MONTANA

STATE UNIVERSITY

Target acquisition performance and inflight collision avoidance
by Michael John Kelly

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE in Psychology

Montana State University

© Copyright by Michael John Kelly (1972)

Abstract:

As the number of aircraft increases, the problem of inflight collisions will become more pronounced.
Research is continuing in an effort to develope electronic anti-collision hardware, but the pilot remains
as the primary sensor of conflicting air traffic. The avoidance of inflight collisions is his task and
responsibility. This paper reviews some of the literature relating to the visual system, human
performance in visual search tasks and factors affecting human vigilance as they may influence the
ability of the pilot to acquire visual contact with a conflicting aircraft in time to take any evasive action
deemed necessary.

In several recent inflight collisions, the target presented by the conflicting aircraft have appeared near
the edge of the respective pilots’ windows. Most previous studies would predict that this position near
an artificial boundary of the visual field would not degrade the pilots’ ability to acquire visual contact
with these targets. These previous visual search studies, however, did not require the observer to search
through any type of window having distinct boundaries. The conceptual hypothesis of the present study
was that visual search through a window with distinct boundaries is a different task than "free” visual
search and that the position of the target in such a task is a factor in acquisition performance.

In order to test the effect of target position on target acquisition performance, the observers searched
through an experimental booth containing an aperture 25 x 38 in size. The target was a dark disk of
near threshold size appearing on a white background, and could appear at any one of 45 possible
positions. The results showed that the position of the target exerted effects on acquisition performance
that were of statistical as well as practical significance. Difficulty in acquiring the targets appearing
near the boundary of the window was manifestos both by increased acquisition times and by a greater
number of missed targets. The conclusion of the research was that target position can, indeed,
contribute to the occurrence of inflight collisions.
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Abstract

As the number of aircraft increases, the problem of inflight
collisions will become more pronounced. Research is continuing in an
effort to develope electronic anti-collision hardware, but the pilot
remains as the primary sensor of conflicting air traffic. The avoid-
ance of inflight collisions is his task and responsibility. This
paper reviews some of the literature relating to the visual system,
human performance in visual search tasks and factors affecting human
vigilance as they may influence the ability of the pilot to acquire
visual contact with a conflicting aircraft in time to take any evasive
action deemed necessary.

In several recent inflight collisions, the target presented by
the conflicting aircraft have appeared near the edge of the respective
pilots! windows. Most previous studies would predict that this position
- near an artificial boundary of the visual field would not degrade the
.pilots' ability to acquire visual contact with these targets. These
previous visual search studies, however, did not require the observer
to search through any type of window having distinct boundaries. The
conceptual hypothesis of the present study was that visual search
- through a window with distinct boundaries is a different task than
"free'" visual search and that the position of the target in such a
task is a factor in acquisition performance.

In order to test the effect of target position on target
acquisition performance, the observerg searched through an experimental
booth containing an aperture 25  x 38  in size. The target was a dark
disk of mnear threshold size appearing on a white background, and could
appear at any one of 45 possible positions. The results showed that the
position of the target exerted effects on acquisition performance that
were of statistical as well as practical significance. Difficulty in
acquiring the targets appearing near the boundary of the window was
manifestes both by increased acquisition times and by a greater number
of missed targets. The conclusion of the research was that target
position can, indeed, contribute to the occurrence of inflight
collisions.




TARGET ACQUISITION PERFORMANCE AND INFLIGHT
COLLISION AVOIDANCE
Michael John Kelly
Montana State University

On October second, 1910 -- roughly seven years aftér the Wright
brothers made their ﬁistoric first flight -- two aircraft from Ffancé
‘and Great Britain collided and crashed near Milan, Italy."This,
history's first recorded inflight collision, occurred at a time when
there were only about 200 aircraft iﬁ_existence. .

Since that time, the number of aircraft has increased by more
than a thousandfold. 1In 1967 there were registered, in the United
States alone, some 155,132 aircraft. Of these, 2379 were listed as air
transport or airline equipment. The remaining 152,753 aircfaft make
up the general éviatiop fleet, the so-called private'ai;planes which
are flown for pleasure, business and instruction as well as such
specialized tasks as aerial spraying and patrols. The Department of
Transportation has estimated that by 1980 there willhbe néarly 295,000
aircraft registered in this country. These figures do not include
ai?craft which are owned and operated by the military services.

As the numbers of aircraft have increased, so have their speeds.
While in 1910 the speeds-of aircraft were undef 100 miles per‘hour,
_there are now many in the air tranmsport and geﬁeral aviation fleets

which cruise in excess of 500 m.p.h.

