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' ABSTRACT

Research was éonducted to investigate‘the extent
to thch man, as a system operator in a complex environment,
| is able to utilize his peripheral vision to obtain infor-
mation for performing a central tasﬁ Background information
and past research applicable to this practlcally unexplored
- dynamic aspect of peripheral vision is presented. An
 @xp©r1menta1 apparatus which slmulﬁanepusly presented and
.@@mtrwllad stimuli on thé display was deveiopeds using a
tape recorder to provide for uniformity of presentation,
Data generated in this experiment was sutomatically recorded
in digitalized, computerwcompatible format. Description of
the experimental problem, which éonsisted of two subtasks,
is présent@do Computer-aided aﬁalySis of the data obtainsd
from four subjects failed to support significantly the
hyp@ﬁhesized existence of a non- linear 1nverse functional
r@ﬁationghip b@tween p@rfarmance on the experlmental tasks
and th@ size of the peripheral &ngle-subtendxng the peri-
" ph@ral lnformationa Possible reasons for this result are
discussed. Slgnlflcant differences were noted between sub- X
Jects, and due to'learnlngo Experimental parameters
requiring closer control or attentxon in future 1nvest1=
gations are identified.

viii



- CHAPTER 1
INTRODUCTION

In the great majority of manwmachine systems in use
today, the operator of the system is peculiarly dependent
upon his sense of vision. Although he often receives inputs
through other sensory channels su¢h as the auditory and
tactual senses, vision is usually the major source of the
inf@rmati@n an operator must have in order to exercise

effective control of a system.

Dual Fuhction of the Visual Sense

Vision is superior to the other sense channels in
two ways, and'for putboses of this thesié the distinction
between the two ways is importantq rVision onAthe one hand
provides a human operator with very precise detail about
stimuli in a system display or about objects in the environ-
ment surrounding the system. To @btainlthis precision of
detail the operator moves his eYes, or his head and eyes, to
bring the image of a‘viewed object ont6 the foveal area of
his.retinao The foveal area of the retina of the eye is
the area in which maximum visual acuity\or diécrimination
is achieved (Davsoh 1962) . In more common 1anguage then, it

‘is said that the operator 'turns his eyes upon'" an object

1



or simply he "looks at" an object. In terms used extensively
-throughout this thesis, the operator uses his ''central
vision" to obtain the precision of detail he may require,

On the other hand, vision excells as an information
- medium by providing a very broad observational coverage of
the environment about a system. The extent of this coverage
vafies for different species of organisms and for man the
coverage is limited to approﬁimately 180°, In man this
coverage furthermore does not yield the precise detail
visual information that Lis central vision affords. Because
of this'loss of preciée detail and because of other charac-

teristics of the extended visual coverage of the environment,

such vision is given the name of peripheral vision,

Major Usefulness of Peripheral Vision

Peripheral vision is considered somewhat as down-
graded vision and haé been rather neglected in research and
in discussion of its practical usefulness. The point of
view upon which this thaSis'is based is that peripheral
visiém is not & downgraded vision, although it is QUite
different from central vision. Nor is it a useless evo-
lutionary remnant from earlier stages_of human development.
Rather, the point ofVView is that peripheral vision has a
special and important function in the}action of man, and
hence has an important role'in the tasks of a‘system operator
as he discharges his control fﬁnction in a,éysﬁem, siﬁble

or complex.
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Tﬂe first function of peripheral vision is that of
an alerting device to inform the system operator of events
in the environment which should be given the detailed
scrutinyyof-central vision. In modern terminology peripheral
‘vision carries out the function of "target acquisition” for
the operator. It alerts him to the fact that some area in
the ﬁ@tél visual fiéld shﬁuld be closely scrutinized, and
"furthermore indicates the exact direction in which that
area lies,

The second function of peripheral vision'is to assist
in the maintenance of a stable orientation of the external
enviwohmenta While the eyes are turhing, and central visién
is examining portions of that external environment in detail,
'peripheral vision,. in conjﬁnction with information from the
proprioceptive and kinesthetic senses about the positions
and attitudes of the head and eyes, forms a stable orien-
tatioﬁ picture of the overall external environment
{(McCormick 1964).

Peripheral vision also provides the system operator
"with important information or cues which prompt the |
execution of operating action on his part. ?or one reason
or another it may not be possible, nor may it be practical,
for the operator to turn his eyes to some portion of the
environment for information, or the needed iﬁfcrmati@n may'
not be obtainable from one selected area, but may come from

the total scene which lies before the operatére Under such



.
conditions the essential informafion from which control of
the system ultimately proceeds must be obtained by means of
peripheral visibna ~This third function of peripheral vision
is most critical in a continuously operating situation
requifing control of a complex system in a complex environ-
ment, Activities such as driving an automobile or piloting
an aircraft are exampies of situations where the operation
is continuous and may be so exacéing that central vision is
required to be maintained upon a relatively small area of
the visual field immediately'to thg front of the opéxatore
In such complex situations the demands for inf@rmatioﬁ about
other éreas in the visuai field must be filled by means of
peripheral vision, This particulér functioﬁ of peripheral
vision then is the ohe studied in this thesis in an effort
to ietermine how well man can utilize this visual capability

in a complex system,

Visual Experience

In order to specify more exactly the area of
intérest in this thesis, it is first necessary to develop
Iin greater detail fhe concepts of cehtrai and peripheral
vision. As briefly mentioned above, the psych@physiological
ph@nomen@h of sight provides man with two disparate kinds
of visual experience, namely, central vision and peripheral
vision, The'distincti@n between the two is not easily made

since it is based upon several physical'charactefistics and



visual capabilities which gradually change with retinal
location from center to extreme periphery. Hence, although
thefe is clearly a difference between central and peripheral
visioﬁ, there is considerable difficulty invspgcifying an
l@xact loéus or natural‘line where one ceases and the other
begins. |

The most practical way to differentiate between
central and peripheral vision is to describe each type in
.terms of its diffe%ent properties and then to arbitrarily
di#i&e thé visual field, or thevretina; into two or more
regions, each having a range of pfaperties suitable for
investigatioﬁ or description. Central vision is traditionailly
defined as that vision obtained from the receptor cells of
the fovea which is located in the area of the retina known '
as the macula lutea. Situated approximately im the center
of the retina, the fovea contains only the cone ﬁype of
receptor cell. Peripheral vision, on the other hahd, is
that vision obtained £rom receptor cells situated in the non-
foveal retina. Both types of receptor cells are present in
this area, with the rods predominating and the cones becoming
less numerous toward the periphery of the retina (Graham,
Bartlett, Brown, Hsia, Mueller and Riggs 1965).

Rod and cone receptor cells in the retina of the

human eye differ functionally from each othex. Cones
specialize in providing detail vision and the perception of

color and since the fovea consists entirely of densely
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packed cones, it is in this area of the retina that maximum
visual acuity is achieved. On the other Hand, rods, the
primary contributors to peripheral vision, are exclusively
light-dark sensors affording colorless vision to the
observer,'and providing him with éreaﬁer sensitivity to
minimal stimuli, but less visual acuitya ‘To gain an under-
sﬁanding of the reason for this functional difference among
retinal receptors, one need only consider the manner in
which they are connected to the central nervous system.
While there is a one-to-one relationship between foveal
coﬁes and neural paths to the central nervous System, pexri- =
pherai receptor celils normaiiy are grouped so that a single
neural connection services a more extended receptive area
in the peripheral retina. The fofmer_neural arrangement is
conducive to pinpoint discrimination in the central nervous
system whereas the laﬁter configuration precludes such
«discriminatﬁ@n because of the sharing 0f th¢ same n@ural
path by‘many peripheral receptors (Graﬁam, eﬁ al. 1965)0
Hence, a clear anatomicai basis for the different propefties
and chdracteristiCs of cent?ai and peripheral vision is
seen to exist.

Assuming that an 6bserVQr.is engaged in some'activityb
requiring the use of his sense of sight, his normal
functioning combines both central and peripheral vision into
a smoothly integrated, visual experience, Theh, depending

on the nature of one's research interest in the visual



perceptioﬁs ihvolved, those perceptions as a préctical
expedienc; may be classified as Lstatic" or "dynamic". To
distinguish between these two aspects of vision,; static
vision can be denoted as the perceptual state achieved by

presenting instantaneous or static stimuli to the observer

or by maintainingvstimuli‘in a stable position on his retina.

