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SUNMP~RY
AND

CONCLUSIONS

THE I~~SEARcH PRo~LE~:

Research ~.as ~~r form d to determine the effects  on proficiency develop-

ment of using devi ce~; of less- t1ian-p~. :fe ct fidelity for training a lengthy

fixed oroce~.ture. The fidelity of a training devi ce was the degree to whi ch

it resembled that tacti cal equipment for which the training devi ce was sub-

stituted. The fideli ty of training devi ces was lowered in either appearance

• or funct ional  quality . A fixed procedure was a part of a job in which all

signals to the incumbent and acti ons by the incumbent were specified in an

inva riable sequen ce .

PROCEDURE

The Task. A 92-step procedure was used as an example of a fixe I-

procedure task during thi s research . This procedure concerned the operation

of the Section Control Indicator (sd ) console of the Nike Hercules guided

missile system when missiles are being prepare d for firing ( Blue Status ) and

bei ng fi rec~ (Red Status).

Training Devices. Twelve different training devices were used in a

series of studies. A brief description of each device has been presented

below .

The Hot Panel. This devi ce was the same size and shape as the

tactical SCI . Every light , switch , meter, intercom, and tele-

phone on this devi ce functi oned . (See Figure 2, p. 13.)

iii
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• The Cold Panol. On this devi ce , every part was identical with the

corresponding part on the hot panel. However , there was no electri-

cal power to the device . Therefore , no lights, meters , interc~ n ,

ui. telephone functioned. All switche s still could be operated.

• (~~
c Figure 3, p. 17.)

The Frosen Pane l. Every part on the frozen panel was identical

in appearan ce with the c. i icsponding part on the hot panel , but

no part was perable . All switches were immovably fixed in OFF

position. ( See Figure ~4, p . i’.)

The Cardboard Panel. The entire device was fabricated of card-

board , including the housing. The panel was painted in color to

re semble the hot panel above . The remainder was painted the same

gray color as that of the other device housings . (See Figure 11,

p. 30.)

rflle Photogra~~ ic Pane l. This device was a full-sized bla ck-and-

white photographic print of the hot panel above , installed in a

high fidelity housing. ( See Figure 5, p. 21.)

• 
. 

The Drawing Panel. This device was a full-sized black-and-white

line drawing of the hot panel , installed in a high fidelity

housing . (See Figure 6, p. 21.)

The Hi -Fi Housing. Thi. s devi ce was a repli ca of the housing of the

hot panel. The cold panel was installed during the housing study .

(See Figure 7’, p. 2 5 . )

iv
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The Box Housing. Thi s device was a box made ol’ plywood. It was o1

appropriate si~ u and shape to hold the cold pa nel, which was in-

stalled for the study of housing effects. (See Figure 
~~, 

p. 25.)

• The Frame Housing . This device was a simple wooden frame of ap-

pi opr~ att si:~e to hold and support the cold panel. (See Figure 9,
p. 25.)

• The Full-Sized Panel. This device was another line drawing on

which the lettering was increased in size . The panel was 22 ” x 30”.

(See Figure 12, p. 3I~. )

rJ~~1c Half-Sized Panel. This device was a 15” x 22” reproduction of

the full-sized panel above and was one-half the area of the full-

sized panel. (See Figure 12, p. 31l~.)

The Small Panel. This device was a 5” x 7” reproduction of the

full-sized panel and was one-nineteenth the area of the full-sized

panel. (See Figure 12, p. 3L)

• RESULTS

Five-man groups were trained with each of the above training devices

until 15 or 20 men had been trained with each device. Each trainee was

administered a proficiency test and a record was kept of the total train-

ing time used for each trainee. The resulting proficiency scores and

training times were submitted to statistical analysis. Small differences

in average (mean) proficiency scores and average training times were found

among the several devices. These are illustrated in the two charts below.
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The statistical analysc~ showed that , while there were small differences

in average pr~ fi :. c~~ y and average training time for each dev ice , none of

these differences is larger than chaiioo would allow .

A Field test of the above findings was performed in whi ch military in-

structors trained soid~ crs to perform thi s ~~sk as part of Advanced Indiv i—

• dual Training f~r M litary OccupaUion ai Specialty (MoS 177). Some instru c-

tors used the actual live cquJ mont durinC thi~ s training while other instruc-

tors used the full-si:c line drawing of the panel.  Pr ficiency score s and

training time s were coilcoted a~ d analyzed statistically . Only chance dif-

fe rence s were found be tween the terminal average proficiency score s or

training time s of the men trained unde r both conditions . The result s of

other research were compared to the above findings and largely tend to

confirm them.

