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DARTMOUTH REPORT
Egoreword

Project NO-210 wes assigned to Section 16.1 on
Jenuery 1, 1944. The request for the project stetess:
"The primery purpose of the project is to determine the
optimum relstion between meégnificstion, &nguler field of
view, exit pupil, size end weignt, and such other factors
8s may sppear. Tne project is agirected primarily at
night glasses, though not necessitrily so limited."

The present contrectors' report is the first of s
series on binoculer testing, end covers an investigation
of the gein in renge with incressing megnificstion, up to
10X, which wes ctrried out ¢t the Dartamouth Lye Institute
under Contrsct QEMsr-1058. Four levels of illuminetion
have been used, covering ranges of sky brightness from
that of & very derk night to full moonlight with a high
haze. Tne binoculsrs used were 6X30, 7X50 (diaphragmed
to 7X35), 8X40 &nd 10X50.

The effect of anguler field of view in scanning
18 being investigsted st tne Johnson Foundetion of the
University of Pennsylvanie, under Contract OEMsr-1228,

# study of tne gain in renge with incressing exit
pupil hes been carried out &t Brown University under
Contrect OEidsr-1229, st 40 mpl, 400mpl znd 4000mpl, using
5=power binoculurs.

The group &t Brown hss tlso underteken to study
the best choice of megnificstion end exit pupil when tha
diemeter of tihe objJective ia specified. 4An observing
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program is in progress using binoculars of 50mm aperture,
as follows:

Magnification

1
1

A similar study will be masde with binoculars of 70mm aperturo:
It is hoped that the binocular testing progrem es
8 whole will be couwpleted by June 30, 1945.
Dr. Harold F. Weaver, Consultent to Section 16.1,
MDRC, made numerous suggestions regarding the plenning of
the progrem &t Dertmouth &nd regarding the correction factor
to be used in allowing for the effect of incorrect
observations. Miss Lillien R. klvebeck, Technicsl Aide,
Section 16.1, has worked closely with tne group &t
Dartmouth on the discussion dats and on the prepsration of
the text of the report.

Theodore Dunham, Jr,
6-105, Massechusetts Institute of Technology .

Cambridge, Messachusetts
December 13, 1944
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EFFECT OF BINOCULAR MAGNIFICATION
ON VISIBILITY OF TARGETS AT LOW LEVELS
OF ILLUMINATION

BART I:  SUMMARY

The present investigation was carried out with
6X30, Tx50 (diaphrugmed to 7X35), 8X40 end 10X50 binoculars,
2ll having a 5om exit pupil, &nd optical surfaces coated
with fluoride to prevent loss of light by reflection.

The levels of screen brightness used, 40mpl, 400mpul,
4000mul, and 40,000mpl, cover night sky brightnesses from
that of a very dark night to full moonlight with a high
hege. Circular targets were used, which appasred as

black against tune screen, in any of four possible positions.
The three observers who stood on & steady pletform, holding
the binocul&rs by hand, were asked to name the position

of tne target efter eecn six-second exposure.

The results agree reasonably well with those
which &ra predicted theoretically by taking into sccount
the brightness level, the binocular transmission, the pupil
size &nd the msagnitication of the gl&sses. It is con-
cluded from the results of this study that, when these
factors have been teken into account, under conditions in
which no heze is prasent to reduce the contrast of the
targets,

l. The gain in range with megnification is
linear from 1lX to 10X, providad that the exit pupil is
held constant.




None of the following factorst

8) difficultiea comnected with
looking through &ny instrument held
in front of the eyes
b) inaccuracy in centering the
exit pupil of the instrument on the
pupil of the eye
¢) apperent motion of tue target
due to unsteadineas of holding at
high magnifications
appears to bave & first order effect on detection of targets
in the range of megnification considered here.

It is recommended that the study be extended to
investigate higher magnifications, in order to determine
the meximum magnification for which the conclusions drawn
here are valid.

It 18 recommended also that further experiments
be made to determine the cause and the significance of the

high efficiency valuea obtained in this study for the "7X35%
binocular.
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. DART 11t DESCRIPTION OF THE METHOD
ED 1l Procedur

ahascyars

Three full time observers were used, two of whom
had visual acuity of 20-20 or better, without refractive
correction. The third, who obtained the highest scores
throughout, wore glasses which corrected his vision to 20-
20 or better. The procedure during the forty-five minutes
allowed for dark aduptation was as follows:

1. Thirty minutes were spent in a dark-walled

room which was illuminusted at about 1.5 foot

candles. Red goggles were worn.

