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SUMMARY

Although many studies of red illumination have
been made, and theoretical findings used to establish
optimum iljumination of working svaces where night
vision must be maintained, few «f these have been
practically evaluated in terms cof the night vision
performance required in or hear that space.

This report descrihes expcriments designed to
provide such practical e¥aluation of the red illume
ination of the conning tower ol a submarine. The
visual performance simulated taat of an officer at
the periscope, and the illumination conditions,
which deternined the state of dark adaptation of
the subjects employed, included:

(a) Complete absence of lights in the conning tower.
(b) Full illumination of all night lights, and of

all instruments, in a conning tower painted black.,
(¢) Full illumination of all night lights, and of

all instruments, in a conning tower painted

flat white,

The results clearly indicate that, without
respect to the interior paint finish, the red light
provided in the conning tower by two 50-watt red
stean~tight fixtures, although sufficient to permit
casual reading and chartwork, is not sufficient to
impair to any measurable extent practical night
visual performance of personnel working in such
&a space,
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Netet The results of this investigation were
transmitted to the Bureau of Ships on 28 April
1945 in a preliminary repoert, Further reports
were transmitted verbally two weeks later. .
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4N INWESTIGATION OF THE RED ILLUMINATION OF THE SUBMARINE
CONNING TOWER,

A, INTRODWCTION

The Medical Research Department, U, S. Submarinec Base, has
undertaken a series of experiments on conning tower illumination
at the request of the Bureau of Ships. These were designed to
determine the extent to which laboratory findings on the effect of
dim red light upon night vision may be duplicated in a practical
situation,

Such experiments were considered necessary not only because
available data on dark adaptation indicated that some decrement in
night vision performance might be expected, but also because in a
series of carcfully controlled cxperiments conducted at NMRI*, such
a decrement, although small, has been found in thc absolute visual
threshold,

This decrement, experimentally induced by a uniformly illume
inated field, and measured by a precise technique, might be expected
to appear in a non-uniformly illuminated space such as a conning
tower, when the performance in question is one which is affected by
many other factors than the state of the adaptation of the retina,
It is the present problem to determine whether or not it does,

A performance simulating the visual task of an officer at
the periscope was therefore measured under three conditions of
conning tower illumination. This performance was the detection of
the position of a torget in the dimly illuminated field of a
simulated periscope. A similar measure has proven uscful in previous
studies of dark adaptation as a function of illumination,¥**

The tests werc conducted in the Mark IV Attack Trainer of
the Submarine School, which was made available for this purpose by
Captain F. E, Warder, BN, Officer~in-Charge of the Submirine Scheol.
This trainer is a replica of the conning tower of & submarine, with

* lee, R.H, Instrument Lighting and Low Ievel Illumination in
Submarine Conning Towers. Naval Medical Research Institute,
Bethesde, Maryland, 1/17/45.

*¥ Bromer, J.A., An _Experimental Comparison of Ultra-Violet and
Indirect Red Illumination Systems for Aireraft Instrument Panels.
dero~Medical Department, Naval Air Experimental Station and the
Franklin Institute,
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a nearly complete set of the instruments found in fleet=type sube
marines, with night lighting, and with a Number Two periscope
which may be raised for observation of targets on a model seascepe,
seen against an evenly illuminated sky.

B. EXPERIMENTAL DESIGN

1. Night Visual Performance and Basic Procedure:

The experimental procedure was established after a month's
series of preliminary experiments, Basic difficulties were une
covered during this period, and were eliminated from the procedure
finally developed. This final procedure ves followed through all
three of the experiments reported herein,

The perforpance utilized was the detection of a target in the
field of a dummy periscope. This target appeared in any one of
five positions in the field = Pcenter®, Mleft", ®right", "far left®
and "far right", from the observer's point of view.,

Subjects were run in teams of three, each taking his turn in
an experimental series of 20 trials per man. Each team ran four
such series during an experimental session.

On each trial, a team of subjects was posted at the Decd
Reckoning Tracer, which is located just aft of the hatch against
the starboard bulkhead, A "ready" sigmel was given, then "Goll,

On the word “go", a stopwatch was started, and the first subject
proceeded to the periscope as rapidly as possible. As soon as he
had oriented himself to the periscope field and had detected the
horizon, he called, "Mork", At this time, the first stopwatch
was stopped and a second started., The second stopwatch was stopped
when the subject reported the gorrect locotion of the target. The
subject then returned to his starting place to await his next trial,
and the next member of the team was run. The two time mecsures
obtained have been termed "periscope time® and "pick-up time"
respectively,

411 experimental sessions were held at night between 0000
and 0700, this being the only time at which the Attack Trainer was
available, Subjects modified their regimen of sleep, so that five
nights of work were possible in any week,

Approximntely onc and one half hours intervened between the
starts of successive expcrimental series. Between series, subjects
always wore red goggles and wnited in a room illuminated with
ordinnry incandescent light to a level of approximatcly 3=4 foot
candles at the working height., 4t least 10 and usually 15 minutcs
before the beginning of an experimental scries, the subjects cdapted
themselves to the condition of illumination of that series by going
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into the conning tower and remaining there under the appropriate
lighting conditions., No restrictions were imposed on their move=
ments during this finel adeptation period.

Of the four series of trials run on each night, two were made
in complete darkness (B), and two under red (R) conditions of i1llume
inction., The order of these was varied systematieally, BRRB, RBER,
RBBR and BRRB, from night to night.

2, Experimentol Variations of Illumination:

The two conditions of illumination employed werce no illume
ination whatever ("black") and Mred", Under "black" conditions,
the conning tower was completely blacked out. The only lights
visible to the dark-adapted eye were the faint glow of a covered-
over radium~illuminated instrument dicl which could not be completely
obscured, and an electron tube filament which could be scen ot 2
distance through the conning tower entrance.

Under Wred" conditions, the night-lighting circuits of the
conning tover were illuminated. This included the following items:

(a) Lighting fixtures:

Two stecam=tight lighting fixtures, one located forward and
to the port side, just in front of the illumination switch
pancl, and one located aft and to the port, just cbove the
TDC, werc illuminnted. Eoch of these vns fitted with a 50
watt GE red incandescent light bulb.*

(b) Instruments:

The following instruments were clso illuminated at their
highest brightness:

(1) Torpedo Data Computer, Mark IV.(Sylvania Lighting)

(2) Underwater Sound Equipment (Sylvaniz Lighting); Range
Dial lacking.

(3) Periscope Azimuth Circle Illumination, SI=-1021,

(4) Dend Reckoning Tracer (red-dipped incandescent bulbs).

(5) Engine Order Telcgraph,

(6) Ruddcr &ngle Indicator.

(7) Pit Log.

(8) Depth Gauge (Ragium),

* Such relatively high illumination would not bc employed during
a night approach or when 2 submarine is surfaced at night, It
was used, however, in order to test the red lighting under
conditions which should surely show an operationally meaningful
loss of night vision if this were possible to demonstrate,
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Other instruments, e.g., the radar, were not operational,
and consequently could not be illuminated. None of these, however,
would contribute significantly to the illumination of the working
space, and none would be visible to the cye of an individual
working in that space.

& series of brightness measurements was made, employing a
Macbeth Illuminometer modified for the measurcment of red light,
These measurcments were taken at several points within the conning
tower, selccted as typifying the brightnesses exposed to the eye.
(Table TA, Appendix). Measurements of illumination in white and
red were made at the same time, and are presented in Tables II&
and IIB of the Appendix.

It should be noted that throughout the first two experiments
the bulkheads of thc conning tower were painted black, This
produced suppression of reflection, so that all sources of
reflection were decidecdly high-lights.