Dynamic vision; on the other hand, refers to the visual
perceptions which the observer experiences when he is

presented with moving or changing stimuli.

Dynamic Peripheral Vision in the Man-Machine Environment

This thésis isicancerned with dynamic peripheral
vision in the systems environment, i.e., with a system
operator’s use of moving stimuli in his peripherai visual
field to_assist himself in the performance of a task which
requires steady central visual fixation. Such movement may
occur when thezoperatéf alone is moving, or when he is

stationary and objects in his visual field are in motion,
‘or when both the operator and objects in his visual field

are simultaneously moving. Dynamic pefipheral vision enabies
the operator to sense movements and changes occurring in

his surroundings; having sensed them, he may then turn his
eyes and thus his central vision toward them for further
‘detailed investigation és necessary. If, however,'his
central task is such as to preclude this shifting of his
central vision, or if the moving objects in his peripheral

visual field are too envoloping for detailed inspection,



then the operator must employ his peripheral vision to
obtain a comprehensive view of his total visual field. The
failure to use information obtainable only by means of
peripheral vision may not be a failure in vision itself,
but may simply be due to an operator's failure to integrate
such information with his c¢entral task. While these
possibilities éie acknowledged, no attempt is made in this
thesis to investigat@'whether vafiability in'&ynamic
pefiphefal visi@n”is due to variability 6f visual power or
’is a function of some central integrative activitya'

| ﬁxampleS‘nf the use of what has been introduced
above as'dynamic peripheral vision are plentiful_énd easily
experienced.  Perhaps the most common example of the role
of dYnaﬁit peripheral vision is the pért it plays in the
everyday occurrence of driving an automobile. The re-
sponsible, mentally alert driver relies upon his dynamic
peripheral visual input to provide aiding information which
he uses in safely operating his vehiclesA The traffic
signals and road signs, the other vehicle convergigg on an
‘upcoming intersection from another direction, the continually
changing flow patterns, locations and directions of other
vehicles -- all are p@ripheral cues which prompt, and some-
times indeed dictate, precautionary or evasive action to be
taken by the driver. Piloting of military aircraft such as
helicopters and high performance jet aircfaft in support

of combat operations is another example of a situation
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wherein thé ﬁse of dynamic peripheral vision is indispensable"
to efficient performance,

To lend some substance to the claim concerﬁing_manﬁs
,@fteﬁtimeS'unWitting reliance upon peripherai vision, it is
interesting to comsider heré the extensiveness of peripheral
vision in:the.visuai field as compared to central vision.

To effect this comparison, it is hypothesized thét 8 hemi-
sphere of 180° constitutes the total human visual field,
It'is also assumed that the observer's eye is located at
the‘exact'centervof this h@misphere and that a perfect‘cone
of'viSion with itﬁrapex at the eye is 6btainab1evf6r any
'éolid'visual angle up to 180@, Table 1 then gives the
relétioﬁ between selectéd visual angles and the areal per-
centages of the hypothesized total hemiépheric visual field
which those solid angles subtend., In reading this tabie,
one should bear in mind that the maéula'iutea, the ares
wherein centrél vision is generally taken to”lie, accounts
for a visual angle of @nly 6° to 10° (Graham et al. 1965).
Pfom Table 1 it can be seen that the visual field subtended
" by a visual angle of 10° constitutes less than 1% of the
total visual field; In general, it can be concluded from
iTaBl@ 1 that central vision accounts for only a small per-
centage of the observer's visual field and that the utiliz-
ation of peripheral visiom is therefore of con51derab1e

imp@rtance, especi&ily in a compiex environment.



Table 1. Visual Pield Areas Subtended by Various
Solid Visual Angles, in Terms-of Percent
of a 180° Hemispheric Visual Field.

Solid Visual Angle k Percent of Total

In Degrees Hemispheric Visual Field

5 .09

10 .33

20 1.52

30 _ 3.48

45 7.60

60 13,38

90 29,27
120 49 .96

180 100.00
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Human Factors iﬁ Systems Engineering

The approach of this thegié is that dynamic peri-
phefal vision is an important human factor which must be
considered in engineering complex systems intended to be
controiled by a human operator. Information concerning this
dynamic aspect of man's wvisual activity is deemed ﬁaluable
to the systems engineér in analyzing existing man-machine
systems and in'designing new ones. The point of view taken
here is that complex systems involving, for example,
vehicular control, multiple target tracking or extensive
visual displays can be more effecti#ely,engineered through’
considefation of this visual phenoﬁencne

This thesis then is a report of experimental work
done to develop a means of teéting the'Utilization of
dynamic peripheral vision by individuals performing a fairly
cbmp@éx task. Hopefully the information obtained in this
research will begin to fill the vbid which presently exists

concerning this phenomenon.

Thesis Outline

. . . {
Chapter 2 of this thesis contains a review of

the more imﬁ@?tant,visual characteristics of peripheral
vision, It also summarizes the pertinent poiﬁts of selected
previous experimental efforts which are considered to con-
tribute useful background information or to possess special

relevance to the topic investigated here,
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Chapter 3 outlines the experimental task used in
this research and any assumpiions made concerning it.

Chapter 4 then provides a description of the develop-
ment and physical arrangement of the implementing apparatus
and the procedures used in this pilot study of dynamic
ﬁeripheral vision.,

" The final chapter of thié'thesis, Chapter 5, is
devoted to the discussion of findings and results obtained
from the pilot experiment and to recommendations for further

research in this field.

k¢



CHAPTER 2-
HISTORY AND LITERATURE

Prior to conducting the research reported in the
f@llowing chapﬁers of this thesis, a search @f\avéilable
reference material was made, The objectives of this survey
of ﬁhe literature were twofold: first, to determine what
research has been done specifically in dynamic periphgral
~vision, ahd second, to develop pertinent background infor-
mation against which man'’s peripheral visual'performance oY
capabilities under moving visual.field conditibns can be
effectively studied;

The literature search was not specifically intended
to gather a comprehensive resume of all obtainable inférm
mation canéerning.the physiological and psyéhological aspéct§
of peripheral visibn@ .Such an undertaking was not felt to
be within the purview of this investigationc' Sti1l, it was
considered appropriate that a review be given of the more
important visual properties and limitations which are
characteristics of pexipheralyvisione A presentation of
these selected basic facts is therefore given invﬁhis |
chapter prior to the discusSion of the stated objettives of

the literature search.

13
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Characteristics of Peripheral Vision

In the literature, material concefning the visual
properties of peripheral vision is most frequently presented
in terms of one or more of the following afeés of interesi:
visuml'acuity, sensitivity to light, perception df movement,
and sensitivity to color stimuli. ' |

Visual acuity, the ability to’discriminaté the fine
details of observed objects, is known to be a function of
many factors. Prominent amohg them is the variation in
visual acuity due to retinal location of the optical image
formed by the object (Graham, et al. 1965). As previously
explained in Chapter 1, the relationship between retinal
receptor cell and neural connection varies from one-to-one
in the fovea to a far greater ratio in the periphery., Re-
calling that the degree of visual discrimination increases
as the ratio of receptor cells to optic nerve fibers
approaches unity, it is characteristically the case that,
under normal intensities of illumination, visual acuity at
the fovea is far greater than peripheral visual acuity.
Figure 1 shows this relationship between foveal and peri-
pheral visuallacuity as a function of degrees of eccen-
tricity of image location fromAthe‘favéao

For low levels of illumination, Figure 1 is not
representative of man's visual capacities; Under such
@onditioﬁsg the retina of the eye autoﬁatically'adjusts it-

self to these low levels by a process known as dark
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adaptation. In undergoing this adaptive process, however,
different characteristics of vision result with respecﬁ to
the foveal and peripheral retina. On the one hand, the
peripheral retina is known to have a high proportional
density of light-sensitive rod récept@r cells and hence has
the capabiiity of responding to lower levels of illumination
than the foveal retina. Thns; in dark adaptation, the rods
of the pevipheral retina provide vision which is highly
Isensitive to light but unresp@hsive to color and very low in
visual acuity. On the other hand, the foveal retina {is
_known to be completely fre@_of rods and thus to have a
highér-lighﬁ threshold than the peripheral retiﬁa (Graham,
et al., 1965), In dark adaptation, the fovea also demon-
strates an increase in sensitivity but quantitatively the
chaﬁge>is less than a small fraéti@n of the ﬁuch greater
. change which @ccurslparipherallyo Thﬁs, while some increaée'
in foveai sénsitivity»to light is obtéined in darkaadapted
:visi@np color wision and maximal visual acuity are lost due
to the failure of the low lévels_@f illumination to sa%iss
factorily stimulate the foveal recepéorso. Cone recéptbrs
adapt immediately to a reduction in illumination intemsity;
the rods adapt to some degree within & matter of seconds 6f
the onset of low level illumination but full dark adaptation
of these receptors is.not usually obtained for a period of