It is oﬁly logical that the increased numbers as well as the
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increased speeds of todéy's aircraft would bring about an increase in
the frequency of inflight collisions. The statistics indicate that
this is, indeed, the case., In 1967 there were 26 collisions wifh 115
fafalities in the United States. 1In 1968 there were 38 collisions with
71 fatalities and in 1969 there were 28 collisions with 120 fatalities.
A deéailed study of these accident; indicates ;hat a majority of the
collisions occurred in the vicinity of an airport and could not be
attributed to any type of visual 6bstruction caused by.meteorological
conditions.

On Septembef 11, 1956, the Deputy Director of the Bureau of
Safety Regulations of the Civil Aeronautics Board testified before fhe
House GCommittee on Interstate and Foreign Commerce. A portion of
his text stated:

For many yéars it has become increasingly apparent that
conditions other than weather conditions are being encountered
which directly affect aircraft separation and of which account
must be taken in the continued development of air traffic
rules. For instance, it appears that under certain circumstances
the rate of closure of very'high speed aircraft is such that the
total time in which an aircraft may be visible to the pilot of
another aircraft is so short that the pilots cannot be expec-
ted to insure separation between aircraft irrespective to the
weather conditions in which they are flying. It is also
apparent that the density of air traffic, particularly in the

~vicinity of certain major terminals, has approached or is
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approaching serious proportions. Obviously, the greater
number of aircraft movements within a given space the more
difficult it is for a pilot to separate himself adequately

from other traffic regardless of the vigilance exercised.

The See and Be Seen Concept

As can be seen from the above testimony, the primary method of
reducing collision haza?ds has been through the imposition of regulations.
This complex of regulations is known as Visual Flight Rules (VFR) and
governs more tﬂan 90 percent of all fl&ing done in this country. These
regulations, in principle, require the pilot to have adequate visibility
and separation from clouds to be able to detect conflicting air traffic
in time to make any necessary evasive maneuvers. In addition, the ‘
regulations specify the altitude that the aircraft will maintain during
the enroute phase of operation. ' If an aircraft is more than 3000 feet
above the terrain and headed in an easterly direction, the regulations
require that an odd numbered thousand plus 500 feet be maintained
(e.g. 3500, 5500 or 7500 feet above sea level.) When flying in a
westerly direction, a cruising altitude of even thousands plus 500
feet is required (e.g. 4500 or 6500‘feet above sea level.) This
regulation, however,applies only to aircraft being.operated in level
flight .at altitudes in excess of 3000 feet above the ground and does
not include those below this altitude or those which are climbing or

descending. As a result, a substantial proportion of collisions




4.
involve operations below 3000 feet or at least one aircraft which is
climbing or descending (NTSB, 1969 ; NTSB, 1970b.)

| Separation of aircraftAoperating under VFR is, then, primarily
the responsibility of the pilot. The ability of the pilot to maintain
this separation is directly related to his ability to detect the

.presence of conflicting traffic in sufficient time to alter the path

of his aircraft. For this reason, any factor which affects the pilot's .

ability to acquire visual contact with this traffic or the amount of
time required for visual acquisition will ultimately affect his ability
to avoid a collision.

A large segment of the aviation industry has in&icatéd a belief,
perhaps with some justification, that with the great speeds of modern
aircraft the pilot has been outmoded as fhe primary sensor of airborne
traffic. .An intensive effort is being undertaken to develope some type
of anti-collision hardware which can be installed in the cockpit to aid
the pilot in his watchkeeping task.

This hardware can be classified into two general types, the
Collision Avoidancé_Sysﬁeﬁ (cAS) and the Pilot Warning Indicator
(PWI). The CAé estabiishés radio contact bet&een‘aircraft and pro&ides
the respective pilots with an indication that another aircraft is
intruding iﬁto their airspace. It also indicates a specific course bf
action to be taken to avoid an imminent collision. The PWI mérely

provides a warning of nearby aircraft but does not advise the pilot




what action to take.

In a report to the ﬁational Transportation Safety Board (NISB,
1970c) researchers from McDonnell-Douglas described a CAS system
presently undergoing testing. This system provides. contact between
aircraft operating iq a 3-minute time bracket and has been operational
in test aircraft for several years. The present cost of this system
is $30,000 per installation. It was estimated that a le;s complex
system of this type could be developed to sell for around $10,000
and if mass produced, it could market for about $8,500.

At the same hearing, NASA répresentativeé reported on two
PWI systems'currently under development. These are both "cooperative
sysfems in that they require operational equipment of the same type
in each aircraft. One system involves detection of radiation from
an infrared generator mounted in other aircraft while the other uses
radio signals. No cost estimate was given for the PWI systems but it
was emphasized that for this system té be workable, regulations would
have to demand that the equipment be installed in all registered
aircraft. Litfle progress has been made in the development of a '"non-
c&operative" PWI system.

