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AB3TRACT

Detections of a smell signal light against cilty-light
vackgrounds were made by experienced pilots during 288
presentations to determine whether detection time wac
ai'fected by variations in signal characteristics and back-
rround, and whether pllot differences occurred.

The experiment ylelded evidence that:

1. A red signal light was moderately more detectable
than a green one, and the green moderately more so than a

white 1llght,

2. Some city backgrounds provide? ":: more difficulty
for detecticn of a flashing signal than others, the pri-
mary characteristics of difficult backgrounds apparently
belngz high intensity, concentration of many lights, presence
of one or more flashing lights, and wide variety of color,

3. Relative detectabilities among signal colors re-
mained the same regardless of the predominant background
color against which they were viewed,

4, A dot-dash flash pattern was significantly more
detectable for some subjects and a series of dots more

detectable for others,

5. Subjects did not differ significantly in detection
time-~in spite of using different search patterns,

- i -



TABLE OF CONTENTS

Paﬁe

AbSEIACE seueeerevoscensosocecnocsatnensnsonsoacesss 144
List of Flgures ......... Feeeeseaasossasassonsconens vi
LISt OF TADICS 4. .tv e evrseonsesssssssssosssnnoacsssss vi
Acrnowledements ... il i i s s cees. Wi
Summary oT the Project ... iiieeeeeacans csenseen . ix
INntroduction (...t eiirerstsacnscrssacnsscnns ceee e 1l
PUPPOSC wevvveaeacossncassosssasessasocsss b e e s e e . 2
Method ......ceiierineenanns ceraaaa Ceeeeacsoscnas . 2
SUDJECLES siiicencaacannans Cee s sressracacns 2
Experimental Design ....cciicreneeans eecsesssaase 2
APDAratuUS ....vevesosonnssanasosanas ceesecanaan . 3
Buckgrounds ......o0c00e00n Sess cceeessesavenoes 5
ProCeAUre +..oee.eveeeeeenoaensn. Ceesrereaaee 6
Results and Conclusions ...t renccacns ceeaees . 9
Relasion of Color to Detectabllity ............ 9

Relation of Flash Pattern to

Detectability ...viieverraceosscsacnavoososas 9
Relation of City-Lights Background

to Detectability .......... Cesseansacea . 11
Relation of Subjects to Detectability ctessenss 13

SUMMATY 4t vieeeoeocosssseseassaasssaasecansoosossanss .o 13

References ,.....ceceeceevceces cerennee teceenne crecnosas 15



LIST OF FIGURES

Fig. No. Page
1 Diagram of apparatus layout ...... certeaees 4
2 Description of.clty-lights back-

ETOUNAS o.vueoeessan veeenaan ceeenas ceeas 7

LIST C.' TABLES

Table No. Page
1 Summary of Analysis of Varlance ........ .. 10
2 Rank Order of Mean Detection Times
and Significant Differences (Duncan's
Test) Between Backerow-is ........ ceeees 12



ACKNOWLEDGMENTS

The investigsaicr wishes to
acknowledge his 3:v:chiedness to the
Unlted States Alr Force pllots who
voluntarily served as observers and
to Univercity of Arizona officlals
who made observation facilities
available for this study.



SUMMARY OF ''HE PROJECT

More than £5% of all mid-alr collisions have oczcurred
durlng VFR operations. Since in all likelihood o usubstan-
tial majority of flights will continue tc take place under
Visual Flierht Kules for some years to come, the rFederal
Aviation Apency in July 1959 established a prograir calling
for comprehensive research Into visual aids for preventing
mid-air colllsions.

The principal areas belng investigated by the contrac-
tor, the Applied Psychology Corporation, are paints, ex-
terior light systems, smoke and vapor trails, optical
devlices, training procedures, and a determinatior or those
items of information needed by pilots for making relicvlie
avoldance-maneuver decisions,

The approach consists of a progression from iibora-2ory
work, through fleld tests, to fiight testing. Exuerime:ial
studies have been conducted to derive those gquantitative
data regarded as prerequisite to efficient and practical
field tests., The fleld tests have then been designed to
assess promising devices and techniques through ground-
based observations; as such, they served as ecunomical
screenings prior to flight tests.

In-flight evaluations have been reserved for firal
testing of proposed solutions and for investigating oper-
ational problems,.