10 to 30 minutes (Graham, et al. 1965).
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The perception of movement,'like»visual acuity,

varies with such factofs as degree of illumination, back-
‘,grpuhd contrast and size of the observed object. When these
lfact@rs are held constant, howevef, the angular motion of
the moving object and, again, the retinal location of the
moving image play the major determining role in the per-
ception of movement (Davson 1962). The visual power of
detectﬁng movement is greatesf at the fovea and diminishes
toward the periphery of the retina, the curve resembling in
its general form that for visual acuity {(Figure 1). In the
periphérai»fields the angular velocity threshold of a moving
object muSt.bé increased for movement to be appreciated;
the increase réquired is small over a fairly wide range of
eccentricity until, in the far:peripheryy it becomes quite
pronounced (DukewElder 1944) ., Figure 2 shows this relation
between angular velocity threshold for detection of movement
and eccentrié retinal location., It should be noted that,
although there is a decrease in sensitivity to movement from
the fﬁveé to the periphery, thg capacity for the detection
of movement remains relatively high out to a ﬁeripheral
angle @f.approximately 70°, This sensitivity to movement
across such a considerable width of visual angle is a prime
contributing factor to man's ability to ﬁtilize dynamic peri-
pheral vision to his advantage.

~ As is the case for the other areas of interest re-

viewed in this section, sensitivity to color vision in the
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19
periphery varies with retinal position and state of adap-
tation (Graham, et élo 1965). In the light-adapted eye
under moderate and equal subjectiwve intensities of light
stimulation, four general regions are prevalent with respect
to peripheral color fields. From.approximately 65@.temporal
eccentricity to the extreme periphery, vision is achromatic
or colorless., Bezow this visual angle, the visual fields
of culor'vary according to color. Green has the most ex-
tensive blind area and is visible out to about 35° temporal
eccentricity. The wisual field for the cblors red and
yellow is limited to approximately 55°. The color blue has
the widest color field with visibility extending to a
temporal visual angle of 65°. ‘As a final ndte, it is
emphasized that the regions prevail only under the illumi-
'natiqn and light-adaptation conditions indicated. Vari-
Aati@ns in these parametérs have marked effects on the coler
sensitivity of th@ retina, If, fdr example, the intensity
is increasedp it is observed that the color fields are also
increased and, with the exception of the color green, may |
extend all ﬁhe way i@ the periphery with the proper illumi-
nation levéis (Duke-Elder 1944),

Research in Dynamic Peripheral Vision
Of all the literature reviewed only the report of
Rabin, Bahm, Beard, Boyd, Brasch, Fannin, LeCompt@, Lamont

and Owens (1966) treated the concept of dynamic periphevral
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vision as it has been previously Specified in Chapter 1. In
their unpublished group study, they repOrted a pilot experi-
ment which they conducted with the objective of measurlng
a subject"s utilization of dynamic peripheral vision. A
subject was presented with the central task of signaling
with a push button the moment a:moving target entered‘a
v@entral inteyrcept region coming from any difection of the
periphery of a large visual display. The subject used his
peripheral vision of the moving targets'to assist in detérw
mining the approach and proper moment to signal the entry of
the target into the central region. Although the reported
data ave few and may be biased because‘they were taken from
only three subjects who were members of the study group, the
preliminary findings of ihis pilot experiment indicated
that a utility limit existed beyond which the peripheral
visual field could not be_usefuliyvemployed in a dynamic

environment,

Research Applicable to the Dynamic Visual Environment

Periphewal vision has been studied and evaluated in
several instances under highly dynamic conditions, Whit@
and Jorve (1956) reported that peripheral vision was
completely lost and tunmel vision ensued among unprotected
individuals th were subj@cted to positﬁve (foot=t0~head)
accelerative foré@s of approximately Sas'gﬁ They also
reported that protective devices sugh as ‘g-suits were found

to reduce this visual impairment due to such acceleration,
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In related, later studies, White (1958) discovered that
man'’s visual capabilities were mbrerdurable'under transverse
(chest-to-back) accelerative forces. It was found that man
could be exposed to such transverse acceleration forces up
to a magnitude of 12 g without experiencing the visual
effects of greyout (loss of peripheral wision) and blackout
(loss of central vision) which result from decreased blood
supply to the retina under positive acceleration conditions.
White (1960) further demonstrated that accelerative stress
had a consistent and progressively worsening_effect bn peri-
pheral acuity and peripheral threshcld luminance, Thres-
h@ld‘levelé were foun& to triple at a force of 3 g and teo
quadruple at a force of 4 g.

Iﬁ other research conducted, Simons and Hornick

(1962) tested peripheral vision and several other perform-
ance indicators in an environment of low freﬁuengy, high
v&mplitude vibrations varying in peak acceleration intensity
from .15 to .35 g. It was reported that during transverse
(side=t0»side) vibration, frequencies of vibration of 1.5
and 2.5 cycles per second at an intensity of .15 g elicited
significant 10sses in peripheral vision among those tested;
no further decrement in'peripheral'visich was obser%ed for
the.high@r vibration intensities ﬁ? to .35 g. They also
found that. longitudinal (frontwto«back) vibratién had no

such detrimental effect on peripheral wvision.
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Mackworth (1965) tested ability to detect simi-
larities between a target in central vision and targets
presented in the visual periphery. He reported that the
task was easxiy performed when similar peripheral targets
alone were displayed h@WGV@TQ with the addition of extra
peripheral targets, he observed a serious decline in per-
formance which he ultimately attributed to the occurrence
of tunnel vision in the subject. His discussion of these
observations was partitularly interesting. To explain the
observed decrement in performance, the concept of a "useful
visual field" was introduced, i.e., an area around the
central fixation point where visual information could be
temporarily stored and read out during a visual task. Under
this hypothesis, when too much information had been pre-
sented, the useful visual field was said to.contract’ to
prevent overloading of the visual system, in.a manner con-
ceptuaily not unlike the normal pupillary reaction to bright
light. Mackworth {(1965) thus concluded that tunnel vision
occurred due to priority being given to central vision by
the contraction of the useful visual field in eliminating
unwanted visual_signalsg Although this particuiar study of
peripheral visual nolise was conducted usiﬁg static test
stimuli, it seems appropriate in this instance to assume
that Mackworth's observations would have applicability to a
dyﬁamic visual environment. Such an assumption agrees in

part with the preiiminary findings of Rabin, et al. (1966)
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concerning the limited utilnty of the visual periphery in
complexy dynamic v1sua1 fields involving a central task.

In another static experiment which might have some
bearing on dynamic visual environments, Fry and Alpern
(1952) studied the effect of peripheral glare upon a sub-
ject's perception of a central task. They found that‘
peripheral glare caused a decrease in the perceived bright-
ness of a central test @bject; this decrease was accounted
f@r in‘terms of a veiling luminance produced by stray
light fd4lling on the central portion of the retina. In
connection with the findings of this research, it appears
reasonable to expect that the detrimentalleffects or
peribheral glare upon a central task would pérsist in a
dynamic environment as well,

Insight into man's sensitivity to peripheral move-
ment was provided by McColgin (1960). Randomly locating an
alrcraft type instrument with a standard altimeter hand at
various positions in the subject5s peripherai field, he
investigated four types of ﬁovementg namely, élockwise and
counter-clockwise rotation, vertical and horizontal motion.
The results of this research indicated that there was no
difference between the ability to sense clockwise and
ccunterfclockwise rotationm'-It was also observed that
vertical motion was somewhat more easily perceived than
horizéntal motion in the area adjacent to the horizontal

axis, extending out to approximately 70° on either side of
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the vertical axls. Except for this area of the visual field,
there was no significant difference noted between sensitivity

to horizontal and vertical movement,

. Summarz

The literature search which formed the basis for this
~ chapter revealed ah abundance of information concerning

work done in various éndldiverse aspects of what is herein
called'static peripheral vision., The work of Rabin, et al,
(1966), howéver, stands alone in its efforts to evaluate

the use of peripheral vision of moving objects as an aid to
performing a central task iﬁ a complex environment. The
other works cited in this chapter were selected for mention
because_of the possible applicability, direct or implied, of
their particular findings to the concept of dynamic peri-
pheral vision, Each of theée‘refereﬁces pertains in somé
way to an aspect of the subjecé of interest of this thesis
and hence, taken collectively, th@rserve to generate at @

- minimum an appreciation for the c&m@lexity of the visﬁal

phenomenon which is under investigation.



