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THE MILITARY PROBI.EM 

One of the Qretrtest needs in Armor operat.ons 1s o rellable r~thod of determ1~1nQ 
larQet distance (ranQe). Two kinda of opticaJ ranQinQ devices are available, one u~ nQ 

the stereoscopic principle, the other the coincidence principle. The stereoscopic device 
contains two reticles which may be fus«i and made to c.,~ to recede or to approach 
the observer, the tarQet imaQe remaininQ stationary. The coincidence ~ vice 3hows the 
observer two tarQet imaQes which he tries to superimpose bv mechanical means. 

Both of these devices have been widoly used or suQQeated for use in military train­
ing and operations. In 1952 the Army adopted the stereoscopic ranoe finder for use in 
Annor. Since then, the effort to make further improv~nts in optical ranQlnQ procedures 
has produced a new model of the coincidence r~1Qe finder. In 1955 the Army conducted 
extensive tests which involved comparinQ improved models of both devices. The tests 
were carried out by The Armor School, ifo,na::, Research Unit Nr 1, and Board ~!r 2, CONARC. 
The assiQnment of the Unit was to make a contw .led comparison between the two Je11lces 
with respect to the operator's rate of learniny and the final level of proficiency he read.es. 

THE RESEARCH PROBLEM 

The two ranQinQ instruments employ two different optical principles to do exactly 
the same job. The two ranQe tinders are comparable in base lenQth and magnification 
power. But the coincidence instrument, the T43 ranQe finder, uses a full field super· 
imposed example of the coincidence principle, and the stereoscopic Instrument, the Ml2 
range finciftf, is n wrmcittrmrrrk ,hwi rtt, the stf'feo-retide ~in'l 'ldjust,.d until it is JudQed 
to be at tarQet distance. 

Neither instrument fulfills all the military requirements for the use of a ranginQ device 
in combat, for the effectiveness of both depends partly on tarQet characteristics and oper­
ator capabilities. The research was desiQned to compare the effectiveness ot these 
instruments in relation to their use by representative Armor personnel in determininQ the 
distance to the kinds of tarQets met with in combat. 

THE RESEARCH METHOD 

The persoMel used in ronductinQ the rne-arch were 38 Ar r r 
!shed ba:;ic training and had been ordered to Armor bran 
assiQned to two (1roups, the coincidence (T4 ) qroup, 
hereafter called G,;oup and •:Cup resp.ct Ivel y. Before 
traininQ, they ••• Qiven a seue of v1 1or, tn and 

ow coin ~ce and lour stereo 
of each. mount ed t 

d 
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Before the trahuno beQcm, The Armor Schoo! oave ca! th• men two hours of class­

room instruction on tank equipment, cmd each QrOup four hours of 1nstruct1on on tt.e aper~ 

Uon nnti u .. of the ranoe finder the qroup was to u... ach mcm then made 2, 165 practice 

rca,oinoa. At the end of each day's pract ice, each man took a t•st, rano1no 10 tim.s on a 

pcmel tcsvet ~ .;bout 1,500 yards. 

Aft• i lM 1t •JininQ period, the men w•e c;, i ven a proficiency teat, usi nQ a taroet area 

unfcnil1~ to u,.~. cmd two combat taroets of each of five typn: buildino, fortification, 

pca-ked vehid-,, mti-tank emplacement, cmd movinQ vehicle. Each type of taro•t was Fh,,.wn 

twic., once at a rm1Qe of less than 1,400 yard■ es1d once at a rano.e betW1ten 1,400 and 

2,200 yard■. 
The final tnt furnished data for four measure■ of ranoe finder effectiveness (besides 

the varies>ility rneaeure obtained from the daily teat): taroet identification time, ranQino 

time, ranoino bias, ('Jld operator spread. 

FINDIN~ 

(1) As measured in this 11tudy, Group C (coincidence instrument) made ranqinos 4.1 

Nconda faster on the averaoe than did Group S (stereoscopic instrument). 

(2) The QrOUps did not difier sionificantly in the time it took the men to identify 

the final teat taroets. 
(3) The results of the daily tests showed that Group C ai:quired ranoing skill much 

faster than Group S, but the Ql'Oups did not differ sionificantly in median variability scores 

after 245 practice ranoinos. But the variability ■cores themselves were ~iQnificantlr 

more variable for Group S than they were for Group C on eioht of the 16 periodic tests. 

This difference appear■ to dissipate with pr.1ctice and is evident on only two 'lf seven 

compari10ns made after 1,000 practice ranQin,;,s. 

(4) Wh1tn operator con■ i ■tenc-y 111 cr.>mputed for t!IOch oroup on each taroet, there 

i s a siQnifiC<D'lt difference betw"n group medians on four of the 10 targets. Three of 

the• differences favor Group S, which therefore seems to be more consistent. But vari ­

abil tty tended to inaea■e with tmoe! distance in about the same way for both groups. 

(5) The lntamal Conection System b both range finders was calibrated at 1,500 

yards, OM ICS odJW'tment serving fur all the men in Group C whereas flVery man in Group S 

had to make his own ICS adjustm.,nt. S.Cau■e of the nature of the ICS on the stereo­

scopic instrument, the bias for Group S increased with ranQe, especially at 2,(XX) yards 

cmd beyond. The JCS for Group C held for ev«y dlStance, but bias k>r the group deviat.d 

sharply on two indistinct targets. 

(6) Accordino to one ■coring system (Frankfeird Arsenal graphs). nine men in Gro~;. S 

and 13 in Group C qualified on a t~·c,et at about l ,CXX) yards; the di tference is not st~ 

t aUcally ■iQI\Uiamt, <Sid on the aver<JQe over ~ per cent of operators would CJJalify a! 

this distance on eithec Ln■trumen1. On two tmQet a at about 2,(XX) yards, 15 and nine men 

1n Group C anti one and t wo n Group S ~ahhed. Tt1e dHterenc:ea here are atonif1cant ; 

hey pn,bably retlec1 both l aa enor mid t~Qet charCJCter1at 

The r.&auo.,ah1 bet 1'Nf\ rcalQi nQ pcc.,f ency an the ap• • • ~ meaawea .-

t. low. vi a on (far ver1. 
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RF.CO"MENDATIONS 

In oomparlnQ the mihtary eff.ctiveness of the two instruments , the findinQs l i sted 

below should l.:>e oonsidered In relation to the importance of reducinQ bias error, the value 

of ease of traimnQ and s~ of operation, the probability of mNtlnQ various kinds o! 

targets in oombat, and 1 P percentaQe of men who can be expected to be cap ble of usinQ 

the i nstrument : 
(l) The bias error of the stereoscopic ranQe hnd,,r at Qr.at er ranc;ies is so 

larQe that an enQinnrinQ study is needed. 

(2) t.ase of trai ninQ OJ ,_ ; speed of operation favor the cow 1uence over tht­

stereoscopi c instrument. 

(3) There is a SUQQestion that the coincidence ranQe finder 1s comparati vely 

weak on ill-defined and indistinct tarQets. 

(4) All the men in the coincidence ranQe finder <JtOUP were capable of us1:1c;i 

their ranQinQ device, but three men (about 15%) i n the stereosO)plc group were unable to 

use thei r ranQinQ device. 

These findings should be carefully wei ghed, alonq with those reported by Board 

Nr 2, CON ARC, 1 in making lonQ-range plans wi th regard to Armor equipment. 

. . .. ,. . 
(Olf 111111Al 
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THE NOIL.b 

In re■pon■e to a need for a reliable method of determinin1 target 
di ■tuce (range), the Army !n 1952 adopted the ■tereo■copic ran1e finder, 
which employ■ one optical principle. The coincic!..?nce ran1e finder, which 
employ■ another optical principle, wu well kraowu at the time, and had 
often been u■ed or recommended for u ■e in the military ■ettin,. 

The pre■ent coincidence in■trument, T43, u■e■ a full field ■uperim­
poaed example of the coincidence principle; whereu the current stere­
oscopic ina,trument, M12, may be cla■■ed a■ a wandermark devi~e becauae 
the stereo-reticle ia adjusted until it ia jud1ed to be at the diatance of the 
target. The two instrument■ are, however, the same or comparable in 
ba■e length (80 inches) and in power magnification (7.5 and 7.0, respec­
tively). And though they employ diUerent optical principle■, they were 
deaigned to do exactly the aame job. 

Acco1·ding to optical theory, diUerencea between the two principle■ 
lead to difference■ between the two in■trumenta in the eUectiveneaa with 
which tar1et distance■ can be determined. Further, the effectivene■a of 
optical range finder■ depend■ in part on operator capabilitie■ or target 
characteri■tic ■. It ia apparent, then, that neither principle, when 
employed in rangin1 equipment, fulfill■ all the military requirement■ 
for tactical operation. 

METHOD OF CONDUCTING THE RESEARCH 

Thia ■tudy wa■ planned a■ a fi'eld compariaon of the two t)1)ea of opti­
cal principlea as embodied in two ran,in, in■trumenta. Since the experi­
ment wa■ conducted in the field, the reaulta muat be interpreted•• applyin1 
only to the two optical principle■ when they are an integral part of a weap­
on■ ayatem which i ■ deaignated to be uaed on a apecific type of tar1et. 