C. FIRST EXPERIMENT

The first experiment, which took place on the nights of
March 5, 6, 7 and 8, 1945, employed the periscope of the conning
tower and the illuminated seascapc provided in the Mark IV Trainer.

1. Periscopes

The periscope of the Mark IV Lttack Trainer is a modification
of a standard Kohlmorgen instrument, designcd to suit the special
nceds of the Trainer. The real field, in low power, is 200 in
diameter, and is bisected horizontally by a simulated horizon
produced by a Kodachrome artificial seascape placed in the position
of a reticle in the optical path.

This periscope, when raised, may be trained around an artificial
skyscape., This "sky", a panorama backdrop some 17 feet in radius,
is very evenly illuminated by a series of 19 150 W Mazda projector
floodlamps, equipped with a Pyrex HR Mitchell color filter #1923,
"Rich Blue". UlLgainst this sky, ship models may be observed,
These are mounted on crabs, which are concealed from the view of the
man using the periscope by the sea-forcground reticle mentioned above,.

2. Sky Brightncsst

Since the transmission of the periscope was unknown, it was
considered advisable to begin with a fixed ameunt of lirht on the

“5m



seascape seen through the periscope and to vary the difficulty of

the test by variation of the target size. Brightncss of the skyscape
was set approxdmitely at 5,50 log micromicrolamberts. Constancy

mas achieved effectively by use of a rheostat and voltmeter, Each
night, measurements were mede by at least two individuals at the
beginning, in the middle, and at the termination of the experimental
session, These measurements yielded throughout the full coursec of
the experiment, 5,51 *,0R log uul as the value of the "slky" brighte
ness, The whole panorama of the skyscape observed through the peri-
scope was of uniform brightness within the error of measurement,

Owing to the complexity of the optieal system, the light trans-
mission of this periscope is low, and the visual stimulus is well
within the starlight range of brightness.

3. Target:

During preliminary trials, a series of targets of high contrast
which gave pick-up times in the desired range were tried., The target
finnlly selected on the basis of these preliminary runs was a 13500
scale model of the U.S.S, ESSEX, at zero angle-on~-the-bow, viewed
through the low power objective at a simulated range of approximately
2100 yards, This vielded a rectangular target subtending a solid

angle of 0,75 degrees at the retina.
Fouarre

Ase Gontrol of Target Positionss

The position on the horizon of the target in the periscope field
was varied by control of the position of the entrance pupil of the
periscope, This wns achieved mechanically and optically without
movement of the exit pupil of the periscope or of the target, The
lower end of the periscope in the conning tower, then, always remained
in the same position, trained at relative bearing 000 and the target
was never shifted. It was made to appeat at the relative bearings
353, 356, 000, 004 and 008 in the 20° periscope field for "far left'",
"left", "center®, Mright" and Bfar right" respectively, giving 6°
intervals between positions in the 30° apparent field, Balanced
series were used, so that the target appeared the same number of
times in each position for each subject in each series, Positioning
was performed by a petty officer who worked at the control panel
of the Attack Trainer,

5 . TiT"li;}g $

Mcasurement of periscope time was made by an operator in the
conning tower, This man was responsible for giving all signcls, and
controlling the activity of subjects during a series, Measurcments
of pick-up times were mnde by the control panel operator, An IVC
system provided efficient communication,
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6. Correction of Responsest

Fach subject's response was immediately called "right" or
"wrong" by the control panel operator. In the latter instanece,
search of the periscope field continued until the target was
correctly located, and the timer stopped only when the correct
respense had been given,

7. Subjechss

Three subjects, Mi, Zi, and Kr, all Seamen, were employed in
the first experiment. A4ll were normal with respect to scotopic
sensitivity, their terminal rod thresholds being determined (Hecht=
Shlaer Medel III Adaptometer) at 2,3, 2.3 and 2,2 log uul res-
pectively. All were thoroughly trained during the exploratery
experimentation, and had reached a stable level cf performance.
411 were sooperative, and understood the importance of the work.
Under instruction to report the target en "hunch", they did so,
and refrained from guessing. Statistical analysis of errors
indicates that they were successful in avoiding the tendency to
guess in order to give shorter times.

8. Results:

Periscope times were not extensively treated statistically,
inasmuch as they were extremely short (averages 3 seconds), very
consistent, and represented exclusively the time required to move
to the periscope, and to adjust the head te the eyeplece., 411
statistical analysis has therefore been deveted to the pick-up time,

Since the distribution of pick-up time was geometric, geo-
metric means were computed, Table I gives these mean valucs for
all trials ef the pick-up time under conditions ef red illumination,
under cenditions #f no i1llumination, and for both, together with
the ratio af pick-up time under red illumination to pick-up time
under no illuminatien.

Similar values are given for each of the four nightly series,
for each of the feur nights, and for each ef the three subjects.
Only among the latter do stable differences appear, and there is
no important indication of systematic differences among series
and nights,

It is evident that there is no reliable deterioration er
improvement of performance in the absence of illumination, and
statistical analysis shows that the apparent better perfermance
under red illumination is not reliable, and might have occurred
by chance. A more extensive statement of the statistical treat-
ment, together with complcote data on each subject, is given in
the Appendix, in Tables III, IV, V and VI,
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9 Errors:

It will be remembered that if a subject made an error, he
was so informed, and search continued until the correct response
was given, The time was measured as usual and included in the data,
Three reasons led to the adoption of this procedure, First, it was
desired to determine if red light led to a greater number of erroneous
locations, possibly by the production of misleading after-imnges,
Second, erroneous reports characterize performance in the region of
the visual thresholds, and are valid factors in contributing to long
scanning times, Fimlly, a check of erroneous reports permits analysis
of all the data to determine the effect of guessing on this performance.

Table IT gives the number of trials under each condition of
illumination on which one or more erroneous reports of the location
of the target were made, It includes the value of chi=-souare, based
on the assumption that an equal number of errors should be made in a
like number of trials, and the probability that the departure from
this hypothesis is attributable to a systematic factor, rather than
to the procedure of sampling. For two subjects, therc is a probability
at the 5% level that fewer errors are made in the presence of red
illuminatien, This value of ¥p" is such that no fincl eonclusions
my be drawn,

Analysis of the number of errors made on each trial indicates
clearly that at no time were the subjects guessing systematically on
the location of the target, but that in reporting the locction of a
target they were Yplaying their hunches", or "reporting on suspicion"
as they had been instructed. Thus, on approximately 2/3 of 211
trials for each man, the first report was correct. After one error
hnd been made, each subject located the target correctly on the next
report better thon 504 of the time, This holds true progressively,
At no time does the number of correct responses foll to the ghance
expectancy level, The conclusion that guessing is not o factor in
performance is also borne out by the fact that occasionnlly a subject
viould make more than 4 errors - that is, he would repcat a report
which he had already made, and which had been called wrong, This
was done, according to the subject, from his belief, bosed on what he
thought he saw, that the operator'!s response of Mirong" to a report
might hove been in error,

10, Discussions

The data seems to indicate that red light, of the intensities
reached in the present experiment -- which were deliberately chosen
on the basis of preliminary experimentation to show an effect ==
does not interfere with a "practical" visucl performnnce,

Several objections might readily be raised to such a cone
clusion on the basis of the present experiment,
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TABIE I.

MeanxPick~-up Times Under Red Illume

‘Exp, It

ination and Under No Illumination..