2. A finsl fifteen-minute period was spent in
total durkness.

Qbasxving Booths

The observing booths were placed sixty feet from
the screen. The observers stood, and held the glasses by
band. In esch booth was & chair for use during the
frequent rest periods. In front of the observer was a

board on which were placed the toggle keys which were used
to indicate responses.

Screen

The screen was twelve feet square and was uniforaly
illuminated to the desired level. At the center was a weak

Por a discussion of the Preliminary Procedures, see
Pages i - iii of the Appendix.
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red fixation light. The targets appeared in one of four
positions on a circle of radius 8-7/8" sbout this fixation
light. The possible positions were at 12, 3, 6, snd 9
o'clock, and are referred to, in thet order, ss positions
1, 2, 3, and 4.

Xargets

The targets were circular holes in the screen, and
appesred &s black against the dimly lit beckground. Six
target sizes were used for each set of screen brightness
and magnification conditions.

Iarget Presentation

The glasses were lowered between observations. A
shift in the illumineation of the screen from & level one-
fourth &s brignt back to the previous observation level was
the signal to reise the glasses for the next trial. This
fore-period was of four seconds curation. & buzzer signalled

to the observer eacn time a target was exposed. During the
sounding of the buzzer (six seconas) the observer searched
for the target and indicated its position by use of one of
the toggle keys described below.

The fore-perioud was made no longer than four seconds
because of the report of the observers that, at least for
nigher brightness levels, afterimages disturbed tnem if they
gaxed at the screen too long. The six-second exposure period
wss believed to be long enough to insure detection for
conditions above threshold. There is some indication,
however, that & longer exposure period would nave incressed
the scores made with the naked eye. It is probable that
this would decrease significantly the efficiency values
obtsined for the binoculars studied. Further experimentation
has been planned at Brown University to deteruine the effect
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of variations in exposure time.
Qrder of Presentetion of the Tergeta

The six torget sizes were esch presented in four
series of twelve observetions. JNumbering tnese targets
sizes 1 -~ 6, from smullest to lergest, end letting each
entry stund for & series of tweive presentuations followed
by & five winute rest perlod, the order was:

Morning: 1, 2, 3, 4, 5, 6
Fifteen minute rest period
6y 5, 45 3, 2, 1

Afternoon: 6, 5, 4, 3, 2, 1
Fifteen minute rest period
1' 2’ 3’ " 5’ 6

Scoring

The observer wis tsked, &after each observation,
to indicute the position of the terget by throwing one of
the four toggle keys &errungeu on & board before nim &s the
target positions were srrenged on tne screen. Forced
guessing wes not ewployed. The observers were told to
respond only if tney hed some indicetion of the position
of the target.

Ucores were computeu on & percentvge scule for each
set of 48 observetions of & single terget size. Tne dita
obtained during & diy of observing geve six percentige
scores, Pu(d), corresponding to the six tirget sizes. These
scores, ifter correction fur guessing, ire aenoted ts Pc(d).

Tne correction, vhich nis been uetermined
'sepbrately for eicn observer, uis been consiuered &s &
function of tne uifficulty of uetection. It is bused &t
each difficulty level, on the &veruge number of incorrect
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responses shica indicete tne position directly opposite to
the true position of tue terget. The correction functions
for the three observers ure Giscussed in Purt II of the
Appendix,

ART [LIs EGQUIPMENT#*

A large, hign-cellinged room, z5 feet wide, was made
available for the experiments. The windows were secled so
that 1t could be used €8s & derk room. Bootns for observers
were constructed at one end of tne room, and & screen &nd
operator's platform st tne othner. Tnls give & visuel »orking
distunce of sixty feet.

gcreen

The fleld of view, sgeinst which the targets were
displayed, wus En are: twelve feet square, covering & visusl

engzle more then twilce as great (s the fleld of view of wny

of the binoculsrs used. The screen w&s mude Of heavy wall
bourd, painted mette wnite, &nd wes uniformly illuminsted

to the desired level. Black clotn tzpered outwurd frou the
twelve foot squure towaru tne observers uand tne side wulils

of the room, so thet tne tres outsiade tne screen siould appesr
85 blsck.