The reaearch waa developed to provide the be■t an■wer on the rela , 
tive effectivenea■ of •~u~•e in■trumenta when they are tank-mounted and 

aed by a group of Arrrlor peraonnel in determininc di ■tancea to a rep­
reaentallve ■ample of combat tar1eta. The word effecllvene■■ may need 
additional defanlt on. Here, lt aa intended to nclude ■u h fa tor■ •• 

at of traananc tame, coat of manpower where ■ pe aal ab1llt e ■ may be 
req ired , mbat re■trl hon■ uao aa~ed • lh the qu1pment 1t ■elf, 

pera•tnc tam for 1t ■ normal fun t "nc , and f nal y, r4! lab lty n per ­
f rmanc lhe de■ 1nat d ta■k 

• • • • • • r 
, ., . •• r • 
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Sub e t• 

The 38 •ubJecta uaed an the experiment were part o( the normal now 
o( peraonnel from buu· traininc. They wer·e aelected by the Department 
o( the Army, Peraonnel Section, aa bein, repreaentative of the traaneea 
•upplied to Fort Knox duri.ng the aummer o( 1965. Since theae men were 
to be further ordered to Armor Branch Individual Training, it muat be 
•••urned that they met the requirement• for Armor Branch trainees, u 
the Army perceive• thia c~aaaification. Their average Aptitude Area CO-A 
waa 92.?.4, and their avcrage Aptitude Area co .. B wu 94.28. The per­
centage i,f Ne1roea, 62.6 per cent, waa higher than the Army-wide average. 

Wh~" the•e 38 men reported for duty at F'ort Knox, they were ran­
domly ua1;med to two group•, Group C (coincidence range finder) and 
Group S (aterco .. copk range finder). 

Before their trai.ning began, the men were teated on the Armed 
Forcf!a Viaion Teater.• In addition, Aptitude Area CO-A, CO-B, GM, and 
MM acorea for each man were obtained from his Form 20. Significance 
tea ta of the diff erencea in average score• of the two group• on theae 
variable• were computed. Only one significant difference• was found 
between the group■ and thia may be attributed to chance: For right eye 
acuity at a di■tance, Group C waa ai1ruficantly better than Group S. 
However, thia difforence did not enter into the compariaon for, on either 
inatrument, defici:mcie■ in operator acuity are correctable by p!"oper 
diopter adjuatment. (The comparison of group■ on aptitude and the 
vialon teat ia shown in Appendix A.) 

Equipment and Tar1eta 

The four· stereoscopic instrument■ uaed were Ml 2 (T41E3) models 
which had bt!en thoroughly checked by a apecialiat from Frankford 
Ar■enal. T~ro Ml2'a were mounted in M47 Tanks, and about half the 
training and all the final teating for Group S were conducted on these 
two instrument•. The other two Ml2' ■ were noor-mounted in a frame 
building, with two of the coincidence (T43) inatrumenta. The other two 
T43'a were tank-mounted in M47'a, and were uaed for about half the 
traihing and all ate final proficiency testing fo, ... Group C. 

During the trainin1 period■, the tl\J\k-mounted instrument• were used 
for ranging on combat-type tareet• ( ■uch a■ another tank, or a machine 
gun emplacement) located in a range area judged by experienced officer• 
aa typical of combat terrain. 

Two ran1ing area■ were viaible from the ■ ite where the noor­
mounted inatrument■ were u■ed. One MU and one T43 faced aero■• an 
airfield; within the bound• of the airfield and beyond, there were aeveral 
7 .s-root ■quare wt-alte panel tareet■. The other two in■trument■ (an 
MU an a Tt3) raced toward the Cavi Center at Fort Knox. Th i ■ area 

I f'\, • •--- ___ _. ... _. •'-• ~--- .. _ ._ ... - ..... ,_ •- , ...... 1 ...... , 
' ' .. 

... ..,.., el ,._, ..., ece " ",/IIA • y• . ... M ••• l•fl •,• . ..... .,... • . '- 1 .... 1 .. -••· f• 
.. e< .... " ...... . -4 ....... , ..... . 

.. ,.,-.. • .... 1 • '- ..- .... 4 - .. , .. , el • • • f u • 
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TIie pan•l tar1 .. • ••r• "•H t r ....,,_,, 

tar1cta .n Ule villa,• for another f rtll, an 
the remaJn1nc half . 

• - f rUI I I.II• •r•uunc, lh• 
th• c mbal -t~ 1ar1eta for 

The formal inatruction on the ran1 in1 1n•trument• wu conducted by 
The .Armor School. Clu•room work included two hour■ on tank arma­
menia, control•, and equipment, and two hour• on the ranee finde a to be 
te•ted. Group• C and S began the clu■room work together, but were 
■eparated for the orientation lee tu rea on thf! ranging device■ which they 
were to ue~. (,\ eched&Ale of th~ tr11ining and the Program of Instruction 
for the two range finder■ are given in Appendix 8.) 

Two hour• of practical work in •etting the ranging device into 
operation followed ille cl•••room work. Then the students began ranging 
drill, conducted on the targets located in the training areas, as previously 
de•cr0 ,ed. Each operator made a total of 2,165 practice ranging&, 
diatributed over •heae training areas. All range determinations, for 
both training ana testing, were bt!gun with the ranging ■ystem aet for a 
battle range of 800 yard■. 

Proficiency Teating 

The final proficiency teat given at the end of the three-week training 
period made utie of combat-type targets. Ten targets were ae~ up in a 
range area which the men had not •een before; two of each of the follow­
ing five typea of targets were used: 

( 1) Building: Partial ■tructure of a neutral beige color. 
(2) Fortification: Emplacement where one might expect to 

find machine gun ne■t• and a ■m~l group of personnel. 
(3) Parked vehicle■: One tank (3/ 4 front) in open area with 

trees in foreground and background, and one truck ( ■ ide view) on forward 
slope of hill with wooded background. 

(4) Anti-tank emplacement: Emplacement where one might 
expect to find anti-tank gun blended into terrain color- and features. 

( 5) Moving vehicle: One 1 / 4-ton truck moving at right angles 
to the line or ■ight at 5 to 11> mile■ per hour, and a medium tank moving 
at right angle■ to the line of ■ ight at 5 to 10 mile8 per hour. 

Each of these target type ■ waa rcpre■ented twice, once at a range 
of lea■ than 1,400 yard■, and once at a range of 1,400 to 2,200 yards. 
The 10 targets are Hated in Table 1, and an outline of the training and 
te■ting echedule■, showing the utilization or targets, i ■ given in 
Appendix C. 

Mea■ure ■ Uaed 

Five mea■ re ■ f the ffe t1 f"ne■• of the ran11n1 d v1 • w re 
bta1ned, f r f them d r nc th frnal t ■t . 

I . , •u~I\\ i . ,. t i •• 10 

dU\t fy the tare t •ti h had 
.i1 11 ! I \t ii • U1 

n an.no n •d by the &NI 
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(OlfllllTIAl 
Th• U m • • 11,.- aa.Jr M ar h .a tan t at • h h th r t a r1 
c ame nto th• runne r ·• r a• d ••• th• ru •r an n 
•Jdenutaed. • Thaa ti m e ••• re rdrd n the r r at tr a l ro r ea h r thr 
1 O teat tar1eta. The t me r..-au l ta rt"ported hf'rt" ar t" baa d on th aa 
meaaurement and the pr c edure uaed dad no t m at po aaabl ~ t h k 
accuracy ot adent fa at ona. The tank o mn ander an the teat tank kn ew 
the target ••• an the gunner·• rteld of view, but dad not know Ju•t wh.­
object the gunner ••• ranging on. It 1a poaaible that the gunner made a 
val i d target identification and then aeJe ted another obj e t (uaually j ud~ed 
aa nearby) u a more deai rable (i.e., more di atlnct) rang ing objec . 

(2) Ran in Time: The time required by the gunner to deter­
mine the range to a target by adjuating the i nstrument. Time i n ae onda 
began when thf" gunner !irat touched the ral"'tg i ng knob and stopped when 
he r~leaaed it. 

(3) Ranging Bias: The difference between a single rang ·ng 
(or average of a group of ranginga) and the true target distance. On the 
final test, each of the 10 targets was ranged on five times. Thus indi­
vidual target bias was the difference between the average of the five 
rangings for that target and the true target distance. 

(4) Operator Spread: A measure of the consistency of an oper­
ator, indei:endent of bias. Here the statistical range (difference between 
the h~ghest and lowest rangings) of the five determinations on each tar­
get was taken as the i ndex of , ariabHity or spread. 

(5) Operator Variabil"ty (on a daily test target): Each operator 
was required to range 10 times on a panel target at approximately 1,500 
yards at the conclusion of each training day. Statistical ranges were 
obtained and used as indices of training improvement. 

