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THE MIUT/UIY PROBLEM
According to a rocmt «urv*y at Armor training, many panotuwl. eapnciolly r«pkx»- 

mtnts r*c«lv«d tn T/06E units, ai» not suificisntly profictsnt in oparoting the tank radio. 
This study evaluates the effect on operator performance of modifying the tank radio, in 
certain m.'tor ways. The selection of modifications employed in the study was limited to 
those which could be mode by the using uniu.

THI RESEARCH PROBLEM
There is a complex array of controls on the front panel of the siondod series tank 

radio. During rcutine use, however, the tank crewman needs to manipulate only a few of 
these controls; fuithermore, training personnel have observed that the other conUols coime 
confusion. The purpose of this study was to evaluate the hypothesis that increasing the 
distinctiveness of cor'rols through coding will result in a reducUon of errors made dislng 
radio operation.

RESEARCH METHOD
The expetlne,.:a! method employed in the study utilized three companies of Armor 

trainees, eoch divided into two equal groups. In each company. Group 1, on experimental 
group, received training on seta with the eight most important controls coded in one of 
three ways: (1) painted a single distincthcolor, (2) painted three different colors accord­
ing to their fuixdion, or (3) numbered according to their order of use. In eoch company. 
Group 2, a control group, was trained on standard sets. In each compary. Groups 1 and 2 
were equated on GT scores and on a motivation scale before radio troiniiig. After training, 
they were compared on mean performance and on the number of trainees who obtained a 
perfect scae.

HNOINGS
The mean performances of the three-color groiv and the numeral group were higher 

than those of the corresponding control groups. Also, more men in these experimental 
groups than in th* corresponding control groups obtoirmd the perfect score necessary to 
establish radio co.v.ccr.i..ation.

CONCLUSION
For kin < of radios studied, coding radio controls either by function or by order 

of use resoits tn improved performance.

RECOMMENDATION
It IS lecommended that the controls on the AN/GRC scries of radios, now in 

be coded according to either function or order of use.'
use.

COST ol th* dmlt report woa torwofSod to Chiot Si^l Oiftcec bjf Hq CONARC (ATDETV-S 
413.4) with two rocoounandationa, that;

. a. A attndord nwthod ol colar/m<n».’icai coding of contTola be d*waloped and ap^tlad
to auch communication ortd alocuanlc equtpmani aa la iaoaibia.

b. A modification Work Odar ba laauad to unplamant the atondord ond apacUic method 
daTa!.ipad for oocompiiahing the color/numac'cal coding of controla for atondord agulpmant cvrantly 
In th t field.

f
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DESCRIPTION 01' TH! R!S!AICH 

Introduction 

Interview• with traininc personnel, teat• or trainee■, and obaerva­

tion• made durinc lar1e-acale maneuver• have ahown, according to a 

recent survey of Armor traininc problem■,• that many per■onnel reapon­

aible for operatinC the tank radio do not reach an adequate level of pro­

ficiency. Thia lack of akill in tank radio operation ha• been noted 

especially in replacements arriving in T/O&E unita. Aa a reault, the■e 

crewmen make simple errors in operation which caut.te difrtcultiea 

in communication. 
Tr.,ininl peraonnel have obaerved that the comphcated radio panel 

ia a ■ource of confusion to per■onnel learnin1 to operate the radio. Of 

the complex array of control• on the front panel of the atanoard 1eriea 

tank radio, only a relative ly ■mall number need be uaed by the tank 

crewman in the routine operation of the ra.dio. In fact, any chanae uf 

the other controla from a apecifled ■ettin& may interfere with the proper 

and efficient uae of the set. 
Human en,ineerin,, apecHically control coding, aeemed to offer a 

possible aolutton to thia problem both durine training and in later opera­

tion. Codinl could aerve to (1) reduce the perceptual area by giving 

the necessary controls such a diatinctive appearance that they would be 

the only one• attended to, and (2) or1anize thia area to reduce confuaion 

and ..iubaequer.t error• in operation. 
In previoua research on codinc of control■,• five basic method•­

codinc by location, aize. ■hape, color, and order-have proved effective, 

•tnaly or in various combination■. Since the fir■t three of theae method• 

would require manufacturer modificationa and thia atudy i■ concerned 

v.ith radio• already in u■e. it ••• decided to utilize only method• of 

increuing control diatinctiveneaa which could be carried out by the 

u■ina unita, that ia, color and order. 