In the center of the screen wés a rea fixstion spot
about 1/32" in olemeter. & one snd one~-helf volt flushlight
lemp worsing tnrough rea cellopheane supplled tne light. No
attempt wess msue to evaluate the Intensity of thne light in
sbsolute units; instead the spot wus mtue brignt envugh so
thet tae observer, in raising hls glasses &t & natursl rute,
would see it.

* Bee photographs following page 20.
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658

~ hed Fixution Light

In the screen were four lerge circulsar holes,
greater in dismeter than tue lergest of the targets, end
placed on the screen in tne positions snhown in the diagram
above. Into eacn nole & metsl plate could be clipped.
There were four plates for escn target size, one for eech
hole. In eacn wes & door, which, wnen closed, mede the
plate tppesr &s & uniform piece of the screen. To expose @
target, the door of tne plate was swung open, displeying a
hole of tuhe desireo size, wulcn cppeurs uas black ageinst
the screen. These holes were drilled in the metel plate.
For ezch series of observations the four plites veering the
same size holes were clipped into piece, ind operated by
& man stetioned benhind the screen.

Binoculers

Prelininery tests were run to determine the best
focus setting for eucn of the oobservers. This best setting
was used throughout the progrem. Each observer wes told
how to set the inter-pupilisry aistence «fter cereful
me&surements nea been mace. Every effort wes mede to
maintein the accurate setting turough the day's work. The
teble of Pege 9 gives the identificution number, the light
trensuission weasurements, the weignt, «no moment of
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inertia about eech of three mutually perpendiculer axes
through the center of mass, for escn of the binoculsars
u’.d.

-] rd )

The front of each observing booth was closed in
except for &n &perture approxiaetely eight inches square
which wes pluced accoruing to the neight of the observer,
and which served to iimit nis visuel field approximately to
the screen itself. Etcn booth contained & chair for use
during rest periods.

Eech observer wes provided witn & set of four
mercury toggle £eys, which corresponded in position to the
target positions on tne screen.

The recording systew consisted of s battery of
signal-magnet ink-writers, one for etch observer ¢nd one
giving the mister record. The circuits for esch included
sn interrupter systew, so tnut if the observer's switch
designateu position one, s swmooth offset in the iine of the
peper recording tepe wss wsde. For positions 2, 3, und 4
pulsations of different frequencies were introuuced into
the 1ine. The interrupting systewm wes & group of keys
tripped by pewls on & well mecanlnea revoliving cyiinder.

# sample record is shown below:

N ma B ETTITTITON RO

T L ITTTTL L e v 2
S WU RN R NTRETITITITEN SR
T LTI i e
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Ehotometry

The iource of light wss 8 Leitz 250-wstt projector,
Opsl glass waes inserted in the system to bring the intensity
of the projected besm within the desired range. The
levels of screen brightness desired were first esteblished
by triel end error in reeming the dicphragms used on the
projector. The screen brigntness wes meesured with the
Kochester Sky Prnotometer. Once the levels hed been
ectubliched tney could be produced etsily by selecting
the proper displhregm for the projector.

The reeding on the voltmeter ecross the line &t
the lomp wes close to 114 volts. The voltmeter wes &tcross
the line where tne recorder could keep trsck of eny
veriation in reedings. Tne meximum fluctuetion observed was
2.5 volts. /tverege veristions in voltege were so smsll
thet it sppeered sefe to neglect them.

Once 8 wontn tne lemp output wes checked with the
fiochester pnotometer. On tie occesion on which the lemp
wes repleceo, tne aiepnregums were receiibreited.

The Locnester Sky Photometer wes checked et the
University of Pennsylveinie in September, 1944, &#nd found to
give results corresponoing sstisfactorily with those
obteined during the course of these obse}vations.
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!Eg ninilicrolmbertli

Brightness: log mpl®
Sky deen Maxipup Minimum Spresd

Moonless overcsst 1.62 1.80 1.40 0.40
Moonless cleer 2,08 2.16 2.00 0.16

Moonlit (light overcest. 2.76 2.32 0.44
8-dey moon near horizon)

Moonlit cleer (10-dey 3.00 2.48 0.52
moon neer horizon)

Moonlit (medium overcust 3.20 2.68 0.32
somewnet irreguler.
Lignt snow fiurries)

Moonlit cleer (9-lu-dey 3.56 2.84 0.72
moon nesr wericisn)

Moonlit (medium overcast. ddd 3.40 1.04
15-dey moon)

Moonlit (broken overcest. 452 3.7%
16-dsy moon netr meridian)

The reedings were teken &t an eltitude of 45°.