Scoring Systems Used 

The ranging performance of the operators was scored by three 
systems. First, to avoid the effect of bias,• the operators were scored 
as either qualifying or not q;.ialifymg. on a target at 1,500 yards. This 
was done by referring to a graµh (prepared at Frankford Arsenal fo r 
90 mm ammunition, APT-T33E7)' which relates ranging performanc e to 
ballistic character i stics and u l t imate hit probability. The curv~s on this 
graph (shown in Appendix D, Figure D-1 ) represent the maximum a cept ­
able bi as and spr ad at three di fferent rang es which operators may 

'lne tank omman ,lera prri• ove ..... b,., .. 8 1fl!lll ed ... ,,h 1hr fl!Unnu ' "' pu ia opr . n. .. f1rl d 
f v1 w ia ,dealt 11 I fOi' 1h" 1wo 1 ■■trumea 1 ■ whe■ they are l,,:,re " 'llrhte,I on th e ""m" po in t. r'hrre • 

for , an l•q1;e1 ..-h, ch eaten the l f .' 11 fiel d of I w •• enl er 111 • •he fl!U~nr r • f, " ld "'the'"' "'" 
lime . In 1h111 e 1r eri n~ nl. f)flf' ember f ,h .. '"'""" fl! tea • or~e,I . .. I n~ omm11n 1i, r il n il , .. , .. . n, · 
l ion 11r ,er . lne ll m be l•e n the arr rwan t r of th e 111111 u■ • r el tu11rt 111 thr f, e l1I of ,ne w n , th r 
·•11n r-r'11 111111 UII r mr111 °hlei11,f , .. ,, .- ..... , .. or.fr ti I, th e f • .. ,,h .. , • I h . 

' fh r ore t• 11 II , . 1, , . .. 1111,oull . I "" '"' I 1.· )I . , • • rr .. I .. ' " '"'•• ' ., nel l lOft ., .. , .. d li ) 
_(ll .. , r I I ,. ., . ••• •• • · • ., I , .. r • 11 ■• "•' I I! .. , P , • •• , 11 . • '"' ""' '" b, ... • ill . .. . , . , 
••• , ' .II.. • • • I l • • I, . , ,. I ' • • •• 
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demonatrate and yet quahfy u ranee finder operator• 10~ hit proba­
b1l t7) . The performance■ on the daJ17 ran,1n, teat■ ·•ere aco'!'et.l by 
th1 ■ ay■tem. 

S«ond, th.e operator■ were ■cored on two of the final teat tar1eta by 
u ■ in, a compo11ite of three 1raph■ prep&red b7 Frankford Ar■enal ( ■ee 
Fi,ure D-2). Thia compo■ite 1raph make■ It p01t■ible to ■core for three 
level ■ of hit probability at a ran1e of 2,000 yard■ . The■e curve• are 
baaed on the balliatic characteri■Uca of the round, and thf!refore hit proh­
abilitiea are determined by the relation■hip between ■pread and biu for 
any 1roup of range determination■. 

Third, to eliminate the eClect of biu at ran,e■ where it might 
exiat,• another ■coring ■y■tP.m wu uaed.' Thia ■yatem evaluate• per­
formance on operator conai■tency or ■pread. In thi■ evaluation, biu ia 
eliminated from con■ideration, and only the man-machine capability to 
reproduce a given aet ol conditions ia 'ce■ted. 

FINDINGS 

Percentage of Men Who Acquired Ranging Skill 

In u■ing the Frankford Ar■enal ■coring •y•tem on a 1,587-yard tar­
get, it wa■ found that the ranging sy■tems did not differ significantly in 
the number of men who qualified.' Out of 19 men in each group, nine 
■tereo■copic operators and 13 coincidence operators qualified at this 
range. Sin<::e the■e frequencie■ do not differ ■ignificantly, 57 per cent 
o; the operatc,ra might bt! expected, on the average, to qualify with either 
device whE::.t the target i ■ near 1,500 yard■. ' 

When ranging skill i" meuured at 2,000 yards (using the compos­
ite Frankford Arsenal scoring system), there is a reliable difference 
between the two ran1ing device■ in the number of men who qualified. 
The results, shown in Table 2, indicate that more operators qualified on the 
coincidence in■trument.• On the clearly defined target, a hou■e at 2,062 
yard■, 16 of 19 men in Group C qualified u mark■rnan or better whereas 
only one of the men in Group S performed a■ well a.a this. On the indis­
tinct target, an anti-tank po■ition at 1,982 yard■, nin.e men in Group C and 
two men in Group S qualified aa mark,man or bett.er. It will be pointed 
out in the di■cu■■ion that both target characteriatic■ and bias inherent 
in the ■tereo■copic in■trument may have influenced the reeult. 

1 
• f oot11ol• 2, ,. ~ l. 

'H .C. 01•• •d ~- Willard, Jr ., ,4 Si..,lifieJ llea/aoJ fo, R-,,,., •4" fe,foHtllltU of Se.re~ 
,c:opic: R-,e Fi..Je, Ope,.aor1, Ha .. RRO Ted1■ical Report H (Ha .. • Ree••ch U■ it ~, I. 
CONARC. F«M1 k■o•. ly .). O.c••lliet 1956. 
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CONFIDENJIAl 

Oflt.:JU TOR 1110 0 AUtl[D AT \ARK)I L£ H :J. 

ON TWO TARGlTS AT AffOf!r 2.000 ' 'ARl,S 

lloHe al 2,062 Y•d• 
Aat l• T•t l'n a 111u11 al 

1,9112 Y• d• 
0-al ifi al lon Level• 

F.xpert 

Sharp•hooter 

M.rhma11 

Unqualified 

Tot11l 

<Aoep C 
(N c l91 

9 

5 

4 

19 

Gro■p -
(N ,. IQ) 

- --~ 
0 

0 

1 

18 

19 

Gr~ 11p C ,ro11p '-

0 0 

2 I 

7 

10 17 

19 )9 

~he categorie• are baaed on f'rMllford Ataenal curve• (aee r igure I} 21 for pl'!r­

miaoible biai; ud epread in range finder oper•ion when 1be ••gel i ■ al ~.000 ywd ... 

Expert correapoada 10 a lbeorelical hil prohabilily of 80"• Sh•p■ hooler, 6..'\ , , aad 

M.-kamu, !:'.>". 

Another qualification picture is presented when proficiency on all 
the final teat t&rgets ia measured by spread alone (operator consistency). 
For example, when the Human Research Unit system or scoring is used 
to determine how many men qualified aa Class II operators or better 
(approximately equal to the expert category in the Frankford Arsenal 
method), on all targets an average or about four per cent of Group C 
qualified, whereas an averp_ge or 14 per cent of the Group S operator-a 
met the same standard . The number qualifying for this category on eac r 
target is given in Table 3. The HRU system, however, is a field expe­
dient for operator classification; as such, it produces gross differentia­
tions between operators and between groups through the use of 
exclusive categories. 

Table 3 

OPF.HATOHS WHO Q AI.IFIE:D FOR CLASS II ON THE.: FINAi. TEST TAHCE:TS 

Number In f:I•■ 11 • 

T•g~• 'i umber 
Range 

T•,el Type 
(ya,"• ) Group C r., 011p S 

(N 19) (N 19) 

709 llouae 2 4 

3 770 Hun Ii.et' 0 2 

" 974 A-T poe ilio11 0 2 

2 1,037 l anli. 0 " :i I, 107 ~vin~ JHP 4 

10 I ,;,A 1 nacli. 0 

l. - " \t(_, poe1llnt1 

I. ., \lov111~ 1.a1li. 
...... •, • t' • • :. ;; I. ~ .. ,. 
L. 116 II .. ., 4 

., .. .. ..... 
(OlfllllTIAl 
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0~5mt:M:Y ( rtU :AD) :.451 Ht- f,()11 

t :ACH GROl r ON TH[ nNAL ~T TAM f.TS 

w-4 . . .... 

..... 
,.,,.; 

• 
T• p 1 "Ila_... r, .. ,,1 T•p• l'yp• 

i 

p 

c.-, C: GHap ' 
(N • It) ( • 191 

-
709 llouae 40 30 NS ~ 

J 770 Haaker 1'5 60 .01 

4 974 A-T poeitioa 172 72 .OJ 

2 1,037 Tuk 112 70 NS 

5 1,107 Movia8 J••P 110 85 NS 
10 1,587 Tnack 170 15.5 NS 
6 1,714 MG poeitioa 445 280 s 
7 1,753 Movia8 tuk 325 170 .01 

8 1,982 A-T poeition 230 300 NS 
9 2,062 llouH 150 290 .02 

•Noa-par-tric leel of uapelre d re pllcelea, ia f'. l'ilco•on, Some Rap id Appro:111P1ale Stal i ali col 

P ro c 111,wu, Americu Cy•imid Compaay , New Yotk , 1949, p. 4. 

No, elpificul. 

The results of the statistical analy■ is of the ranging data (spread 

only) before they were categorized are shown in Table 4. Group S had 

signific antly leas spread (was more consistent) than Group C on Target s 

3, 4, and 7, which may be classed as indistinct or ill-defined, becaui:Je 
they tend to blend with their surroundings. Group C was significantly 

superior on Target 9, a clearly defined target at the maximum range used . 

MEDIAN VARIABILITY FOR EACH GROUP ON FINAL TEST TARGETS 

&00 

LH[NO 

-• • -•- GIIOU~ C IT4SI ~ 
'• 

400 "'°"~ S (1112) I I 
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8 
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I I . I 

IC ' • 
I • 

! ' • .. ... .., ' . .. .. I . 
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C i j ii I w 

l 
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Thr r• au ah lp b.-twu•n va r1aba Uy apr •ad r n.a a •"' a 

1n1 and tar1et d1atan • •• ••••nuall y the aame f r th ran, ni ■yat• a . 

