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‘ ERIEF

The present stUﬁijngbchconducted to deternine low visibility

identification curv;sffor hitnanh targets as a functicn of: e

e

1. Level of illuminaticn

2. Position of target

. .
; R

. . . ' k]
3. Position.of cbserver
k. Night vigion trainiang of ohserver,

Based upon the Tiodings of prévions research, two experiments were

7§ N . ‘..
conducted using four, groups ot bhasicé trainees as subjects. The. first

experiment was conducted under no-moon illumination and the second,

using the same subjects, wes conducted under full moon. The vgriables

A

target (standing, kneeling, or

in each experiment were {1) position of
Oy “
prone), (2) positioia-of ovserver (standing, kneeling, or proné), and

'

(3) type of night vision training administered to cacih group (classroom

By

training, field training, a combination of classroon: ani field training,

or no training). Target icentification deta were collected in a large

{

vitdcor field labofétory. Curves were drawn showing percent correct
¥,

respenses plotted against range. Mean correct responses were analyzod

statistically.

The data indicated thnts (1) level of illumination had a strong
practical effect on ‘correcthess of identification. (2) Full mocd ex-

tended the runge of .observation approximately three times the range for

00" noon.

vi




(3) Observer position had an inconsistent effect on correctness of
identification. (&) Under no-moon, standing, knceling, and prone
observers did not differ eppreciably. (5) Uader full mcon, standing
ubservers could identify targets approximately 9 to 17 yards beyond
kneeling bbservers, who, in turn, could identify targets approximately

20 to 30 yards beyond pronc cbservers. (6) Position of target haa a
stirong practical influence ¢n correctness of identification. Under no-
momn illuminatiocn, standing targets could bc seen approximately 7 to 8
yaurds beycnd kneeling targets, which, in turn, could be seen approximately
S tc 11 yards bey?nd prone. (7) Under full-moon illuminetion, standing
targets could be seen approximutely 13 to 20 yards beyond kneeling targets,
which, in turn, could be seen approximately 12 to 25 yards beyond pirone.
(8) Night vision'training had no effect on correctness of idcntification
unler the no-mron or full-auen conditions.

Generalizing to conditions similar to thosc uﬁder'ﬁhich the present
study was conducted, it vas concluded that the abililty t? identify human
targets.under low natural illuination is:

1. Direcfly related to level of illumination
2. Directly relsted tc size of target being observed |

3. Directly related to height of the observer's eyes above the

ground under full-moon conditions, but not uwader ne-noon conditions
L, Not related to the short periods of night vision training
emnloyed in these studies.

It was suggested that the rdndings of the present investigation be
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nade available -to ﬁhuséﬂéngaged in (1) developing tactical doctrine
governing visual ObseTQSfion ard ‘the firing of indiv;dual’weaponé~at.
nirht; (2) developing t#aining courses for observation, target detéction,
and weapons firing-at night; and (3) determining appropriate firer-to-

7

target distances in,the construction of night training facilities.
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IDENTIFICATION OF STATIONARY HUMAN TARGETS

This report presents o discussion of an experiment cogducted in Fall
1055 as part of Task MOONLIGHT research. The experiment addressed the
problem of determining the relatisnships emonyg & number of variables
velevaut Lo the detectinn and identification of infantry targets unier
lew notural illuminetion. Specifically, the ability of stationary
cbservers to courrectiy identify the positions of stationary human targets
was investigzated as o Dunction «f four variables: (l) level of illumina-
ticn (no moon .ir full moon), (2) position of target (standing, kneeling,
or prune), (3) position of observer (standing, kneeling, or prone), and
(4) nignt vision traiuing of observer (classroom training, ficid training,

a conmvination uf classroom and field training, or no training).

BACKGROUND

Proficiency in night operations depends heovily upon the ability to
see erfectively in seud-Carkness and darkness. The increased emphasis on
night fighting by the infantry makes important the need for information on
the visibility of humen targets at night, This is true because the infan-
tryran's primary target is humen regardless of w.ctl.er the operati .n eugaged
in te offensive or defensive. Such information is particularly needed for
(1) developing doctrine governing visual observation used to detect anz
eng;age personnel targets with individual weapons at night, (2) developing
training cgurses for night target detection and night’firing, and (3)
determiniﬁg appropriate firer-to-target distances for the construction of

field training ranges.,



Proevious reseafchneiiehted toward determining the individuu} guldier's
ability Lo detectlgngifﬁénﬁify targets at- higbt has nol been extensive.
Studies by Rustenbiry: (2) ‘and by Uhlaner (k) both concern validation. of
the Army Night Visi'@'g .\ifélster (ANVT) sgainst field criteria. . ..

Since both of these tudies involved’éetecting and recdgnizingfmateriel
targets, the findlngs indlcatﬂ little about the infantryman's abillty to de-
tect human taryets. fThe stuay by Rostenburg was conducted at Fort Slll
Oklahoma, using targc;s which vere primarily guns or vehicles. Th%.spugy

by Uhlaner was a ccnﬁgnuation>of the research initiated at Fort Siil and
was counducted at C%Hp Bl%nding, Florida. Varicus pieces of equ;pgent, such
s guns, tanks,Aanalﬁﬁher vehicles, were distributed over a fieldiéourse.
Fach iten served as ﬁfseparate visual target to be detected and ;écéghized
under moonless illumiﬁation. Background against which the objegtﬁ:wére
viewed varied from végy dark clumps of trees tc white sand, and ii}u@ination

di? not remain constant because of occasional lightning and reflections of

city lights from passing clouds, Because of the absence of human figures

2

%

a3 targets, littie cdn -be ¢oncluded from the data as t3 the dist§gpeé at
which hunan targets mﬁght be visible on a2 moonless night. N

Some -research haskbeen conducted to determine the effects of;@?aining
on nigﬁt vision abiligy. A repcort of the Working Gi oup on nght Vlslon
Tréining of the AfmedJFbrces National Research Council Vision Cg@ﬁittee
{5) provided alvice én the content and conduct of night vision t{qining;
Sharp, Gordon, and4R%uder (3), revieving the studies on the effects of
training, found no é&idénce available on the effectiveness of a q%gh%
vision training progfam as evaluated by performance in an actualffield

. Lt
situation. i, .