*Phie teble wes teken from ™A Series of Messurements of the
Brightness of the Night Sky,"™ e report prepared at
the University of Rochester under OEMsr-265 of
Section C-6 of the NDHC.

SCREEN BRIGHTNESS USED IN DAKTMOUTH STUDY
Aok mul

1.6 Very dark, moonless overcsst
Moonlight, some overcast
Fairly bright moonlight snd cleer sky

Full moon e&nd high haze, or 50 minutes
sfter sunset on & cleer night
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BARR IV: RESULIS AND CONCLUSIONS

Theoretically &n increase in magnification
merely permits a corresponding increase in the distence
to which & target may be moved, without altering the
displey as seen by the observer. Thus & linesr increase
in range is to be expected with increasing binocular meg-
nification. If the &bsorption of light by the binoculsrs
is taken into usccount, the range should incresse linearly

from 1X to 10X, provided thet the pupil size is held
constent.

In considering the conclusions drewn below it is
important to bear in wind tne fact that the present
investigsation wes cerried out indoors, end that the factor
of atmospheric haze, wnich reauces trne contrast of the
target, perticularly &t long ranges, has not becn taken
into asccount. It is &lso important to note that the
observers were standing on & perfectly steady platform,
end that they were holding the binoculars by hand.

Actuslly the gain in range mey be less than
expected, due to (1) difficulties coruected witi looking
through eny instrument held in front of the eyes,

(2) inaccurzcy in centering the exit pupil of the instrument
on the pupil of the eye, and (3) apparent motion of the
target due to unstesdiness of holuing, paurticularly at high
megnifications.

The conclusions drawn from the results of this
investigation &re:

1. None of the three factors listed above appears
as & first order effect for magnification up to 10X. While
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some contributions from them miy be present, it is not
possible to aasess them from these duta, since all of the
devistions from expectancy lie within the experimental
error. If their effects are to be atudied in the present
rangesof megnification, apeciel experiuents must be designed.

2. When the trensmission of the binoculars haa
been taken into account, the g&in in renge from 1X to 10X
is linesr, provided that the pupil size is held constent.

3. A aimiler irvestigetion should be carried out
for magnifications greater than 10X, in order to determine
the maximum magnification for wnich the conclusions drawn
here are valid.

4. Further investigetion should be mace to
determine the aignificance of what appesrs in thia study

to be a relative auperiority of tne 7X50 binoculars.
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The corrected percentage probability of detection
scores, Pc(d), have been plotted in Figure I, for each
observer, &goinst target size on & log O scsle, whera ©
is the angle in mils subtended &t the observer's eye by
tha terget. The illuminection level, in each cese, 1is
indiceted in terus of log B, wuere B 1s the brightness of
the screen in millimicroleimberts. Figure I provides &
method of compsaring, &t ecch i1lluminction level, the per-
formence of the various binoculeérs &nd of the naxed eye
with natural pupil. 1t 1s to be noted that, with but few
exceptions, the curve which represents tha performence:of
the 7X50 binoculsr is displaced from its expected position
tonard the left to a position which represents smaller
tergets &nd therefore greater renge. The displacenient cen
be evaluated quantitatively from the tables which follow.

£bsolute fiupge

At 50% and at 90f probability of datection, range
values on an absolute scela have been obtained. This
measure 1s referred to as "Absolute Range," &nd 1s equal
to 1000/, or to tha ratio of the viewing distence to tha
diemeter of the target.

Of the three observars, only two made observations
without the usa of binoculars. These naked eye observations
wera made with the natural pupll. Since it was not possible
to obtain pupll measurements for these observers in the
tima at our disposal, tha following table of average values
has been uaed:’

Brightness level (mpl) Pupil diemetar (mm)
7.30
7.12
6.86
6.50

* British Raport A.R.L./N.2/0.502
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The renge values obtesined by observers & snd B
with the neked eye &énd naturel pupil, heve been evereged,
and the wescn v lue &t etch level listed in the first coluamn
of the table below. From trese tne 1X velues neve been
predictea, supposing tue observers to be using unit power
binoculers vitn Sw exlt pupll, ena trensmission equivelent
to the svertye of tuose of the binoculers used in the other
parts of tne experiment. Tne rextining coiuuns of the
table give the avereige of the renge velues obteineu by the
three observers. (For runge vaiues for inuivicuul observers
see Teble II.)