CONCLUSIONS

1. When men are bein g trained to perform a fixed procedure , the re-

quirements for functional fidelity in the training device are quite low.

A line drawing of the man-machine interface will train men as effectively

in thi s circumstance as will a devi ce of higher fidelity.

2. No effect on proficiency development is likely to occur due to

reducing housing fidelity of the man-machine interface on a training de-

vice . The least expensive housing which will adequately support and 
• -

protect the man-machine interface should be used.

vii
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3. Lowering the fidelity of a tra ining devi ce by reducing its size

has no effect on proficiency development , so long as the parts of the de-

• vice remain clearly visible to the individual trainee .

• 1 •‘

_ _ _ _ _  _ _ _ _ _ _ _  - ••~~~~~~~~~~~~~~ •~~~~~~
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DESCRIPTION
OF THE

RESEARCH
Introduction

pro. :ra : oses .urious met.iods of trai:~iri - So t hat i -t en

:111 cci t -e t:c:LL:1LL: - o Sectives. Use od a trainiu~: (lovice is one

.:e : o~ ad ~~ ui . i1: , e r r , a. I it is ospeciull use~’u1 ~~Le lt t r~dtiees nus~

leacu and practice actions. T~ie ciesidner 0.. trainin~j prolTarts is dacod

que st ioo of ~:ct .er to use a training device or sone other n.’.et~ od

in - - . 
-

- a ~e t-uidance toward ax answer to this question can be

out rect dror .: Sa mie (i~ i- :-), ~iiller (195k-) , Detraree ( 1931), Parker and

o\-fl:s (i i), and lillis and Peterson (1)~ l).  ‘lien a trainin—~ prog.r~ :r

lios. — ccr :as decided to use a training device , ne is faced i-iitk other

~‘uos1n~ ons concern±n -~ t~e tec inical characteristics of sucn devices.

?as : 1IiTGIT~ .:as the obSective of determininr the fidelity require —

.ei:ts of trailhir~ devices lor fixed procedures tasks. Tire didelity of

L rai:c:I.n device is t.~e dejr ee to which it rescr~bles that tactical

ea nlp-. ent or w~icn th e  trainin~ device is substituted. A fixed pro-

-7e 1 nrc task is a part 01’ a ~ob in which all si~ na1s to tne incumbent

and aztion s by the incumbent are specified in an invariab le sequence.

Co. cc rnin~ fide1it~’.

.‘or T.lany years , transfer of training studies nave snown that the

I ore al~ :o two situations are , tne more that training in one situation

‘;ill produce proper perfornance ~~ii the second situation. Bugeiski 

_ _ _  -~~~ - - - - . . ---  ~~ -—- - -~~~ ~~ .- ~~~. . - - -- - .~~~-- - - -- ~~~ -- 



notes triat , ‘
. . .experii iental findings indicate tnat positive transfer is

a 5 u:ction ot:’ the decree of ci:nilarity between stln .uli ( i f  responses are

the San t e ) ,  and i~ O at ive transfer is a function of the he- ree of dir-

5e~et.cc’ . -etwee ii responses if the stimuli are t~e same ’ ( 1) 5 u , p. 403).

r
~ . L , o d o r s  olIclusiou is , “for maximum transfer of trainint , use d.e—

. in ~s oS pe ’ncct t :L .Ldelity.” However , more recently, tne older research

~ r :1Jin ;  s oave c oe  to l e  suspected and devices iaviug less—than -perfect

Idolity tave ~ej :  found to produce the max imum transfer (~-Iuck1er , et al.

1 ~~~ pp. 1.5 _ 13 :’). loncern iias also been expressed over the costs

associated \ I L  ~~u’ fidelity simulation (Miller , 195~4; liuckler , et aL ,

l Y  l anCer ~0\TiI S~ 11) i). Thus , if it can Uc determined tnat lower—

t ma::—ec:’Lc L idelity devices can be used for trainin~ \~itn no r:ore

t-~trr t r in o c  loss in proficiency development , and with no more than minor

incr eases in trainin ,~ time , practical reductions in costs of training

devices may be realized.