A study conducteu jointly by Marks and Uhlaner »f PRB, TAGO, and Junes
end Werd of HumRRO, enmployed a field criterion course with live human
targets to (1) obtain validation data for the ANVT and (2) determine the
effects of varioﬁs kinds of night vision training. Those aspects of the
study pertinent tu PRB heve been published elsewhere (i). The Jdata per--
tinent to the effects of training‘pave not been previously published.l
No aefinite conclusions as to the effects of differerntial night vision
training on the ability to see at night could be drawn from the study.
There seemed to be a consistent though slight tendency for soldiers who
were glven formal night vision training or who had night combat experience
in Kores (on—fhe-jcb training) to be superior to recruits or inductees
without training or experiecnce, Jones and Ward warn, however, that this
slight, consistent training effect must be viewed with caution in that .
the experimental procedures confounded training trestment with pogition on
the observing line. It is possible that the apparent superiority of the,
trained groups may have\been due as much to their having been assigned
to favorable observation positio;s during data collection, as‘té the
effects of training. ) |

Thé present invgstigation was aesigned as a direot o§tgr9wth of the
Jjoint sfudy Just - described. Again it wag & Jjoint HumRRO—PﬁB investigation,

. i ~ . 2
with PRB reporting the ANVT findings separately.

Curves derived from these date are included in Appendix A.

It is the author's understanding that these data were to he

published, but no specific references have been debermined.



METHOD

Subjects ¢
Subjects for the*g%ﬁérimeﬁt were 216 Sf the basic treinces who had

served as the experiﬁcptal troops for the 'Fall 1955 administratio%}qf

TRAINFIRE I.(dayti@g%pggining). Restrictions placed on the selection of

these troops eliminaﬁq% (1) individuzls having prior military éerice,

(2) conscientious objectors, and (3) assigaments inconsistent with a rdtio

of six Cauczsians to one Negro. Assignment to the MOONLIGHT groups\was

counterbalanced with g%éignment to the TRAINFIRE groups to contro; éome

of the contaminnrtiug <ffects of onhe program on the other.
Design

The effects of (1).target position during observation, (2) observer
position during observation, and (3) night vision instruction edminisicred
prior to observation, upon detection and identification of humdn‘targeﬁs

were investigated in & 3%3xh experimental design. A diagram of the
experimental design.e@ployed is given in Figure 1. The experiment was
conducted first’undcrino_moon and then  under- full=-moon conditions.

Each of the four groups of 54 subjects received a different ?ype of
night. vision instrucpion before observing the targets. The four ﬁ{aining
conditions were class}oom training, field-training; a combination of
classroom and field tr%in;ng, end no-training.

During observation of targets, one-third of eech group of subjécts
(N = 18) observed fré% the stording position, onc-third from the kneeling

position, and one-ﬁhird from the prone position. This cohsisted.of a total
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;of 12 subgroups of 18 subjects each. All subjects were required to observe

an equel number of sﬁgndiégztkneelihg, and prone targets.

A
‘ .. i o L \
Iriining L : B

Classroom Training: Group I received classroom training (CT) which

cunsisted essentidlly.of a two-hour lecture-demonstraticn covering the
. i : ’-' : ' ' H ’

history of nighp,%ayﬁgrge research in night vision, and techniques for
improving visiocn ap:ﬁigbt; It was the same instrgctiqﬁ presentédvﬁb
beginning officer ciéﬁSes;gnd KCO classes at the US Army Infaﬁtry School
(USA;S), Fort Bénnfpggv The lecture covered these topics: (l).hiSﬁory
of night warfaurd, (?)brgsults of.researéh on night vision, (3) théf
physiclogy of the hu;éh"eye, (4) the effects of dark adaptationli(é) the
necessity for offwcgﬁ%er vision, (6) the technique of scanning, and (7)
the importance of cbpfidence. For approximately fuorty minutes of fﬁis
two-hour periogd, the;gpgcial lecture room wés almost corpletely daﬁkeged,
The subjects, by vieﬁing véry cimly-lit objects (utili;ing shadow boxes),
pyacticaq the prigpipic§4which they had lecarned. The classroom ﬁaé the
one used by'the~q§Ai§tfar<theunight:vision phase of inaividual night
firing instruction’ prescribed by TC 23-1. Also during thisvpéribd, the
independence of nighé visiun in the right and tne left eyes was,sﬁuWn;
and the effects of’rgd-gaggles, red light, end o brief dazzling light on
dark adaptation Wure#égmongtrated. At the conclusion of the pefiod the
trainees returne@‘ﬁsiihg barracks.,

e
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Ficld Troining. Group I1 received field tiaining (FT) which consisted

essentially of two hours of practice at night under nc moon in making dis-
criminations about human figures. It was thought that, if any kind of
practice would result in a lowered identification threshold, direct
practice in moking judgments about human figures might be the best
technique.

The trainees were brought to an outdoor training area and divided into
three subgroups of 18 trainces each. Each subgroup was assigned to one of
three lanes. The lanes were 20 yards wide with 20 yardslbetween them.

The target, that is the hunon Tigure to be observed, Look.a given position
at « gdven distancé from the observation line according Lo a prearrangeu
schedule. One target wus assigned to each lane, and the positions which

he assumed depended upon the lone in which he was working. In Lane One,
the target faced either ferward, left, or right, in a kneeling stance. In
Lane Two, the target held a gray carﬁboard recfangle, approxinately l—l/2
feet by 3 feet, in either a vertical or horizontal position. Being dressed
in fatigues, and holding the lighter, gray rectangle in front of him, he
was aluwost invisible. In Lene Three, the terget either appeared in stand-
ing position or did not appear at all.

Prior to training, all subjects were given au explanation of what the
night's training was all about. They were all given an answer sheet with
three coluans of 30 answer spaces each, oune column for each of the three
lanes. The subjects werc split into three groups andfeach group was trken

to a lane. At the lane, each .roup was read the instructions appropriate
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to the lane. On Tane One, they were teold to write L, R, or F to indicate

whether the kneeling man was facing left, right, or forveris. On Lene Twu,

radd

they were told to,Mritegﬂfor V ‘to indicamte whether the rectangle was ,

lorizontal or vertical. On Lene Three, they were told to write T or NT to

. . B . u "
indicate whether they saw a targét or no target.