ABSOLUTL RINGE CURELESPOsLIsu TO Pc(d) = 50%

dog B M.E. M & I 8% 10X

1.6 120 87 580 w5 625 750
2.6 190 160 935 1150 1340 1540
3.6 390 294 1710 2420 2160 2880
4.6 1100 759 3580 5110 4770 6660

ABBOLUTE 4NGE COntLSPONLING TO P_(d) = 90%

95 T4 410 480 460 565
130 120 705 895 1010 1130
300 220 1360 1730 1660 1860
850 590 2720 3440 3020 3570
The discussion &énd greph which follow will give

some ides of the egrecment of tnese values with those obtained
in previous studies.

= pagnification

= tirget diwmeter

= viewing distence

= gbsolute renge = d/r (&s defined above)

= pupil srea in wm? (see page 14)

= screen brightness in mul

= binoculer trensmission

retinel illuminstion = B<T«A

Alg, since tne tergets sre bllcg r)z

solid visuel angle of target = M ‘:;!- - Izzfiz
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In Figure IV, logAIn/L has been plotted against
log Ig. The values derived from the naked eye ranges were
first plotted. Tne curve wnich has been drawn through
them is suggested by Hecht's treatment of brigntness
discrimination-' The values corresponding to the binocular
performance have been plotted also, and are seen to cluster
closely about the tneoretical curve.

It will be noted that the &sgreement of tne
binocular ranges with expectency is very good indeed. The
predicted range velue for eny set of conaitions can be found
most siwmply frow the teble of page 15 by multiplying the proper
1X value by the magnificetion concernec. Thne egrecment can
also be seen frow Figures II &nd III. The differences which
do exist cen be evalusted by considering the following table,
based on the 50% r.nuge values, which are tue most relisble.
Again it is to be noted thet the date used here involve
naked eye range values for two observers, A and b, and the
meen binoculsr range values for ¢ll tnree observers.

-

Log wean range = Log predicted range
n 8 10X
-065 --045 ‘0065
010 020 =-.015

070 -.035 -.010
-.015 =.105 =~-.055

0.032 =.0 -.026

Where 8.E. Log R = .022

+ Hecht, 8., Proc. Nat'l, Acad. Sci., 20, 644-655, 1934
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On the busis of these figures it would be
difficult to ueke out & convincing ergument to the effect
thet the "7X35" binoculir is significently better tnan
the otners tested. Tuae figures do, however, suggest that
further study be mtue of tue stinderd 7X50 binoculer in
comperison aith nigher power instruwents. Z2n experiusent
designed specificuily to uetermine whether or not the
difference between the meen vilue for thne "7X3i5" in the
teble sbove, und those for tue other binoculsrs is real,
could be cerriea out in & relctively short time.

div, 1 nee

Table Il of tne Appendix gives the &bsolute range
velues for tne individuel observers. On tne whole, the best
of the observers, A, obtuined runge vulues approximetely
208 grester thun the mesn for the three observers, based
on Pc(d) = 506, und 124 greater tiwh tne meun velues besed
on Pc(d) 90£. It should bLe noted that the nuked eye range
Velues show mucu gre:zter ayreewent then do the binoculur
TENge VEliucs.

It is to be noted that the uighest efficiency
velues ere obteined at brightress levels of log mpl = 2.6
and log upl = 3.6, thut is for brightnesses ranging from
thet of & woonless sterlit night to full woonlipht.

It the lowest illuminction level, log mul = 1.6,
corresporoing to tne krigntness of ¢ very dera night sky,
the 6X tnd 7X glesses pive ringe vilues wnich &re greuter
then those whicn woulc be preaicted from tne corresponding
niked eye ringe viiues, while tne 8X and 10X glesses give
velues whicn ere smciler, .