It can be seen that there are several problems in any anti-
collision program which depends on this hardware. At the present time,
the systems which have been developed are priced well outside the

financial capability of the average general aviation aircraft owner and
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pilot. While the NTSB is considering regulations which would require
all air transport and all large general aviation aircraft to use a CAS
or PWI system, this would still leave the vast majsrity ofiaircraft
unprotecfed. These systems are also, unfortunately, far from being
foolproof énd therefére present a danger of creating a state of over-
confidence and ovérdependence in the pilot which could result in a
lowered vigilance level and a siéuation more hazardous than the present
one. —

It is thefefore impractical to assume that in the near future
éhe watchkeeping task of the pilot will be taken over by electronic
detectors. The visual system of the pilot will continue to be the
primary warning system for conflicting traffic and an effort should be
made t6 improve the effectiveness of this system.-

The first step in an effort to improve the effectiveness of any
system_is to discover and study the faétors which 1imi£ the efficiency
of the present system. Such a study should reveal which, if any, of the
limiting factors present an absolute limit which cannot be overcome by
the'applicétion of existing antidotes and which factors can be overcome
to improve the effiéiency of the system.

This paper will attempt to identify and isolate some.of the
factors %hich may affect the ability of the pilot to quickly acquire

visual contact with other aircraft in flight.




| 7
quuisition of Conflicting Traffic

In a discussion of acquisition of visual targets'during spaée-
craft rendezvous, Vanderplas (1963) defines five wvisual subtasks which
are important. First is the determination of the presence or absence
of an object in the visual field. The detection probability is a
function of the apparent ;ize of the target, the brightness contrast
and shape of the target as well as the adaptive state of the observer's
visual system.

The second subtask is the discrimination of the detected object
from other objects in the visual field. 1In the orbital environment this
visual noise may consist of stars or of objects on the planetary surface.

The third and fourth subtasks are recognition of the object and
its assignment to a classification. The observer must decide whether
the object under consideration is actually the target spacecraft or
merely_a star.

fhe final and_perhaps most difficult subtask is the judgement
of the location and behavior of the target. In order to effect a
successful rendezvous,.the observer must accurately judge the course,
sbeed and'distance'of the target spacecraft.

It can be seen that the problem of target acquisition in the
orbital enviromment is quite analogéus to the proBlem being considered by
this paper. Only the ultimate goals -- separation versus rendezvous --

are fundamentally different. In order to avoid an imminent collision
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the pilot must perform all of these tasks, either simultaneously or in
the given order. From the information determined during the judéemén;
subtask he must then decide upon‘and undertake a course of action to
‘avoid the colli;ion.

The Detection Subtask

Inflight traffic deéection js an extremely compiex task combining
elements of both vigilance'aﬁd‘visual search tasks. Vigilance generally
involves the detectioniof a signal in a known position with a condition
of.temporal uncertainty‘(Frankmann and Adams, 1962,) 'The usual visual
search problem is the reverse situation involving acquisition of a
target which is present during a known period of time but in an unknown
position within the visual field. The inflight traffic acquisition |
problem, of course, combines both temporal and spatial uncertainty into
one task. Any investigation of the human factors involved in inflight
must, then, study factors wﬁich affect performance in both these types
of tasks. |

The Discrimination Subtask

This task involves‘differentiatiﬁg the target from other visual
stimuli within.the field. This is accomplished primarily through shape
discrimination with brightness and hué discrimination being cohtributing
factors. ‘The shape discfiminatioh capabili;y of the observer dependé'
on visual acuity with both static and dynamic visual acuity playing

some roles in the process.
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Visual acuity is largely a function of the brightness of the
target and the background (Baker and Grether, 1954). Acuity'threshélds

were shown to vary from 1" of arc for conditions of high background

brightness and contrast to over 10' of arc at low background brightness

and contrast. According to these findings, shape discrimination

performance Wéuld be maximized with the target seen in silhouette
against a bright sky. Diécrimination would be degraded as the sky
darkened and the contr%st decreased, |

Dynamic visual acuity is defined as the manner in which,one's
visual acuity deteriorates as a function of increasing target speeds
(Goodson aﬁd Miller, 1959). Targets which exhibit a high angular
velocity are relatively unimportant, however, in inflight collision
avoidance for reasons. to be discussed 1ate;. It should, then, be
sufficient to note here that as the angular speed of a target increases
to about 100° per second, the acuit& threshold has been shown to increase
by about a factor of six (Ludvigh and Miller, 1953). ' |

Severél studies (e.g. Cowart, 1959; Baker, ;960) have explored
thé use of hue and brightness discrimination to improve the discrimin-
ability of aircraft. These involved the use of speciai types of

visibility enhancing paint upon aircraft surfaces. The results of such

tests have been somewhat'contfadictory, agreeing only that the paint

improved the discriminability of relatively close aircraft. Several

factors, including the resistance of potential buyers to solid orangé
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or striped orange aircraft, caused abandonment of the-program;