CHAPTER 3
EXPERIMENTAL DESIGN -

The ovefall purpose of the research feported here
was to develop'a method for investigating man's utilization
 of dynamic peripheral vision. To accomplish this objective
iﬁ was necessary to devise an experimental task which ful-
filled a dual requirement. First, the experimental task had
to control eye movements so as to keep the subject's central
vision relatively fixed upon some "central' area. In
addition, there wés the requirement that some task be per-
formed the execution-of which depended upon the subject's
knowledge of moving stimuli in the peripheral field of
vision. The task devised for these purposes was therefore
one which consisted of two subtasks. The first of these
subtasks required continuéus central vigilance and the second
required the utilization of information obtained from the
peripheral field. Measurements were taken of the level of

performance on both of the subtasks,

Experimental Tasks

For the first subtask the subject'was'presented with
a small square figure normally in a central locationm whichL

was displaced upward or downward along a straight vertical
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axis in a random manner by a programmed external source.
The subject was required to apply forward or backward force
to a control knob to counieract the displacement'mntion of
this small square, and thus to keep that figure within the
bounds of specified upper and lower limits on' the displgye;
The limifs were shown by heavy black horizontél,lines on
the display. The displacing motions of the square were
rapid enough to require continuous monitoring to keep it
located between the limiting lines.

For the second subtask an outline of a larger figure
was presented to the sui)ject° This square was concentric
to the small square.- in <¢he viéual field. Both the small
central and the larger peripheral squares could be rotated
about their common center in a ciockwisé of coﬁnterclockwise
direction. - The rotational movement of the small central
figure was controlled solely by the subject; the rotational
movement of the larger peripheral figure was controlled
solely by an external source and was programmed to be
random within a trial but repeatable from triél to trial.
The subject was required for his second subtask to apply
clockwise or counterclockwise torque to éhe same control
knob to rotate the small central square so as to keep:it
rotationally congruent with the iarger peripheral square at
all times. | |

The subject was expected to keeplhis eyes centered

on the small central square in order to sense its vertical
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movements and rotational position, and to depend upon his
peripheral visi@n>to sense the direction and speed of fhe
.rotational movements of the larger peripheral square. Since
shifting of visual center, which might éccur in such a task,
needed to be prevented in order to get reliable measurements
of the sensing of the peripherallfield, the speed of verti-
cal change of the small square was made rapid enough to
require continuous monitoring of that figure in order to
successfully carry out the first experimental subtask.

Figure 3 shows the configuration of the display of
the square figures and their movements which provided the
: expérimental tasks for the subjéctsf The small square at 1
was to be kept from moving above the horizontal line 2 or
below the hﬁrizontal line 2'. The position of the small
square above or below the mid-line of the display was oné
of the measurements continuously taken during each trial,
The larger peripheral square, showﬁ'in its original positioh
by the dashéd line 3, was rotated by the external program,
for example, to the positi@n given.by thé solid line 4. The
subject was to sense such rotational movement of the larger
square and ihen cause the small central square to rotate so
that it remained congruent with the larger figure. The
angle ¢ at 5 wasvthe measure of the amount by which the
subject had not fulfilled this subtask. This angle was the

other measurement continuously taken during each trial.
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rotation

1, Small central figure in starting position at center
of display.

2-2', Limits within which vertical deflections of 1. must
be held.

3. Starting position of peripheral figure.

4, Peripheral figure after counterclockwise rotation,

5. The angle 8, representing the angular difference in

orientation between 1, and 4,

Figure 3, Labeled Graphical Depiction of the Experimental
Task.

28
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Experimental Hypotheses

Two hypotheses were taken to underlie the experi-
mental work reported in this thesis. The statement of these
'hypotheses, however, requires first the definition of the

term "peripheral angle'. The peripheral angle of a stimulus

or an object is defined és the angle at the focal point
within an observerks eye between the central axis of his
visual field and a line’to the stimulus or object in question,
The central axis of the visual field is taken to be a line
from the center of the fovea through the center of the pupii
of the eye. For this experiment in which rather large
peripheral anglés were used, the accuracy of measurement of
’ thiskaﬁglé was only to the closest 5°. Sometimes, the
peripheral angle is also referred to aé the angle of eccen-
tricity (Duke-Elder 1944).
| The first hypothesis of this research was that there
ié some inverse nonwlinear'functibnal relationship between
the peripheral angle of an object and the gb@dness of :
performancélof a task, whichfperfofmance.requires perception
of the movement of that object. In terms of Figure 3 then, -
there is hypothesized an inverse non-1inear r@latioﬁship
- between the angle 6 and the peripheréi angle of the larger
square 3, | )

The second hypothesis of this reséarch was thaé “

individuals differ in their capacity to utilize information
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from their peripheral visual field to aid in the performance

of a central task.

Measures

As previously mentioned, the angle 6 which the sub-
ject allowed to exist between the orientations of the
éentral and peripheral figures was adopted as a measure to
be used in evalu#ting the stated hYpotheseso With respect
to the stated objective of this research, the.assumption was
made that the angle 8 constituted a valid, reliable measure
of the amount of utiliiation made of dynamic peripheral
vision while engaged in a central task., Hence, the smaller
the angular difference in orientation between figures hainw
tained by the subject, the greater was the measure of his
utilization of peripherally acquired vision. It was there-
fore possible to test the above hypotheses by varying the
peripheral angle subtending_the peripheral figure and then
n@ting the 3ubject“s performance for each figure presented,

The deflected position of the central figure above
or below the specified limits was taken to be a measure of
how faithfully the subject_confined his centrél vision to
the center of the display during the experiment. The more
closely he held the small figure at the center of the
vertical axis, the better was the measure of the subjec£°$
fulfillment of the requirement to maintain his central

vision at the center of the display.
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Experimental Variables

From the preceding discussion in this chapter, two
response variables can be‘identified in this experimental
design, The first of these is the vertical deflection of
the small central squére which the subject permitted during
his ¢rials., Although the amount of deflection permitted
‘by each subject admittedly depended in part upon his motor
skill, the variation oi stability of this deflection from
peripheral angle to peripheral angle was assumed to be an
indicator of how well the subject kept his eyes centered as
the péripheral angle was changed.

The second response variable is»the angle & which
the subjett permitted between the rotational positions of
the two square figures. Againj the amount of angular
difference allowed admittedly depended upon the motor skill
-of the subject; h@@@V@rs the relative measure of his perform-
ance at greater and lesser pefipheral angles was assumed to
demonstrate the extent to which the subject could obtain and
‘utilize information about moving peripheral objects.

The chief manibulated variable for this experiment
was the size of the peripheral angle of the peripheral
square figure. Two other unavoidable factors which must be
assumed to have entered into such an experiment were the
variability of the subjects and the effects of subjective

learning, boredom, fatigue, et cetera. The latter effects



gre summarized as the "order effect' in the statistical

analysis of this experiment,
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CHAPTER 4
EXPERIMENTALVAPPARATUS AND PROCEDURE

The apparatus developed to implement tﬁis experi-
ment constitued a rather compiex system consisting of over
twentywthrée electronic or electro-mechanical components
plus miscellaneous hardware, interconnections and switchese‘
A complete listing of this equipment is made in Appendix A.

f The physical arrangement and operation of the |
experimental apparatuslis best described in terms of five
'inﬁefacting functional areaszll) the man-machine interface,
2) the‘tmsk presentation system, 3) the control coordination
system, 4) the data acquisitibn and §) the data logging
system. Such disjunction of the general‘@xperim@ntaz system
facilitamesdescripticn of the apparatus in sufficient detail
- with minimal overlapping references between these somewhat

arbitrarily specified areas.