Var1abll1ty 1n yard■ an rf'a■e■ a• tar1et d1atan e 1n r•••••· Th • r" a . 

t1onah1p for both ran11n1 ayatem■ 1 ■ ■hown 1n Table 4 am1 F , , rr I . n 

both 1n■trumenta the 1n · rea■ a.,pear ■ t be ne11rly hn ar , b t th , 

c1dence n■trument ha■ 1reat~r dev1at cm from linearity, independrnt 

target diatance, than the atereoacop1c an■trument. Theae dev1at I na 

appear to be related to target characteri ■tic ■. It 1 ■ poa■ 1ble that, n 

indiatinct target■ , ■om~ of the men in Group C ■elected for ranging a 

diatinot object which they judged to be in the vicinity or the indiat1n t tar ­

get. A■ their ■election of a diatinct target varied and a■ their Judgment 

or proximity failed, their epparent ■pread on the normally indistan t tar­

get may have increa■ed. 

Relationship Between Ranging Perform.nee and Pre-Training Tests 

Table 5 shows the correlation■ between ranging performance and th 

re■ults of teE:;tR given Lefore training began. Results indicate that apti -

tude test performance has very little relationship to rang ing performance 

on either instrument. F'ar vertical phoria is aignificantly related to ran<{ ­

ing performance on both instruments; near \'ertical phoria is significantly 

Tahl,. 5 

CORR~LATIONS BETl'EEN APTIT OE AND v1i.1ON VAIHABLE 

AND VARIABILITY IN RANGING PERFORMANf:E FOR EACII GROl r 

Aptitude 

CO-A 
CO-B 
GM 
MM 

Far \'i ■ ion 

V•lable 

ertic■ I Phc.ri ■ 

Leter■ I Phori■ 

Hi11h1 t e \cuily 
1-efl [ e A uil 

ereope1 ■ 

\ r1, al I •• 

I ••~rel I' •• 
It,. I • U ' ••IT 

I «h t • • , 11 

.16 

.05 

.01 
- .37 

.58 bi,•-~ 

.40 b11 

.15 bu 

.00 bu 

.2!>4bu 

.. 
"II 
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Group S 
(N • 19) 

-.20 
-.02 
- .06 
- .09 

- .54 bi,~ 
.19 
.04bu 
. 'J. bu 
.':.6 bu~ 
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r• at.ct t •t•. p r&AC nc , . and• .. pt b« •SW ••d, 
• •1paf1 ant y re la••d t et•r pl 

ln•p,,ctaon of th• tra1nanc data aho• that lhr•• mffl n Group S ahowed 
no l•arntn,. Theee thr • fflffl ••r• ~nabl• t d1ec r1m1na1e "•l•en 
tar1et• that wer• w1del7 ••parated an ran,•. The1r pert rn.ance •• 
markedl7 atypical, hence, ,t m11ht r euonabl7 be eape teti that •uch men 
w uld b• exctuded from traan nc on the anetrument and u•e of at) at • 
local un t level without apec al teaun,. 

The optometric refraction•• ind cate that two of the•e men had •eve re 
(7 priam diopter• exophoria. The Uurd had three pri•m diopter• or exo­
phor1a, but more important, he had an anterpupillary da•tance of 78.4 mm. 
On the M12 the upper limit for interpupallary adju•tment i• 72.0 mm. 
Therefore, Independent of the exophoria, he could not be expected to u•e 
an in•trument with auch a limitation. 

On the aa•umption that the poor performance or the•e men wa• not 
repreaentative or the normal uaer , they were dropped from the analy•e• 
or ranging bias and ran,ing time. It mu•t not be forgotten, however, that 
they repreaent about 15 per cent of a popuJahon randomly aelected from 
the total teat 1roup, and that they could n "lt cpcrate the atereoacopic 
equipment. On the other hand, all th~ men in Group C were able to make 
1ro•• range diacrtminationa on the coincidence inatrument. 

lCS Applicabilit~ 

The above diacu•aion raiaea a queation on the effectivene■■ of the 
Internal Correction Syatem (ICS) for reducina biaa. In thi■ atudy, both 
instrument■ wr.re ICSed at 1,500 yard■ . Previou• inve■tigation indicated 
that the coincidence ina~rument could be corrected by one operator, and 
that thi■ correction would apply for every operator. Therefore, in thi• 
atudy the coincidence in■trument■ uaed a fixed ICS throughout training. 
For the final teat, two expert operator■ made th.- calibratin1 adjt& ■tment 
for the coincidence in■t umenta, on which the aettinc• were maintained 
throughout the teat. On the ■tereoacopic inatrument, on the other hand, 
the ICS aettina ia a per■onaJ correc'li.on, not tran■ferable between indi ­
vidual ■. Therefore, ICS determination■ were made by each ■tereo■copic 
operator daily for each in■trument he uaed, and each operator in Group S 
determ i.ned hi• ICS adJu ■tment immediately before makinc hia fina.1 
teat ranginc•• 

The findtnc• indicate that, when the ICS • e•tabliahed at 1,500 yard■, 

the T4 3 appear■ to be adJu ■ted corre tly thr ughout the ranee of diatance■ 
te ted. Two peclr1c dev ataon■ ■ee F1,ur 2 need rurther diacu ■ s or.. 
On Tar1et 3 at 770 yard■ and Target • at I. 7 14 yard■, the coinclden e 
1n1trument y elded lar1e deviaUon . On l a d r1pt1on of the tar1et■ 
orrer a ue to the ■e devaataona , wha h n! rm to no ■ y■tem. Both 
ta.r1et had on ly no rmal terra,n propertae . Tar,ret J •a• a mound of 
e rth and Tar1et ••••a pale fr Ila. Thl a ty f tar1•t ,a not lear l7 
d f ned and at■ l r and Lhat f ,ta • rr nd nc• ar m 1-neou•. Thia 
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by the coincidence instrument; or, as explained prev iously, the choic e of a 
di ■tinct object near th indi ■tinct target may have been influenced by an 
obvious choice to which ■everal operators resorted. The data indicate 
that for Target 3, the obviou ■ choice appears to lie between 950 and 1,050 
yards distant; ■even operators ranged in this area. For Target 6, eight 
opei-atora selected a target between 1,450 and 1.550 y.rda away. 

The stereoscopic in■trument yielded d ifferen t JCS data •. The bia11 of 
Group S operator■ appeai · ■ to increa■e aa target range deviates more and 
more from ICS range. Thi ■ deviation a pproaches 1ta greatest "ize at 
range■ of 2,000 yard■ and beyond. It ■hould be no ted here that the com­
par i ■on between Group■ C and Son the bas is o f spread alone , in Table 4, 
for example , i ■ appropr iate only if the JCS e rro r in th ■tereoacop1 

instrument we r e to be e liminated. The r ■u lt ■ shown in F igure 2 and 
Table 8 there for e ind i at th e pre ■en e f a b1ar rr r 1n th urre nt 
mode l o f tht' ■t e re • pi dev, e . 

I de nt& fl ■t 1 

1n d n 1n t r n 
t I n t h f' f 
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W:OIA~ RA~t. ,u~or.,cs t,'()11 l:ACH Cll()t'P op. ntt, rnAL 11ST TARC£TS 

llli,4'• ■-. lleeitia1 

T•p• 11 .... 
.J1 I 

T•p1 N-w T•p• Type 
I 

r,. ,.1 p 
wo-, C wo■pS 

<N - 191 (N • 161 

I 709 Ho•• 704 695 .05 
3 770 DHbr 1,037 763 .OJ 

' 97, A-T poeitio■ 1,021 970 .01 
2 1,037 T■ak 1,031 1,032 NS 
5 1,107 Movi■g j••P 1,133 1,118 NS 

10 1,587 Tr•ck 1,610 1,6~ NS 
6 1,71' MG poeitlou 1,574 1,750 NS 
7 1,753 Movin8 ta■ k 1,762 1,825 NS 
8 1,982 A-T pl)■ itioa 1,987 2,112 .01 
9 2,062 lloaee 2,035 2,193 .01 

~oa-p•-lric teal of 11npaired repli cuea, ia ftilcoaoa, op. cil, 

came into the field of view until the gunner announced, .. Identified." The 
stereoscopic and coincidence fields were compared on this time measure, 
with no significant difference being found between Groups C and S. 
Table 7 shows the results of an analysis of variance test between the 
identification times required for the two systems. 

Table 7 

ANALYSIS OF VARIANCE: OF THE GROUPS ON TARG£T IDE:NTIFICATION TIME 

Sowce of V•luce r1e.,. •• of J Me• Sq11•t: F p Freedom 

UetweH ivoap• 2.99 .38 NS 
Betwe■a ■abject• 36 7.93 

Bet•• .. i.89w 9 195.66 32.08 .001 
Interaction: 

target• 8"o•p!1 9 J 1.67 1.91 NS 
l ■teractio■ : pooled 

.abject• x t11r~• t• 324 lb .JO 

Total J7Q 

Ran in T ime 

The ■y■t em■ under t e ■ t wer l ■o o mpared on operating time, that 
nterval being defi ned a■ the ti m fr o m the operator' ■ contac t with the 

r anc 1ng knob, wh n tha! knob wa■ ■et at a battle ran~ " f 800 yard■, to th 
n ■tant he relea■ed the k b. Th r • lt ■ 1nd1 at tha Gr oup C was r e lt -

ab y fa■t r n nine f the 10 tar t ■ . Se T bl 8. ) The ave rag ve r - al I 

• 

. -·-· ,I 
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MEDIAN R>.NGINC 1111£ FOR [At.:H GROUP ON TII[ FINAL n~T TAHCt: rs 

~ 
R..,iag Ti•e 

R•,e 
fucou, ) 

T•pt N••be: Tupi Type ·- • 
fr•'•J 

p 
r.fo•r r Croup S 

I (N = 191 !~ d 61 

1 709 Houae 3.8 7 .. 0 .OJ 
3 770 Bunker 7.3 7.:l NS 
4 974 A-T poeition 5.3 i.~1 .02 
2 J,037 Tank 5.2 8.5 .C2 
s 1,107 Moving jeep 7.0 11.2 .01 

10 1,587 Truck 5.7 9.8 .OJ 
6 1,714 MG poeitioa 9.2 12.1 .05 
7 !,753 Moving tank 7.7 15.8 .OJ 
8 :,982 A-T poeition 7.4 13.0 .01 
9 2,062 Houae 6.1 l J.'1 .OJ 

~on•p•amelri c te•t of 11Dpaired replica1e•, in ltilco1on, op, ci &. 