3 . Both Red No . Ratio |
f Conditions | Iight Illumination R/B
| 411 Trials 3.8 | 3.5 el | .85
(411 Subjects ' i
! 411 Nights)
i
|Series 1 | 3.5 3.6 3.2 1313
i ’ - |
i Series 2 i 4.5 400 5.3 076
Serieg 3 { 3,7 3,8 3.7 1,03
Series 4 | 3.6 2,8 4.6 R
(411 Subjects ;
411 Series) | P
Night 1 5.6 | 5.6 5.7 | .98
Night 2 i 4ol 3.3 4.9 L 68
Night 3 L 2.6 2,6 2,6 : .98
| Night 3.5 3.1 4sO T
(A1l Nights, |
A1l Series) |
Each Subject: |
Kr - 2,0 1.6 2,4 ,69
L m * LT i 4.2 504, .73
21 : 5,7 16,2 5.4 1,15

Mean = Geometric Mean; Pick~up Time in seconds.

* Value will not necessarily eorrespond with a simple

average of "red" and "black"(no illumination) times.
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T4BLE II.

Experiment I¥ Errors ( N z Number of
trials on which one or more errors occurred)

Chi
Subject | NoBlack | N,Red | Square p(%)

less than 50,
Zi 52 61 +62 nmogs than 30e

less than 5,

ML 50 i 31 Lo lb more than 1,
| i
i i less than 5,
Kr 45 27 _4e50 more than 1,
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(1) The small exit-pupil of the periscope may have served as an
artificial pupil and obscured the effect on visual performance of
pupillary contraction effected by the red illumination,

(2) Other subjects might not show this negligible effect, More
subjects should be run,

(3) The variability of the performance is such that random errors,
arising from the relatively uncontrolled situation, might obscure
the effort completely., They might equally well obscure any effect,

4 second experiment, following the plan of the first, was
therefore undertaken to meet these objections insofar as time,
facilities, and personnel permitted,

D, SECOND EXPERIMENT,

1. Periscope:

A new dummy periscope was designed and built., Op%ically, it
consisted of one barrel of a 7 x 50 binocular, with an cirtension
between the eyepiece and the prism system to permit focusing at a
distance of 109.5 cm,

This monocular was mounted on the front of an elongated black
box which had, as in a periscopc, a false eye-cup in the correct
position, The eyepiece of the monocular was at the same height
above the deck as that of the periscope, and the box was fitted
with handles similar to those of a periscope.

At the other end of this light-tight box was mounted an NDRC
Model III Adaptometer, placed at such a distance from the monocular
that its circular field duplicated that of the Type 4 periscope.

The rotatable T and its controls were removed from the adaptometer,
so that a clear visual field was obtained. The use of this instrument
permitted accurate control of illumination.,

Immediately in front of this illuminated fiecld was placed a
movable slide made of four sheets of neutral filter of ,10 1l,u,
density, cemented between two sheets of glass, and duplicating a
typical sky=-sea brightness ratio, The top of this slide bisected
horizontally the field of the monocular to produce an effective
sea~foreground and horizon line.

4 comparison of the specifications of this device with those
of the Type /4 Periscope shows the similarity of those specifications
significant to the visual task,



Type 4 Periscope Mock=Up Periscope

High Power Low_Power
Pomer 6.0x 1.5 7¢0x
Entrance pupil 42,0 mm 10,5 50,0 mm
Exit pupil 7.0 mm 7.0 7.1/, mm
Transmission 50,9 % 43,6 % 55,0 %
Real field 8o 3,20 6.8°
Apparent field 80 480 4.5

2, Sky Brightness:

Since the transmission of the monocular is known, it was
possible to fix the brightness of the visual field on a basis other
than arbitrary., It was decided to select a "sky brightness" com-
parable to that of a moonless night, The NDRC instrument was accord-
ingly adjusted so that the field brightness was approximately 4.90
log uul, Measurement at this set level at the beginning and at the
end of the experiment, gave a value of 4,91 }.02 log uul.

3. Target:

The target employed consisted of a small thickness of the same
filter as the sea-foreground, cemented on the horizon slide. This
piece measured 6 mm in height by 1.5 mm in width, Two mm. of the
target extended above the horizon, This 1.5 x 2 mm rectangle pro=-
truding above the horizon was backcd by a second piece of filter of
the same size, making the density of the target above the horizon
«20 l,u. in all, The area of this part of the target subtended .40
square degrees at the retima, and that of the area below 1,20 square
degrees, Contrasts were respectively .38 and .22, The total area,
1.60 square degrees, may be compared with the 0,75 degrees of the
target in Experiment I, In all probability, it was enkybHat .~
part of the target extending above the "horizon" thich was effective,
Its retinal area corresponds to that yielded by an airecraft carrier
at 13,300 yards and zero angle-on~the~bowr, which may be compared
with the 2,100 yards of the target of Experiment 1.

4. Control of Target Positiont

The position of the target was varied by lateral movement of
the horizon slide. Shifts through steps of 2.1 cm have a separation
at the retina of 7,7° for the five positions, slightly greater than
that of Experiment I (6°), As before, balanced series were used.

5. T igzgng :

The same time measurements were obtained as in the previous
experiment. They vwere made, however, by a member of the team of
subjects not being run at the time. This nccessarily increased the
timing error, which is difficult. to eliminate, but it was unavoidable,
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6., Error Correction:

As before, search continued @intil the correct position of
the target was reported. However, in this experiment, as soon as
the correct position was reported, the target was illuminated
briefly by a flashlight bulb to enable the subject to see the target
easily. The bulb, located in the middle of the interior top surface
of the NDRC Adaptometer, and operated by a switch on the side of
the box, made it possible to illuminate the periscope field to a
brightness of 7.80 log uul, permitting easy location of the target
when desired., Verbal evidence from another laboratory has indicated
that this procedure might decrease the variability of performance,
The brightness and duration were such that complete recovery from
the slight light adaptation produced was effected before the subject!s
next trial began.

7. Subjectss

Six subjects were employed. Three of these, forming Team 4,
haqd been employed in the previous experiment} the three additionmal
subjects, Ma, Mc, and Ba, forming Team B, were all quartermaster strikers,
and were found to be normal with rcspect to scotopic sensitivity,
(Terminal rod thresholds were measured at 2,3, 2.1 and 2,1 log uul
respectively, )

A1l six men were thoroughly trained on the present instrument
in ten nights of exploratory and training experimentation, until a
stable level of performance had heen reached. As beforc, all subjects
were cooperative, all tried to perforn as well as possible, azd all
refrained from irresponsible guessing, as the data show,

8. Experimental Series:

Data were collected on four experimental nights, April 11,
12, 18 and 19. Each team of subjects made runs at intervals of 1%
howrs as before. The two teams of subjects alternated in running
on the periscope, and in measuring the periscope time of the other
team, Order of "red" and "black” series also alternated between
the two teams, Team & running R-B-B-R, B~-R-R-<B, R-B-B-R and B-R~-R-Bj
and Team B running B-R-R-B, R~B~-B-R, B-R«R=B and R~B-B-R respectively,
on the four nights of experimentation,

9. Results:

Table III gives mean pick-up times for all men under each
condition of illumination in this experiment. Complete results are
given in Tables VIII, IX, X, XI, XII and XIII of the Appendix,

The faster times shown by two of the three subjects also employed
in Experiment I indicate that this task is perhaps an easier one
than the former., The difference may be considered due largely to
differences in brightness, However, the times obtained are all of
the same order of magnitude,
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On the pooled results, an average delay of .3 seconds
appeared, which is barely significant statistically”.# On no
one night, or on any series, or for any one subject is the difference
statistically significant,

For 5 of the 6 subjects, a difference appears bctween mean
"red" and "black" pickeup times, the former being longer by some
15%, although the difference is not a reliable one in any case,
Thus, it may take, on the average, 8 seconds to see a target after
being exposed to the red illumimntion of the black-painted conning
tower, when that target could be made out in 7 seconds by a man who
is complctely dark-adapted. The operational importance of this
difference cannot be judged on the basis of these data alone,

No reason can be adduced from the relatively slower performance
of Team B compared to Team & other than their shorter training at
the task,

10, Error:

The same analysis of errors which vas performed on the data of
Experiment I was agein performed. The results, shorm in Table IV,
are similar to the earlier set, but indicate that the apparent tendency
to mke fewer errors in red light was a spurious one. The correction
technique, it appears, had little effect on the number of errors made,

11, Brightness Variations:

Earlier in this report, it was suggested that the objection
might-be raised that the present experimental method was not sen-
sitive to varintions in the experimental procedure and consequently
not suited to the production of reliable data, As a check, on one
night, five subjects were run on threc serics of trials with no
external illumination, but with variation in the periscope field
brightness, The results are presented in Table V, and, in greater
detail, in Table XIV of the Appendix.