Man-Machine Interface

The man-machine interface area was composed of the
viewing screen for the experimental task and the subject's
seating and control position. The display screen was a
plexiglas hemisphere with radius of 18 inches, coated on its
autside surface with a rear-projection material and mounted
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vertically with the center of the display a distance of 47
inches above the floor. The vertical and horizontal‘axes
were graduated in 10° increments from the center of the
‘'screen to its periphery. Approximately 7° above and below
the center, a dark line 4 inches in length was drawn paral-
lel to the horizontal axis to'specify the limits of the
acceptable control area with respect to the vértical
deflections of the small square.

Seated ih,an erect positicn,vthé.subject viewed the
- experimental task disﬁlay from‘inSide the hemisphere. His
eyes were at the center of the hemisphere ahd thus his total
visual field could be filled in é controlled manner. An
adjustable chdir and an adjustable Fhin rest with‘heéd strap
were providéd so that the subject's eyes could be so |
positioned at a ggometric center of the hemisphere, Left and
right armrests were built inﬁo the viewing screen mounting
for the subject's comfort and ease of accomodation to his
experimental surroundings.

A Measureﬁent Systems, Incorpofated, model 437
isometric joystick was attachéd to the viewing screen
mounting and positioned within easy reaching distance of the
right armrest. This device was used by the subject in his
expérimentalltask, providing him witﬁ both deflection and
rotational control of the small squaraifigureo Clockwise
and counterclockwise torque by the subject on the control

handle caused corresponding rotation of the central figure,
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. the speed of rotation béing proportional to the torque he'
exerted. Simultaneously, the subject was able fo counteract
the externally-applied vertical deflections of the central

figure by a push or pull upon the control handle.

Task Presentation

Two Nikkormat standard slide projectors were used
to project independently the two images, one the small
central square the other the large peripheral square, onfo
the subject’s viewing screeh; To provide for the inde-
pendently controlled rotation of the two task figures, two
specially fabricated rotating mechanismé were positioned in
the separate optical paths between each projector and the
~ screen., The pfincipal component in each of thesé two image
fotmting mechanisms was an optical device known as a ﬁove
prism, Rotation of a Dove prism in the beam of a projector
lens System‘has the effect of rotating the projected image
double the angle of the rotating ﬁrismg By using this
principal the required axial control of rotation of the
im&ge~prdj®cted thr@ugh the prism onto the viewing screen
was obtained. The other @arts,@f the mechanism included a
?otatable'mounting for the Dove prism:and a meéhanical system
of pulleys; gears and electric motor to effect éontrol of the
prism itself, The drive for the mechanical system was pro-

vided by a direct-current, reversible electric servomotor.

The only essential difference between the two pro-

~jection systems of the small central square and larger
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peripheral square was the presence of an image deflection
device in the optical path of the former figuréo This device
was required to produce the vertical displacement of the
square. This deflection device was fabricated by attaching
a 3/4 inch square glass mirror to the indicator needle of
a}standard Triplett‘microammetera The central figure was
projected onto the movable mirror and reflected by it intor
~the center of the Viewing screen., Small voltages applied to
the microammeter caused movement of the meter needlé; fhe
Amovement of the mirror attached to the needle thus provided
the desired vertical deflections of the central figure.

This device proved to be most delicate to balance and was
highly susceptible to even thé slightest air movement in .
the vicinity of the mirror. It was therefore necessary to
enclose the image=def1ection device in a cantaingr to
isolate it frém souyces cf unwanted disturbance.

Figure 4 shbws the relative locations and inter-
connections of the various components of the task presen-

tation,system with respect to the subject's viewing pesition,

Control Coordination

¥

fAn Ampéx Corporation model SP-300 instrumentation
tape recorder was utilized as the external source comtrol-
ling the experimental task. The particular item used had
four channels available and two modes on each channel: a
direct mode to record and reproduce audio signals; a -

frequency modulation mode to record and reproduce small
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Figure 4., Schematic Diagram of the Principal Components
and Interconnections of the Experimental System.
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fpositive or negative signals, The four channels were pro-
grammed in the following manner: =

‘1. Channel 1 was utilized in the direct mode to record
verbal instructions for the subject.

2, Channel 2 was recorded in the frequency modulation
modé with the opposing direct current control signals

necessary to effect random rotational movement in the peri-

- pheral figure.

3. Channel 3 was also récarded in the frequency
modulation mode with the varying and opposing direct‘cufrent
‘control signals necessary to cause fandoﬁ deflections in the
central image.

4, Channel 4 was recorded in the frequency modulation
mode with a known voltage for the length of the programmed
tasks‘to indicate the start and termination of an experi-
mental trial.

During a trial,channel 1 was first played alone fo
give ﬁh@ éubject.his instructions for participating in this

' experiment. A written copy of these.inStructions is pre-

sented iﬁ‘Appendix B. When thé:subject Was ready to pro-

. ceed with the‘experimental trial? the signals from channels
2, 3 and 4 were concurrently fed into the experimental
systeme The outp@t of channel 2 was such that it required
amplification in order to drive the servomotor of the peri-
pheral image rotating device. The required amplification

- was obﬁained'by first feeding the output control signal

through a Burr-Brown Corporation model 1635 power amplifier
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which added a nominal gain of 10 to the input signal. The
-output of channel 3 was fed through a voltage reducing net-
work directly to the microaﬁmeter of the device which pro-
duced the vertical deflections of the small central square,
The kncwn and constant signal recorded in channel 4 was
present on the fape fo?_omly the exact duration of the
experimental task as recorded on channels 2 and 3. This
@utput:signal'from channel 4 was transmitted directly'ﬁo |
the dataAloggingisyst@m te identify the exact span of tiﬁe
over which data was taken'during an expe?imental triélo

The actual haking of the task tape was a fairly in-
volved and painstaking process requiring almost perfect
control of the level and duration of the signals reé@rdede
However, ihe advantage of standardizing the experimental
task and mihimizing the'variability‘inbits presentationltn
each subject by simple réwind and playback of the magnetic
tapé more than compensated for the difficulty experienced in

¢he preparation of the task tape.

Data Acqﬁisition

In order to obtain data on é, the angular difference-
" between the orientation of the large peripheral square and

' that of the small central square, a method was devised which
utilized two Selesyn servomotors connected in series. When
installed invsﬁch a'manner, ﬁhase servomotors act tbgether
to é@mplétely block an applied signal when their mcﬁbr

shafts are 90° out of phase., For sither decreasing or
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increasing phase difference between the shafts, more and
more signal is passed until, at 0® or 180° differehce, the
applied signal is completely passed. This property of two
Selesyn servomotors was used by affixing one to each of the
1mage rotat%ng devices posxtioned 1n front of the pr@ﬁectorse
Apprnpriate gearing was provided so that an angular dif~
ference of 45° in figure orientation permitted the maximum
level of a known signal 2o pass through the Selesyn servo-
motors; 0° angular difference in the figures blocked the
signal completely. .

A pure sine wave of 400 hz was utilized in the
Seiesyn>$@?§omot0r circuit, The output of thié circuit was
then r@ctified into a direct current voltage and recorded in
the data logging system. By previously calibrating the
direct current voltage readings against known angular .
&iffe?ences in the central and peripheral figures, it was
thus possible to transform observed direct current voltages
into the desired measure of utilization of dynamic peri-
pheral vision, _
| For data regarding the subject's restriction of his
central vision to the central figure, the instantaneous sﬁm
of the direct current voltages applied to the microammeter
of the deflection device was recorded. Previous calibration
of voltage reading and related deflection position was also
accomplished to enable a judgmeht ta be made with T@spéct

to the subject’s performance of this part of his task.,
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As explained above the output of channel 4§ of the

control tape recorder was used solely as an index in the
data logging system output to iaentify the data val@es

i

- recorded during each trial,

Data Logping System

The recording device used to collect the data
generated in this experiment was a standard Hewlett-Packard
Dymec Division modelbbY=2010H daté logging system. Through
its automatic scanning capability the device was programmed
ito sample sequentially each of twenty-four input channels
every 4.5 seconds during an experimental t¥ial. Every
fourth channel was connected in pafallel so that eight
separate readings were obtained.in_a sampling period for the
three direct current data volﬁagestdescribed in the preceding
section of this chapter., The data collected by this
logging device was recorded on magnetic tape in a computer-
compatible format., This feature was most desirable from
the viewpoint of computer processing of the large quantity

of data collected during each experimental trial.