'E.J. Gn .. •• al., A Swwy of Trrai•ilaf Proli,u .. "' .4,.,,,, Slaff Me111otHcl111a, H■ru• 

ReHarclll Uait "Ir 1, Fort LH, ly., l•ly 1~4 (RniHcl, J•ly 1956); H.C. Ol•oa ,, al., ,f Tecluu• 

~• s.,z. .. ., ,o 11w Re,_." a Swwy of ,4,.,., r,....~ l',o61. .. , Staff Me'"' .. '-• H ... a 

Re•urclll Uait ~, 1, F ml l•cn, l 1., 4pril 1955. 
14 . Caapa•i•, W.R. c.,..,, ••cl C.T. Morpa, ApplwJ EaJH!ri11te r1141 P•yclaolor,, Iola• liley 

Hd S..a, ~•• Yon, 19'9, p. • · 

s 
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Reaearch Procedure• 

Codi'!I · Thia 1tudy repreaenta an evaluation of three methocla 

of codinc: 
(1) U•lnc one color to point up lhe neceuary control■. 

(2) Uai111 three color• to ■how the neceaaar; controla and 

indicate their functiona. 

(3) U■ina numeral• to indicate the neceaaary control■ and 

their order of wae. 

The colora uaed were Hlected for their ability to retain their dial1nc­

tiveneaa from mo1t bacqro1111d1, even under limited illumination! 

The etcht moat important controla were coded for thi1 atudy. 

The four apec1ftc treatment• or the trainiq atda mockupa and atandard 

radio aeta uaed in inatrucUon and te■tinl were aa followa: (1) ATP, 

all controla painted atandard Army olive drab; ( J) Qm_~, •ilht 

moat important controla painted violet; (3) Three Colora, etabt moat 

important control■ painted different color• to indicate functlona (violet 

for on-off power, p-een for volum~, yellow for aquelch); (t) Numerala, 

et,ht moat important control.a painted olive drab with larp diatinctive 

numeral■ located near each to indicate the aequence l11 which tbe con­

irole are manipulated to put tbe aet in operation. 

Pilot Study. A ahort pilot atudy wu run in which the eaaential 

portiona of the ATP traininc in communication• were abatracted and 

pre■ented to two experimental companie■ by The Armor School. The■e 

portion• conaiated of period• 1, 4, a, 8, 7, and half of 8, a■ deacribed 

in Appendix A. Each company wu divided into four equal 1roupa, 

and all 1roup• were trained on the aame type of radio ■et. The con­

trol• of the ■eta u1ed by each 1roup were coded aa deacribed in the 

pncedtnc para,raph. 
The 1roupa were teated with a preliminary form of tbe cri­

terion teat, immediately after traintnc and a,ain after aeven weeka . 

In thia exploratory atudy, no 1roup did aipificantly better than tbe 

other• either time the te1t wu 1iven. Amona poaaible reuona for the 

inconcluaive renlt■ were the amall number of men in the traininl 

1ruupa, and lack of control over trainee and inatructor motivation. In 

order to limit the infiuence of theae variable■, experimental control• 

were incorporated in the de■tcn of the main experiment. 

Pooulatior.. The 1tudy utilised three companie■ who were in the 

10-wee~ Armor Brwh lndividu, 1 ·rrainina Fn,ji'a.n (.A.TP ! "!-AOO). 

Each company wu divided into \.~o equal 1roupa on the buia of GT 

■core■• and the reaulta or a motivation queationnaire. 

The matchina· wu conducted aa follow■: Firat, the men in the 

company were ordered accordtnc to GT acore1; the ei1ht men with the 

hiaheat OT acore1 were then reordered accordin1 to the reaulta of the 

motlvatlon queattonnairte and placed in two 1roupa, the odd-numbered 

' ""'·. ,. 11. 
•n. Ge....i nil Tec .. ical (CT) •--• -4 • u i .. ic•li• .I .. ..,.1 1 ... llipace a. .. 1, 

• ..de -, el .... hat .. v .... , Teat ... t .. Ari&l..tic 1 ..... Tell ol ~ Arey ca-.. 

fielllion 8anery . 

• 
.. 