T)iLnc nSiOflS 0’ fidelity.

Tr e definition of fidelity of simulation has eluded the human

factors scientist for some time (Muckle r, et al., 1959, p. 103). Thus

a defirr i tlo: :  0 fidelity is needed along with some scheme for rneasurin~

cle;:recs of f i [elit:;. The present work is based on a concept in which

fidelity is recognized as having several dimensions. One group of

these dimensions is referred to as appe arance fidelity. Unde r app earance

• fidelity are such dimensions as color , size , shape , arrangement of

part s , and the ap pearance of the containe r or housing of the man-mac hine

interface .

2
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~owever , v.icn appearance i~s constant , trtiining devices can still

be di~~L’erentiuted from one another on the basis of functionality. That

• is, a knob or neter on one device may look exactly the same as that on

anot nc’i’ device , Put on t Ixc fir st device the knob will move whe n turned ,

r. -i lc on bee ot1~er dcvice the knob is fixed or fr ozen in one position .

T LC resent report is concerned with functional characteristics

and t .e appe arance cate o-ies of size and. housing.

Only L :ro Ss cat e :o-cical measurement of functional fidelity, size

t idelity, arid Lousir lp ; fidelity have been attained. No attempt has been

made to detex~.iine the psycnological degrees of these measurements.

Research Plan

T1ne basic plan of each study in t h i S report has six steps or

‘actors. £~irst , a task was chosen as a vehicle for t1~e study. The

tas: : was considered to he represent ative of procedural tasks in general.

Second , training devices were constructed which varied from one anothe r

on the particular dimension of i’id.elity being studied. The third step

was to trai n ro ops 0-f men with the several training devices. The

fourth factor dealt rj tii experimental controls. Control was applied

o instructor e dfects , intelligence level of trainees, methods uaed in

t ra iniii5 (oth er than tra ininC ievice), and level of traine e experience

‘aito respect to t.~e task. The fifth step was to measure trainee pro-

ficien.  n’. ~ sixth and final step was to test the data for differences

i t .  pro Lici enc ~i ‘c :ich were assoc iated with the training devices located

at iint’erent points on tine particular fidelity dimensioi~. Since each

of tne separa te studies .iad ma c. : of the above materia l in common , tu e

3
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coi acon factors nave been described below and ~iiould be understood to

appl y to eac : of t i e  studies without further descript ion.

The proced ural task.

~s hefinea  for tuese studie s, a procedural task is work in which

every action taken ny the jOb incumbent is specified , in sequence , and.

in \-LhCJ tue actions to be taken are so simple , or so well known , that

any trainee ion t~ie j ob will either know how to perform the action be-

fore he is trained or can learn to perform the action in one trial.

hote c-cat accor 511-g to this definition, the pertinent demands for learn-

iri f . placed on tine trainee are that he learn the sequence in which the

act ion s are taken and nam es and /or locations of event s in t ue sequence.

he t rust learn to bake each action in its turn and to avoid taking any

action out of sequence.

Tue tash used for this research was one whic~i fulfilled the

he. ’in:Ltioi: oL a procedure , r~as long enough to present a challenge to

any tr ainee , yet shor t enough to be economical during data collection ,

and geo~rap hica1ly convenient to the investigators. The task was

selected fro m those performed by Military Occupational Specialty (MOS)

l~~i , Air Defense M issile Crewman, Nike Hercules. The task consisted

of tu e actions taken by tine Section Control Indicator (sd ) operator
durin~ Blue and. Red Status when the system operates in the automatic

node. Dun n Blue Status , missiles are prepared for firing. During

9ed Status , missiles are fired. During this procedure 106 actions are

t aken. TIne cat egory and frequency of the actions are given below: —

1~.
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Operat e a button switch (io )

Operate a tog~lc switch (36)

Oporu t e a rotary switch (2)

O~erabc a r~eostc.t control (2)

Operat e a ~>anana plug (1)

rite tue time (3 )

Jive a verbal response on phone or intercom ( ii)

I-~onitor a li~ ii t ( .22)

hon:i Lor a sound , oral , or r~nac iiine originated (19 )

I lonitor a ~ieter (2)

In cac~ step tue operator nas a signal ~iven to rdm and. must take a

specific action as a result of the signal. Somet imes the signal for

an-. action is simply t~e completion of the previo us action , and some -

tines tuce action to be taken is to monitor for the next signal. But

psyc .iologically eaca sucu unit , signal and. action, is a complete step

in tais procedure. The complete procedure is given in Appendix A. A

picture of the tactical SCI is presented in Figure 1.