3

Training begean with the trainees on the observetion line facing away

frow the lanes while,ﬁhe targels took up their positiuns. When all'three

targets were in pos itlon, the trainees dida an about face and observed the

:-

target in their lene. After 15 seconds they were again ordered to do an

:

gbout face ani were instructed to write what they Lad seen. After.ail the

Vi r
trainees had wrltten, the instructor announced the ¢arrect response for

§ pan
that trial., Thus, the trainees received knowledge of results aftér‘making

each responsc, thle.ghu trainees were writing, the target aqsumed the
proper position and tﬁe proper distance for the next trial. Thirﬁy trials
were administered in %his manner.,

The trainees chan%ed lsnes after every 30 trials. Each subjeéflre—
ceived 30 trials on:Lane One (kneeling target), 30 more cn Lane fﬁé
(cardboerd rectangle);-and 30 more on Laue Three (stunding or no—égrget)

for a:total of 90 tridls. The three sets of 30 trials lested two hours.

At the end »f this training, the trainees returne!l to the barracks.
1

H

Classroorm and Fiéld Training. Group III received a combination of

classrcom training and field training (CFT). This group J-”f‘ceivéd one

hour of +the Jecture-demunstratlcn end one nour of the outdoor f1<ld

I -
H . h
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training described above. In order to shorten the classroon msterisal to
une‘hour, those parts of it vhich seemed most essential to perception at
night were retained while the rest were omitted. Thus, the instruction
covered (1) the effects of dark adaptation, (2) the neceSsit& for off-
center vision, (3) the technique of scanning, and (&) the importance of
confidence. Also, the trainees spent approximately thirty minutes in
the dark practicing the application of these principles with the shadow
boxes. At the end of this time, the effect of a brief dazzling light on
pnight vision and the independence of dark adap#ation in the right and the
left eyes werce demonstrated. This concluded onc hour of the training.
The second hour of training for thisbgroup was c¢onducted in the same
manner and using the seame facilities as for Group ITX. The procedure was
exactly the same as it was for Group II, except that Group III received
only 15 trials at each lane., This second hour concluded the training for

Group III after which time they returned to their barracks.

No Training. Grgup IV received no training (NT). This group served
as a control group to provide informafion on the effects of spending two
hours in the dark without any special training. It was intended that they
would provide a baseline score against which the . effectivencss of any of
the three training procedures éould bé measured. This group simply went
on a nigbt march for two hours in an unlit part of the ?eservation.

Following the march they returned to their barracks.
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Tagpct Observation’Arcal
A’ rectangular area approximetely 350-yards wide and 150-yards deep was

frowg A , Cin
selected for observation of the targets. The area was mowed und raked,

P P R
providing a smoothy :even surface with grass approximately one-io. two-inches
T Lo + . A

“

X

high. A dense, higggieYen.trec line ran approximotely parallclb%d the long
axis of the field alqhg the southwest side, avproiximately 100 yards from -

the observation fi¢ld. On the opposite edge of the field (northeast) and

ey

running parallel Witﬁ the long exis ard the tree linc, an observation line
was constructed. ThHé observation line was thus approximetely 250-yurds
from tle trec line Qﬁth Lomogeneous and even terr-alg separating“fﬁgm.

The dbscrvationziine faced away from a faint cky glow from the Main
Post awrea, and the .mdon moved from right to left along the obser%géion
line and slightly'bgﬁind the observers., The surrcundiags of the erea
contained no artifiéaal 1ights that couid be viewed frou the obse}vqtion
line. Thus, duringgdata collection, the subjects faced a dark tree line
away from sky glow and the:meon, and viewed no artificial lights. -

The -arec was di&;ded into § parallel lares perpendicular tofphe
dbse;vatidn line, each of which was 16-yards wide, with 20 ynrdq'between
lones. Along the cbservation line esch lane was in tuwn subdivided into
2k equally <paced ogservution positions, each equipped witl. a flat-topped
wouden steke. Starting with Lanc One, the first stake was S—feeé high

(on which a standiﬂé observer was to place his chin),l the next stoke in

. For those men- assigned a steke toc high while standing oun the

grouad, an ammo box was provided.

v 10
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line was 30-inches high (on which a kneeling observer waé to place his chin),
the next stake in line vas 6-inches high (oﬁ which a prone observer was Lo
place his chin). The fourth stake along the line began the sequence -ver
again. This sequence of stakes was repeated all along the observation line.
Such an arrangement pernmitted observation by all subjects simultaneously,
one-third standing, one-third kneeling, and one-third prone.l ihe stakes
were numbered consecutively to facilitate administrative assignment and
control of the subjects along the line.

Down the center of each lane, lying flat on the ground and in the
grass (invisible to the observers), were luminous yard-markers upon which
the personnel serving as targets would stand, kneel, or lie when in posi-
tion toc be observed. In the no-moon experiment these markers were placed
S5-yards apart to a distance of 50 yords. In the full-imoon experiment they
were placed 1lO0-yards apart from a distance of 20 yards to a distance of
120 yards.

Down the center of each 20-yard corridor separating tbe lanes, burlap
screens were erected behind which the target perscnnel stayed when reading
their sequence sheects or when procedure called fny a noTtaréet trial. In

the no-moon experiment, one such screen was erected for each lane, 30 yasrds

1 Since the targets were positioned in the center of each lane, the

ohservers in the center observation positions were favored. The flank
observers were farther from the targets. Only at the shortest (5-yard)

range would this make any oppreciable difference.

11



from the observation®line} to be used by the one ran serving as target in
L T .

the lane. In the full-ncon experiment, two other screcns were erected ot
. A -

60 wn? 90 ynrds, each to be Used by one of the three men serving as tdrgets

in the lone.

¢ ‘

A central control point was set up about the mildle of the observation

- - & R . . .
line and approximately lofygrﬂs bebhind it. Loud speakers were distributedl
~t frequent intervals hlbng thie observation line so that all subjécts'and

target personnel couli‘ciegrly hear the instructions for cach triel. |

Prccelure
e oy ;

"

Assignment, and Treining. As stated eariier, the subjects were ussigne!