Subjects

For this ﬁilot experiment four male students at the
University of Arizona with backgrounds in engineering or
science were’selected as subjects. Their ages ranged from
twentyftwo té thirty yearso All subjects were licensed and

experienced motor vehicle opsrators who did not require
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the use of corrective eyeglasses for fhéir operator's
license't@ be legally valid. None of the subjects had
previous knowledge of the movements programmed for either
- figure of the experimental task or of the order in which the
differentwsized periphefal figures would be}presented

during a session.

‘Procedure

The total expérimental work done by a subject during
one day was considered to be a session; each session con-
sisted of four individual trials, each lasting three
minutes.. Each subject was tested for a total of four
seséionso. |

For each individual trial of a session, the size
of the péripheral squaré, and thus the peripheral angle,
was chang@d0 Four peripheral figures of different sizes
were arbitrarily selected for presentation in the experim
mental task. The peripheral angles associated with the
chosen péripheral figures were 30°, 4Q@, 55° and 70°,
respectively; this factor is hereafter called "angles'.,
The order of preseﬁtaﬁion of the different figures within
each session for each subjéct>was determined by means of
é four by four Latin Square., Use of the Latin Square re-
moved the trial-to-trial variability among angles which
" could have occurred due to such factors as experimental

adaptaﬁionp learning or fatigue on the part of the subject,
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At the start of each session, the subject adjusted
his chair\height and the position of'the‘installéd chin
rest in order to ceénter his syes in the hemiépheric viewing
 $Creenu Utilizing a stereo headset and tape-recorded
verbal instr@ctimns the subject was then completely in-
formed conéerning the precise nature and dual aspects @f’.
his centralxtask in this experiment. A point of particular
emphasis to each subject was the fact that he was to
conscientiously épply himself to the accomplishment of both
orientation and deflection control of the central figure.
'Prior to any trial, the subjeét wa#‘allowed to practice
with the isometric conttrol handle %Q familia%ize himself
with itslexerted force requirements and réactionsoy No trial:
commenced until the subject indicated he had had sufficient
practice and wasvreédy to proceede When the subject had
so indicated his readiness, the data logging system was
first activated émd then the task tape was played through to
- completion without intérruptiono The_gignificaﬁtfdata needed
ffom the ekperim@nt was rTecorded automatically on magnetic
tape by the data logging system. | |
At'ﬁhe.end_of,@ach trial the data logging system
was stopped and the subject was temporarily.dismissed for
é rest é@ri@db During this pause, the task control tape
was rewound to its starting position and a different-sized
peripheral square was introduced into the task presentation

system, This substitution required simply a change of the
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object slide and a refocusing of the peripheral image pro-
jector. The subject then resumed his viewing position and
prepared for the next trial. |

This procedure was repeated until the subjeﬁt com-
pleted the four scheduled trials of a session. The subject
was then excused until the next session after being reminded
not to discuss the éxperimemt until testing had been com-

pleted.

Analysis of Variance

A multiple Latin square analysis of variance due
to the expérimental systemS manipulated variables was con-
ducted. The factors considered were: 1) days or squares,
2) subjects within-days, 3) treatments and 4) order of
treatments within days. Results of this analysis are

contained in Chapter 5.



CHAPTER 5§
FINDINGS AND CONCLUSIONS

To clarify the following discussion of this chapter

it is considered apprbpriate here to briefly re-specify
what is meant when reference is made to the “subtasks” of
this expefimental problem., The first sub£ask; or Subtask 1,
* is defined to be the exercise of control of the vertical
deflections of the central task figure; the second subtask,
or Subtask 2, is specified to be the maintenance of rotational
congrueﬁce between the central and peripheral task figures,

 The basic data collected in the experiment c6n¥'
‘sisted of approximately 335 dipgitalized, absolute-valued
measurements of the error permitted in each subtask by the
subject during each 3 minute trial. Using this data
collection scheme, a total of slightly less than 43,000
data values Was obtained during the course of the experiment.
The handling of this number of data was obviously a most
suitable application for the digital computer. Since the
data were automatically recorded on magnetic tape in a
computer~compa£ib1e format by thé logging device, a short
program was writﬁen to brocess the data tapes for the com-
putétion‘of the absolute errof means of each 5ubject’s,per-
formance readings on each subtask foraeach_experimental trial.
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. The computing machine used for this processing and for sub=:'
Aseduent;mdchine analyses of this déta was a FoﬁtroliData
Corporation model 6400.computef operated by the Computer

Center of the University of Arizona. A complete 1listing

of the means thus obtained is given in Appendix C.

Performance Analysis

Because of the absolute-valued nature of the data
obtained in the experiment, it was necessary to carry out a
ﬁsquareuf@ot5 transformation of the absolute error means
shown in Appendix C before they could be analyzed. This
transformafion served to somewhat "normalize' the absolute
error data. VUtiiizihg the transformed values of the absolute
error means, performance on each subtask ¢f the experimental
problem was separately ahalyzedm These analyses were made
as a multiple Latin équare analysis of variance by means of
the preapfcgrammed computer routine, ANOVA 44, written by
. Weldon (1965). The Latin square design wés used to remove
the order effect upon treatment, which was the size of the
peripheral square; The analysis of variance results:are
given in Table 2 fbr Subtask 1 and Table 3 for Subtask 2.

In both analyses, the results showed that the effect of
increaéing the siie of the peripheral square did not signifi-
cantly change the performance level on either subtask., This
was unexpected and surprising, and the matter will be dis-

cussed at some length below. There was, as'had.been expected,



Table 2., Results of the Analysis of Variance of
Performance of the First Experimental Subtask
Requiring Compensatory Control of the Vertical
Deflections of the Central Task Figure.
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Source df SS M8 F
Treatments ‘ 3 .1131 037 ns
Days 3 3,0290 1.0096 18.6%
Order within days 12 .6378 0531 ns
Subjects within days 12 12.9276 1.0773 19.,9%
Error ' 33 1.7908 .0542
Total 63 18.4983

“Significant at the .01 confidence level.
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Table 3, Results of the Analysis of Variance of Performance
of the Second Experimental Subtask Requiring the
Maintenance of Rotational Congruence between the
Central and Peripheral Task Figures.

Source af SS MS F
Treatments | 3 .0032  .0010 ns
Days | 3 2071 .0690 8.12%
Order within days 12 .2008 0167 - ns
Subjects within days 12 .6004 .0500 5.88%
Error 33 . 2816 0085

Total 63  1.,2931

@Significant at the .01 confidence level,
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a significant difference of perfofménce due to subjects
within days, and a significanﬁ difference due to day#,
this latter factor being a learning effect. |

The "order within days' effect was shown in Tables
2 and 3 not to be significant for either subtask. This
effect therefore could have been removed from the analysis
and the analysis then made as if there weré no ordef effect.
: Such‘a step wbuld have changed the analysis from a multiple
Latin square design to a complete factorial design and thus
would have permitted the use of Tables 4 through 7 in
evaluating the results of the experiment.

Entries in Tables 4 through 7 are mean valueé of
the absolute errors permitted by each subject during the
experiment. Due to the physical set-up of the data acF
‘quisition and recording system, units for the values shbwn
iﬁ Tables 4 and 6 are different than those for Tables § and
7. For the former group; the'unit‘of measurement was
"millivolts'; for fhe‘latter group, the unit of meaéurement
 was "volts".  For analysis,pﬁrposes, however, the relative -
size of the mean values in each of these tables may be taken
aé a comparative score of pérformance on the subtask to
which the particular tabie applies. The smaller the
numerical value of a mean deviation Score, the better is the
subject's performance for the treatment or session‘identified
by that score. Tables 4 and 5 contain mean deviation scores

on Subtasks 1 and 2, respectively, presented in terms of



50
subject énd treatment. Tables 6 ah& 7 also contain mean |
deviation scores for the two subtasks,preséntéd, howéyer,:

in terms of subject and session. Overall mean deviation
scores afe also given in tﬁese tables for subjects, and

for subjects within treatments or sessions as applicéblea
Study of Tables 4 through 7 demomnstrates the existence of
_,the learnlng effect already mentioned above. Study also
-Ilndlcates that the individual subjects differed considerably,
but that there was no significant overall effect on,perf'

[

formance due to the changes made ifi peripheral angle.

. Discussion

It was indeed a surprising result that no overall
effect upon performance on elther subtask was revealed due

to changes in treatments. Thls f1nd1ng is not con51stent

with the literature on peripheral vision as reported in
Chapter 2 of.this thesis, The research reported there is
quite consistent in its findingé that various visual proper-
ties and capabilities tend to degrade as the peripheral
angle increas&sm"ln attemﬁting to analyve this somewhat
perplexmng result and the underlying reascns for it, the
followxng observations were considered as partlcularly |
applicable to this problem.