• 

men tn Group 1, the even-n11mbered men in Group 2. TM next •ifht 

men were treat l.n the aame way, except that the odd-n11mbe.-.d men 

were placed tn Group 2, and the even-numbered men ,n Group 1. The 

matchinc proceeded in thia way until all the men in the company bad 

been uataned to Group 1 or Group 2. 

ln each of the three companiea, Group 1 wu uaed u an experi­

mental ~up and Gr011p 2 u lta control 1roup; whanever a aubject from 

Group 1 WN loat by not participatlne in the traininl, hie match in Group 

2 wu not uaed either . Table B-1 (Appendia B) ahowa the number of 

men in each ,roup in each company and the mean acore for each 1roup 

on the two teata which were uaed in the matchtnc procedure. 

The motivation queationnaire uaed in matchin, the ,roupe wu 

in three parta: an uaeaament of the individual'• aattafaction with Army 

life, and teata of hia knowlectce of Armor and radio information.• Theae 

information aectlona were modeled after the Naval Knowled1e Tear 

which had been uaed , .accenfully in predictin, naval officer candidate 

achoo! p-adea: the unmpUon underly~ the UH of auch a teat wu 

that poaae11ion of knowtec:tce of the aort that could have been obtained 

only throu,h atudy would indicate an intereat in tbe aubject matter. 

TraininC and Teaunc,. ln every company, Group 1 (experimental) 

wu trained and teated on a aet coded by one of the method• already 

deacribed. The Group 2 (control) of every company wu trained on a 

atandard (ATP) aet. Thia procedure prevented between-company dif­

ference• from affectinc evaluation of the esperimental methoda. 

1n each company, Groupe 1 and 2 were trained at the aame 

time, except that Group 1 wu tau1ht radio operation while Group 2 

waa tau,ht radio-telephone procedure; then the inatructor■ and courae 

content were awitcMd. (Each experimental 1roup received inatn&ctton 

on radio operation firat, thua havifll a ali1ht1y lonaer delr.y before 

tea tine.) The traininc for all 1roupa wu diatributed in the aame manne1· 

aa atandard ATP (Appendix A) traininc; the only deviation wu the addi­

tion of two hour• for review. 
The performance teat utilised coded radio aeta for the experi ­

mental 1roupa and wu 1iven concurrently with other trainine. The 

thre~ companies ~ere therefore equal with reapect to inatruction, ached­

ulina, and amount or trainlnc (aee Appendix B, Table 8-2). 

Th criterion uaed to evaluate ~e codina method• conaiated or 

a 1:!-item performance teat (Appendix C). The trainee• were requeated 

tn put tw AN/GRC-4 radios into operation accordinc to atated apecifi­

cationa. Six control aettiqa were neceaeary w .,,,cp.r~ =~:h ~e!, !!!",j 

subject• were scored by experienced peraonnel on each aettinc, One 

aubject wu teated at a time. No time limit waa aet for the ~~•t; the 

teater ended the teat when the subject completed it or when ~he teater 

'1\• a.plit llalf NliaWlity, c_,.ci.4 la, lite s,.--&rowa ,._a., .,A .52. 1\e .. .,... 

ilea caneletioa widi tit• c,;t,erioa wu .12. Cwnl•U• widii diie ,-f-r,.;' IHI ••• .26, •d 

,.i~ d.e GTec .. . 27. 1\e .... WM 22.52 ..ii diie ...... 4 4-YiatiN, 3'.47. 

•r- AJl-<ftl-17. See ,\.S. Clickw, Tlw Newl « ... ,.,,,, r HC: c .... ,.-' 

f.W.iara., Tect..ical Belle&ia * 7, Pe,.....l 4Ml,-ia &>.riaioa, 0'" .. J Ne.al Pwa••l, 

lulaiast•, l~. 

I 

I 
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wa~ ■ure that the •ubject could not complete it . The Ume required wu 

u•u&lly about ■even minute•. 

Reaulta 

• 'he mean ■core for each 1roup an · the reault of the a1ariificance 

te•t• are Hated 111 Table I . Ttw- hypothe■ i■ that the experimental 

1ro, .pa would not do better on the criterion than the control 1roup• 

w1.- evaluated by mean■ of a! ratio for matched 1roupa. Aa the table 

fl!h ••• the three-color 1roup and the numeral 1roup did do better than 

t corre ■pondinc control 1roupa. and the difference■ reac-h the .OS 

level of ■ ilf'ilicance. 