.t contitions in a counterbalanced order to control

for soume of the diffege@£inl eiffects accruing from the TRAINFIRE treatnent.
In‘addition, all subjecﬁs were assigned to specific numvered stakes alung
the observation linc in o counterbalanced orler so as to have all treztment
conditions, equnlly regfésentél elong all segmeﬁts of the observation line.

Upen assiganent, tﬁg four training groups immedietely underwent the
two-hour period of nigqp vision training simultancously. While Grgﬁp I
was receiving CT, eruﬁill was receiving FI, Group III was receiving CFT,
and Group IV was on a ﬁ&o—hour night march receiving NT. Tmnmediately
foilﬁﬁing ﬁr&ining all groups ireturned to ibelr barracks.

No-Moon Experiment |

1. Alministration
The night following training all four groups were taken to the

observation arca where.;

z “ &

- 12.

hey spent epproximately three hcurs (2030-2400 hours)




in making target observations under no-moon illumination.

The subjects assumed their previously;designated positions aload
the observation line. A central control officer, using a microphone, directed
a total of 27 umpires (three per lane or one per every eight men) as they
positioned the subjects along the line. Each umpire had a roster for check-
ing that each subject was in the proper place ahd assuming the proper positione.
When the assignment to positions and checking were completed, the control
officer and umpires briefed the subjects on the task at hand, explaincd the
purpose of the experiment, and distributed materials. Each subject was
given a 3x5-inch tablet and a pencil. They were instructed thav each trial
was to b€ recorded on a separate sheet. Two practice trials were provided
to insure that all subjJects, control umpires, and targef personnel under-
stood the procedure. Administrative details consumed approximately 1/2 hour,
thus zallowing the observers to become dark adapted.

Eighteen US Army enlisted persbnnel of averagevheight served as
target personnel. Nine of them, one per lané, worked the first 50 trials
and the other nine worked the next 50. All were clad in green fatigue
uniforms and wore soft caps.

2, Data Collection

One hundred trials were administered with the subjects record-
ing theirlobservations after each trial. Thirty trials presented the tar-
gets standing, 30 presented the targets kneeling, 30.presented the fargets
prone, and 10 presented no taigets at all, withlall diétances being‘repre—
sented, according to a controllad random sequence. . Thus, on a given trial,

the target might have been standing, kneeling, or prone at any aistance

13



ol

s

pea

from 5 to 50 yards, Jr not present at allie

The sequ%qce of.activities for the 100 trials was cs follows.
Prior to the beginnibg of ‘the first trial, all observers were in position

(one:¥hird standing;-bngfthfrd kneeling, anhd one-third prone) looking down

o= .

range; all umpires were in position béhind the observation line; and each

1lzne torget was inViSiﬁie behind his screen down rénge. Upon a signsl by

fartiet

he control officer, al? obgérvers faced aﬁay from the field, toward their
control umpires., Tﬁe-té?géts'emerged from behind their screens, tobk up the
prescfibed ousition at fhe prescribed distanc¢e for the trial, and yumained
nmotionless facing thc\oﬁser%ation line; ﬁpun instruction Ffrow the control
officer, each GBSErVeghplabéd the number 0% the trial in the upper left
corner and his own éo@éfnumber in the upper right corner of the toﬁAéheet

of his tablet, 'When'ail targets were in position and all obscrvers were

¥

ready, the signal wus,éivén fov the observers tu face down range and ob-
serve with chih on stdge. ht the end of 15 seconds of observation, they
were again instructed go face ﬁoward'théir wnpires (awsy from the targets)
and o write é large'S; P, K, 4sr N on the top sheet indicating whether tiey
saw a soldier standingé.kneéiing, prone, o mot at all, They were instructed
to ‘guess if not sure df what theéy saw, After recording his responsc, each
chserver removed the fép sneet and held it at arm's length. The dﬁpires
tlien moved from left ﬁb right collecting the sheets &nd stringing them in
bﬁndles. During the recording cf the data awr. collection of the sheets,

.fﬁe targets were ﬁakiqg up the proper positions down range for thg next,

o
trial. 5

W




The: cbscrvers were then instructed to indicate Trial 2 in the
upper Lleft ond their code number in the upper right of thé next sheet on
their tablets. ‘When all ~bservers and all targets were ready, the signal
wos given for the observers to again face down range and observe with chin
m strke for the second trial,

This proceilure was repeated for 100 trials with the umpires
proviuing close supervision of the observation line to see phat all ob-
servers compliced with instructions on all triéls. Ten-minute breaks
osceurrad after the 33d and 66th trials. At the completion of the 100th
trial, oll naterials were collected and the troops returnced to their
barracks.

During data enllecticon, on every 10th trinl, photometric
readings were taken with a radium button photometer. Inspection of these
readings indiceted that no appreciable fluctuations in level of illumina-
ticn oceurred over.theleO trials., |

Throughout the experiment, red filtered flashlights and lanterns

were used lor control and signaling to preserve dark a2daptation.

Full—Moon Ekperiment
1. Administration
Two weeks later, from 2030 to 2L00 hours, all personnel retuined
to the obéefvation‘mrea. The observers were ngnain assigned to their nwn-
bered stokes, and given a bricf review of the purpose of thé'experimeut
and proc;dures to be followed. Again, administrativb details lasted one-

helf hour allowing the observers to become dark adapted prior to the first -

trial.

15
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Nine adﬁitiéhal men served as targets during this experiment,
bringing the total humbéf of targets for each lane to three. Only one
target per lane was'e%pgéed on'any one trial.