Number of Range Readings Required in Acquiring Ranging Skill 

The curve of acquisition.of ranging skill as measured by median 
spread is plotted in Figure 3, based on th'! rlaily test performances of 
Groups C and S. The daily test required ranging on a panel target at 
about 1,500 yards. Tests of significance between groups were applied 
after 135, 245, and 505 practice rangings. After 135 1;•angings Group C 
was significantly superior• to Group S, but the groups a.re not significantly 
different at any later stage of training. 

RELATIONSHIP BE'TWEEN OPERATOR VARIABiLITY AND 
RANGING PRACT CE FOR BOTH RANGE FINDERS, AT l~O YARDS 
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Th• learnanc c-urv•• 1n 1,rur• J eho• thal Ul•r• •• nol a rehable d&r­
ff'rftlet'. tMlween the tffo 1roupa 1n median apread beyond 141 pracuce 
ran1an,a. But the nucluauona an the c"rve tor Group S, which repreeenla 
onl7 the conaaalenc~ of the median operator, aho• that performance on 
the atereoacopac inatrument ia hi1hly unatablf' for the farat 1,6~0 
practice ranclnt•• 

By aelectin, the firat point in trainini at which an operator•• dail7 
teat performance equaled or aurpuaed an avera,e of hi• lut three daily 
teat performancea, it wu poaaible to de-monatrate the amount of training 
required for each operator to achieve a level u goo~ u hia final level. 
By aummini the caaea within each group, it wu poaaible to determine the 
percentage or operator■ who had rear:hed their maximum performance at 
any stqe of trai~ing. Theae re■ulta are given in Table 9. In thia analysis 
the cutoff point aelected for each man wu bued on hi• own performance 
at the end of training, not on an arbitrary qualii'ication atandard. Moat of 
the operator• in both group• failed to qualify. 

PERCENTAGE OF OPERATORS IN EACH GROUP 
IHO REACHED ~XDIJM PROFICIENCY 

AT EACH STAGE OF TIIAINING 

c-··••n "-- of 
Ptactice R ... i ... 

35 
75 

us 
245 
365 
505 
6'5 
795 
955 

1,105 
l,"5 
2,lM 

c-l■tl•1t P•cee•• of Op•■t-­
a. R■■cllM Masi- Profici ... cy 

C.,oap C 

58 
63 
79 
8' 
84 
84 
84 
95 

100 

C.,o■p s 

5 
21 
26 
37 
63 
63 
74 
74 
74 
89 
95 

100 

Table 9 ahowa that though more than half the operator■ in Group S 
reached their maximum proficiency after about 300 ranging■, the leveling­
off for the other• in the 1roup wu diatributed over the next 1,200 ran,irlK•· 
It mi&ht therefore be expected that in a training pro1ram for op"!rator ■ or 
th e ■tereo■copic ranee finder (if the pro1raan did not provide for pre­
trainin1 ae-lcction procedure■), the 11vera,e or modal trainee would reach 
peak performance after about 2&0 to 300 practice ranc1n,■. At leu 1,000 
ran,tn, trial would be need~d, however, before 89 per ent of the p r ­
atora ould be e•pe t~ to r~ach peak performan e. 

In ontrut, more than hall the pera ra n Gr u C r e h~d ma_a 1-
111 Ill fl1"1tll ••n J O J tne ftlei i tne tr ■, t•et nc ~rl,W,, n■t •·• It" 

pr ta f' ra.nc 1"C• · Tabl~ t and th« earn nc r• ln r C rr J • • \ha 
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,,.-ra r• , U.• dft\ • ranc• taNMr pr tu lat• r rr 

nc. 14 ~r "'' f tJl•m may be •• tf'd to re h peak 
aft•r about 4 I tr •aJa . 

ratrnd 
rt r 

• • 

Th~ performan e rv•• for the two 1roup• d1fferf'd aa,rna f ant ly d, • an, early ata,e• of tra1n1nc, a ordanc to non-parametr, mpar1• n f 
the mf'daan var abalauea for Group• C and S. V3r111h11lty f r Gr p S 
varied ao extremely that t •• not poaaable to develop teat• of daffer.-n ·r• an trend between the two groupa. Howev r, to demonatrate da fferen • 
between the group• in the variability of variability, variance rat o teat ■ 
between the group• were computed for varioua .,ointa in training. Bef re 
theae computation• were made, it waa nee s&a!"y to apply a Jogarithma 
tranaformation to all the variability acorea. 

The reaulta of theae computation• ahow that Group C waa •ignifacantly 
lea■ variable on eight of the U te■t• given periodically during training. 
On no target waa Group S aignificantly le■• variable than Group C. Theae 
reaulta ■how that the performance of the two groups during training dif­
fered, but do not indicate a relation11hip between stage of training and 
evidence of a difference between groups. As Table 10 shows, initially 
there waa no difference, during the middle stages of training the groups 
differed significantly, and in the later atagea the difference was disap­
pearing. A plot of the reduction in the variability of variability (Figure 4) 
indicate■ that the level of the groups was initially about the same, but 
that G;toup C improved more rapidly and reached maximum performancf' earlier. The curves for the two groups diverge during the middle atageR 
of training, but the improvement made by Group S during the later stages 
cloaed the gap between the two curvea. 

Tahle 10 

VAHIANC[ OF EACH GROUP AT EACH STAG[ OF 11lAINING 
( •illt Lo1•~~.lly T,-.f-~ l•icu of l•i11iftal Varioh,lity) 

c-1-1,,_N..._ V•i•ce ,,,, 
F 

PT■ctlce Ra-,i■p r,..oep C I <Aoep S 

JS 2,264.38 2,070.59 .91 
75 l .ll l."-'l 2,lM.06 l.96 

135 757 .52 2,W.97 J.42 
2'5 1.325.15 2.071.02 1.56 
J65 l.567.69 3,890.'.}f) 2.4ft 
505 MO.SO 1.6411.!>4 2.5R 
6'5 1117.!,4 l.9'2.98 2.38 
79S 3.10 I i:3 .43 2.611 
95.i; 240.50 I.I L'>I 4.M 

1.105 r; , .10 l.r.5.~ 2.19 
1.~ n•.~ 1,161.~ 4.95 
l.K i " I .,,. 942.!>4 I 21 
I .II~ utl 111 _, "' 141!) 
I.In\ .. I I 1.\4 1; i • 
I. ltll --,. .... . , I O _ 
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Variance ratio te■t■ between the group■ were al■o (.Omputed for the 

10 tar1et■ u.1ed in the final ranging teat (after a logarithmic transformation 

wu applied to the variability ■core■). As Table 11 show■, on only two 

!arget■ wu there a ■i,tnificant difference between Group C and Group S 

in variability or t!le tran■formed variability ■cores. Both of these signifi­

cant difference■ favored Group C, and the variability for- Group S ·11aa 

■omewhat larger than that for Group C on every target. Thi■ finding may 

be interpreted aa an indication that there i ■ a ■mall bJt reliable difference 

between the group■, or that group■ u-ained on the ■tereoacopic range finder 

require more training than tho■e trained on the coincidence range finder. 

Tai,le 11 

VAHIAr o : OF [ACII .cnour ON THE FINAi. TF:ST TAHGt:1 

/ l1111t Lo1•••A..,celly T,e111far-, Sto,u J 
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Ttu• • tudy • u CH• p .-d I • a h,alr I• r f' e 
ar• appla ab • y In U1• ont • • an •h i h Ulf' df' r e 
I l • • ""' an au, . , to .-a1abl1ah UIM r .. u al o r pra 

p l al pran 1p l~ an,· h f'd. Exhauat, f' m paraa na n 
m ht UIN>r et1 ally bf' emp oy ed ar ne f"eeary •t ep■ n df'v an 
.-rra •~nt p& tt f' of eq 1pment. Nevertt.elee1, at m at be r If a l 

the one mer ,a not alway& aware r the ond1t1on■ f au h t et n ; and 
becauee onchtaona for the uef'r may be epecafac, he ahould be ab t 
temper' ha• cho ce or pr i nc iple by a •·u11 awarene•• of ttae raek of ve r ­
generalizing to a nonlaboratory a,ett i nR. When laboratory ompar1s ns 
of atereoecopac and co i ncidence rartging device• are run, they make use 
of precieion inetrumenta and highl I apecialized, highl y trained opera ­
tore. The re■ults P.re often interpreted a• being applic able an the ma 1 , ­
tary aetting. On the contrary, auch reault• may be wholly inappli abl e 
in everyday military practice, for only the run of manufactured ina~ru­
menta :md military pe~■onnel are avai i able when field comparisons 
are made. 