A factor which has been shown to have a tremendous effect in
degrading both detection and discrimiﬁation performance is "empty field
myopia'" (Whiteside, 1953). When the eye is presented with a visual
field which does not offer sufficient information to implement proper
focusing, thelciliary muscles in the eye tend to slowly contract,
bringihg about a'focus on a relatively near point in space. A bright,
cloudless sky presents a sufficiently unstructured field for this to
occur. This may also take place when the pilot momentarily turns his
attention to objects within the aircraft and then returns his gaze to
the comparatively empty field_butside. Unless the visual system is
then consciously focused upon some distant point, it may remain focused
at the nearer distance. Having the eyes focused at a point within a
few feet of the observer will, of course, greatly increase both
detection and acuity thresholds if the targét is several miles distant.

To compensate-for this potential problem, pilots should be
trained to consciously focus their eyes on a distant mountain peak or
cioud formation every few seconds. This wiil keep the visual system
focﬁsed near infinity and more ready to detect intruding traffic.

The Recognition and Classification Subtasks

Recoénition and identification of the target depends greatly

on the first two subtasks =« detection and discrimination «- and the

factérs which influence them, particularly visual acuity. They are
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also influenced by the observers past experience with acquisition of
air traffic and the related problems of transfer and'stimplus general-
ization (Vanderplas, 1958). Miller (1969), however, has shown that
pilots with large amounts of flight time have a gre;ter collision
incidence than the low time pilot. This would seem to indicate that
the effect of increased experience in recognition and identification
exerts only a mino? influence upon the total acquisition-perfbrmance.

The Judgement Subtask

When a target has been détected and recognized as an aircraft,
the next step is to determine the behavior of the intruder -- its
course, distance and speed -- in order to.decide whaé, if any, evasive
maneuver is necessary. The primary method of determining whether two
aircraft are on a collision course is based on the "bearing fixity '
principleﬁ (see Figure 1.) When two aircraft are on intersecting
courses, the angular velocity of each is zero when viewed by the éilot
of the other aircraft. Both pilots will, then, see the other aircraft
as motionless targets which ;re either growing or shrinking depen&ing
on the directign of motioq;- S
Insert Eigu;enl'Aboqt'ngg

Little research has been done to determine the thresholds for

a change in angular size of a stationary target which, in this case is
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the primary visual cue for the behavior of the target. Baker and
Steedman (1961) evaluated the effects of luminance leQel and target
velocity on the line-of-sight motioﬂ threshold of a light target in a,
dark fieid. They found that at relatively high closing speeds, motion
was. correctly identiﬁied 95% of the time when the distance travelled in
a one second glimpse was about 5% of the initial distance. If these
results are extrapblated to the present problem, it can be estimated
that line-of-sight motion should be readily recognizable approximately
20-25 seconds before a collision. ‘
Expectancy and Target Acquisition

Considerable research and discussion have centered around the
performance of observers as a function of their ability to predict
the future behavior of the search area. Adams and Boulter (1964)
investigated the effects of uncertainty -- both spatial and temporal --
on the_detection time for a visual.signal. They found that while both
spatial and temporal uncertainty caused a significant decrement in
performance, spatial uncertainty was the more domiﬁant factor. Their
study.utilizéd.only three possible target positions while in the
iﬁflight acquisitién task, a target may appear in any one of an infinite
number of possible positions. It would be expected that this would
. tend to degrade performance even further.
Deese (1955) proposed an "expectancy hypothesis" of vigilance

behavior to explain the relationship between temporal patterns of
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signal appearance and detection performance. Under this hypothesis,
the observer continually averages the intervals of time between
previous signals which he has detected and extrapolates from this to
fo?m.an expectancy about the future performance of the search field.
This expectancy or readiness to respond to a signal is greatest at
the instant that the interval since the previous signal is equal to
the mean of all previous intersignal intervals. .

This has been demonstrated by Mowrer (1940) using reaction
time as a measure of expectancy. Subjects responded to a tone
occurring at 12 second intervals. When-an occasional "test trial"
with an interval ranging from 3 to 24 seconds was introduced, the
reaction time was considerably longer than for the normal trials.

Baker (1959) introduced an "expectancy.functibn" which
indicated that immediately after detection'of a signal, expectancy
drops to a low level and fhen rises rapidly as the time for the next
signal approaches. If the expected signal time passes without a
signal being detected, the level of expectancy slowly drops. This
phenomenon was demonstrated for inter-trial intervals ranging from
10 seconds to 2 minutes.

In an application of the methodology of signal detection
. theory to the expectancy problem, M. Treisman (19645 demonstrated a
lowering of the detectiom threshold at the time that the next signal'g"“

is expected. He found, however, that this threshold change was due to
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changes in the observer's response criteriqn as a result of decision
processes rather than being due to any change in the sensory systems.