2. Data Collection

All progedq%gs vere identical with those of the no-moon
experiment except that ;argét distances were extended to 120 yards at
intervals of 10 yarda.}‘

Agsain photéﬁetric readings were made every 10 trials. During

the 100 trials the moon was approximately overhead, and there were no

appreciable fluctuatioés in illumination.
i FINDINGS AND INTERPRETATION

The data of the two experiments are not directly comparable in that
the ranges to the targéts were not the same. Thus, the data for the no-
moon vwere handled sepérately from the full-moon data, both in statistical

analyses and graphical emalyse‘s;'L

Missing dnota and the need to equalize the number of subjects In
each c¢~Ll resuced the tohel nuwdrer of subjects to 1,2 {or the data analy.ies.
There were 48 subjects in eacn group; of these 16 were standing observerg,

13

16 kneeling observers, and 15 prone observers,
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Curves for No-Moon Observaticns

Figures 2 to 8 present the results of the no-moon experiment in terms
of per cent correct responses plotted against range to the target. Figure
2 shows the effects of training, Figures 3 to 5 show the effects of ob-
server pusitions for each target position, and Figures 6 to 8 show the same
data another way; that 1s, effects of target positioﬁ for each observeuv
position,

Under the no-moon condition, 100 per cent correct responses were not
achieved even at the extremely close range of five yards. It was sus-
pected that this may have been an artifact of the experimental situation
because the extreme flank observers on each lane were actually about 9 yacrds
from the target rather than 5 yards from the target. However, when &ll con-
ditions of all variables were combined, the observers on the 6 inner points
of the lanes (actual target range from 5 to 5.3 yards) only achieved ap-
proximately 95 per cent correct responses, while;the observers on the 3
outer points on both sides (actual target range from 7.6 to 9.2 yards)
achieved approximately 88 per cent correct responses.l Since these two
percentages were not significantly different (.10>p>.05) the S-yard range
data were reanalyzed. It is more appropriate, however, to consider the

percentages shown for the 5-yard range as being in the range of 5 to 9 yaids.

1 g .. . g . .
* This was considered the most eXtreme case. When the 12 inner point:s

were compared to the 6 outer points on both sides, the aifference in percen-

tage of correct responses was nlso, as expected, non-significant.
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The amount of difference from the observers to the target over the points
on the lane is greatest at this close range.l Heterogeneity of target
background may possibly account for the fact that even the observers at
the close range of 5 to 5.3 yacds were unable to achieve 100 per cent
correct fésponses.

Effects of Night Vision Training

The curves in Figure 2 are seen to be slightly different in that the
percentages of correct responses for the CT and NT groups fall slightly
below the respective points for the CFT and FT groups under the no-moon
conditions., The range of this difference over the curve is approximately
3 to 8 yards. The point at which 50 per cent of the responses were correct
and 50 per cent were incorrect is in the range of 27 to 30 yards for all
groués with the CFT and FT groups being better by approximately 3 yards-
than the CT and NT groups. Howvever, this slight, though fairly consistent
superiority of the field training groups, was shown to be non-significant
with [urther andlysis.

Effects of Observer Positimn

Figures 3, 4, and 5 indicate that pesition of observer had little effect
undecr no moon. There was a tendency, however, for the kneeling observer
to be superior to both standing and prone observers, especially when ob-

serving prone targets. Looking specifically ot the 50 per cent points,

. no consistent observer-~position effect is apparent.

At the lO-yard target range, the flank observers are 12.6 yards from
the target; at the 20-yard target range, the flank obscrvers are 2l yacds

from the target.



Effects of Target Position

Figures 6, {, and 8 indicate that position of target bhad considerable
cffect under no moon. Over-all differences are apparent with the standing
target being easier identified than the kneeling, and the kneelipg being
eadieﬁ ldertified tpan the pronc. The 50 per cent point for kneeling
targets was approximateiy 9 to 11 yards béyond that for prone, and that
point Tor standing taré,ets was approximately 7 to € yards beyond tha't for
kneeling. |

Shape of Curves

Figures 2 to 8'in@icute that under no mooh the per cent of correct
response curves seemed to be either linear or negatively accelerated
depending dpon the poéitions of the observers and the ﬁargets. The curves
for standing, kneeliqé, and prone observers lookinhg at prone targets tgnded
to be negatively acceierated. The curves for the standing, kueeling, and
prone observers looking at the standing snd kneeling targets tended.to be
linear., It is probabie that, if extended far enough (to O per cént per-

. . . oo 1
formance), these curvés would also have been negatively accelerated.

Btatistical Analysis of No-Moon Observations

Tables 1 and 2 present mean correct responses derived from the no-moon

study according to type of training, observer position, and target position,

The curves generated under the conditions of the similar study by
Jones and Wafd indicated that performance approaching O.per cent correct
'*responses could be ex;ectei at 50 yards. The conditions of the present
investigation produced approximatcly 20. per cent ferformance at 50 yards.

L
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it

. Croups

CT

CFT

T N

Mean Correct Respouses, No-Moon Condition

OLserver
Position

Standing

‘Kneeling

Prone

Standing
Krie2ling

rroue

Standing
Kneel ing

Prone

Standing
Kne¢ling

Prone

Table 1

Target Position

Standing

18.5
20,4

18.5

19.1
20.3

13.4

18.8
20.k4 -

19.5

19.1
19.7

17.3

Kneeling

13.0
15.0

12.9

16.6

L5460

13.6

Prone

11,9
13.6

12.6



.

Table 2

Total Means and Crard Mean, No-Moon Condition

Training Group

er T CET NI
15.3 16,5 16.4 15.2
Target Position
Standing Kneeling Prone
19‘3 15-2 l3n2
Observer Position
Stancing Kneeling Prone
15.5 17.1 15.1
Grand Mean
15.9



Analysis of variance of the no-moon scores showed that at the .05 léve;
of significance:; |

1. None of tne varisbles interacted. That is, differences which
did occur were consistent ones,

2. All target positions differed from one another with standing
tergets being identified more often"thén kneeling targets, and kneeling
targets being identified Qore often than ﬁrone.

3. Not all observer positions differed. Kneeling obscrvers were
somewhat superior to both standing and prone observers, but standing and
prone observers did not differ from each other.

L. The three groups that received CT, FT, and CFT did not differ
among themselves, nor were they sqperior to the control grogp which re-
ceived NT.

Tables B-1 to B-3 in Appenidix B summarize these analyses of the no-mocn

agta,.

Curves for Full-Moon Observations

Figures 7 through 15 present the results or the full-moon exporiment
in terms of per cent corrcet responses plotted agninst range to the turgoh.
Figure & chows the effcects oL training, Figures 10 to 12 show the effects
of observer position for each Larget position, and Figures 13 to 15 show
the same deta anothcr-way, that is, effects of target position for euch
observer position,

It is to be secn that, Just as in the no-mooun experiment, 100 per cent

cousrect responses were not achieved even at the close ranges.
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Again, the targets may have been difficult to identify because of hetero-
ceneity of background.