GROUP W:A~ AND ll~ULTS <F SIGNIFICANCE ~ 

.... 
\leu 

Sta..-1..J &rar ol 
Oifferwac:e 

, Ra1io 

c-,.., I, ICel• 

C.-, I 
[1,-l•. 

<ANp 2 

.76 

.20 

c_,.1 

9.'8 

c...-,2.JC.&.n c...-,1.N-•l• 

Cf-, I woep 2 Cfoep I we-, 2 t.,.,, .. C.uel £1,-i•. c ... ,01 

10.19 9.19 10.33 

.13 .57 

2.08(p .O",) l.S4(p < .o.;) 

• 

To actually establiah communication. the trainee must perform 

each ■ucceaaive item of the criterion correctly. Thia fact makes it 

possible to evaluate the results independently of the analysi■ in Table 1, 

by comparing the number of men in each group who obtained a per­

fect score. The■e data are presented and evaluated in Table 2. ln each 

company, Group 1 (experimental) had more trainee■ with a perfect 

score than Group 2. Thia fact repreaenta an over-a~l adv&4ltage for the 

experimental 1roupa which ia aignilicant beyond the .001 level. The 

lar1est portion of the aagregate )( 1 ia contributed by the . •· s of the 

three-color and numeral 1roupa, which reach a significance level of 

.055 and .001 respecEvely. 

I 

r;u~ ~ r::.:~~ ?me !',a.sss-..n .•.~ r:\!Lt~ r~ c~~lt!ON, 
AND R~Ul.TS CF SIGNIFICAt«::E ~ BETWEEN GROUPS 

Gt-,~ c_,.., 

Gro 1 . Eaperi•ll•l 
Groap 7.. Coauol 

Ta1al 

c,-auc .. 1• c-.. k:Ml• 
r. .. ~u.a.t: Na1 Eaaaa.16aa.4 : 

12 ... _ ,,.rrwt'f 

Cenect ..... Cettct 
- • - .. ·-- -

Ow-Color co,1,-, (Co,."'P■ l'li I) 

10 23 
7 2~ 

17 

Total 

ll 

66 

T•• ol 
Siplficac11 

------------ c_,,,..J -----------

.. - • 



TaU* S rCoMmmi)

NUMBERS OF TRAINEES WHO PASSED AND FAILED THE CRITERION, 
AND RESULTS OF SIGNIFICANCE TESTS BETWEEN GROUPS

CwMMicaiiaa
FtiiMiitaJ

12
Caract

N« EMaUiaM: 
11 m Faw 

haaa Correct
Total Toot ml 

Sig^ftcaaco

Groap 1, CsperiwMal
Tltr*«~Colcr CoJmg (Cawpaay 2) 

20 32 52
Croap 2, Ceatrol 11 41 52

ToUl 31 73 104 It*. 3.72

Croap 1, Ecperiaaaul
Coding by StmteraU (Coa^ay 3) 

16 17 33
Groap 2, Coatrol 2 31 33

Total 18 48 66 k*. 14.97
^KgrcfC^e y*. 19.40

Conclusiong

This study shows that the use of control coding as a means of 
simplifying the perceptual problem of radio operators will result in 
improved average performance, and will produce a greater number of 
trainees who can turn in an errorless performance when they are 
required to establish radio contact.

Althoiigh there are other methods of coding controls, some of 
these would be feasible only when the radio is being designed. Because 
the AN/GRC-3 radio, now bemg used as the basic tank radio, vill 
become obsolete too soon to warrant major modifications, this study 
evaluated only those methods of coding controls which could be insti­
tuted by training centers and T/OAE units. The methods of coding 
controls by function, or by order of use, resulted in impr-^ed 
operator performance.
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COiHWKATIONJ TlMIMiNG PHOGIU*.
AS OVTUICD IN ATP SWJCCT SCHEOULC I740II

25. ScM«le Cyrt (P: p^Uid; H: Im,«)

p B Lmm» Tot
RoWeoco Atm TraiaiM Aide

-ad E^aip...
1 1 Iitrodaetioo to ti»

kooic rriMiiMii.1 
tioM come

FM 24-17 
AGP 12S (A): 
JANAP m

GUaa. Bleckbeard, overbead 
projector w/alidea, 
pkoaetk alplaibet cw<b

2 1 Rodio-telepkoM
procedm

AGP 121 (B); 
AGP 122 (B); 
AGP 12S (A); 
AFSAC 1247

do BUckkoard. TF 11-2061, 
everkead projector 
w/alidee. PA eet

3 1 do do do Blackboard. TF 11-2044, 
••dkeaticatioa ckma, 
overbead projector 
w/alidea