Technical Reports have been, and will be, issued as
statements ol partlcular experiments or analytical studies;
Summary Reports wlll be 1ssued as summarizations of all work
done in the varlous broad areas of investigation (e.g.,
paints, exterior light systems),

The present report is Technical Report No. 13.1 Other
reports, both published and planned for publicution, are
listed below:

Technical Reports

No. 1 Analysis of the Usefulness of Coded
Informatlion in Visual Collision
Avoidance

1 This titie r.:iaces the previously listed "Evaluation
of the Conspl =ity »f Miecraft Smoke Trails: B. Air-to-Air
Observations"” which will not be published.
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SUMMARY OF THE PROJECT

More than 85% of all mid-air collisions have ozcurred
during VFR operations., Since in all likelihood 2 substan-
tial majority ¢! flights will continue to take place under
Visual Flirht Fules for some years to come, the rFederal
Aviation Agency in July 1959 established a program calling
for comprehensive research into visual aids for preventing

mid-air collisions.

The principal areas belng investligated by the contrac-
tor, the Appllied Psychology Corporation, are paintc, ex-
terior 1ight systems, smoke and vapor tralls, optical
devices, training procedures, and a determinatior oI those
ltems of iInformation needed by pllots for making reliabice
avoidance-maneuver decisions.

The approach consists of a progression from iibora-ory
work, through field tests, to fiight testing. Exuesrime:.ial
studies have been conducted to derive those gquantitative
data regarded as prerequisite to efficient and practical
field tests. The field tests have then been deslgned to
assess promising devices and techniques through ground-
based observatlons; as such, they served as ecuaomical
screenings prior to flight tests.

In-fllight evaluations have been reserved for firal
testing of proposed solutions and for investigating oper-
ational problems.

Technical Reports have been, and will be, issued as
statements of partlcular experiments or analytlcal studies;
Summary Reports wlll be 1issued as summarizations of all work
done In the varilous broad arezs of investigation (e.g.,
paints, exterior light systems),

The present report is Technical Report No. 13.1 Other
reports, both published and planned for publication, are
listed below:

Technical Reports

No. 1 Analysis of the Usefulness of Coded
Information in Visual Collision
Avoidance

1 This titie ru:iaces the previously listed "Evaluation
of the Conspi-uity of Aircraft Smoke Trails: B. Air-to-Air
Observations"” which will not be published.
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No. 2 Comparative Consplculty of Several
Alrcraft Exterior Paint Patterns

No. 3 Alrcraft Flight-Attitude Information as
Indicated by Exterior Paint Patterns

No. & Fleld Study of Threshold Ranges for Air-
craft Detection and Color Identification

Pilot Judgauents of Simulated Collisions

No. 5
and Near Misses: A Comparison of
Performance with Uncoded and Two-Tone
Coded Models
No. &, 9, Effects of Backscattered Light on ‘farget
& 14 Light Deteciability in a Ground Test
Environment
No. 7 Outdoor Test Range Evaluation of Air-
crait Paint Patterns
No. 8 71ight Simulator Tests of Altitude-Coded
Lights
No. 10 & Pilot Judgments of Aireraft Range and
11 Relative Altituu«. Ground-to-Air and
Air-to-Air Observations
No. 12 Distance Estimatlion of Frequency-Coded
and Uniformly Flashing Lights 2
No. 15 Altitude Evaoion in Visual Collision
Avoidance
No. 16 Flight Tests gf an Altitude-Coded Air-
craft Light"
1 These three Technlcal Reports have been combined and

replace the previousiy listed reports.

2 This title replaces the previously listed "Evaluation
of the Conspiculity of Alrcraft Smoke Trails: A. Ground. to-
Air Observations" which will not be publiished,

3 pitle changed from that previously listed.

% mitle modified from that previously listed.



Summary Reporta
The Rule of Paint in Mid-Air Collision Prevention

The Role of Range and Altitude Judgment in Mid-Air
Collision Prevention

The Role of V}sible Trails in Mid-Air Collision
Prevention

The Role of Exterior Lights in Mid-Air Collision
Prevention

The Rcle of Optical Devices in Mid-Air Collision
Prevantion

1 pitle modified from that previously listed.