The highest level, log mpl = 4.6, corresponding
to the brightness of the nignt sky wxith & full moon e¢nd
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Absolute Range x Log Screen Brightness
Mean Range Values for Three Observers

7, 7 -~ Naked eye
L —— &
r —_—
el QX

Corresponding to a

] 90£ probability of
- detection.
o
“ K
. 3000 4000 5000 6000
;' Absolute Range
: 4.6 — —— =
// -/,'//’ o -
3.6 e /7’ o~
h // K/ / Corresponding to a
) / // 50% probability of
: 2.6 // // detection.
K / -/
17/
1.6 U j
1000 2000 3000 4000 5000 6000

hbsolute Range

FIGURE V
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high nerze, or to the sky brigntness on & cle:r nigit sbout
50 minutes tfter sunset, lies in the transmission renge in
which both roa snd cone vision eare functioning. Here the
renge vtlues obtiined &re &ll smeller than those predicted
from tne nv«ed eye performence.

Letection Fectors

The detection factor of & binocular has been
defined as the retio of the range obtained with tne binoculer
to the range obtained with tne nafed eye. The tsble of
ptge 19 gives the detection factors whicn are besed on the
neked eye renge values &s well as those beased on the computed
1X velues. i

Efficjencies

The efficiency of & binocular heés been defined es
the retio of the detection fesctor to the megnification. The
teble on page 20 gives efficiency velue corresponding to
the detection factors given'on pege 19. The velues computed
for tne individuel observers will be found in the Appendix.

The efficiency velues of psge 20 give, in
different form, the results shown in Figure IV. In connection
with this teble it 1s interesting to note that the average
efficiency (N.E.) values for tne binoculars concerned ere,
except in the cese of the "7X35," slightly less then the
sversge transmission vualues. If, however, the efficiencies
ere computed on the busis of the 1X renges, thet is, if the
transuission of tue binoculer end the size of the pupil are
both tuken into &ccount, the efficiency of the M"7X35" binoculsar
is grester then 1008 et 40, 400 and 4000 mul screen brightness.
Is stcted on pege 17, this suggests thet further investigetion
should be made of tne possible superiority of tne stindard
7X50 binoculer.

CONFIDENTIAL
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Professor Bartley and Miss Chute
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RART I. PRELIMINAHX PROCEDURE

The method and schedule described in Part 1I
were decided on after it beceme clesr thet the original
procedure would not yield adequste results in the time
allotted for the study.

From Februcry 10, 1944 to April 24, 1944,

observetions vere mede unaer the Preliminsry Procedure.
No orderly plun of presentution of target sizes wes used.
Chenges were often made in screen brightness tna in
binoculsrs during the dey. The besic series wes one of
twenty observetions on etch tirget size. The finel per=-
centage score for & given terget was the mean vslue of
scores obteined on severel different deys sometimes &s much
&8 & month £ps&rt.

The schedule for Merch 14, 1944 is e typical one:

Log B Taerget size Observer A Observer B Observer C
1.6 «375 2.8 10X

o428 6X 2.8 10X
+500 x 10X

Log B

-428 ™ 8x
.188 7 8x
.237 K 8x

The sccumulstion of scores for e terget of .237"
diameter st 2.6 log mul with a2 10X glass is typicel. The
uncorrected percenteges and the corresponding detes &re
given.
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Obaerver A Observer B Observer C

3/22
3/22
4114

Mean 43.3 Mesan 18
S.D. : S.D. 18.4 S.D. 18.6

The scatter in tne percenteges suggests that s
tremendous amount of deét:z would be needed if a relisble
mean score wes to be obtiined. It wes felt thet by reducing
the number of observations in &n unbroken series from
twenty to twelve, snd by presenting the tergets in orderly
sequence, better results could be obtiined. The results
of the two procecures &re couwptred in tne grepis of
Figurc VI. The reproaucibility of tne results under the
finel procedure is illustreted in Figure VII, wnich shows,
for eech observer, the sgreement of tne results obteined
by 8 repetition of @ previous dey's work with the originsl
deta.

It was decided thet tne deta of tne preliwinery
procedure could not be used to advantege in conjunction with
the dete of tne final proceaure. The time involved pursuing
the originel plun must be regarded #s expended in exploratory
studies, which cleured the way for the plen of thne finsl
procedure,
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FIGURE VI

Prelininary Procedure
Observer A : 6X
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The dete of the preliminary procedure heve been
used, however, in tne anclysis of errors. The results, end
& compsrison with those of tne finel procedure, &re found
in the next section.
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BART 11, CORRECTION FUNCTION

Two methods have been considered for correcting
the apparent percentage probability of detection values
which ere computed directly from the number of correct
observetions mede in each series of 48. The setond method
was used.