In this series, statistically significant and systematic
variation of performnce occurs in as little as 20 trials.

At the time that thesc series were run, the subjects were not
informed of any differences in field brightness. Hovever, all
subjects commented immediately on the increased difficulty or ease
of the first run, and asked what had been done., Ordinarily comments

* That is, a difference of this size would have occurred fewer
than once in twenty possible times by chance, It is therefore
presumed to be due to the action of an experimental variable,
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Experiment IIs

TABLE III.

MeanxPick-up Times Under Red

Illumination and Under No Illumination.

Both Red No Ratio
Conditions | Iight | Tllumination R/B
411 Trials 4ol hed 3,8 1,15
(a11 Subjects
All Nights)
Series égj 4-9 40;- _l_!.g.];
| Serieg 2 3,8 4aQ g 3.6 1,10
Series 3 3._9 AAL2 307 ]_-_‘_112
Series 4ol A 3,8 1,17
411 Subjects
411 Series
Night 1 409 Sel. 4o 1,10
| Night 2 442 bads 4,0 1,10 |
| Night 2 329 %) 3¢5 1,21
Night 4 343 3.6 3.1 1,15
L":.ll Nights
411 Series)
Each Subjects
M 2,9 3.3 2,6 1,29 ¢
Kr 352 3,5 3.0 1,15 i
. Ba 3.6 3,8 . 3.5 1,10
21 3.7 26 | 3.8 0.95
e 5,0 506 hed 129 |
o 6,9 T L 6,6 113 |

Mean g Geometric Mean j Pickeup Time in Seconds.

* Value will not necessorily correspond with a eimple

average of "red" and "no iluminmtion® times.
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TILBIE IV L]

Experiment II: Errors
(N = number of trials on which one
or more errors occurred)

' . Chi
Subject | N.plack , N.Red | Square |  p(%)
| ;
l | less than 50,
Z:L 5'1 IT 47 .96 , _more than 30,
! less than 5,
Mi_ 46 | __ 68 4e25 more than 1,
? less than 95,
Xr 49 51 204, more than 50,
less than 10,
Me 34 49 2,71 more than 5,
less than 95,
Mo 44 45 201 _more_than 50,
i less than 50,
Ba i 4B O | .72 more than 30,

=16



TABIE V.

Experiment II:+ Mean Pick-up Times Produced
at_Threc Field Brightnesses.

, Field Field | Field !
Subject : PBrightness} Brightness ' Brightness |
i 5433 log uuli4.91 log uul 4,67 log uul_g

(Geometric Mean - Seconds)

R 20 2.7 | A3
4 =

i 245 2.8 5al
| |

M 1,9 3,0 5.1

Mo | 2,6 . 42 0 89
| ;

Ba . kR R Tode




were restricted to "I'm doing well tonight" or "that was a bad
series", None ever volunteered any remarks about better performance
under conditions of complete darkness.

12, Sources of Error:

The greatest source of error in the present experiment lies in
the timing procedure. Times were measured to the nearest even second
so that the recorded time in each trial contains iwo sources of error
(1) that produced by the reaction time of the timer, and (2) that
produced by dropping fractions of a second, which may become subject
to individual differences among the timers. Because of the use of
the geometric mean, this source of error, although quite unimpertant
for longer times, may become serious where times are uniformly short.

There are two possible courses to take, once it is admitted that
a source of error exists and cannot be avoided within the framework
of the experiment, and the conditions of personnel and time in which
it must be perfcrmods (1) increase the mumber of trials, vary the
timers (if more than one must be used), and so reduce the variable
error, or (2) obtain an estimate of the individual difference betwsen
timers.

The first solution is reasonably ensured by the larse number
of trialss It was possible to obtain some rough estimate of
individual differences by having two men make the same measurements
on a series of 80 trials run by one subject,

Diserepancies occurred on 17 of the 80 trials, and exceeded
one second only once. The effcct of these errors is evident in the
second series, in which nine one~second errors occurred; it is
negligent in the remainder of the duta and produces no systematic
effect, This source of error, then, will not produce misleading
results if a sufficiently large number of trials is run,

E, THIRD EXPERIMENT

1. Purposes

A third experiment, duplicating the second in all but one facto:
was run to determine the effeet of altering greatly the reflectance
of the interior bulkheads of the submarine. This was cansidered
desirable inasmuch as many submarines have abandoned the conventional
flat-black interior finish fer more liveable eolors. The use of
vhite paint ensured that tests would be run with paint of the
highest reflectance apt to be encounterod.

The second purpose of this expcrimemt was to duplieate, if
possible, the barely reliable finding of a very slight slowing-p

~18-



of performance under the red illumination, which was found in the
preceding experiment,

2. Procedures

No alterations in procedure, method, subjects or lighting were
introduced except that the periscope field brightness was increased
to 5,01 log uul, The original adjustment of the adaptometer unit was
inadvertently altered, and it was considered wiser not to attempt a
readjustment in the time available, Brightness and illumination
measures made in the white painted conning tower are presented in Tables:
I8 ard IB of the Appendix, It should be noted that the alteration
in brightness produced varies strikingly from region to region of
the working space. The experiment was run on the nights of May 8,
9, 10 and 11,

3. Resultss

Table VI gives the pick-up times for all men under each
condition of illumination in this experiment. Individunl results
are given in Tables XV, XVI, XVII, XVIII, XIX, XX and X{I of the

Appendix,

The slightly lower means may be compared with the results
presented in Table ITI, They doubtless reflect the minor change
in brightness noted above,

No significant differences in pick-up time appear between the
two conditions of illumination, red and no illumination,

F. AUXILIARY EXPERIMENIS.

In order to evaluate the results obtained with the mock-up
periscope, a series of measurements was made of the absolute termimal
threshold, Two methods were employed, and both gave results in
keeping with those obtained on the first, second and third experi=-
ments.

1, Procedure:

In both methods, the Hecht-Shlaer Model III Adaptometer (RCN)
was employed, Conditions of dark adaptation and pre-cdaptation
were uniform with those employed in the periscope tests. 411 tests
were run in the white painted conning tower,

Method It At various intervals, measurements cf the absolute
terminal threshold were made using the standard method of limits
throughout the months of April and May. Ten ascending series
altermated with ten descending series in steps of ,10 log units.

=19-



Experiment IIIXs

TLBIE VI,

*
Mean Pick-up Times_Under

Red Illumination and Under No Illumination.