TECHNICAL REPORT NO, 13

COUNSPICUITY OF SELECTED SIGNAL LIGHTS
AGAINST CITY-LIGHT BACKGROUNDS

Introduction

A major problem aircraft pllots often encounter while
flying at night over and near cities and other large lighted
ground areas is that of detecting and tracking "intruder"
aircraft whose exterior lights are superimposed uvon the
vast complex of lights on the ground. The space over such
areas commonly contains a high density of air traffic, and
ground lights having great varlety of color, intensity,
configuration, concentration, and flash pattern often par-
tially conceal from a pillot the flashing lights of aircraft
at lower altitudes, 1In such a situation quick visual d4if-
ferentlatlion of ailrborne lights from ground lights 1is very
difficult but frequently critical for avoiding mid-air
collisions, The importance of this problem underlines the
need to explore the relationships between prinary vari-
ables and the detectablility of a signal light viewed against
ground lights, and to specify those variables which appear
to be most important to effective operational detection.

Although the problem of detecting other aircraft at
night over city lights has been the subject of much con-
versation among those closely associated with aviation,
it has apparently received little systematic investigation,
Much study has of course been devoted to basic perceptual
processes as related to & light source under various pri-
mary conditions of light and of background, but little of
this has provided anything directly pertinent to the city-

lights situation,

Threshold illumination of a signal light is known to

increase as the luminance of the immediate background a-

ainst which it is seen 1s increased, Langmuir and Westendorp
%1931) have demonstrated, however, that increases in the in-
tensity of steady background lights have little effect on

the time required to detect a flashing light signal unless
there is a separation of less than three degrees between
signal and background., Two investigations of steady and

of flashing signal and background lights by Crawford (1959;
1960) have shown that in the special case of a yellow signal,
with a background field of many red and green lights ’-)
greatest conspiculty is provided by a flashing light ;ainst
a background of steady lights, and (b) least conspi-nitv is
provided by a flashing light against a background of f.ashing
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lights, Crawford found that even a few flashing lights

in the background eliminate the advantage of a flashing
signal over a steady signal. In another study of flashing
lights, Cook and Beazley (1962) found that standard Morse
code and signals conslisting of dots only nossess more
promise for the operational situation in terms of response
time, learning time, and accuracy than signals conatructed
from dots and dashes with no pause between units, The dif-
ferences found 1in effectiveness among flash patterns thus
emphasize flash pattern as a variable whose effect on de-
tectabllity 1In the city-1lights situation should be investi.
gated further,

Other variables which warrant investigation are color
of signal light, its intensity, immedlate city-lights back-
ground, detection ablility of pilots, relative motion of
algnal light, and atmospheric condition.

Purgose

Purpose of the present experiment was:

(1) to examine the effects of four variables on de-
tectabllity of a signal light, namely: signal color, sig-
nal flash pattern, city-lights backgsound, and observer
detection ability; and

(2) to draw inferences from these findings regarding
detectabllity during actual nighttime flight situations
over city lights.

Method
Subgects

Four United States Air Force pilots served as subjects,
All greatly surpassed the 1000-hour minimum flight experience
estanlished as a condition for the experiment, and all were
currently on active flight status,

Experimental Deslign

Subjects were tested separately and received two sets
of detection problems, each set involving a different signal
flash pattern, Within each pattern set the suhject solved
36 probiems in which three signal colors and 12 backgrounds
were randomly varied, This provided each signal color once
against each background, Thus 288 test presentations were
provided in the experiment, 72 per subject,



Apparatus

Major zlements of apparatus were a signal light fix-
ture, fixture suspension and positioning device, flashing
device and centcrel panel, shutter box, oscillograph, ana
auditory masking system. Figure 1 i1s a schematic diagram
of apparatus layout.

City lights of Tucson, Arizona, provided the back-
ground visual fleld for the experiment., Apparatus was
located 400 feet above the city, and city lights were
vislible at distances of one through 20 miles. A panel
aperture of the shutter box permitted each subject to
view all city lights lying within a 75.degree segment
horizontally, and the full complement of lights vertically.
A shutter covered the aperture during periods between test
presentations. Electrically actuated release of the shut-
ter by the experimenter began each presentation and pro-
vided a time trace deflection. A push button conveniently
located near the subject's right hand permitted the sub-
ject to indlcale detection of the signal light. Pressing
the button nrovided another time trace deflection. A
cupped chin rest ailded in stabillizing the subject's head
position for each presentation, and from this position the
subject could specify signal llight posltion as lying within
any one of six clty sectors by visual rzf7:c.ce to markers
Just above the shutter box aperture,

Test signals originated in a “"grain-of-wheat" lamp in
a very small flxture supported by fine horizontal wires at
a distance of about 25 feet from the subject. Removable
filters for the fixture permitted presentations of red,
green, or white signals., A necutral fllter was used for the
white signal. The red and green filters were ground from
lenses of aircraft navigation lights. All three filters 1
presented approximately the same intensity of signal light.
The diameter of each filter disc was 4,5 mm.