Effects of Night Vision Training

Figure 9 indicates that no consistent differencé was produced under full
moon by the night vision training. The curves are practically superimposed.
Looking specifically at the 50 per cent points, it is seen that these weré
practically identical for all four groups.

Effects of Observer Position

1)

Figures 10, 11, and 12 indicate that position of the observer had a

large and rather consistent effect under full moon. The standing observer
was superior to the kaneeling observer who, in turn, was superior to the
prone observer. This superiority held for all target positions. The 50

per cent point for kneeling observers exceeded those for prone observers by
upproximately 20 to 30 yards, and those respective points for standing ob- |
servers exceeded those of kneeling observers.by approximately-9 to 17 yards.

E_T"ects of Target Position

Figures 13, 1k, and 15 indicate that position of target also had con-
siderable effect under full moon. Nvu:-zll differences are apparent with
th= standing target being easier identified than the kneeling target, and
1he kneeling target being easier identified than'the prone. Looking again
at the 50 ner cent points, it is seen that these points for kneeling targets
exceeded those for prone targets by approkimately 12 to 25 yards, and those
for standing targets exceeded tr e of the knoellyw Lavgets by approximately

13 to 20 yards. ‘
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Shape of Ciirves

Figures 9 to l% indicate that under Tull moon the per cent correct
1'@sponse curves seémed to be positively accelerated or sigmoid depending
upon position of observer,and target. The curves for all cbservers
looking at the prone targets, end for prone observers looking st the
knecling targeus, tep@ed to be sigmoid. The curves for all observers
looking at standing £urgets, arid for standing and kaeeling ooservers look-
ing at kneeling targ;ﬁs, tended to be positively wccclerated. It is
probable that, if extended far enough (to O per cent performance), these

curves would slso havé been sigmoid.

Figure 11 shows & peculiar reversal occurring between 70 and 80 yards
for the kneeling tergets. There was approximately a 15 per cent increase
in accurate response, for BOmyard over TO-yard knecling targets. This is

presumed to reflect a situational artifact.

Statistical Analyses of Full-Mocn Cbservaticns

Tables 3 and 4 present mean correct responses derived from the full-
moon study accoqding to type of trainfng, observer position, and target

position.

. An informal tryout run on the target observation area prior to

-moving and raking indicated that O per cent correct responses could be
.expected at l20'yardé. This proved to be a serious underestimate with
the actual range of corrcet responses being approximately 10 tn 50

per cent at 120 yards,

v




Tablc 3

Mean Correct Responses, Full-Moon Condition

Obscrver Target Position
Groups Pogition Standing Kneeling Prone
o Standing 294 250 18.7
Kneeling 24,8 22,0 16.9
Prone 20.8 15,2 13.4
T Standing 29.2 27.0 19.7
Kneeling 2h.6 210 160
Prone 20.6 16.1 12.4
CFT Standing 23.8 25,4 19.h
Kneeling 26.3 2344 17.5
Prone 18.4 1.9 11.3
nT Standing 28.9 26,0 20.1
Kneeling 2L .4 20.14 16.7
Prone 19.8 1745 1hoh



Table 4
Total Means and Grand Mean, Full-Moon Condition

T:raining Group

cr T CIT NT

200’{ 20.8 20.6 20
Target Position

Standing | Kneeling Prone

2.7 21.2 16.4

Observer Position

Standing Kneeliug Prone
24.8 2r.2 16.2

Grand Mean

20,8

9



Analysis of variance of the full-moon scores showed that at:the .05
level of significance;
1. Position of target and position of observer interacted with

the difference between standing and kneeling targets being largest for

. the prone observers, and the diffcrences between kneeling and prone targets

being least for the prone observers and largest for the standing observers.
Simple effect analyses for target and observer were made.

2. The simplc effects analyses of target position for each observow
position showed that «ll target positions differcd from one another with
standing targets being Suentified more often chan kneeling targets, and
kneeling ta.gets beiug identified more often tﬂan prone,

3. The simple effects analyses of observer position for each
target position showed that all observer positions differed from one
anuthcr with standing observers beiug superior to kneeling observers,
and kneeling observers being superior to prone.

4., The three groups that received CT, FT, and CFT prior to the‘
experiment did not differ among themselves, nor were they superior to
the control group which reccived NT.

Tables B-4 to B-6 summarize these analyses of the tull-moon date.

Comparison of No-Mcon Curves with Full-Moon Curves

Ap over-all comparison of Tigures 2 to 8 with Figures 9 to 15 indicates
thoet the superiority of full-moon over no-moon observations is ilarge and

eomsistont. Depending upon both the position of the observer and position

of the tearget, correct identifications could ve made at distarces ronsing

by



& e
from two to five linme g. eater under full-woon i under no-moon.  Ignoui g

cuse-ver position-anu ;Arget pesition; comparing tae 50 per cent points of
Figure 2 with thogé bf ﬁigure'9 indicates that this point for ail groups
occurred at appfoxiﬁapély 27 to 30 yards under no-moon, and occurred at
about 87 yards un@éf fuil-aoon.

As stated frcviauély, no statistical comparison could be made of the

two sets of daté.

]

Interpretation ol Graphs and Statistics

Effect cf Train@géﬁ

Thz curves and ;tééistics considered together for the no-moon data ave
taken to indicate thet the night vision training had a slight buf negligivnle
effect on the identificaticn of targets. The curves and statistics coa-
sidered foEether for ;he full-moon data also indicate that the night vision

training had no effect whatever on the full-moon observations. The failure

of the training to affedt identification of targets indicates ‘the need of
d
more extensive training to effect improveuent,

t

Fffect of Target Pdsitioa

The curves anc statistics considered together for the no-moon data
iadicate that the standiny targets were more easily identified then ‘the’

kneeling, snd the kneelinyg targets were more'easily identificd thun the

prone. The curves and statistics for the full-mcon data taken together
indicate the came effect duriug the fuil-moon observations. All-the

datd, then, are considered to indicate that target positicn had a,

‘y X
:

strong prectical influence on correctness of identificetion.

i k)
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Effect of Obscrver Position

The cu;ves and‘statistlcé conﬁideréd'together for the no-moon data are
taken to indicate that a .slight but hegligiblc{practical superiority was
enjoycd by the Qﬁeeling observers over both standing and pfohe observers.,
No explanation for_this is offered other than that some peculiarity. of
contrast between figure and background may have been present at the 30-inch
level used for the kneéling position on this piece of terrain. The curves
and statistics considered together for the full-moon data are taken to
indicate that stuanding obscrvers were much superior to kneeling, and that
Knecling.obse;verx'were much superior to proune obscrvers. The data, then,
are considered to iudicate that bﬁserver positioﬁ had a strong practical

effect on full-moon,” but not on no-moon, observations.