Both Red No ' Ratio
Conditions | Light |Illumimation | R/B

41} Trials 3.5 KA 3.5 .98
(411 Subjects
411 Nights)

Series 1 3.4 34 3:3 1,02

Sezies 2 3,5 345 3,5 1,00

Sericg 3 3.5 345 3.4 1,02

} Series 4 3.5 312 3.6 189
(11 Subjects
411 Series)

pNight 1 kN 3.5 342 _1,10

Night 2 3.2 3,2 3.2 1,02

Night 3 3,8 3.4 4e2 81

Night 4 3ad 3,5 3.3 1,07

(411 Nights
All Series)

Each Subject:

Kr 2,8 2,8 2.7 1,03

Ba 310 2,9 3.2 189

Ma 3.2 355 3,0 1,28

s 3,8 3,6 3.9 1,08

zi 3,8 3.7 3.9 236

MC _4-5 _417 Lot 1908

Mean = Geometric Mean ; Pick-up time in seeonds.
#* Value will not necessarily correspond with a simple

average of "red" and "no illumination® times,

w20=




duxiliary Experiments

TLBLE VII. A4bselute Terminal Thresholds Obtained on
Six Subjects Under Two Conditions of Illumination.

No I1lum, (Mean) il__Red (Mean) |

NO. Of l’LbS. Thl‘. I No. Of [bbSQThr.

Subjccts Meas, (log wul) SD il Meas, (log uul) SD Diff
P RS D P
Bo 8 | 2,28 1,061l 5 i 203 | .12 | 0,06

{ l 1
Kr 9 | 2425 1,001 5 | 2,26 | .21 0,01
w8 | 223 |35l 4 | o221  5)-02
zi 8 'L 2,20 11l 5 2,15 | ,15 |-0,05
i
Lt |5 : 2,19 20 {4 2,20 | 414 | 0,01 |
| Mc 8 ' 236 1,5l 5 2,22 | ,25| 0,06

TLBLE VIII., JAbsolute Terminel Threshold ~ Constant Method
First 5 vs Sceond 5: Red and No,Illum,

i Red i No Tllumination

SUBJECTS First Five Second Fivo| First Five Sccond Five
Ba 2,30 2,30 | 2430 ? 2425
Kp 2,25 2,05 Il 205 g 2,20
W 2,25 2,20 2,25 14 2,25
ioza 2,30 ' 230 ! 230 | 2,30

=21



In measurements under red illumination, the subject looked around
the red illuminated conning tower between each ascending and des=
cending series, No specicl shield other than that provided with
the adaptometer shielded the subject from the red illumination
during the measurements,

Method II:¢ In Method IX, the subject reccived five series of
ten stimulations at each of five brightness levels, The stimuli
were presented at ten second intervals, Between each series, the
subjects looked about the red illuminated conning tower for 20
seconds, It was anticipated that if the red illumination produced
a measurable deficit in dark adaptation, the frequency of seeing
should be grcater for the last five stimuli of each series, than
for the first,

2. Results:

Method I: Table VII presents the mean absolute terminal thres-
hold of each subject under each illumination together with the
difference., Only one difference is close to significant and that
one is in the wrong direction, i.,e., the subject performs better
under red illumination,

Method II: Results on the four subjccts employed on Method II
are presented in Table VIII. There seems to be a tendency for a
lowering of threshold in the latter half of the scries, Hovever,
any difference which exists is slight and inconsistent,

G. GENERAL DISCUSSION AND CONCLUSIONS

The findings of the experiments herein reported answer withe
out equivoeation the question initially placed. For all practical
purposes, present standards of red illumination of the conning
tower are entirely adequoate for the purpose of inducing and pre-
serving dark adaptation,

These levels of illumination are, morecover, adequate for
casual reading, and for chartwork, even though thcy will not sus=-
tain such use of the eyes for protracted periods of time without
fatigue., Nor does it follow that furthcr improvement moy not be
made in the light fixtures which are the source of illuminction,
L1though they do not seriously interfere with the dark-adaptation
of the eye vhen it is free tc glance about the whole space, they do
yield bothersome highlights and provide sources of distraction which
may be found uncomfortable,

Many factors cperate to render practical night visual per-
formance relatively insensitive to minor shifts in the state of
retinal adaptation. Pirst, the practical performences involved
arc complex, and depend not merely on the state of the retina, but

- A&
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also, and to a greater extent, on the efficiency anc habits of

the whole individual. Fatigue, motivation, skill in the usc of

the eyes, familiarity with the situation affect performonce greatly
under both conditions of illumination, and easily obscure the effects
of the slight decrement in retinal adaptation induced by dim red
light,

No untoward effects on night vision, then, may be expected
from use of as many as two 50-watt red steam-tight fixtures in the
conning tower, or from instruments red-illuminated as they are
now produced,
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LPPENDIX
STLTISTICLL TRELTMENT OF DLTL

The distribution of pick-up times obtained in the
preliminary experiments were clearly geometric, so that
the statistics of the normal probability curve could not
be directly applied, For that reason, cach time measure=-
ment was converted into logarithms, and means and
standard deviations of log pick-up times (seconds) come
pleted. This is a straightforward and simple method of
handling such skewed data, and yields distributions
closely approximating the normal,

When such mean log times are converted back into an
arithmetic scale, the geometric mean time in seconds is
obtained, i.e,

[}
Mg -(Xln Xz. X3 ..QXn> /n

The standard devication so derived is a factor
which establishes the limits cpout the mean within which
the measurements my be expected to carry. Thus, when
we have

Mecan (log pick=up time) e 1,00
Standard Deviation log pick-up time w» 0,30

it is interpreted as followss
Geometric mean (log pick-up time) = 10 secc.

and 68% of all measures will fall between 1/2 x 10
seconds and 2 x 10 seconds, or between 5 and 20 seconds,

The differcnces between mean log pick-up times also
becane, on conversion to the arithmetic scale, factors
expressing the relative lengths of pick-up time under
red illumination to picke-up time under no illumination,
This value, termed in the tables in the body of this
rcport the Red/Black Ratio, expresses the results most
suceinetly. Values over 1,00, of course, indicate a
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decrenment under red illumination, and values under
that indiecate that the mean pick-up times are shorter
under red light,

The significance of the difference was computed
for the log values, A4ll differences occurring under
varying i1lluminations which are significant at the 5%
level, are indicated by asterisks.

The values have been computed not only for varying
conditions of illuminntion, but for each series, cach
night, and cach subject. No systematic variations appear,
although there is some indication that the performance
of 21l is better on the third and fourth nights of each
experinment, perhaps because of a motivational variation,



TABLE IA.

Brightness of Surfaces Exposed to the Fyve,
under Illumination by Two 50-Fatt Red lamps
in Steam Tight Fixtures, and with A1l
Instruments Illuminated. (foot lamberts)

SIRFACE . BLACK PAINTED INPERIOR |
| i (£1) '
Forward Port Cornper | .03
IDC_Frame ‘ | 201
Leck : : 2001
Switehboard 202
Region of ladder to bridge 20C1
Overhead near fixture .06
DRT (general) NOA
_DRT {(bright spot) . 1.9
Fixtures, TDC 06
Figures, Sound Dial 4 206 4
3 Steamtight Fixture Dirggtﬁiugavhunﬂlpo- " —i

iv



TF&BIE IB.