1 Actually the small size of the fixture and the filter
prevented the intensities from belng as precisely ~qual as
was desired, The small size of the fixture and low intensi-
ties also prevented preclise photometric measures of the
signal light, However, gross measures made after the ex-
periment revealed that there may have been a cdifference of
about .012 candle between the green and white filters (red
falling between these extremes%. Even though this differ-

ence occurred at low signal intensities, the signals appeared

equally intense to observers.

-3«
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The [ixture suspension and poslitioning device con-
sisted of two double-strand wires stretched horizontally
between moveable sleeves on 10-foot poles. Matching marks
on the poles permitted positioning the sleeves and wires
at certain vertical levels, and beads on the wires pro-
vided position markers along the horizontal, The location
of partlicular city backgrounds selected for the experiment,
as vliewed from the shutter box, prescribed the wire levels
and bead positions that were used, For any specified pres-
entation during testing, then, desired signal position could
be consistently achleved by clipping the fixture over a
deslgnated bead and moving the sleeves to thelr designated
level, Nelther tne supporting and power wires nor the fix-
tures as such could in any way be detected by a subject
under the nighttime test conditlons.

A table located near the subject!s station at the shut-
ter box served as the experimenter'!s station and held the
flashing device, oscillograph, and a tape recorder. The
flashing device consisted of a small box containing two
constant speed motors with separate commutator discs that
provided dot and dot-dash characteristics to the signal
light circuit, as selected.

The frocnt panel of the fliashing device rnrovided con-
trol switches for selecting flash patterns, releasing the
shutter of the shutter box, and for making an independent
time trace deflectlon when no signal detectlion had occurred
within the time limit of a presentatlion. Also on the panel
was a control knob with calibrated dial permltting fine ad-

Justment of signal light intensity.

A single-pen osclllograph made the trace deflection
when each presentation began and ended, thus providing a
record of detection time, A tape recorder was connected
to earphones provided the subject., This served as a mask-
ing system between presentations to preclude the subject's
obtaining cues to forthcoming signal location from activi-
ties in positioning the light fixture,

Backgrounds

Twelve very small areas within the city lights display
were speciried as the immedlate backgrounds for test presen-
tatlons, Selectlon of the backgrounds was based on the
following general guidellnes: %a) backgrounds must repre-
sent conditions found frequently i1 most larger American
cities; (b) iLhey must be as diverse as possible, particularly
with regard to such characteristics as color, predominant
configuration, light intenslity, concentration of polnts of
light, and presence of flashing light sources; and . .} they

-5«
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should change very little in character between 8 and 11 P.M.
No attempt was made to specify precisely the spatial limits
of "immedlate background” nor to specify in detail the
cnharacteristics of individual lights which would be immedi-
ately adjacent to the signal ilght position; subjective
Judgment was used in achleving a position within each con-
figuration that seemed resasonable 1n terms of the back-
ground's predominant characteristics, The 12 backgrounds
selected are illustrated and described in Fig, 2,

Procedure

The psychophysical method of limits was used to equate
the perceived intensity of the signal light with red filter
to the perceived intensity of a partlcular moderately in-
tense red city light about five miles from the experiment
slte. The resulting intensity setting was used throughout
2ll practice and test presentations for 211 subjects,

Each subject was told the purpose of the experiment,
examined all features of the apparatus, heard standard pro-~
cedural instructions read, and participated 1ln practice
runs prior to testing. Practice included the subject's
use of sector markers on the shutter box *o designate for
the experimenter the location of a detected signal, For
test runs this procedure served as a ciucck that the signal
light, rather than another light, had been detected.

Immediately prior to each test presentation the parti-
cular signal condition and clty-lights background for that
presentation was set up; that is, the signal lamp was
flashing the specified pattern chrough the specified filter
and was posltioned against the specified background, The
subject sat facing the closed shutter of the shutter box.
By turning off the subject's auditory masking signal the
experimenter alerted the subject for the presentation, and
the subject placed his head in a fixed position by use of
the chin rest. The experimenter then caused the shutter
of the shutter box to fall, permitting the subject to view
the city lights and to attempt to detect the test signal.
Thirty seconds were allowed for detection,