L. The first correction is defined slgebraically in
terms of the correct responses (R), the incorrect responses
(W), the failures to respond (N), &¢nd the number of target
positions, n, in this cese, 4. It is bused on the
assumption thrt, in esch series of 48 responses, the
incorrect responses sre distriouted randomly among the
three positions where tue terget does not appear. For con-
venience these positions cre referred to &s:

+2, the position directly opposite the
true terget position,

+1, the sdjacent position, clockwise
from the true terget position,

=1, the adjscent position, counter-
clockwise from the true turget position.

Then W/3 should represent tue number of incorrect responses
occurring in each of tue tnree positions +2, +1, &snd -l.
This would elso represent the number of correct responses
due to chunce, end should be subtracted from R before the

percentege score is computed. The formule for the corrected
percentege score becomes:

Pé(d) = ﬁa;:wﬂézi .

The score on each series of 48 observetions is computed by
use of this formuls, employing the W, R and N values for

CONPADENTLAL




that particular series.

II. The sacond is the method which has been used in
treeting the data in this report. It differs from thet
described above in two ways:

e) The corraction is considered to be a
function of the level of difficulty,
and stendardized st each level, so thst,
for & given observer, ell series giving
the ssma Pu(d) velues would be corrected
to give the seme Pc(d) values.

The assumption is not mede thst the
incorrect responses &re distributad
equelly in tne turee positions +2, +1
snd -1. It wes found, by tsbulating
the three types of errors seperetely,
that this sssumption is not justified.

The teble of psge villshows the distribution of correctiona
givan by the first method, end tne stenderdized vslue of the
second method. (Columns hetued W/3 ena +2)
The dete given here on the distribution of incorrect
responses, £¢s & function of tne difficulty of detection,
demonstrats that the sverage valua of the correction tera

¥/(n-1)

overestimates the number of correct responses which ere due
to chance alone, &nd thtt the formula

Po(a) = By

gives veluas which &re too low by as much as 10f in some ceses.
The range velues bssed on tnese percentagea ere too low by 54
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in sowme ceses.

The grephs of Figures VIII snd IX show thast, when
the difficulty is grett, i.e., when P(d)<:30, the incorrect
responses tre equtliy distributed in tne tnree positions,
end epproxiti te Lue wverwge vilue of W/3 in ewch cese.

When P(d) is gre:tcr tnen 30, however, this is no longer the
esse. For P(d)>>30, the number of responses folling in the
position (+2) uirectiy oppositc the true terget position,
(0), is significintly smeller thin the number designeting
either of the two sdjecent positions (+1 ind -1). This
impiles thet, for P(d)>>30, tne observer is evarc of the
target in a generel wey. /fltnougu in sowme ctsec he cennot
locclize his responce coapleteiy, he cén s&y thet the

terget 1s in & certein semicircle, or qusurent. Tals implies
thet the occurrence of respunses aue to guessing will be
reflected wore clerriy by the number of +2 responses then
by tne everege of tuls itnd the lerger number in the +1 and
~1 positionms.

As an exampie, for Qbserver A, for & difficulty
level corresponding to & Pu(d) of 65% there were, on the
averege, 3.7 responses in esch 48 in which the observer
chose the terget posltion airectiy opposite the tsrget. In
5.3 casea he chose tne +1 position, tnd in 5.6 ctses he
chose tne -1 position. The contention here is thet 3.7 is
the best estimate of the number of correct responses which
were due to guessing, snd tnet the 5.3 - 3.7 = 1.6 and
5.6 - 3.7 = 1.9 additionai responses in the &djacent
positions are due to stimuius which is neer threshold, but
not greet enougn to give actuel locstion. Thus if, instead
of 3.7, the mesn numbcr of incorrect responses, W/3 = 5.45
1s used, correct responses due to threshold stimulus will
be eliuminsted,
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ANALYSIS OF ERRORS AND CORRECTIOW FUNCTION
BASED ON THE FINAL PROCEDUKE
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FIGUKE VIII OBSERVER A
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ANALYSIS OF ERROKS AND COKRECTION FUNCTION
BASED ON THE FINaL PROCEDURE
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FIGURE VIII OBSERVER B
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AL
ANALYSIS OF ERRORS AND CORRECTION FUNCTION
BASED ON THE FINAL PROCEDUKRE
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It 1a reasonable then, to sdopt as s correction
one which is determined by the +2 graph glone. It must
be reslized that this is very probably &n upper limit to
the correction; the true correction may be appreciably
less than this, but unfortunrtely it cennot be more
sccurately determined.