Brightness of Surfaces Exposed to the Eve, under

Illumination by Two 50-Watt Red Iamps in Steam

Tight Fixtures, and with 411 Instruments T1llume
nated oot lamberts).

z STRFICE s PLINTED INTERI
Forward Port Corner %'%)
TDC4 Frame e~
Deck <004
Switehboard L2
Region_of ladder to bridge .08
Overhead near fixture 1.6

DRT (gencral) —

DRT (bright_spot)

| Figures, TDC

lL_Figures, Sound Dial

Steamtight fixture direct




TLBLE IId,

Intensity of Illumination Under Illumination by

Two 50-flatt Red ILamps in Steam Tight Fixtures
and with 411 Instruments Illuninated. th.'Candlia)

Location in Conning Tower ; :([llmnination )
i foot candles
{
[

Eye level, at TDG ! e 11

Eye level, below [

port fixture 240

Eye level at ¢

forward hatch ¥ 213

Eye level, at rudder .

angle indicator _ig 250

i On radar scope ! 202

T.BIE 11B,
Intensity of Illuymination Under Tllumination by

Four 50-watt White Iamps in Stean Tight Fixtures
and with 411 Instruments Illuminated, (Ft,candles

| Location in Conning Tower I1lumination
l : (foot candles)

i
Eyec level, at TDG 1 2.6
Eye level, below !
port fixture 1 12,5
Eye level, at i
forward hateh ! 1,8 }
, Eye level, at rudder | ;
angle indicator : 9.5 ,|
On_radar gcope 3.5 !

PO i e ——

vi



Experiment 1:

TABIE III.

Summary for All Subjects of Means and
Standard Deviations of Log Pick-up Times

together with Differences and R/B Ratios.

4. Both Red Black .
; t f‘ R/B
P M_, 8D M SD M SD | Diff.l Ratio
A, 411 Trials ]
] éAll Nights) | ,58 | ,47 254 | 45 61 | 48 | =071 .85
B. (11 Subjects,
J.7 A1l Nights)
Sepiestl bhlah L5643 | .51 1 .46 | .05t 1,13
Series 2 .65 1 16 60 | 46 72 [ W46 -, 12 .76
Series 3 .57 1 49 .58 | .49 .57 1 89 .01 { 1,03
Series 4 56 1| .45 45 1 W44 66 | (47 | .19 b%
C.{411 Subjects
411 Series) .
Night 1 75 1 A8 .75 1 .49 ,76 1,47 -, 01 .98
Night 2 : .61 - 9 052 QAA- -69 047 "'11:? 068
Night 3 L 41 |40 Al 1,39 | 42 1,40 |01 | .98
Night 4— L 05_4 '42 149 141 060 04-3 "A_QJJ_-_]_- 078
D. (411 Nights |
411 Series)
Subject Kr ‘ .30 | .37 22 1,32 .38 | .40 -.16 .69
{
Subject Mi 1 67 1 42 62 1,36 W73 147 1 =21 .78
Subject Zi 761 46 J9. tus boms L oug L06 11,15

M = Mean log pick-up time (log sec.)

SD = Standard Deviation
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Experiment 1:

TABIE 1V,

Summary for Subject Kr of Means and

Standard Deviations of Log Pick-up Times
toéether with ﬁifferences and RZB Ratios.

4 Both . Red Black . .
: ; | . R/B
M SD M_ ! SD M SD Diff, Ratio
A, A11 Series, !
A1l Nights | ,30 % 37 1 422 32 | .38 1 .40 | w,16] L69
!

_QL Series _]_-, 125 035 -24 g36 .25 134 -.Ol .98
Series 2 B8 | .33 432 +33 L5 e =13 T4
SerieS 3 .25 1 .36 p22 034 127 038 -.05 ‘89

! *
Series 4 232 42 1,10 1,20 1,54 | .46 | =,4h) 56
C L1 Nigbt ]]_- rY A6 l[l-; _137 2 3& 2 54- 2 46 o 17 168
Nir(-{ht 2 Y 25 A32 2 ;6 2 24 ry 34- 2 37 - 18 Py 66
Niﬂht 3 021 - 033 .1’7 132 325 2 34 =0 08 -83
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Experiment 1:

TABIE V,

Summary_ for Subject Ml of Mean and

Standard Deviations of ILog Pick-up Times
together with Differences and RZB Ratios,

Both Red Black .
R/B
M SD_ M SD M SD_| Diff, { Ratio
A, 411 Series,

. All Nightﬂ .67 -42 .62 .36 .73 cL? -o 11 578

B= Series l 365 .39 .66 .35 .6A pli-j i02 llos

§eries 2 !76 .43 !62 o 35 .90 045 -.28 ,52
Series 3 ,66 42 L, 66 Al .65 A4 L .01 11,03 |

. _Series 4 63 | .26 t .53 1 .33 1 74 | .50 je=,21 | .62

Co Night 1 |A5 pAO l35 132 ,54 0L6 b | 19 .65

Night 2 225 2 32 216 224 2 34 e 37 He,17 L 68

Night 3 221 233 217 232 225 235 |=,08 .83

i i
Night /. 428 238 18 35 238 - 237 =20 .63
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Experiment 1:

TABIE VI,

Suymmary for Subject Z2i_of Mean and
Standard Deviations of Log Pick-up Times

together with Differences and R/B Ratios.

Both Red Black s i
, - R/B
M SD M SD | M SD ! DiffysRatio
4. All Series,
A1l Nights | ,76_ | 6 | .79 L5 | .73 47 | .06 11,15
!
|
B, Series 1 AR YA I ) 234 | .64 248 | L35 11,41
Series 2 .81 WA 2 82 .52 1 .80 45 .02 11,05
Series 3 .80 A R:7A A8 1 .77 50 .07 11,18
Series 4 s Y730 B A0 1.7 L4 L oL,01 11,03
C. Night 1 P,oz b 11,34 40 1,90 Lh 424 1
Night 2 279 | W46 | .76 41 1,82 .50 4=,06 | .87
|
Night 3 A48 | .37 1,52 239 1 A4 .36 1,08 11,20
: !
Night 4 ie75 L 41 !5 L L5 ' ,00 11,00




Experiment II:

TABIE VII,

Summary for 411 Subjects of Means and
Standard Deviations of Log Pick-up Times

together with Differences and R/B Ratios.

* Both \ Red Black . y
' i R/B
M__, SD M | SD M | Sp ipiff, | Rati
A. All Trials i *
A11 Nights) 61 .39 | .64 1,39 .58 | .39 | ,06 1,15
B. (411 Subjects, :
411 Nights) § !
i - ;
Series 1 .65 ; +39 69 238 261 240 208 1,21
Series 2 58 |0 l.eo o 1 ose | .38 o4 11,10
Series 3 259 | W40 1 .62 |41 4 .57 | ,39 .05 | 1,12
Series A ! ;61 0_38 064 037 158 g38 006 1.17
Ce (411 Subjects, :
A1l Series) ; i j
Night 1 269 | 240 | 71 | 40 .67 | .40 [ .04 11,10
Night 2 | 62 | 40 .64 |41 | .60 | L40 204 130
Night 3 | 59 | .37 [ .63 1,36 | .55 | 37 | ,o8 | 1.20
Night 4 1,52 | .38 1,55 1,38 .49 | .37 .06 |1,15.
D. (411 Nights, | !
411 Seriess :
Subject M1 46 1,36 .52 |38 |l .1 | 3.09
Subject Kr | ,5) | .39 .54 | .39 {,48 ! .38 1,06 | 1,15 |
i
Subject Ba | ,56 | ,39 .58 1,40 |50 | .39 |.04 |1,0
Subject Zi 1 .57 | .38 .56 | .37 |58 | 40 leo2 | ,9
i
, Subject Ma | ,70 ; L1 175 | .38 | .64 | W43 4,11 1,29
: : i , ' ‘
Sgb '|eg'b Mg .84. ' .28 ! .87 ; ¢30 ;8_2 ;26 005 1- 13