It is difficult to predict from these experiments how the
temporal expectancy function would affect signél defection in a
complex task such as aerial target acquisition. Neither study by
Mowrer or Baker investigated the effect of unequal intertrial int-
ervals. Deese and Ormond (1953), who did wvary the intervals,did not’
attempt to produce the £ype of function presented by Baker.

A vigilance model based on the Deese hypothesis as modified by
Baker would have to considér such problems as the perception of time.
Cohen (1964) demonstrated that the perceived length of a time interval
is a logarithmic rather than linear function of its actual length. .
This would cause some difficulty in’ a model involvihg averaged interval
length, especially-if they were of widely disparate length. Another
difficulty could appear if the signals occurred in a definite temporal
pattern instead of the assumed random distribution. Would the observer
learn to extrapolate from the observed pattern or would he continue to
base his expectancy level on interval means?

The expectancy hypothesis, thus, seems to provide a promising
framework on which to build a model déscribing vigilance behavior aﬁd
its influénce on target acquisition performance. 1In ordgr to make such
a model reasonably valid, however, more research must be dome to )

determine the role of a number of other variables which may be
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encountered in any real world watchkéepingvtask.
Target Position and ACquisitién Performance

A factor which hag received little attention in relation to
acquisition is the position of the target within the visual field. 1In
a study investigating the time necessary to detect a faint visual
object in a "broad, unstructured" visual field, Krendel and Wodinsky
(1960) found that position had no effect on acquisition time.

Howell (1959) reports, however, that during a visual search
task using an artificially restricted visual field =-- windowé in an
aircraft cockpit -- the observers' eye fixations tended to concentrate
on the central portion of the visual field. Areas near the edges of
the window received little attention as the number of fixations
tended to form a gradient moving from the center, outward. This
could be expected to degrade acquisition performancé when the target
appeared near the perimeter of the field.

Reports of several recent inflight collisions (e.g. NTSB,
1970a) indicate that the target position of the conflicting aircraft
were near thé perimeter of the respective pilots visual fields,
appearing near the edée of a window. If the data reported by Howell
are'éonfirmed and the expected degradation of acquisition performance
actually occurs, this characteristic of search behavior may be shown
to be a factor in the occurrence of such inflight collisions.

The present study was undertaken, then, to test the effect
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of the position of a target in an artificially restricted visual
field on the target acquisition performance of an.observer. While
nearly all of the publiéhéd evidence would predict no position effect,.
my hyﬁothesis Wés that a strong position effect.would be found. |
Method |

Nine university students, 5 males and 4 females éervgd as
experimental observerg. All were volunteers from an introductory
psychology class and received extra course credit for their partic-
ipétion. All observers had at least 20/20 vision with or without
correction.

The experimental booth was a plywood box 36 inches in width,
30 inches in height and 36 inches in horizontal depth. This was
positioned on a table 30 inches in height. The interior was painted

a solid flat black. One end of the box was left open to accomodate

the observer's ststion. At -this station was mounted a head constraint

consisting of'a chin rest and a cheek bar. The constraint was
adjustable to comfortably accomodate‘different'size and shape faces
but was designe& to ensuré that all observers' eyes were in the same
poéitionf At the obéer&ers' right hand was a control box with a
lever connected to a clutch driven electrical timer with readout in
hundredths'of'geconds. \
The end of the booth'oéposite the observers' station contained

a rectangular aperture ﬁhrough which a field 25° high and 38° wideA-
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in visual angle could be seen by each eye. The plane of this window
panel was 32 inches foreward of the observers' eye position. A
diagram of the experimental booth appears in Figure 2.
Insert Figure 2 About Here
Becaﬁse;of the distance between the observer's eyes; a slightly
different field was seen by the right and left eyes. Therefore, an
area of monocular vision with a width of approximately 4° appeared at
the right and left sides of the field. These areas of monocular vision
are represented by the -areas surrounded by dashed lines on Figure 3.
Insert Figure_BIAbouf Here
The target was a dark disk with a diameter of 4' visual angle
and a brightness of 1.6 Ft-Lamberts appearing on a white background
screen with a uniform brightness of 7.9 Ft-L. The brightness contrast
of the target was, therefore, 79.7%. The background screen was
positioned 120 inches foreward of the observers' eye position. There
were 45 possible target positions as can be seen from figure 2. These

were 0°, 5° and 10° above and below the center of the field and 0°, 5°,

o)

107, 15° and 18° left and right of center. The targets in the

positions 18° 1left and right of center fell within the areas of




18
monocular vision as is shown on the figu?e.