Effect of Level of Illumination

In the absence »i stotistical analyses, but considering the large and
consistent superiority of the full-moon observations over the no-moon
chservations, the data are considerea 'to indicate that level of illumina-

tion had a strong practical effect on correctness of identification.
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. Suiwry amw covcruszons ,
g Tnce present ctudics were conducted to determiue low visibllity iden-
tification curves for huuwen tacgets os a function of':

1. . Lével of illumiﬁaiion -

.o

2. Position of target
3. Position’pf-obserVur
b, Night vision training of observ.r.

Based upoﬁ the findings of wrevious ;es&arch5 two experimeans were
conducted using four g?pups of bazic trainees as subjecis, The firet
experiment was uonducuéd under no-moon illumination ond the second,vusing
the same subjects, was conducted under full moon. The variableg.inudach
experiment were (1) position of target (standing, knecling, or prgne),

(2) position of observer (standing, kneeling, or rrone), and (3) type of

;

night vision trninihng administered to each grougj(clussroom training,

field training, a combgnation of classroom and field training, or no
training). Target identification deta were collected in a large outdoor .
Tiela labbratory. Cu?Ves were, drawn showirg DL cent correct responses :
rlotted against range,( Mean correct responses were apalyzed stati:s’tically°
Y&%e data indicated thet Lével of illumination had:a strong practical effect
on correctners of identification. Full.moon éXteﬁded the renge of obser-
vation upproximﬁtely.ﬁhfde times the ranée for no mvoon, Observcrlﬁosi—
“tion had sn incOnsisﬁé@t effect on .correctness of identiffcation.| Under
no moon, sfahding, kng?ling,\dnq prone 6bsérvers did not differ sppreciably.

*

. Under full moon, stending observers could identify targets anproximutely




S to 17 yards beyoud kneeling observers, who, in turn, could identity
targels 2pproximately 20 to 0 yards beyond prone observers: Position
of target had a stroag practiéal influence on correctness of identifi-

cation. Under no-moon illumination, standing targets could be seen

‘epproximately 7 to 8 yards beyond kneeling targets, .which, in furn, could

be secn approximately 9 to 11 yards beyond prone targets. Under fuil-
moon illumination, stending targets coula be seen approximateiy 13 to 20
yaras beyond kneeling targets, which, in turn, could be seeh dpproximately

12 to 25 yarus beyond prone targets.

' Night vizlon troining hod uwo offect on cecrrestness of identification

uader the no-moon or fulli-moon conditions.

Generaliziag to conditions similar tc those under which the present
study was conducted, it is concluded that the ability to identify human
targets under low, natural illumination is:

1. 'Difectly related to level of illumination.

2.  Dircctly relatea to size of target being observed.

3. Directly related to height of the observer's eyes above the
ground under full-moon conditions, but not under no-moon conditions.

L.= Not relatcd to Lhe short periods of night vision training -
employed in these studics.

The findings of bthe present investigation should be made availabie to
those cngagec in (1) developing tactical doétrine governing visual ob-
scrvaiion‘and the firing of inuaividual weapohs at night; (2) develoving
truining courscs [or observetion, target detection, and weapons firing

at night; and (3) detoermining cporopriate firer-to-target distances in

tho corstrurtinn o3’ nighl trainiag PlthL(‘:‘) “
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APPENDIX A

Curves Drawn From Data Collected by

Jones and Ward at Fort Rucker in 1953.



Apjsondiz A . ' |

i
“ |
100. — — , f
90 4 ¢
8o "
o
0 T0 !
< !
Q -
b i
U 60 .
o7 |
4+ |
QO - |
B 50 - |
"~ i
Q l
O J
2 Lo | - i
@O
[ &)
H ;
oy 30 - 'f
Group g
20 4 —— Ih@uctees —
— - - 16~Week Trainees |
10 4 Korean Conflict Veterans ¥ |
i Formelly Trained -
.0 5 10 15 20 25 30 °35 40 45 50
' !
Range (Yards) |
Figure A-l, Effects of Training Tested -
Urder .No-Moon Conditions; Standing Target,
Observer Prone (Fort Rucker Data)
- 1
{
|

20




N .

