.5 92 . 5  (50.0)

4 5 6

6.00 100.0 85.0 92.5
3.00 (100 .0) ( 8 5 . 0 )  (92.0)
1.00 100.0 85.0 91.2
0.50 100.0 85.0 (91.8)
0.25 100.0 83.8 92.5
0.15 (87.5) (70.0) 92.5
0.10 77.5 65.0 88.8
0.05 6 7.5 (42.8) 57. 5
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Appendix P

Accuracy Values ( %) :  CH , 5Q MSEC

Table XVII
Accuracy : CH , 50 msec

Contrast Peripheral Scope Position
(Volts)  1 2 3

6.00 (100.0) 100.0 100.0
3.00 (100.0) (100.0) (99.0)
1.00 100.0 100.0 97 .5
0.50 (100.0) (100.0) 87.5
0.25 100.0 100.0 85.0
0.15 (100.0) (97.2) (66.8)
0.10 100.0 95.0 52.5
0.05 75.0 75.0 (50.0)

4 5 6

6.00 100.0 85.0 90.0
3.00 (100.0) (83.0) ( 8 9 . 5 )
1.00 100.0 81.2 88.8
0.50 97.5 85.0 93.8
0.25 100.0 86.2 96.2
0.15 (90.0) ( 69 . 7 )  78.8
0.10 82.5 56.2 60.0
0.05 (47.5) ( 3 3 . 5)  (28.0)
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Appendix Q

Accuracy Values ( %) :  CH , 20 MSEC

Table XVIII
Accuracy : CH , 20 rnsec

is
Contrast Peripheral Scope Position

• (Volts) 1 2 3

6.00 100.0 100.0 100.0
3.00 (100.0) (100.0) 100.0
1.00 100.0 100.0 82.5
0.50 (100.0) 97.5 57.5
0.25 100.0 9 2 . 5  50.0
0.15 (7 6 .3 )  (73.0) (50.0)

- • 
- 0.10 57.5 57.5 (50.0)

0.05 (50.0) (50.0) (50.0)

4 5 6

6.00 100.0 81.3 88.8
3.00 (99.0) 73.5 90.0
1.00 97.5 81.3 83.8
0.50 95.0 66.3 92.5
0.25 75.0 50.0 62.5
0.15 (62.3) (37.8) 57.0
0.10 52 . 5  (28.0) (52.8)
0.05 (50.0) (25.0) ( 4 5 . 5)
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Positions 3 (—) and 4 (- -).
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Fig. 71. Plot of Accuracy : CH , 20 msec,
Positions 5 ( )  and 6 (- -).
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Append ix R

Accuracy Values ( %) :  RS , 5QQ MSE C

Table XIX
Accuracy : RS , 500 msec

Contrast Peripheral Scope Position
(Volts) 5 6

6.00
3.00
1.00 83.3 80.0

• 0.50 90.0 83.3
0.25 70.0 91.7
0.15 (68.0) ( 8 5 . 0)  —

0.10 66.7 80.0
0.05

7 8

6.00 ---
3.00 83. 3  83.3
1.00 93.3 100.0
0.50 95.0 100.0
0.25 93.3 95.0
0.15 (82.3) (91.2)
0.10 73.3 88.3
0.05 ---

112

~1. ~~~~~~~~~~~ IT ~~.r  i i-  ~~~~~~ ~~~~~~~~~~ —-5—— --— ••-- - -5—



--5-—— - - - - 5 ---_- - -_— — —
~~~~~~~~~

---- - ---—--- ---- -- 5--- - —5----——- —5- -

6.00

3.00

1/)
1.00 •

0 I ’ \
S.-.. -— ‘
4.) - -

~ 0.50
43

0
C) - - 

0.25 i - -

/
/

: ~~~:

0.05

40 60 80 100

Accura cy ( %)

• I 
Fig. 72. Plot of Accuracy: RS , 500 msec ,

Positions 5 (—) and 6 (- -).
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Fig. 73. Plot of Accuracy : RS , 500 meec ,
Positions 7 (—) and 8 (- -) .
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Appendix S

Accuracy Values ( %) :  RS, 100 MSE C

Table XX
Accuracy : RS , 100 msec

Contrast Peri pheral Scope Position
(Volts) 5 6

6.00 ---
3.00 - - —  - - -

1.00 66.7 80.0
0.50 71.7 83.3
0.25 50.0 91.7
0.15 (49.0) (84.2)
0.10 48.3 80.0
0.05 ---

• 7 8

6.00 ---
3.00
1.00 93.3 100.0
0.50 95.0 100.0
0.25 93.3 95.0
0.15 (82.0) (91.3)
0.10 73.3 88.3
0.05 ---
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Fig. 74. Plot of Accuracy : RS , 100 msec,
Positions 5 (—) and 6 (- -).
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Appen d ix T

Summary of Test Data
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Fig . 76. Accuracy vs Hemifield.
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