At the start of his experimental session, the observer was
seated in the proper positiop and.the head constraint was adjusted to
a comfortable configuration. He was read the prepared instructions

which appear in Appendix 1 and which state, in éffeét, that the térget’
may appear in any posipion in the field which can be seen through the
window and during some trials might not be present at aLl. He was then
given two practice trialé with the target placed in positions chosen
ranéomly.

Each observer was then given 50 timed acquisition trials in two
groups of 25 trials each with a 5 minute rest period between the groups
 of trials, These 50 trials included one trial with each of the 45
possible positions and 5 blank trials with no target presented. The
blank trials were introduced in an effort to reduce the problem of
false reports., The order of target presentation was randomly determined
-and differed for each observer.

Between experimental trials, the target was manually repos-
itiéned with the background screen unlighted and the window aperture
closed. When the target was in position the aperture was uncovered
and as the lamp was lighted, illuminating the field, the timer Qas
started. when the observer found the target, he pressed Fhe lever at
his right hand which stopped the timer. |

The experimenter was seated behind the observer and during
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écquisition trials maintained a watch to insure that the observer did
not move his head f;om the proper position.
Results’ ‘

Target acquisition performance was measured through two
dependent variables, tﬁe acquisition time and the.proportion of tafgets
visually acquired during the alloted time. A third variable, the
frequency of false reports on blank triaié was used as an indication of
the dependability of theiobserver's reports on the other trials.

Any target which was not reﬁorted as found within a 12 second
search time was recorded as a missed target. A diagram of the
pattern of missed targets éppears in Figure 4, This figure represents
the visual field of the observer aﬁd the numbers in eagh cell are the
number of targets in that position which were recorded as missed. Thé
cells without numbers represent areas in which no targets were miésed.

Insert Figure 4 About Here

As can be seen f?om’Figure 4, a large proportion of the missed
targéts were those which appeared near the bottom of the visuai fiel&.
In fact, in thé‘areé of binoéular vision, this was the only plaée in
which any targets were missed. Targets in this iow'were-;hose which
were pdsitionéd 109 belo& the center and 2%0 above the bottom. In

order to determine whether this relationship between vertical position
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and miss frequeqcy was significant, a chi-square test was performed.
The résulting value of the test statistic was 66.39‘which, with &
degrees of freedom, was significant beyqnd the .005 level of alpha.

There we?é a ;btal of 28 missed targets out of 405 targets
presented for a "hit" percentage of 93.1%. Of a tétal of 45 blank
trials, there were a total of 2 false reports which indicates "cérrect
rejections™ 6nj95,5% of the blank‘tfials. |

In order to test the assumptién of homoscedasticity necessafy
for the use of an gddifi§e analysis of variance model, a CGochran test
was made on the acquisitioﬁ time data. The value of C was found té
"be significant at the .01 level indicating that the group vafiaﬁces
were, indeed, heterogenous. As a resﬁ;t, the data were stabilized
using the transformation Y' =VY+.5 . A second Cochran test was
then performed on the transformed data and this time the value of C
,fgiled_to reach significance. This indicated that the variances were
now sufficiently homogenous to proceed with the analysis éf variance.

Because of the numbér of missed targets, the model selected for
" the analysié-was the modél for nearly proportional cell frequencies
uéed as an approxim;tion to a complete least squares analysis, described
by Snedecor and Cochran (1971 p. 482). This analysis involves the.
calculation of uﬁbiaééd:estimates of all rgw'and columﬁ totals based
upon an assumed proportional ceil frequencies model. The anal&sis

then proceeds as for the proportional frequencies model. This is
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considered’an adequafe approximation to a complete least squares
analysis if the ratios of.proportional to observed cell frequencies
all lie between .75 and 1.30. Wgth thg present data, all 45 ratios
fell between .81 and 1.21 == well within these criterion 1imits.‘

The summafy téble for the analysis of variénce on the trans-
formed acquisition time data appears in Table 1. The F-ratio for the
effect of horizontal'displacgment from-center, 8.88, was significant
beyond the .001 1eve1.' The vertical displacement F-ratio, 4.78, was
siénificant beyond the .bOS level. fhe interaction effect was not
statistically significant, indicating that the magnitude of the
horizontal positi&n effect does not chénge‘with a change in vertical
position.

ipge;ﬁ Iab%e 1 Aﬁoqt‘Hg;e

The untransformed data were then suéjected to a 1ea§t,5quared
differences (LSD5 test on both significant main effects. 1In these
teéts, the row means and the column means were rank crdered and the
differences between means are calculated. These differences ‘between
experimental means‘aré then compared Qith a computed LSD confiaeﬁce
interval which is based on the t-distribution and the differences

which fall outside of the interval indicate which means are statist-

ically different. The LSD test does not, however test the simultaneous
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level of significance and with the 46 differences be;ween means which
wereltested, the;e‘;s about a .65 probability that at least one
difference is falsely indicated.\ The LSD test results should therefore
be considered indicative of trends in the data but not necesearily
conclusive.