First there were quite obvzousiy too few sessions of
experimental trials to bring each subject's rate of learning
to a felatively stable state. The experimenter was aware of

this factor, but because of the length of time needed to
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Table 4. Comparative Representation of Mean Deviation
Scores® on the Experimental Subtask Requiring
Control of the Vertical Deflections of the
Central Task Figure in Terms of Subjects and
Treatments,

Subjects Treatments## Overall Means
_ by Subject
1 2 3 4
1 21.46 22,21 19.31 19,42 21.22
2 31.29 30.48 30.60 30.24 30.65
3 32,02 31.01 29.79 - 31.11 30.92
4 - 22,43 26,26 18,41 25.76 24,46
Overali
Means by . 26.80 27,49 24,52 26,63
Treatment

2Unit of measurement is "millivolts®.

a5Treatments 1, 2, 3 and 4 correspond respectively to peri-
pheral angles of 30°, 40°, 55° and 70° defining the angular
location of the peripheral task figure.
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Table 5. Comparative Representation of Mean Deviation
Scores® on the Experimental Subtask Requiring
the Maintenance of Congruence Between the
Central and Peripheral Task Figures: in Terms of
Subjects-and Treatments.

Subjects Treatments #® Overall Means
' by Subject
1 2 3 4

1 L1z .181 .118 .099 .128

2 .208 . 240 259 194 226

3 ,039 .031 .182 052 .070

4 143,083 063 ,156|  .113
Overall
Means by .126 » 135 .149 .125
Treatment

?Unit of measurement is "volgs™,

BRTreatments 1, 2,'3 and 4 correspond respectively to peri-
pheral angles of 30°, 40°, 55° and 70° defining the angular
location of the peripheral task figure,



Table 6., Comparative Representation of Mean Deviation
Scores® on the Experimental Subtask Requiring
Control of the Vertical Deflections of the
Central Task Figure in Terms of Subjects and
Sessions.,

Subjects . Sessions y A Overall Means

v - by Subject
. 1 2 3 4
i 24,21 20.11 17.88 22.69 21.22
2 35,56 33,60 = 28.52 24.94 30.65
3 31.69 32.56 30.94 28.49 30.92
4 25,82 28.94 22.62 20.48 24 .46
Overall
‘Means by - 29.32 28.80 24,99 24,15
Session

2Pnit of measurement is "millivoles™.
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Table 7. Comparative Representation of Mean Deviation
Scores® on the Experimental Subtask Requiripng
the Maintenance of Congruence Between the
Central and Peripheral Task Figures in Terms of
Subjects and Sessions,

Subjects Sessions Overall Means

, by Subject
1 2 3
1 170 .209 .068 .062 .128
2 . 319 . 150 . 253 .180 226
3 .164 057 .022 .036 .070
4 - 162 .128 .053 .108 ~113

Overall:

Means by .204 . 136 .099 097

Session

fUnit of measurement is

"volts',
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obtain, construct and assémble’the components of the appa-
‘ratus into an opérating experimentél system,»the available
time f@r‘eXperimental’trials was sériously limited, Never-
theless, it.did seem reasonable to éxpect that some indication °
of the hyﬁbthésizedbdecline'in peﬁf@%mance would have been
obtained even in the early testing stages of this experi -
ment 1f in fact it was présemte |

Secondl&, itvis conjectured that the total size @f'
the more peripheral figures may have counterbalanced the'
expected degradation in performance due to the larger peri-
pheral angles. In this respect there was actually much more
length and breadth of.lineg and less brightness, in the more
peripheral figures, due partly to the angle of incidence
éf the p?ojecti©h onto . the hemisphere and partly to the fact
that cuntinuous lines weré used for all peripheral figures,
'Third, because the angular'speed of rotation of theApefipheral
figures was the same:foé all sizes, the absoluté speed of
rotational mbvement of the more peripheral figures in the
expe%imental'pfoblem was greater. This in@rease in absolute
speéd méy have increased the perceptibility of the more peri-
pharal figures so as to offset the expected decline in per-
formance fér the greater p@ripheral angles., A fourth
possibility in that the human motor aspect of the task,

i.e,, the motor skill required to execute the task,.was‘
sufficiently demanding sc as to mask a change in the diffi-

culty of_the_parceptual requirements. This pbssibiiity is
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‘mentioned here for completeness of discussion even though
it seems unlikely., It seems unlikely becaﬁse fhe motor part
of the task wasvthebsame for all treatments. These four
factors are aii physical aspects or properties of the experi-
mentdl design and hence can bé readily manipulated or altered
"in succeeding experimentation tb determine their actual
~contribution, if any, to the results observed in this re-
. search,

A fifth factor which could have contributed to the
results of thié experiment was the possibility of an inter-
ference between the two subtasks as the subjects attempted
to execute thema‘ The occurrence of this effect was reported
in discussion with those who served as $ubjécts in the ex-
periment. They>reported "seeing' the need to rotate the
central square or the need to correct the vertical position
of that square but not both needs at the same time. In older
terms there was apparently a conflict between the subtasks
for the attention of the subject. Nothing, however, was
found in the data to‘substantiate the influence of this
factor bﬁt it seems that data to beéf on this point could be

obtained in future experimentation.

Conclusions

~Among the numerous man-machine systems in use today
there are many with operator tasks so specific or simple
that central vision suffices for the visual information needs

of operators performing those tasks. There are other system
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-operator tasks, howéver, in which a more or less complex
environment is involved. In such tasks a breadth of peri-
pheral vision and, it should be noted here, a breadth of
‘operator regard or attention become importantn Examples of
- such tasks are the operation of moving vehicles, of
:material handling deViCes such as Cranesrand of systems with
expansive, complex Visual displays such as manned space
vehicles. it was to the complexity of this kind of task
that this thesis was directed.

"Although the experiment of this thesis did not suc-
ceed in finding a fuhctionai felationship between peripheral
angle, aS defined for this research, and the measure of per-
formance selected for study, yet it‘has made a contribution
in the follbwing way. First, it has introduced new equipment
usage and procedural techniques for studying periphéral
vision, With respect to this particular design, the experi-
ment has suggested certain parameters, specifically, 1) the
size of the surface area of the peripheral figure and 2} the
speed of ﬁhe absolute motion of that display, which need to
‘be more carefully controlled in future experiments. It has
again raised the question whether two measurable tasks, in
this case:Subtasks 1 and 2, can be antagonistic to each other
even though they invblve the same visual field and fixation
point; and- are controlled by different but compatiblie contrél
forces applied to the same control'handlee Unfortunately, |

the experiment has not provided an answer to this question.-
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Nevertheless, it appears from the experiment, and from the
comments of those serving as subjeéts; that the techniques
used here provide a means not only to study peripheral
vision as such, but perhaps also to study the organization
of visual inputs to the system operator, It would seem
then that a step has been taken to study a leyel of organized
complexity more in keeping with that which confronts numerous
system operators than has been customary in previous human

factors research,
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LIST OF EQUIPMENT USED

In this appendix the major components of the system

developed to implement this experiment are listed, each

followed by a brief description im parentheses of its

particular function in the experiment:

1,

Data Acgquisition System, Hewlett-Packard Co., model
HP-2010H, consisting of a model DY-290]A Input Scanner,
a model DY-2401C Integrating Digital Voltmeter and

a model HP-2546 Magnetic Tape Recorder Set, 1 each:
(Automatic logging of experimental data).

Instrumentation Tape Recorder with remote control,
Ampex Corp., model SP-300, 1 each: {(Programming of
subject’s instructions and experimental task and
contrel signals).

Isometric Hand Control, Measurements Systems Inc.,
model 437, 1 each: (Subject's control device).,

Variac Autotransformer, General Radio Co., type WIOMT3,
1 each: (Excitation source for subject's hand control).

Powe?:AmphflerD Burr~-Brown Inc.,, model 1635, 1 each:
{Amplification of experimental task signal).

Power Amplifier, Burr-Brown Inc., model 1633, 2 each:
{(One for amplification of Subject s control 51gna1 one
spare). .

Dual DC Power Supply, Hewlett-Packard Co., model 6205B,
2 each: (Power source for Burr-Brown power amplifiers).