For example, the method used tc determine tile percentage of men 
who can effectiv~ly operate the equ i pment can exert a strong influenc e 
upon the r'? ■ults. Whether to include instrument error which might be 
(but ha11 not been) removed by engineering changes, or to score operators 
as if the er!"or did not exist, i~ 'l decision that can alt~r the results o f a 
teat from a region of sij,!nificant difference• to one of atatistical doubt. 
Instead of arbitrarily aelectine one syatem, it see:na w i se to consicler 
both, and the implications of both. 

In the stereoscopic device, the ICS correction (t~oretically) c an be 
used to reduce the average bias to zero at the ICS range of 1,500 yards. 
But this correction red~cea bias to zero at no range exc ept 1,500 yards . 
At greater ranges, the bias increases gradually to about 100 yards at the 
2,000-yard range. Thia instrument error in ranging ac c urac y is enough 
to preclude hitting a target at 2,000 yards ; therefore , an scor i ng system 
which requires that ranging proficiency be rel..ted t o hit probabi lit will 
in ~ertain range brackets disqualify every s t e,eoac opi operator. On th 
other hand, the coincidence instrument ma · be cor, e tcd for bias at 
1,500 yards, and the c orrec tion will hold an general for every rang used 
in th i s studw, i nc luding those up t o and beyond ,000 ard11. (Th e x p ­
t1ona, related to target l ar i ty, hav ':! bee!'\ d1a ussed. ) This d1ff r n e 
between the ans rume nts an the bias adJu&tment gave■ the T 43 a d1 stin t 
adv ant ge w hen s o r1ng • ste ms wna h make r e f e rence t ha t Ir b 1t w 

r e lA ed. 
Th t 1 m r q Ir d f r n rat ion wh1 h an 

y n t app.-a aacn a r at 
•• 1m 

C0lflN111Al 
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onetderH ~or• an • uatlOII •• om ~• - In th • n udy, Ult- fav• mo•• 

probabl• cornbat tar1et type• ••r• ••• tM fr m Ill• r•port • of a •tud on 

the Ot"c urrence 01 varaou• tar1et •~• conchKtH by Board Nr 2, CON ARC) . 

A• tactic• and weapon• c.....,e, UI• probabalaU•• u•1,ned to Uleee tar1et 

type• •hould he reYl.,.&. :! and reYl ■ed ror uat> an ■y■tem• evaluation■. 

CONCLUSIONS 

The re■ult■ of dli• ■tudy confirm tho■e reported previously.' Five 

findinc• appear to have ■pecial oi,niftcance for the mihtary usf'r. 

{ 1) The ■tereo■copic ranee finder i■ an in■ urmountable prob­

lem for a •mall percenta,e of the American male population. In this 

■tudy, 16 per cent failed completely. 
(2) Thou1h operator■ of tht! ■tereo■copic range finder improve 

raJiidly during the fir■t 260 to 3(10 trials, about 75 per cent of the- men 

reach their peak performance after about 800 practice rangin,a; it 

appear■ therefore that lengthy ranrtn,1 drill doe■ not result in much oper­

ator improvement. Operator■ of the coi.ncidence range finder improve 

even more rapidly; they .nuter tile coincidence principle quickly, and 

76 per cent of them reach their 1.eah performance on the instrument 

alter about 100 ran,tng■. 
(3) Perhap■ the moat irnportant difference between the instru­

ments is in the functioning of th•e lnt.ernal Correction System. In the 

coincidence inatrument, thi• ayatem function■ as a mean11 of reducing 

biu throughout the usable range of the instrument. However, operator 

error of a bias nature may occur independent of range on i,ndistinct or 

ill-defined target■. The ICS adjuatment in the atereoscopic instrument 

fails to eliminate bias at any ranee except the range chosen for adjust­

ment. Aa pointed out previou■ly, a bias error of more than 100 yards 

may exist at a 2,000-yard tar1et alter the instrument has been perfectly 

adjusted at 1,500 yards. It baa al■o been pointed out that mechanical 

adjustment• orcorr ·ection■ might remove this instrument sourceoferror. 

(4) Since the military u■er evaluating equipment performance 

in the U1ht or tactkal reqJirement■ mu•t be concerned with any device 

which add■ to or reduce■ operating time in combat, two elements of range 

finder operation were time<' during thia teat. Identification time was vir­

tually the aame for both in■trumenta, but on ranging time operators were 

■ icnificantly futer with the T43 than with the MU. The average differ­

ence in median ranctnc tim'!, about 4. l ■econda, i■ of practical significance 

in a total fire ,;:ycle which i ■ not ■uppo•ed to exceed ei1ht seconds. 

(I) Performance on the T43 wu le•• on•1 ■tent than that on the 

M 12 on tar1et ■ which wer-, lndl•tinct or • !l -deflneJ. Full appreciation of 

the imi)Ortanc• of thia dtfferftlee wt,I depend on detailed analy•l• of th1: 

probability that var lou■ tar1et type• wUI be encountered an combat. 

'1,,-e fl{ Tu•, ~ • \ IOOt. 4.., .,.,.,_ , .,u, 1.-.1 1, • -1 ..... . '-• . '«,t•-'-' 19'1 
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Appenclia A 

SCORES ON THE APT,TUDE AND 
VISION TfiTS GIVEN PRIOR TO TRAINING 

COMPARISCN OF THE GROUPS ON APTITUD~ AND VISION VARIABL~, 
... -.:.. 

Cr"fl C Croap S 

V•ialile Scad•d Scud•cl ' Meu 
DeYiatio■ 

Me■n 
Deviatio■ 

Aptit•de 

CO.A 91.26 17.59 93.21 14.08 .38 

CO.B 92.84 13.06 96.68 10.76 .99 

GM 87.84 14.62 91.58 ll.35 .88 
MM 86.10 11.34 91.53 11.34 1.47 

f• Viaioa 

Vertical Phori• 4.90 1.3'! 4.53 1.58 .77 

L.&erAl Phoria 7.63 1.17 7.84 2.69 .26 

Ri~t f~ye Ac•ity 9.90 1.05 9.05 .97 2.56 

Left [ye Auity 9.47 1.78 9.16 1.26 .n4 

Stereop•i• 2.63 2 . 17 3.21 2.12 .. 83 

New VieiOII 

Vertic61l Phoria 4.90 1.56 4.68 1.42 .43 

LateraJ Pl.ode 14.74 4.23 15.31 5.84 .35 

Ri~t Eye Ac:•ity 9.32 1.11 c;,37 .96 .15 
I .eh [ ye Acaity 9.26 1.66 9.:\7 1.38 .22 

l■terp•pillary Oieta■ce 

"-• 65.67 J .~1 67.70 3.53 1.75 
VMiebility (Ra■,i•) i11 IPD 1.14 .9f\ .73 .:'6 1.70 

~ •• e ipm~, . 

• (OllflHlllAl 

p 

~s• 
~s 
~s 
'fS 

:'iS 
'IS 
.0'2 
'1S 
'1S 

'1S 
1"S 
NS 
~s 

.'lO 

'• 



,.,.
 

0 • .. - =
 

• ... - ~ i,
.
.
 

A
pp

en
di

x 
B

 

SC
H

ED
U

LE
 O

F 
TR

AU
U.

M
G

 
AN

D
 P

R
O

G
R

AM
 O

f 
IN

S
TR

U
C

TI
O

N
 

;.
_

..
.,

 .
_

._
.,

. 
• 

,.
_

 U
l 

ef
td

 M
ll
 R

..
.-

F
1

'"
'9

f•
 

• 
•

11
99

 
F

,,
..

, 
E

w
o

li
,0

t1
o

n
 S

d
ie

d
u

le
 f

or
 w

 ..
. 

1 

~
-
~
 
.....

 
I;

 

1:
.::

•1
-

l u
n 

&
 l

ll
-

lf
,l
i 

P
ia

o
-

\l
a1

dl
ne

,■
I 

T
 -2

3
0

7
) 

\l
a

1d
m

e
n1

 

-2
3

0
7

) 

\'.
c 

P
"
e

e
le

n
 

-
l3

67
 

\l
c
l'

h
u

lff
W

 

't
o

,d
 

-..
.,

,c
i 

A. 
\l

ra
1d

nl
en

1 

I 
r

-1
1

'l7
) 

a
il

 
N

_
b

e
, 

:'-
A

 

'> 
A

 

\ 
' 

1
\

2.
15

00
2 

l\
;2

.1
1

0
0

2 

I'
<

 l 
. 2

00
50

2 

l'L
\P

O
N

S
 D

F.
P

A
R

T
M

E
N

T
 

T
II

E
 

AR
M

O
R

 
S

C
H

O
O

L 
F

O
llT

 f
N

O
X

, 
K

E
N

T
U

C
K

Y
 

S
u

b
j,e

c
l 

O
ri

e"
'l~

at
io

n
 

(C
) 

T
e
e
t 

g
ro

u
p

 a
n
a
l
y
e
i
■

, 
te

et
■

, 

an
d 

&
H

i~
n

1
e

n
t 

(P
E

) 

T
e

•t
 l

ll'
ou

p 
an
al
y•
i
■

, 
te
et

■
, 

an
d 

_
,.

i~
m

e
n

t 
(P

E
) 

T
 11

1T
et

 f
am

i l
ia

ri
a

a
ti

o
n

, 

\1
47

 t
a

n
k 

G
ro

up
 A

 
R

an
11

e 
fi

n
d

e
r 

\1
\2

 
(C

,D
) 

R
an

,;
e 

fin
•Je

r 
\1

12
 

(C
,P

f)
 

C
 o,

at
.i 

,w
e

d
.)