TABIE VIII,

Experiment II, Summary for Subject Mi of Mean and

Standard Deviations of Log Pick-up Times
together with Differences and RZB Ratios,

Both Red Elack .
i , i ' R/B
M SD M SD M__j SD |Diff, [Ratio '
4, A1l Scries, : i !
A1l Nights. | 46 \ ,36 | ,62 | .38 | 41 | ,34 | 11 |1,29
| B, Serics 1 45 |38 pse L (am L s lage
! !
Series 2 b i35 L a6 |33 143 4 45 | ,03 11,08 |
Serics 3 51 | .37 L .52 | .40 i .50 | L34 | .02 | 1,05
Scrics 4 WA ‘ 225 .58 4 36 $ 34 + 30 14 1,39
G, Night 1 56| 38 |51 L0 1,51 1,3 | ,00 11,00
!
Hight 2 381,36 L5 1,38 1.3 1,33 1,13 11.3
Night 3 51 37 |49 |37 L2 |36 1,07 131,18
J g
| Mmioht 4 | g6i 32 153 o3 140 {29 t,13 (1,35 |
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Experiment II,

Summary for Subject Kr of Hean and
Standard Deviations of Log Pick-up Times
torether with Differcnces and R/B Ratios.

TABIE IX,.

] Both. Red . Black | N
: ) | ' R/B !
M SD M_j SD M SD__Diff, . Ratio
L, 411 Series, | :
_411 Nights | 051 1 ,39 | .54 | ,39 | .48 ! .38 | ,06 1,15
i +
B. Series 1 6L |37 pee8 38 l.se 35 1 1,39
Series2 ! ,49 141 145 | 0 54 | 42 =00 .81
Scries 3 A8 138 | 45 1 40 i .50 | ,30 1=,05 .89
Serics 4 L6 1,37 1,60 . .33 | .32 ;o34 | .27 o 1.87%
i : i
4 i .
! | .?
Co Night 1 {261 | L0 1,70 | .37 §.52 .32 1,18 1,52 |
; ; | = '.
Night 2 49 141 152 43 P45 0039 [,07 1,18
i lJ i [
Night 3 5 L35 lse ow luss | L3 iL.os (1,13
i | i i :

xiii



TABIE X.

Experiment II, Summary for Subject Ba of Mean and
Standard Deviations of Log Pick-up Times

together with Differences and R/B Ratios,

- ' Both Red : Black 2 o

; ; A . R/B
M__' SD M S _i M SD ! Diff.! Ratic
L, 411 Series, 5 " i
411 Nights. | ,56 | .39 258 240 254 239 204 1,10

B e

1 1
\B. Soricsd | .58 | 41 | 62 | .42 | 53 1.0 | .09 | 124
{ _8cries 2 53 | 438 | .55 | .39 | .51 | .37 .02 | 1,05
Serics 3 52| Ll | .61 I 238 | W43 | LA 18 | 1,52
| Series 4 62 | .37 1,85 | LA 1,70 | .30 | =15 .71
{Ca Night 1 270 | 238 | .65 | 42 | 76 | .32 | =06 | .87 n
Mgt 2 B7 L1 L ea a2 151 40 | L33 1 1,35
b ight 3 | ,49 « .34 1,52 | 34 | .47 | W34 205 ;_.;3_]
Night 4 |48 | 242 .53 oW1 ¢ o,43 1,38 .10 | 1.26i




Experiment II,

TABIE XI.

Summary for Subject 21 of Means and

Standard Deviations d*¥ Log Pickeup Times
together with Differcices and R/B Ratios,

i " Both Red Blyck
! f ; - . R/D
i SD. M__{ 8D i SD | Dinf, Baie
4, AL11 Series,
____,___A___ll_, _,N.i,, gh t? Asr] 2 38 s 56 37 £ 58 2+ 40 “.QZ [ '76
B, Serics 1 L 62 37 .63 232 61 A L2 1105
Series 2 51 | .37 246 235 .56 239 =20 L .80
Serics 3 .53 240 .53 WAl .53 WA ; 00 | 2,00
Series 4 63 | 38 | .61 | 38 | .65 38 |l .a0h 1,91
C, Mght 1 59 | 23 sl ol 59l 43 le0n | o8 |
Night 2 62 1 ,L0 .53 W37 1 71 L L40 | - 18 66
Night 3 057 oBl .66 ;:26 049 033 -;;7 068 i
Nightl ll. R A5O g39 .145 -38 155 538 -Alo ¢80




Experiment II,

Standard Deviations of Log Pick-up Times
together with Differences and RZB Ratios.

TABIE X171,
Summory for Subject Ma of Means and

Both Red Black .
‘. ; , R/B

M sp | M SD M__ SD_IDiff, | Ratio!

Ly 411 Series i i
511 Mights | .70 | .22 | 75 .38 | 64 A3 1 1 | 1,29
B, Scricg 1 8 11 L7740 178 42 fe01 | ,98
Serics 2 68 1 .35 | .82 | .37 .58 |42 .2k | 1.7
Sories 3 L69 80 | .37 | ,58 .2 .22 | 1,66
Series 4 262 1 .28 | .60 | .33 ' GA | AL e O4 | LO1 |
| G. Nigl]t ; 182 .AO .86 .36 4-.79 .AB nor? ‘L_]L
Night 2 275 1 .35 1,78 i .33 ' 72 (.36 1,06 | 1,15
Night 3 IO L a40 | W76 L L3763 AL .13 | 1,35
Moht 4 W52 142 1,59 ' 30 1 oap L2 1,35 | 1,42
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Experiment IT,

Summaxy for Subiect Me of Means and

Standard Deviations of Log Pickeup Times
together with Differences and R7B Ratios.

TLBIE XITI.

i Both Red i Black + A i
. , r " R/B |
M sD_| M sp_| u SD |piff, | Rotio

4L, 411 Series, '

A11 Nights | .84 | .28 | .87 | .30 | .82 | .26 1,05 1,13 ;

[Be Sories 1 .85 26 | .89 025 .81 :26 L07 11,18 -
Seriecs 2 282 231 | .88 23 276 226 206 1 1.15
SeriCS 3 .84. .28 .81 .33 .87 .20 ""}06 08’7
Scrica 4 65 | .28 .88 | .26 |.83 | .30 | ,05 11,13
C, HNicht 1 o0 430 290 431 .85 229 205 1,13
Night 2 291 223 2 95 225 237 .19 08 1,21
Night 3 219 232 .80 236 79 .26 201 1,03

| Iight 4 78 25 e o3 s 26 .07 11,18

xvii



TABIE XIV.

Performance on Three Field Brightnesses

N (each series) wm 20.