Unit R-C Oscillatof, General Radio Co., type 1210-C,
1 each: (Generation of control sxgnal used in circuit

"to detect difference in orientation of experimental task

£igures).

Unit Amplifier, General Radio Co., type 1206~89 1 each:
(Amplification of control signal for orientation
difference detection circuit).



10,

11.

12.

13,
14.

15»
16,
17,
18,
19,

20,
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Autosyn Synchrotransformer, Bendix Aviation Corp.,
2 each: (Serles connected to permit detection of
difference in orientation of experimental task flgures)e

Slide Projector, Nikkormat, model GC-1, 2 each:
{Projection of experimental task figure images).

Image R@tatlng Mechanism, Hand Fabricated, consisting
of a Dove prism, a pulley and gear train, an Electro-
Craft Corp. model E6000 DC Sérvomotor and assorted
bearings, 2 each: (Controlled rotatlon of experimental
task figure images).

DC Microammeter, Triplett Co., model'ézo with light-
weight mirror attached to pointer needlie, 1 each:
(Deflection of small central figure image).

Stereo Hi-Fi Headset, Calrad Corp., model HP-2, 2 each:
(One for subject's use, one for experimenter s monitor
position). v

Plexiglas Hemisphere, Specially Fabricated, 1 each:
(Display screen forvr experimental task).

‘ Adjustable Chin Rest, House of Vision Inco, 1 each:

(Subject's head posxtaoning device),

Display Scresn Mounting, Hand Fabricated, 1 each
(Self-explanatory).

Adjustable Secretary'’s Chair, Steelcase Inc.,, 1 each:
(Subject’s seating apparatus).

Camera, Nikon F 35mm, with assorted lenses, 1 each:
(Production of experimental figure image slides),

DC Power Supply, Hewlett-Packard Co., model 6200B,

-2 each: (Production of experimental task tape).
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SUBJECT INSTRUCTIONS

You are sbout to participate in an experiment
designed to investigate the extent to which you‘can use-
fully employ moving peripheral visual sighals to assist
you in performing a central task. The exact nature of
this task will bé expiained to you ?mmédiately f@lloWing
a briefing on the experimental apparatus before you.

First, insure that the subject's chaif height allows
you to comfortably place your chin upon the chin rest. Then
make fine adjustments with the chin rest adjusting screw
so that your line of sight falls directly on the center of
- the viewing hemisphere. The center of the‘diSplay is marked
by the croséed.black lines. On the viewing screen you
vobserve two figures: the oné,'a small square figure located
in the center of the display, the other, an oﬁtline of a
larger square which is located at some angle in the peri-
phery of the display and is centered.éboﬁﬁ the smaller
figure. You also see two short horizontal lines spaceq
-apﬁrnximately 1n1/z inches ab@vé &ﬁd below the midwliné of
the display. _  |

Next, grasp the.shaped control located in the.fight
hand port of the #i@wing screen mounting. This ¢ontro1 is
an isometric joystick allowing you to control both upwafd

and downward vertical displacement and axial rotation of the

<
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the small squaré figure only. You'have noe control over the
'periphefai‘figurée Forward or backward force on the joy-
stick handle controls vertical deflection of the small
central figure while clockwise or counterclockwise torque
on the control handle produces respective rotation of that
figure about the center of the display. Acquaint yourself
now with the effects produced in tﬁe display due to forces
which~You apply to the control handle. Practice with it
until you feel familiar with its operation and advise me
~according1yo

Y@urltaék.in the actual experiment is éssentially
one of simulténeous trécking and control. The small figure
| at the center of the display will'be-randomly,deflected up -
ward and downward away from center along the vertical axis
of the display. One part of youf taék is to apply control
force on the joystick handle to counteract thé external
deflections of the cemtral figure and thereby‘maintain its
."p@sition within the limits marked by the horiiontal lines
~above and below the center of the display. Random clock-
wise and counterclockwise rotation of the peripheral figure
'about the cantef of the display will also occur during thé
experimental trial. The othér part of your task then is to
maintain rotational congrusncy between the peripheral and
central squares. This islatcomplished by sensing the move-
ment of the peripheral figure and then campénsating for it

through rotational movement of the smali'centfalisquaree
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For example, if you sense that the peripheral figure is
slowly rofating in a clockwise direction,'you should cause
the central figure to be rotated in a similar direction at
the same rate in order to maintain the desired congruency
of orientation.,

It is expected tﬁat you will attempt to perform
both aspects of your experimental task to the best of your
ability, and that you will ﬁot disregard one in favor of the
other. Furthermore, the importance of confining your central
vision te the center of the display 1is stressed since
alternafion of your visual fixation point between the central
and péripheral figures during a trial will render invalid
and useless the data obtained during that trial.

If you have any questions, please ask them at this
time. Please do not discuss any aspect of this experiment
with others until the experiment has been completed.

Thank you for your coopevration.



APPENDIX C

TABLE OF EXPERIMENTAL DATA

66



67

In this appendix the means of the absolute-valued
error deviations recorded for each subtask are listed.

Listing is by subjects and experimental session,

Session 1
Subject Treatment® Subtask 1 Subtask 2
Mean Mean -
Deviation®® Deviationt

1 1 29.03 .161
1 2 26 .41 254
1 4 20.93 .059
1 3 20 .49 .206
2 2z 33.44 .337
2 3 39.46 »527
2 1 35,18 246
2 4 34,17 167
3 3 32.80 474
3 4 28.16 104
'3 2 33.85 043
3 1 33.98 .035
4 4 28,28 168
4 1 24,58 290
4 3 24,45 .049
4 2

25.97 ' 142

®Treatments 1, 2, 3 and 4 correspond respectively to
peripheral angles of 30°, 40°, 55° and 70° defining the
angular location of the peripheral task figure.

t2ynits for the data listed for Subtask 1 is "millivolts."

+Units for the data listed for Subtask 2 is "volts."
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Session 2

Subject Treatment® . Subtask 1 Subtask 2

Mean Mean
Deviation®® Deviationt

1l 2 20,96 .370
1 3 21.49 144
1 1 18,98 171
1 4 19.04 453
2 3 31,35 ' 073
2 4 33.81 ,209
2 2 35,01 177
2 1 34,25 _ . 140
3 4 33.78 083
3 1 30.82 042
3 3 30.20 069
3 2 35,47 033
4 1 25,12 . 146
4 2 29.29 .108
4 4 . 33.02 . 156
4 3. 28,36 101

“Tyeatments 1, 2, 3 and 4 correspond respectively to
peripheral angles of 30°, 40°, 55° and 70° defining
the angular location of the peripheral task figure,
“%Units for the date listed for Subtask 1 is "millivolts.™

tUnits for the data listed for Subtask 2 is "volts.”
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Session 3

Subject Treatment® Subtask 1 Subtask 2

Mean Mean
Deviation®% Deviationt

1 3 19.60 078
1 4 17.07 .060
1 2 : 18.06 044
1 1 ' 16 .80 091
2 4 29 .84 . 252
2 1 30.13 ' . 268
2 3 26,82 . 287
2 2 27 .29 . 207
3 1 31.41 035
3 2 30,79 : .019
3 4 32.96 .008
3 3 28.60 028
4 p 28.37 021
4 3 20.04 0487
4 1 20,30 .093
4 4 21,80 051

“Treatments 1, 2, 3 and 4 correspond respectively to
peripheral angles of 30°, 40°, 55° and 70° defining
the angular location of the peripheral task figure,
#%nits for the data listed for Subtask 1 is "millivolts."

+Unigs f@f the data listed for Subtask 2 is "volts."
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Session 4
Subject Treatment® Subtask 1 Subtask 2
- Mean Mean
Deviation®®’ Deviationt
1 4 20.64 .123
1 i 21.05 025
1 3 25.66 046
1 2 23.41 .056
2 1 25,60 . . 180
2 2 26 .20 241
2 4 23.16 .150
2 3 24.80 : .148
3 2 25.93 030
3 3 27.57 057
3 1 30.89 _ 045
3 4 29.59 014
4 3 20.81 .056
4 - 4 19.97 : .249
4 2 21.43 083
4 1 19.72 045

*Treatments 1, 2, 3 and 4 @@ffeSpond respectively to
peripheral angles of 30°, 40°, 55° and 70° defining
the angular location of the peripheral task figure.
“2%Units for the data listed for Subtask 1 is "millivoles.”

+Units for the data listed for Subtask 2 is "volts,."
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