 

St
ad

y 
H

e
l•

e
~

ce
a 

N/
A

 

ri
;A

 

N
IA

 

'.'l
on

e 

\:
on

~ 

N
o

n
e

 

St
ra

d
ea

l 
[
q
u
i
p
m
e
■

l 

P
e
■
ci
l 

&
 

N
o

te
b

o
o

k 

P
en

ci
l 

&
 

N
o

te
b

o
o

k 

P
en

ci
l 

&
 

N
o

te
b

u
o

k 

P
e

1a
ci

l. 
&

 
;"

,;
oi

eb
oo

k 

P
en

ci
l 

&
 

~
o

te
b

o
o

i.
 

P
en

ci
l 

&
 

'.'
-o

te
b

o
o

k 

12
 .

..
.,

.,
 "

"
 

"' 
■
il

o,
,a

 
' 

L
-W

'•
!"'

• 
0 • 

1'
-A

 
C

..L
 I

t.
Ii
■ 

.. -
:.

,,
 

M
..

.,
..

 

-
O

r 
lt

ll
.-

4
 

.... • 
1

'-
A

 
O

r.
 I

 1
11

.-
4

 

-- -,. 
1

-A
 

D,
. 

11
1

1
-4

 
... 

1
-A

 
o 

A
 I

• 

\4r
. 
"
--

•
•·

· 

1
-A

 
'"

· 
"
--

•
1•

1
 

1
-

A
 

,,
 ~
 

J•
 

-
--

--



:• 
·1

 ~
l 

·t·
• 

••
• 

1_
-1

 
•

N
I
 
I
t 

~
-

•
J 

12
 A

ue
-,

,, 
"
"
 

P
l.

-
. 

I 
_

a
, 

I 
Sa

bj
e•

:t
 

S
l1

1d
y 

St
ll

d
_

, 
u

a
u

-
·-

I 
N

-
be

r 
R

e
f
-
a

c
e.

a 
E

q
a

ip
-
a
t 

~
-

-
-

·-"
' 

G
ro

•e
 B

 

\I
ii
-
-
•
•
 

l'
X

2
.l

l0
0

2
 

R
•

~e
 f

in
de

r 
T

41
3 

(C
,D

) 
N

on
e 

P
en

ci
l 

&
 

W
-A

 
c
..

 fW
.,

 
IT

-
'Z

lO
'i

) 
N

ot
eb

oo
k 

.. o
~ 

,u
 

\t
aJ

 .
.
.
 ■l

 
W

X
l.

20
05

02
 

R
u

g
e
 f

in
de

r 
T

41
3 

(C
,P

E
) 

N
on

e 
P

en
ci

l 
&

 
W

-A
 

\I
 S

,t.
 '"

-"
9P

J 
-

23
07

) 
~

o
te

bo
ol

t 

G
ro

t1
e 

A
 

\l
e
a

--
· 

W
X

l.
20

08
12

 
R

-
~

 f
in

de
r 

M
l2

 
N

on
e 

P
en

ci
l 

&
 

W
-A

 
"

S,
L

 F
l .
.
.
.
 

r -
23

07
) 

pr
ac

ti
ce

 (
P

E
) 

N
o&

eo
oo

k 

,,._
 

G
ro

ap
 B

 

"'
 

I 
O

::W
l-

1,
 1

\ 
'4

.1
 .
..

..
 

W
X

l.
20

08
12

 
R

aa
g

• 
fi
■d

er
 T

 '3
 

N
on

e 
P

n
c

il
 &

 
W

-A
 

"•
¥ 

en
.,,

. 
0 

IT
-

%
.1

07
) 

pr
ac

ti
ce

 
(P

['
I 

N
ot

e4
k,

ok
 

• 
-

~
 

I 
G

ro
.e

 A
 

...
. 

,_
 ... , 

• 
J'

:J
O

-
#

IS
 

"
-
, .....

 
~/

A
 

T
 .
.
 t 

(P
E

) 
N/

A
 

P
en

ci
l 

&
 

W
-A

 
~

-
"
-

••
■a
 

... 
:a

 
IT

-
23

07
) 

N
o

~
k

 
"~

 .,
 __

_
 

,. 
, ... 

&
 
A

n
a 

:;.
5 

,_.
 

·-
-

:-
G

ro
ae

 B
 

'~
 

.. 
_

, _
_

 
~n

 
\t

a,
 .
..

. ,
 

N
/A

 
T

ee
t 

(P
F.

) 
N/

A
 

P
ea

ci
l 

&
 

W
-A

 
M

 ~
 

c,
,,

,.,
 

.. 
-

2.
30

7)
 

N
o

te.
b.>

ol
L 

"F
'C

 c
...

,~
 

&
 A

,e
a 

25
 

~
 .

. 
H

4e
J.

J
9 

fo
r 

T
4

.r
•J

a
rJ

 
-

I 
; 

(C
or

tt
i.

-
d

) 



" 0 • .. - -.. • _. -~ p
t9

 

0 
M

,,
.
.
 F

 ,"
4e

r 
E

w
ol

w
at

iO
ft 

S
ch

ed
ul

e 
fo

r 
W

ee
lc

 2
 

-
- .. ., 

-
f'

la
C'

r 

\l
ai

d
m

en
l 

1
-2

..1
0i

) 
&

 <
\r

u
 ~
 

\l
a,

d
m

en
t 

-
23

07
) 

&
 \

re
• 

U
n

it
 

1
'u

m
b

er
 

N
/ A

 

'.\ 
A

 

r,
.o

,,
.e

 i
u

 
u

A
e

d
M

L
e

 f
or

 
W

o"
"'4

y
) 

~
e
 c

u 
ac

A
ed

..L
e 

fo
r 

W
ol

M
ia

y)
 

S
-
e
 c

u 
H

he
di

.L
e 

fo
r 

V
o

""
'4

y)
 

'"
"
''
 
i
u

 
•

r l
i,

d
,,

J,
 (

o
, 

ll
o1

1d
a 

S
u

b
je

c
t 

G
ro

ur
 ~
 

T
u

t 
(P

E
) 

G
ro

!P
_l!

_ 
T

u
t 

(P
E

) 

Sc
ud

y 
R

e
fe

re
n

c
e

s
 

N
/ A

 

N
I A

 

S
tu

d
e

n
t 

E
q

u
ip

m
e

n
t 

P
u

c
il

 &
 

N
(l

,t
e

b
o

o
~

 

P
n

c
il

 &
 

N
o

te
b

o
o

lt
 

I . 

fl
nl

fo
o"

' 
I 

1
-A

 

1'
-A

 

19
 A

..,
.,,

, 
19

S•
 

, . ..,.
 .. , 

,~.
 "···

··· 
\
I
~

-
•1

-.
 .
.
 

,.,.
 

-··~
 

-
-
-
-
-
-
-
-
-
-
-
-

-
-
-

-
-
-
-
-
-
-
(
C

o
n

t
in

u
e

d
)
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

~
 

0 • ... - • - • ~ - ~ .. 



0 
li
t•

 .
.
 F

 ,.
..

, 
E

••
w

et
••

 S
ch

ed
ul

e 
fa

r 
W

-6
&

 3
 

216
 .
..

..
 , 

19
55

 

-· 
l 

U
■

it
 

S
.b

j«
:t

 
St

...
ty

 
s. 
..

..
 

U
■
i
f
-

...
 r

.-
P

la
c
e
 

N
..

..
.,

 
R
e
f
•
e
■
c
e
■
 

E
q

.i
p

-•
 

.
.
.
.
 !K

l •
 

-
-
-

~
. 

G
.-o

ap
 A

 
_ • 

._
 I 

\I
~ 

M
a
i
d
l
N
■

t 
~

IA
 

Te
■t

 
(P

E
) 

N
/A

 
P
e
■
ci

l 
&

 
•-

A
 

..
. 
M
u
a
i
■f

l 
T

-2
.1

07
) 

N
ot

eb
oo

k 
M

fS
tt.

 F
't

•
•
•
 

'
A
r
e
■ 

2S
 

c;..
.,_,

w 
"
-
i
d
a
e
■

t 
N

/;
.. 

T
N

t 
r.

) 
N

/A
 

P
e
■
ci

l 
&

 
1

-A
 

M
l¥

. 
C

ri
-,

y 
<T

-2
30

7)
 

N
ot

eb
oo

k 
SF

'C
 C

a.
ti

e 
'A

r
•
 2

S 

,_
._

 
, ....

.. 
(S

c 
, .
.
.
 I

f 
cu

'-
'•

 fo
r 

61
0"

""
1)

 

0 
<

rl
O

-.
, ' 

! 5
 

I'
ll

\ 
0 

• 
-
-

• 
.....

.... 
rs

-•
 u 

I 
c
u

a
l•

 f
nr

 l
lo

ll
li

ay
) 

.. 
.. 