When the subject had detected the test signal and
pressed the "detect" button he called out the sector identi-
fication, and the experimenter recorded it, The subject
then raised the shutter manually to a closed position,
where it locked shut automatically, ready for release again
during the next presentation, and the experimenter turned
on the subject!s auditory masking. The subject remained
seated at the shutter box and walted for the experimenter
to prepare for the next presentation,

-6 -
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an cooictant was respontible o positionin the
Clonal flmuure Jor cuon presentaclion and forr attaching
the srheocerlived Jilterr cap. A Cifteen uinute breal: was

LSRR

nrovided peotuecen Lhe two lach patte:n seto.

secults and conaiusionc

Detnetability nas been cxpretcced In terms oi detection
tire, Table 1 cummarices the rocultc of an analysis of
variance 27 deitection times obtained 1n this experiment.

AS may oe noted, statictically sirnificant differences in
mean detection tines were found Jor colors, for backrrounds,
and for certain interactions between variables,

Data were obtained under 1ldezl conditions ¢i atmos-
pnere and of numan attention, and relative motilon of signal
irnt to backgsround was absent. These considerations must
be borne in mind in relating the results to a real [light

environment.,

inelatior oi Coulor to Detectability

ean detection tlmes for Aviation Red, Aviatlon Green,
and Aviation ¥hite for all test presentations were 4,37,
5.50, and 5.54 seconds respectively. The i~ lerences among
detection times for these colors are not great, and only
the diifference between red and white is statistically sig-
nificant (t = 2.2%, significant beyond the .05 level).

The fact that no statistical significance was found
r any of the interactions between color and other varilables
parately, indicates that the difference in detectabllity
r red, green, and white is not influenced by the kind of
rnal {lash pattern used, the background against which the
[ead

VLY ks Q) ey
Helv O O O

delation of Flash Pattern to Detectapllity

Ifor dot ana dot-dash flash patterns the mean detectlon
timec across all colors, backgrounds, and subjects viere 5.05
and 5.15 seconds respectively. The difference in these means
is attributable to chance variations, and nelther dot nor
dot-dash flacsh pattern can ve considered to be more easily
detected than the other. The {fact that the interaction be-
tween rlash pattern and subjects is highly significant indi-
cztes, however, that although neither pattern is better when
all persons are considered together, some observers found
orie type of flash pattern easier to detect than the other,

-9 -



Tavle 1

Summary of Analysis of Varilance

Scurce Sum of « d<f Varlance F
Sguares

Color (A) 226,00 2 113,04 4,85 »
Bkrd. (B) 2330.53 11 120,96 2,13 *
Pattern (C) 13.25 1 18,25 .10
Subject (D) 175.83 3 58.61 2.52
AX B 520.70 22 23,067 1.02
A c 23.93 2 11.90 .51
AZD 105.30 5 1T.55 .75
Bx¢C 557.95 11 50.72 91
BxD 1377.282 33 50.90 2.45 »x
C =D 52145 3 173.82 T U7 %%
AxB>C 392.24 22 17.33 ST
A 23 xD 2228.,27 55 33.76 1.45
ACXD 185.49 6 31.08 1.34
BxC %D 1847,11 33 55.97 2.41 %=
A XT3 XC %D 1534 .84 O 23,20
* 3ignificant at the ,05 level.
* % Signilicant at the ,01 level,
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Relation of Clty-Lights Background to Detectability

Flgure 2 described the characteristics of the 12 city-
iichts backarounds against which the signal light was
noslitioned, Table 2 presents the mean detection times
for these backgrounds ranked from shortest to longest. As
might be expected the shortest detection time was for sig-
nals viewed apainst an unlighteéd area within the city.

The longest was for sipgnals positioned between two parallel
strings of very bright white lights that were located cn
opposite borders of an automecbile sales lot.

The particular pairs of background conditions within
which there are significant differences, as determined by
Duncan's multiple range tests (Edwards, 1960), are indicated
in Table 2., Four of the backgrounds, those with the long-
est detection times, each show significant differences
from a majority of the other eight backgrounds, An evalu-
ation of the nature of these four shows they generally
share certain common characteristics: a large number of
lights densely packed 1n the immediate background, presence
of one or more flashing lights, a high intensity of light
(except in one instance), and a variety of colors (except
in another, different instance). Of these four backgrounds
two were in the middle third of the subjects'! visual field,
one in the lett third, and one in the rigii t.ird, Two
were of a predominantly vertical (in perspective) config-
uration of lights, one of a horizontal configuration, and
one provided three small concentrations ot lights defining
the corners of an equilateral triangle,