The ranked differences were then tested using theuNeQman-
Keuls procedure. This procedure, based on the ‘Q-distribution, does
give simultaneous signifieance 1evels.and with the .05 significance
1e§e1 placed on these confidence intervals, there is a .95 probability
that no false differences were found by this test. The conservative
nature of this procedure results in some true differences being hidden
due to the loss of power and both the LSD and Newman-Keuls results
should be examined to obtain an accurate picture of differences in the
data. The tables.of differences between the experimental means as well
as a summafy of‘the results of the LSD and Newman;Keuls analyses are
presented in Table 2 and Table 3.. In the analysis summariee, as‘is‘
customary, aﬁy two means which are not underscored by a common line
are taken to be statistically different. |

Insert Table 2 and Tagle 3 Aboﬁt Here
The mean vauisitien times as a fenction cf the horizontal

’displacement from the center of the field are presented in Figure 5.
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It can be seen that the shortest acquisition times were for targets
which appeared near the center of the field. The mean times become
progressively longer as the target position approaches the perimeter
of the artificially restricted field, generating a U shaped curve.
" Insert Figure 5 About Here

The plot of the acquisition times for the 5 values of vertical
poéition (Figuréﬂ6) reveals a somewhat more complex'relationship: Some
indication of a U shaped function can be seen from this biot_and,is
also indicated by the LSD test results (TaBle 3).. It is evident,
however, that most of the variation is a fesult of the difference
between the -10° group aqd'the"oghg;s.:

Insert Figure 6 About Here
Discussion

Thése data indicate that there is indeed a decrement in

acquisition performance when the target position is near éﬁ artificial

boundary of thé visual field., This decrement is manifested both in

the acquisition time and in the "hit-miss" probabilities. This would

tend to substantiate the data of Howell (1959) concerning the manmer -

in which the eye fixation pattern is structured.
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The Krendel and Wodinsky (1960) stpdy found that there was no
pattern to the e&e movements in their study'of search in a '"broad, un-
structured" visual field and concluded that visual search can be
described as a process of:random and indepeﬁdent eye fixations. It-
would seem, then, that an acquisition task which.involves search‘throuéh
an Opticalhaperture such as a window must be described by a aifferent
model than a task involving '"free" visual search.

E&idence was found that a second fac;or may élso act to degrade
acquisition performance in this type of artificially defined field. A
serendipitous observation was made that the. female observers had a
considerably higher proportion of missed targets than the males. The
mean number of misses by females was 6.25 wifhra range of from 4 to
9, while the mean number fof males was 0.4 with a range of from 0 to
2. A chi-square test of this difference was significant beyond the
.001 level. While this may reflecf an actual sex difference or may
be merely some artifact of the experimental procedure,‘a statistical
differencg of this magnitude is a strong indication that an actual
difference of some type was present during testingf

Bieri, Bradburn and Galinsky (1958) discuss sex différenceé
in perceptual abilities and indicate a belief that these may Be the
_result of.developmental factors. Broverman, Klaiber, Kobayashi and
Vogei (1968), however, argﬁe that these differences are inpate and are

physiologically centered. They demonstrate that females excell in tasks
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involving rapid; repetitious and ovegleérned responses‘and that they
possess lower absolute and differential thresholds. Males, on the
other hand, excell in tasks invoiving separation of figure from ground,
perceptual inhibition and'reétructuring. This is, they reasoned, the._
effect of the excitatéry‘effect of female hormones and the inhibitory
effect of male "hormones.

This theory could provide an exﬁlanation for the type of sexv
differencé which was suggested in the'present study. ‘All_missed
éaégets were were either in an area of ménocular vision.or‘within 2%0
of the artificial boundary of the field. 1In these areas it may be that
the dominant element of Fhe field is its abrupt terminus.rather tﬁan
any object which may be present within the field. This domination |
could take the form of an iﬁwarg shift in eye focus -- especially if:
the field seen through the aperture has little structure -- or could
.result from a more central inhibitory process akin to the.latera} .

inhibition in contour enhancement (e.g. Osgood, 1953 pp.230-232).
'If the argument of‘Broverman,ef.aI. i; accepted, é male observer should
be‘more able to inhibit this éype of sensory interference ana‘would
‘have less difficulty in the detection of a near threshold target near
the boundary of the field. This hypo£hesis, while highly specﬁlative,
‘wquld pro&ide an interesting basis for further fesearch.i

Some external validation for the vaﬁisition time data can be

found in the data from thelKrendel and Wodinsky (1960) study. Figure 7
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compares the cumulative percentage of targets visually acquired across
time in the present study with fhat reported by Krendel et.al. for a
search area of similar size. - It ;an be seen that the curves are
remarkably similar with the oniy major difference being the pgrformance
during the first two seconds. It is possible that this difference is

Inée;tﬂE%gqre 7 About Here
an artifact of the experimental method of starting each trial by
illuminating the previously darkened screen. This is unlikely, however,
as is shown by the data of Figure 8. This shows that the cumulative
curve for areas mear the center of the field shows the same shape as
the Krendel et.al. curve. It is only when the data for targets near
the perimeter are plotted that thé cumulative ‘curve shows the pronounced

initial lag in acquisition performance in the restricted search task.