. Field Brightness

Field Brightnessi

Field Brightness

5033 log uul 4e91 log uul 4,67 log uul
S UBJECT
Mean SD_ D Mean SD D Mean SD D

M 229 L4814 W43 46 .20 1 .63  L49 L34
Z3 232 .38 .01 238 238 .33 1 W71 L46  G3A4
lh .27 QBL .21 048 .Aé ‘23 .71 .50 .AA
MC .Ll Jéi .21 .62 .30 .33 .95 131 .SA
Ba LT .60 12 1,59 .33 o8 .87 L0 40
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Experiment III,

TABLE XV,

Summary for 411 Subjects of Means and

Standard Deviations of Log Pick-up Time
toéether with Di-gqferences and RZB Ratios,

Both Red Black X
i f 2 . R/B
M . SD M SD M _| SD |Diff, | Ratio|
A, A1l Trials 5
(A11 Nights) bSL | 036 | .53 | 435 | .54 | ,37 |=01 .98
B. (411 Subjects
A1l Nights)
Series 1 253 236 253 : 36 .52 236 L01 1,02
Series 2 255 236 255 236 | .55 (36 | ,00 | 1,00
Series 3 W54 | 435 e54 1 o34 | 453 35 | .01 11,02 |
§eries A .SA .37 051 034» 056 .39 "'005 .89
C. (411 Subjects
411 Series)
| Night 1 253 | 234 1,55 | .35 | .51 1,33 | 04 | 1,10
Night 2 251 1,38 | .50 1 .37 51 | .40 | ,01 | 1,02
Night 3 58 | .36 1,53 | .33 | .62 | .37 (=09 .81%
Night 4 253 o34 1455 | 434 | .52 23 1,03 1,07
1D, (A1l Nights
" AZ] Series)
Subject XKr | .44 1 .38 Ad 1 237 | 43 39 |01 | 1,03
Sub.iect Ba nl&g .3]1- ql&é .28 .51 .32 -.05 g89
Subject Ma 251 | L34 1,55 1 o34 |47 235 208 11,28
Subject Mi 58 | .39 1,56 | .40 |,59 1,39 | .03 ! 1,08
SUbiect Zi .58 ¢36 n57 -35 .59 .38 --02 .96
! Subject Mg 265 232 67 33 264 1 231 203 1,08




TABIE XVI

Experiment III, Summary for Subject Xr of Means and
Standard Deviations of Log Pick-up Times

together with Differences and R/B Ratios,.

Both Red . PBlack ; :
il e | o le o ook
“4. All Series, !
| Al Nghts | 441,38 |44 | 37 |43 1,39 [,01 1,03
g
B, _Series 1 fh | 037 L5l 035 |43 1039 1. | 105
Series 2 51 | L4 252 242 250 | o4T 202 1,05
Series 3 [edd 1039 1 A3 | .34 ohd V23,01 .98 !
Scrics 4 36 1235 .37 | .37 .36 {30 |00 |31,03 f
C,  Night 1 | 43 1,36 1.8 | .37 .30 {34 1,00 [1,25
wgnt 2 | 5o s Lsn |1 Lss Lue Lo 93 |
Night 3 .36 .32 1,31 § .27 .1 .36 k10 .80 é
Night 4 s t9 Van g0 g0 s o 18




TABIE XVII.

Experinent III, Summary for Subject Ba of Means and
Standard Deviations of Log Pick-up Times

topether with Differences and R[B Ratios.

Both Red Black :
: 1 ! i R/B
M sD M _ | SD M __| 8D _iDiff, Matio
L, 411 Series, i | g |
. 411 Vights !r A:] 31 | 46 ; 228 5L | 232 (=05 @ ,89
| B, Scries 1 % pdl | .30 | LAO | .29 | .42 : 31 =02 | .9
! § .
Series 2 49 | 429 |,49 1,30 l.50 ; .27 |-01 | .98
' !
Series 3 40 | 28 .39 f 25| 41 [ 220 (=02 | .9
; ; | :
Series 4 | .63 | .30 1,56 .25 1|.70 | ,33 =1k |73
- j
Co Night 1 | 48 | 26 .51 .25 |45 [ .25 | 06 [1,15
Night 2 | 45 | .32 1,38 | ,26 |.53 | .35 (=35 | .71
1 3
[ '
: | i i ; '
Night ll- i .4.5 ’ .31 i QAA 8 129 N .4—6 : -32 -102 496




Expcriment III,

TABLE XVIII.

Summary for Subject Ma of Means and

Standard Deviatio of Log Pick-up Times
toéether Wiih Difgefences and RZB Ratios,

Both Red. Black L
| | R/B
M__. 8D M SD M__ 8D |Diff, |Ratio
Le L1 Series
i
B, _Series 1 5L | 236 | o57 { LA W45 | L34 | L12 | 1,31 |
| Serics 2 ol 1 s 1 A3 | .33 4 AL | .36 | =01 .98 |
Sgries 3 250 ABQ: .45 232 254 03311 "'._09 .81__
Serics 4 A8 Lg3hl w49 w33 | 46 | .38 03| 1,07
LCe  Night 1 50 | .35 ¢ 50l 36 | 40 | 36| o1l 1,03
I]ight 2 .36 .35 -39 033 134 ,136 !""-‘;Ql 998
; !
Night 3 54 | 3L o501 43l sy | L35 1o07 | L85
. ; ; ; |
Night 4 L a53 0,30 .56 1 .31 | 49 1 .27 | ,07 | 1,18




TLBILE XIX,

Expcriment ITT. Summary for Subject Mi of Means and
Standard Deviations of Log Pick-up Times

together with Differences and R/B Ratios.

_Both. Red Black .
_ M SD M Sp_} M | SD | Diff,

A, L11 Series, ‘

| L1 Nights | .58 | ,30 1 .56 1 L40 | ,59 . .39 ,03

|Bs _Scrics 1 258 1| 237 | o581 o401 .57 | .311,01
Sorics 2 261 242 255 240 67 242 ime 12
Seories 3 259 1 37 | 601 .38 1 .58 ! .36, .02
Serics 4 254 | o2 | .50 o401 .57 | .42 |07

1C. MNight 1 260 1 A0 | .64 | o40 | .55 | o401 09
Night 2 A9 } A0 | G451 A0 | .52 | 440 }=,07
Night 3 268 1 .37 | .63 1 .38 | .72 | ,36{-,00
Night 4 a4 Y 237 1 450 0 G371 .58 | .36|w,08

wediidl



Experiment III,

TABLE XX.

Summary for Subject Zi of Means and

Standard Deviations of Log Pickeup Times
together with Differences and RZB Ratios,
Both Red Black ; :
g ! . R/B |
M sD_| M SD i SD |Diff, ! Ratio
A, 411 Series, :
L11 Nights | .58 . 236 1 .57 | 235 [ .59 | 238 =02 296
PB. Sories 1 253 : 36 253 240 254, o 32 .01 1,0
§OI‘iOS 2 .60 .37 -59 -37 .62 oll,o - 03 -93
Serics 3 +60 236 63 232 | .60 220 203 1,08
. Sorie§ 4 057 ¢36 052 1_32 16% C 8 32 "‘.J_-O .80
C, Nigh-t 1 Q56 0311» 055 035 057 OBL -.OZ n%
i
Night 2 ) 57 LILO 954 .AO ¢ 60 .Q- hat 3 06 r'y 8‘7
Ni&ht 3 155 -36 .51- ;33 n59 139 "308 183
]
Nigbt A 062 OBA i 967 ; 030 Q58 ' 138 .m 1‘_2_4, -

o'



TABLE XXI.

Experiment III, Summary for Subject lMc of Means and

Standard Deviations of Log Pick-up Times
together with Differences and RZ_B Ratios.

f HE— B

M SD M SD M SD__|Diff, | Ratio

—

L, 411 Series,
411 Nights | .65 232 ,67 .33 6L 2311 ,03 11,08 |

B, Series 1l |.68 | ,30 | .67 | .27 | 70 L.,33 |-,03 .93

Series 2 265 227 271 225 259 226 g12 | 1,32 |

Series 3 269 .28 276 .26 ,61 227 215 1,42

Series 4 '60 .LO 053 127 167 -35 "glzl- ¢'72

C. Mght 1 . .58 8 | oLer | .25 | e | .25 |-,08 .83

Meht 2 164 1 .33 | 74 | o8 | 58 | .34 | 16 | 1,45
Might3 178 |26 | 72 | .23 |83 | .27 = | L7

} : ,
Night 4 .62 ! .29 + 66 ! 20 ' 58 i 29 | .08 + 1,21