Of the four backgrounds wilith shcrtest detection times
two common characteristics are: (a) they were all in the
left third of the subjects! visual field, and (b) they had
low to moderate intensity of light. (Comments on subJects'
methods of search may be found in the following section.)
It 1s unlilkely that subjects learned to anticipate the ap-
pearance of signal lights in certain locations because they
were randomly presented. A cursory analysis of a few se-
lected backgrounds for four of the subjects showed that in
five of eight cases, detection times tended to be longer
for the later presentations against a given background.
This further suggests that subjects dld not learn to anti-
cipate the locations of the backerounds,

Interactlion between background and subJects is statlise
tically significant. Thus, the difference in detectablility
of a light against one background and against another back-
ground often depends upon the person doing the detecting.

Interactions between background and signal color and
between backeground and flash pattern are not signif” =nt,
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Table 2
danit Order of Hean Detection Tines and Jigniricant
Differences (Dunczan's Tect) Betuween Backgroundsl

e

Baclkground] “ean Baciground humber

Nunbe:: Time 7 4 &8 o 1 2 1t & 10 3 5 12
T 1.74 L I *
4 2,30 L
2 3.35 * % *
o 3.72 * o ok
1 3.97 * * * *
2 L,27 % % » *
11 L. 4¢ x  x X
S5 4 72 *  * *
10 7.33 * ®2 ¥ * ¥ % *
3 T.75 LR I N * = *
5 3.55 L2 T R *  * #*

12 12.13 * X X X ¥ * *  * * * *

* Sicnificantly different at the .05 level,

1 For a discussion of Duncan's nultiple range tests,
see Edwards, 1960.



1T 1s therefore interesting to note that whereas some back-
grounds were predominantly red, others predominantly green,
others entirely white, and still others a mixture of colors,
nevertheless the difference in detectability for one color
and a2nother color of signal light does not depend on the
predominant background colo:r against which they are viewed.

irelation of Subjects to Detectablllity

~ The four subjects obtalned mean detection times of
h.28&, 5.31, 5.54, and 0,48 seconds, Since there is no
statistically significant differcnce in these fimes, the
ability of any one subJect to detect the signal light was
not significantly better than that of any othzr subject,
under all test condlitlions as a whole, Conslderation of
interaction between subjects and flash pattern earlier
in this discussion has shown, however, that some indivi-
duals dlsplayed more ability to detect dot patterns, oluners
dot-dash patterns. Moreover, consideration of the inter-
action between subjects and background has iadicated some
subjects displayed morc abllity to detect the signal light
against certain backgrounds, and cther subjects merc ability
LU QeLect the 1igillt 4gailnst oLner VACKErounas,

Questioning of subjects at the end of *test sessions
indicated that all four used substantialiiy aifferent general
approaches to detecting the signal light and that eye move-
ment patterns differed greatly. Thils is especially note-
worthy 1n view of the fact subjJects dld not differ signifi-
cantly in detection time. All subjectys Jjudged the detection
problems to be very realistic except for the absence of rela-~
tive motion between signal and background,

Summary

Pilot observers solved 288 problems in detecting a
small signal light against city-light backgrounds to de-~
termine whether varlations in signal color, signal flash
pattern, and immediate backgrcund affected detection time,
and to determline whether differences in detectlon time oc-
curred among the pillots., Two sets of problems, for dot and
for dot-dash patterns separately, were provided each subject,
Each set contalned 36 problems in which red, green, and white
signal colors and 12 immediate backgrounds were presented in
independently randomized orders so that each color appeared
once against each background., The signal fixture and posi.
tioning wires were undetectable at night.

- 13 -



Resulte indicated that:

(a)

(o)

(d)

(e)

the red signal was moderately more de-
tectable then the green, the grcen
moderately more so than the white;

some lmmedlate backsrounds provided
far more difficulty for detecting a
TTlashing signal than others, the
primary characteristics of difficult
hackgrounds apparently being high
intensity, presence of one or mowe
flashing lichts, concentration of
many lights, and variety of color;

relative detectablillities among signal
colors remalned the same regardless
of the predominant backeground color
agalnst which they were viewed;

dot and dot-dash flash patterns did not
differ slgnifican.’y for all subjects
together, though dot was significantly
more dctectable for come subjects in-
dividually and dot-dash tor others;

subjects did nct differ significantly
in detection time, in spite of the fact
that posttest interviews indicated all
four subjects apparently used substan-
tially different searcrh patterns.
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