Per Cent Correct Responses

100
;90
.80
T0
60

53

Lo

20

10

Appendix A

\\ S )
".\ L_
Grou; S
roup . Q& .
Inductees N
— — - 10-Week Trainees ' :&}
~~~~~~~~~~~ Koreen Conflict Veterans \“;‘ s
Formslly Trained \\é::;fi
5 10 15 20 25 30 35 4o b5

Range (Yards)
Fizgure A-~2. DLffects of Tralning Tested

Under No-Moon Conditions; Kneeling Target
Uoserver Prone (Fort Rucker Dats)

.51

50



Appendix A

-~ Per Cent Correct Responses

100

70

60

50

20

10

Inductees
16-Week Trainees

Korean Conflict Veterans yw%“%%@

- Fo¥mally Treained i
s 710 15 20 25 30 35 k4 4k 50
e

Range (Yards)

Figure A-3. Effects of Training Tested
Under No-Moon Conditions; Prone erget,

Observer Prone (Fort Rucker Data)

5e




-
o

Cery Correct Respruses

~

Pe:

100

70

60

50

4o

30

10

Anpenaix A

Group
—— Inductees

~ - - 16-Week Trainees

... Korean Conflict V.

- . —.PFPormally Trained.

Range (Yards)

Figure A-k, Effects of Tralning Tested Under
No-Moon Conditions; Walking Target, Observer
Prone (Fort Rucker Data)

\J1
[¥8



Res

» Cent Correct F

2

»

&

Appendix A

100

70

50 -

50,

Lo -

30

20 1

10

Group
Inductees -

— - ~ 16-Week Trainees

... Korean Conflict Veterans

winm.. Formally Trained ' -

T ™ T

.20 25 36 35 Lo 45 50 55 60 65 70 T5
Range (Yards)

Figure A-5. Effects of Tralning Tested
Under Querter-Moon .Conditions; Standing
Target, Obsérver Prone (Fort Rucker Data)

:
5 i3



Per Cent Correct Responses

100

80

T0

60

50

Lo

30

20

10

Lppendlx A

Group

Inductees

— 16-Week Trainees

—n  Korean Conflict Veterans

Formally Treined

T - d 1

10 15 20 25 30 35 4o 45 50
Range (Yards)
Figure A-6, Effects of Training Tested Under

Quarter-Moon Conditions; Kneeling Taiget,
Observer Prone (Fort Rucker Data)




Appendix A

Per Cent Correct Responses

100 — —
ﬁi'
90 N
\“._:\‘.,‘
70 ’
60 | 2 ‘-“"-.I_
50
4O &
Group
O | .
3 Inductees
~ - — "16-Week Trainees
20 1 -
1 e Korean Conflict Veterans
10, F§?q§lly-Trained
———
0O -5 10 15 20 25 30 35 40 U5

e . Range (Yards)

Figure A-T. Effects of Training Tested
Under Quarter-Moon Conditions; Prone
Target, Observer Prone, (Fort Ruckev Data)

.56

50




Per Cent Correct Responses

100

.90

8o

T0

60

50

Lo

30

20

10

Appendix A

Range (Yards)

Figure A-8, ZXffects of Training Tested
Under Quarter-Moon Conditions; Walking
Target, Observer Prone (Fort Rucker Date)

o1

~ =
f\x:, ~
A E, Group ‘
\\?1 veow—e. Inductees
\Q} - ~ . 1l6-Week Trainees
‘3 raree. - Korean Conflict Veterans
W ~me Formelly Trained
\\‘
n‘ﬁ%\

\ v".u. ‘..

'

'\ \\".“,_

\ \R\
\ .'. ""_
Ve
\ \C \
VA
LN ™
\\1_ "
\ ..I 5
T ’ o
T
S "k
\n‘n ’ N
~ Lﬁ:::h?"‘”h"u‘“w‘i:;‘.' e 0
10 20 30 Iy 50 60 70 80 90 100



Sk gp

APPENDIX B

Summary Tebles of Analyses of Varience end’
Appropriate Tests of No-Moon Data
and Full-Mcon Data



Apprendix B

Teble B-,,.:l.

Analysis of Variance, No-Moon Coudition

Mean
Source af 3quare F
Between subjects 191
Observer positlons 2 2L7.77 3.86%
Training conditinns 3 Th 32 l.33&
Observer positions x
treining conditions 6 6.4k .11
Error (b) 180 58.05
Within subjects 384
Target positions 2 1850,57 154,642
Target positions x n
observer positions I 3.29 27
Target positions x a
training conditions 6 13.54 1.13
Target positions x
observer positions x '
training conditions 12 11323 .93
Error (w) 360 12.06

Tot&l‘ ’ 575

i

.025>p>.01

p>.20

p>.20

.001>p
p>.20,

p>.20

p>.20

Computed and tested by pooled non-significart error terms.
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Appenaix B

Table B-2

Tests of Differences Between Means of
Target Positions, No-Moon Condition

Target Position Mesns

Standicg Knenling Prone EZE@E&?EPE t
19.3 15.2 13.2 S vs K 11.6
S vs P 1T7.2
Kv:P 5.6
Teble B-3
Tests of Differences Between Mezns of
Observer Positions, Ne-Moon Condition
Cbserver Positien Meuns
Standing Knecling Prone Comparison t
15.5 17.1 15.1 3 vs K 2.1
Svs P 5
K vs P 2.6

61

p
LO01>p
.001>p

.001>p

2

2 05>p>,.02

. 7O>PE 60

.02>p>,01



Appéndix B

Table B-4

Analysis of Variance, Full-Moon Condition

Source : ar
Between subjects <191
Observer positions - 2
Troining conditions 3

Observer Pnsitions X

training conditiohs 6
Error (b) " 180
Within subjects 38h
Torget positions 2

Target positions x
observer positions L

Target positions x
tiraining conditions 6

Target positions x
oObserver positions X

training conditions 12
Error (w) b 360G
Total 575

Mean
Square

3568.41
1.88

L, 5k

41.59

26.52

3307.17
51.95
T.28

6.59

9.00

F P
85,60 .001>p
.05% p>.20
1.07 P>.20
5.82% .001>p
:82a p>.el
73 p>.20

Computed and tested by pooled non-sifgnificant error terms.

62
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Standirg .

Kneeling

Prone

Appendix B

Tablé-B-s

Testsvof Diffarences Petween Means of
inrget Positions, Full-Moon Condition

Target
Posi*tion Means

§ k¥ E F » . Comperison

20.1 26,0 19.5 214.8  oo1>p S vs K

3 vs P

Kvs P

25.0 21.7 156.9 95.8 001> S vs X

Svs P

Kvs P

9.9 15.9 12.9 96.1 L001>p 5 vy K

‘ Svs P

K vs P

63

6.6
20.3

13.7

5.6

13.8
8.2

i3

.001>p-
.001>p

.001>p
<00:>p
«00L>p
.001>D
.001>p
.001>p

.00L>p



Appendix B

Targgt
Position

Standing
¥neeling

Prone

Table B-6

Tests of Differences Between Mecans of

Observer
Position Means

26,0

19.5

K P

25,0° 19.9

15.9

n
o

16.9 1

e b

80.6

82.3

31.3

(31

.

.001>p

.001>p

.001>p

Comparison

Cbserver Positions, Full-Moon Condition

S vs K

S

wr

K

vs

vs

Vs

Vs

Vs

vs

vs

Vs

P

t

5.6

2.7

7.1

5.4

fro

.00L5p
JOCL
L00L>D
.001>p

.001>p

L001>p

.01>0>,001
.001>p

-