It appears from these data that adding an artificial boundary
to a visual field has a tendency to add a certain structure to ﬁhe
qbservers'.se;rch technique which is not presenﬁ when the field is not
so resfricted. The observer in this type of task concentrates his

search in the central part of the field and only when he finds no

»
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target there does he begin to search elsewhere. Thus, the probabiliéy
of ‘acquisition of a target near the perimeter is low at the onset of
search. Then as the search brogresses, the acquisition probability of
these targets increases.

Since the lag in acquisition of targets near the periphery
appears only in the first few seconds of search, it seems logical to
ask whether this initial concentration on the central areas would be
a problem in a continuous search task such as aerial target écquisition.
The date presented in the Howell report indicate that, indegd, it is.
His data suggest that during a continuous restricted search task the
pattern of eye fixations is similar to that found in about the first
second of the present étudy and that the largest proportion of glimpses
are directed toward the center of the field throughout the ta;k.

What are the implications of these results for the aviation
industry? First, as has been ;uspected, the target position can be
regarded as a factor in collisions where the conflicting aircraft have
appeared within a few degrees of the edge of a window. Aircraft
cockpits should be designed so that as littié as possible restriction
is placed on the éilots' visual field and large aircraft employing
two pilots should be designed so that whenever possible areas near
-the edge of one pilot's window will be near the center of the other's.
Since acquisition peréormance is greatly degraded near the bottom of

the fiéld, the windows should either extend lower than théy presently
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do of the pilot should be seated somewhat higher to extend the visual
field lower than in present aircraft. Until such equipment changes can
come about, the pilot should be taught that it is not enough to "keeé
yuor head on a swivel" as is presently taught. The should be taught
to actively search by moving his entire-upper body, thus changing the

areas of the outside field covered by each window.
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Appendix 1.

Instructions to Observers

Do you see the small black spot in the center of the screen?
This is the target for which you will be searching during the exberiment.
It may appear at any'position within the area which you can see thfough
the window. When the light comes on .begin searching for the target
and when you find it, quickly press down on the lever bf your right
hand. While you are looking for the target, keep your chin on the
chin rest and éo not move youf head,

There will be sevéral trials during the experiment'during
which there will be no target on the screen so if you don't see a
target, don't press the lever. 1In this-case I will stop the trial
myself after a few seconds.

The first two trials will be practice trials to be sure that

you understand the procedure. " Do you have any questions?




TABLE 1

Analysis of Variance Table for Transformed

Acquisition Time Data

SOURCE OF DEGREES OF SUMS OF MEAN F
VARIATION FREEDOM SQUARES SQUARES RATIOS
HORIZONTAL

DISPLACEMENT 8 12.3099 1.5387 8.88 **
VERTICAL

DISPLACEMENT 4 3.3153 0.8288 4.78 *
INTERACTION 32 5.,3008 0,1657 0,96
WITHIN

SUBCLASSES 332 57.5402 0.1733

TOTAL 376 78.4662

* p{ .005

** p{ 001

A%
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Table 2

Differences Between ixperimental Means

Horizontal Displacement Groups

Groups

X X9 X Xz X5 Xz X5 X3 X
X,| 2.54 1.40 1.04 0.63 0.65 0.62 0.46 0.15 0.00
X | 2039 1.25 0.89 0.48 0.48 .47 0.51 0.00
X| 2.08 0.94 0.58 0.17 0.17 0.16 0.00
X,| 1.92 0.78 0.42 0.01 0.01 0.00
X,| 1.91 0.77 0.41 0.00 0.00
Xg| 1.91 0.77 0.41 0.00
L, 1.50 0.s6 0.00
x| 1.14 0.00
Xl V.00

Summary of L3D .nalysis

L X5 X, X3 X, Xy X5 X5 X

Summary of Newman-Keuls Analysis

X, X X Xg X; X3 Xg X5 X4
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Table &
Differences Between Experimental lleans

Vertical Displacement Groups

ol o
&

e
!

e

1,37 Ved7 V.27 Q.05 0.00
l.52 0.82 Vel2 J,.00

l.1i0 Uelu V.00

l.uV 0.00

0.U0

Summary of L3D Analysis

X, X3

< o

Summary of Newman-Keuls Analysis

X; X X X5 X3
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