4 1 ittrodoctioa to
•toodanl aorieo
radio ooU

TM 11-284 do Oae AN/GRG-3 Radio, oae 
AN.-PRC-B Radio, oae 
AN/PRC^ Radio, woodea 
•odd of AN/GRG-3 Radio, 
overbaad projector w/elidee. 
coatrol groi^. klackbowd

5 1 Radio Set AN/VRC-8 TM 11-286; 
aad Aailiary Receiver TM 11-284 
R-108/GRC

do Blackboard, oae AN./VRG-8 
Radio. Radio Set AN/GRG-3, 
woodea Model of eet aeae 
kar I. woodea aMtdcl R-108, 
overbaad projector w/alidea

6 1 Radio Set AN/VRC-7 TM 11-285 do Blackboard, oae AN/VRC-7 
Radio, woodea leodel of

jector with elidea
7 1 Taak iaterpboae

afatoH
TM 11-284; 
TM 11-704

CO Oae C-375, oae woodea 
Mtdel C-375, overkead 
projector w/alidia

8 3 FVactical exerciae 
oa Radio Set AN7CRC-3 
aad -4. aad taak iater- 
pkoae aad radio- 
tele pkoae procedare

do Radio
work-
rooai
aad
taako

20 AN/GRC-3 aad -4 Radioa 
coapleU with iaierpboae 
■ratea^ 25 taaks with 
AN/GRC-4 Radioa

9 4 do do do •wU .

NOTE: T/04E*. 17-26.17-27.17-36. »mi 17-37.... be ..cd fo, deumi.rtio. of preoo.t



AmiiiluB

IEAMS on TNE matching yARIABLES, AND TtME SCHEDULE
FOR ALL GROUPS

»eAN CT AND MOTIVATION SCORES OF EACH GROUP

Cifj 1. ICaUr C—Mi) 2. » Caiars Caapaiiy ]1. riaaaraU

Ta« Cr.^ 1 
EB^arta.
(R=U)

Cfaar 1 
CaMral
(N-U)

Croi* 1 
Ciya^.
(N = S2)

Cra^ t 
Caa«al
(B = M)

Caaa^ 1 
E^arte.
(N = U)

Ctaap S 
Caatral
(N = U)

GTScor.

Mothratioa
98.79

22.76
97.9«

23.21
96.46
22.69

9S.90

22.67
97.42

21.78
97.12

21.86

Tabu B-I

TRAINING AND TESTING SCHEDULE FOR ALL GROUPS

B#«b D«y Tiaa L«et«« 1 AwstUal
1 Fri. 0730-1430 6 kmn
2 T«m. 0730-1130 1W>« 3kMT«
3 Horn.

Fri.
0730-1130
1430-1630

1 3 ko«rs
2 kotra review

S TV««. 0730-1S30 Teat, 10 aim. par awa
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Af^iuC

THE mraUUNCE TEST

One eubject was tested at a time using an AN/GRC-4 Radio. The 
sutements underlined below were read to the subject, and he was 
scored on the numbered statements. The statements in parentheses 
are for the tester's benefit. No time limit was set for the test; but the 
tester ended the test when the subject completed it or when the tester 
was sure that the subject could not complete it.

Do everything which you consider necessary to prepare Set 1 so 
that you can transmit on channel 23.7 MCS for a distance of at least 
10 miles.

1. Main mount power switch to ON position
2. Operate switch on PP-112 to TRANS-RECEIVE position
3. Hig' low transmission switch to HIGH position
4. Volume all the way clockwise
5. Squelch turned clockwise until “rushing noise" stops
6. Channel 23.7 selected

(Allow him to manipulate anything which doesn't preclude his trans­
mitting on the set. Shut everything off when each subject finishes the test.)

Do everything which you consider necessary to prepare Set 2 so that 
you can transmit on channel 49.3 MCS.

7. Main mount power switch to ON position
8. Off-int-RT-70 switch to RT-70 position
9. Volume all the way clockwise

10. Calibrate (the subject needs only to indicate that calibration 
is necessary)

11. Squelch turned clockwise until “rushing noise" stops
12. Chanel 49.3 selected

(Shut everything off when each subject finishes the test.)

F
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