THE FINAL ERROK DISTRIBUTION

For eech set of 48 observstions, Pu(d) was
celculeted. The number of failures to respond was denoted
by Ne The incorrect responses were clsssified and tabu-
lated &s +2, +1, snd -1, &s defined on Page vi. The

correct responses sre denoted by (0).

The scts were then sorted into ten groups according
to P,(d) : 0 - 10, 10 - 20, « . . 90 - 100. The number of
sets felling into & group is denoted by n. In each group
the tversge number of failures to respond, +2 responses,
+1 responses, O responses, and -1 responsea was computed.
The aversge velue of W/3 for each interval is given for
comparison with the +2 value.
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Terget in Terget in Terget in Terget in
Pesitign = _Poasition =~ _Positjon

1 11 111 v
AT
286 106 130 134
ML 46 B9 67 100 8 80
90 783 100

N.= 369

QESERVER. B

w®w e "
&4 22

N = 758

QBSERVER C

v 4 69 5
1 6 52 69 49
48 73 S 420 o,

K = 656 N = 626 N =679 N = 646

123

#® 7Tne underlined nuabers represent correct responses.

Totel Errors - Number of times esch position
wss given &s &n incorrect response.

N 1 2 3

Observer 2 1256 370 292 300
Observer B 3044 242 103 244
Observer C 2607 221 165 179
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RIBTRIBULION OF ACTUAL RESPONSES FOR EACH
THOE TALGET POSLTION

Preilaminery Procedure

Terget in Tserget in Terget in
Position =~ _Position = _Position
II III v
OBCERVER A
272

297 370 148
2421 &2 00

N=2]

QBSERVER B
260

iz 13 N

QRSERVER €

Ak 179 154 220
23 B2 93 k4 165 243 MO 11
157 211 1206 82

¥ = 1613 N = 1555 N = 1604 N = 1564

# The underlined nuuwbers represent correct responses.

Toteal Errors - Nuwber of times esch position
wes given as &n incorrect response.

- N 1 2 3
Observer 2 78 896 745 1176
Observer B 3920 592 515 1051
Observer C 6336 553 486 650
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97.5

13.2

49.6

57.4
100

48 100
87.5 48 100

# Some responses not included because of difficulty in
reading records.

¢+ Totsl number of trials = 36.
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A

B

c.
Nesn
A

B

C
Mean

’O!l’
[ ]
-]

’O!l.
8

A
B
C
Mesn
[}
B
C
Heen
A
B
C
Mesn
A
B

C
Hesn
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TABLE 11

Qbservers !, B, ¢nd €

9g% Detection
NaEs

50% Detection

955
605
560
705

1260
1230

955
1150

3310

2040

1910

2420

975 7250
1230 0 4270
2 3800

1100 5110

" # Bee Figurs X on following pages.
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Dartmouth DIVISION: Ordnance and Armaments (22) .., [ORG AGENCY NUMBER
College SECTION: Fire Control (4) N P 4433
CROSS REFERENCES: Instruments, Optical (52250); SUeTe N
Liagnifiers, Binocular (58650) (— mEvRoN
uTHOR(S) ' N

AMER. TMLE: The effects of binocular magnification on the visibility of targets at low‘\\'
levels of illumination =

FORG'N. TITLE:
ORIGINATING AGENCY: 0.8.4.D., N.D.r.C., Section 16.1, Washington, D. C. o
TRANSLATION:
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ABRSTRACY

Investigation was carried out with 6 x 30, 7 x 50 (diaphragmed to 7 x 35), 8 x 40, and
10 x S50 binoculars, all having a 5 mm exit pupil and optical surfaces coated with fluor-
ide to prevent loss of lizht by reflection. Various levels of screen brightness were
used along with circular targets which appeared black against screen in any of four pos-
sible positions. Three observers using binoculars named position of target after each
six-second exposure. Results agreed reasonably well with those predicted theoretically
accounting for brichtness level, binocular transmigsion, pupil size, and glass magnifica-

thon. RbS5bso
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