-
V

.-
1

0
-l

f,
IS

 

-
-

-
G
n
.
p
■ 

A
 u

d
 B

 
-

·~
.,

 
. 

R
I 

• 
(l

""
JO

-.
 f 

15
 

S
.h

 R
iv

er
 

N/
A

 
P

ro
fi

ci
en

cy
 T

et
1t

 
N

/A
 

P
ea

ri
l 

&
 

1'
-A

 
A

ll 
ia
■n
c
1
-
.
 

• 
~
 

T
au

 R
•
r
 

N
ot

eb
oo

k 
C

.,L
 B

el
ia

 
... 

-
-

~
 

C
ap

t.
 R

o
P

ft
 

~
 

,,.
 

D
r.

 l
il
l■

rd
 

.. 
G.
-o
■p
. 

A
 a

d
 IJ

 

S
.h

 R
iv

er
 

N/
A

 
P

ro
fi

ci
en

cy
 T

-1
 

N/
A

 
P
e
■
ci
l 

&
 

If
-A

 
A

ll 
i■
■
n
c
.
.
,
.
 

T
a

k
 R

■
~
e
 

N
ot

eb
oo

k 
C

ep
t.

 B
o"

■ 
C

ap
t.

 R
o

p
n

 

-
D

r. 
li

ll
■r
d 

~
 

' 
• 



" 0 • .. - - - • ~ - ~ ~ 

,.
..

,.
. 

el
 I

H
n

c
tl

•
 e

11
 

tlM
t 

T
,3

 -
4

 M
12

 R
-
.•

 F
II

M
le

ra
 

(1
2

0
 l

to
M

rs
) 

!I
'v

e 
tl

.e
 a

tu
de

nt
 a

 w
or

k
ia

ll 
k

a
o

w
le

~
e
 o

f 
th

e 
fi

gh
ti

ng
 c

um
pa

rt
m

en
_t

 ~
nc

lu
di

n!
J 

th
e 

ar
m

am
en

t, 
co
nt
ro
l ■

, 
an

d 
ra

ng
e 

fi
n_

d
er

. 

... -
u

t
 u

d 
II

 e
co

rd
 

, ,
..

,.
..

.,
, 
C
o
■
tr
o

l •
 ■

ad
 

. 
\1

47
 

t-
1a

de
re

. 
\1

1
2 

u
d

 T
43

 
10

02
) 

( t
 

"
-

••
 t

- ,
ad

er
 P

ra
ct

ic
e

, 
\1

1
2 

.l 
IS

' 
I.

 2
00

50
'.!)

 (
t'

) 
• •

--
• 

t-
1.

J
er

 P
ra

ct
ic

e
, 

\t
i ~

 
• I

 <
•
\I

. 2
0

0
8

)8
) 

(I
 )

 

H
o

w
• 

an
d 

T
y

p
e 

1 
D

 

9 
P

E
 

2 
0

. 
P

E
 

2 
c.

 0
 

2 
r r

 

RR
 r

r 

-
-
-
-
-
-
-
-
--

-
--

--<~
-
-
-
-

••
 ►

11t
d"
 P

ra
ct

ic
e

, 
\1

12
 

16
 ,·

r 
I 

._1
. 
f
l1

 t
-:
v■

l .
.
 u

oe
 l

 e
at

 

Sc
o

p
e 

o
f 

ln
at

ru
c

ti
o

n
 

B
ac

kg
ro

un
d 

o
f 

te
st

, 
o

u
tl

in
e 

o
f 

te
st

, 
in

tr
o<

fo
ct

io
n 

o
f 

te
at

 
p

er
so

n
n

el
, 
di
vi

■
io
n 

of
 t
e
■

t 
gr

ou
p.

 

T
ea

t 
,v

ou
p 

d
iv

id
ed

 i
n

to
 t

w
o 

b
al

an
ce

d
 g
ro
up

■,
 v

i ■
ua
ll
y 

an
d

 m
en

ta
ll

y
. 

T
an

k 
ar

m
am

en
t ,

 c
o1
1t
ro
l■

 a
n

d
 e

q
u

ip
m

en
t,

 M
4

7
.
 

N
om

en
­

cl
at

u
re

 o
f 

ta
nk

 g
un

,,
. 

F
am

il
ia

ri
sa

ti
on

 w
it

h 
ta

nk
 t

ar
re

ta
, 

to
 i

n
cl

ad
e 

tu
rr

et
 a

n
d

 g
un

 c
on
tr
ol

■,
 v

i ■
io
n 
de
vi
ce

■,
 f

ir
e 

co
nt

ro
l 

eq
u

ip
m

en
t,

 g
en

r.
ra

l 
pr

in
ci

pl
e
■ 

o
f 

h
y

d
ra

u
li

c 
11

y1
1t

em
11

, 
■
a
d
 c

om
m

o!
'I 

el
ec

tr
ic

al
 c

ir
cu

it
s .

 

C
h

ar
ac

te
ri

at
ic

a,
 n

o
m

en
cl

at
u

re
, 
u
■
e,
 
o

p
er

at
io

n
, 
in
■
pe
c­

ti
on

, 
m

ai
n

te
n

an
ce

, 
te
■t

in
[l
, 

an
J 
ad
j-

■t
in

g 
o

f 
\1

12
 a

n
d

 
T

4
3

 r
an

ge
 f

in
de

rs
. 

P
ra

ct
ic

al
 w

o
n

 i
n 

p
]a

t"
in

g 
ra

n[
le

 f
in

d
er

s 
\'1

2 
an

d 
T

4
3

 
in

 o
p

er
at

io
n

; 
fa

m
i l

il
lr

iz
at

io
n 

w
it

h 
ra

n~
in

g 
p

ro
ce

d
u

re
 . 

P
ra

ct
it

"a
l 

w
o

n
 i

n 
r•

n
~

in
g 

w
it

h 
th

e 
\'

1
2

 ■
ad
 T

4
3

 r
a
n

~
 

fi
nd

er
s ;

 p
ra

ct
ic

e 
in

 d
et

er
m

in
in

g
 

in
d

iv
id

u
a

l. 
IC

S 
ad

ju
st

m
en

t.
 

T
e
s

t.
 

R
e

fe
re

a
ce

a
 

P
la

n
 o

f 
T

ea
t 

o
f 

E
v

al
u

at
io

n
, 

T
4

3
 '

•'
•K

• 
::

;;d
e

. 
d

at
ed

 2
8 

A
pr

il
 1

95
5 

P 
Ia

n 
o

f 
T

e
a
t 

o
f 

E
.v

al
aa

ti
on

, 
T

 4.
.1 

ra
ng

e 
fi

ad
er

, 
d

at
ed

 2
8 

A
pr

il
 1

95
5 

FM
 1

7
-1

2;
 T

M
 9

-3
08

A
; 

TM
 9

-7
18

R
; 

la
■
tr
uc
li
on
al
 P

am
p

h
le

t 
1

'-
2

 

ln
■
tr
uc
ti
on
al
 P

am
ph

lo
tt

 1
'-

2
 (

R
ev

ie
ed

),
 

T
\e

 
A

rm
or

 S
ch

co
l 

D
A

, 
T

C
 3

6,
 1

95
2 

In
st

ru
ct

io
n

al
 P

am
p

h
le

t 
1

'-
2

, 
T

li
e 

A
nn

or
 S

cl
.o

o
l 

ln
■t

ru
ct
io
na
l 

P
am

p
h

le
t 

1
'-

2
, 

T
h

e 
A

nn
or

 S
d1

oo
l 

-
· 

P
la

n 
of

 T
e

s
t 

o
f 

E
v

al
u

at
io

n
, 

T
4

3 
ra

af
ll"

 f
in

de
r ,

 
d

at
ed

 2
8 

\p
ri

l 
19

5
5

. 

"'
 

0 • ... - -... • ... -~ ,-



2 

' 

.. 

COlfllllTIAl 
...... c 

SCN!DUl.f OP US! o, TAIG!11 AND 14NGI "NDDS 

Tale C- 1 

Usr. OF TARGf.iS AND RANG[ FlND[RS IN DAfL Y TRAINING 

Traiai .. 
Type ...i N....,., •-. ,. .. ., u .. d o. T•pe• • = 

o.,• n- Cl,ic C.a&• jC..-ArayAirFleldl Re&'d Nr 2 AN• ~ 

.A.M. ~f12(I) T43(I) Ill 2( 2) T 4.\( 2) Ml2(3,4) T'3t3,4) 

P.M. Ml2'.2) T43(2) M12(1) T43(1) Ml2(3,4) T"3(3,4) 

A.M. MI2(3) T'3(S) Ml2(4) T"'1 '4) M12<l ,2) T"3U ,2) 

P.M. M12(4) T43(4) M12(3) T,~3) M12(1,2) T"3U,2) 

-r1r1., prt>Ced•• oa odcl-a.--.cl clay■ w■- icln1ic■J, ucl dlal oa •••--•-bered llaya ••• icln1ical. 

Table C-2 

USE OF TARGETS AND RANGE F1NDERS lN TII[ FINAL 11:ST 
(Soll Ri11e, Ttllllr Rt1111•J 

Opera~ar• 1 ..... Fi■cler u- I N..a- of T•pl• , ........ ,. T., •• 

1-10 

11-19 

1-10 

11-19 

M12, Nr 1 10 5 

Ml2, i1r 2 

T43, Nr 1 

T"3, Nr 2 

10 

10 

10 
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