Training procedure.

len were trai ned. in five-man groups. The group reported. for

training at approximately 0730 hours. The instructor introduced him-

self , directed the trainees to be seated , and. identified each trainee.

Then the instructor informe d the trainees that he would instruct them

in tne operation of a piece of Hike Hercule s equipme nt and identified

t .e  CII. At this point the instructor displayed a diagra1n of a Hike

5
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Figur~ 1. Trnctical SCI
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Tercule s site and identified each major  piece og equipment , ~iving a

Prie r description of its function. (-?~ e Appendix 1~ for tue diagran

and orientation.) The instructor requested questions from tine trainees

at this point. Very few questions were asked , and all questions were

answered as directly as possible .

rol1owin~ art y questions and answers , tue instructor moved to tne

t ra tn iny device and presented a demonstration ta].k-turough of the 92-

step procedure . iC der:cn~trated and c~r.seribed the signal for an action

and tine action itself. ee gave an explanation of why the action was

taken. These explanations were very simple. For example, the first

signal was tue simultaneous illumination of a Blue Status light and

sounding of an alarm buzzer. The proper action was to turn the Power

switch to ON position. The explanation of winy thiS action was taken

was , “You burn the Power switch ON so that you will have power to this

panel. ” The demonstration and talk-through included. all of the 92

Steps.

‘ fnen tnis demonstration was completed ., the instructor selected a

trainee and required that he attempt to perform the complete procedure.

Tue instructor told the othe r four trainees to watch carefully and to

be prepa red to identify the correct action if the performing train ee

made an error . For the maj ority 01’ the errors , the instructor would.

reque st ident ification of the correct action fr om an observing trainee.

‘hen the correct action was specified the instructor required the per-

form er to make this action and the procedure was continued until the

92nd step was taken.

--— - -   _ _  _ _ _



then tine first trainee had finished the procedure , a second

trainee was selected. to perform on tine training de’rice , and tine first

trainee became an observe i . This process was continued unt il each —

trainee had served as a performer twice and. as an observer eight

t imes. Training was completed. at approx imately 1030 hours the sane

morning .

During this training tne instructor reinforced correct actions by

sucu verbal expressions as “Good ,” and “That ‘ s right. ” Not every cor-

rect action was re inforced , and no attempt was made to follow an exact

schedule of reinforcement . However , re inforcement was used more

frequently in the early stages of trainin g than it was in the later

stages. Many t ines this reinforcement was also knowledge of results

for the trainee.

The instructors also used cueing as a train ’ng technique . When

a per formin g trainee would hesitate to take some specific action after -

he had. apparent ly recognized the signal , the instructor would attempt

to give a cue (or clue ) to the correct action. As an example of a cue ,

conside r the following condit ions. The seventh action is, “Plug the

Headset-H andset into Station 2. ” The seventh action t s completion is

the signal for the eighth action to be taken; the operator should an-

nounce on the Head.set-Hand.s et , “Blue Status receive d., Section A. ”

Uhen a trainee had. completed. action seven and hesitated. too long to

make his announcement the instructor might say , “You plugged it in ,

now use it. ” Cue ing was used much more often in the early part of

trainin g than it was in the later part . No exact schedule of eueing

3
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was attempted. ~1ather, each instructor tried. to estimate t ine proper

t ime for a cue and an appropriate cue to use .

Tue tactical SCI automatically furnishes knowledge of results (KR )

to an operator after many of his actions. Thus , when tine operator

presses tue Prepared button for launcher number 1, tine red Prepared

ligut goes out , and tine green Prepared light illuminates. One of the

training devices produces tine same KR for trainees as does tine tacti-

cal SCI. But the other devices d o  not always do so. Therefore , the

instructor would. present tine performing trainee with these KR on a

verbal basis. In the above instance , when a trainee pressed the

Prepared button tine instructor would say , “I-low tillS red light is off ,

and this green light is on ,” while he pointed to the proper lights.

Just as tue instructor was required to give verbal KR to trainees

w~en the training device did not do so, the trainees were required to

produce a verbal action in place of a physical one at t imes. Thus ,

tine trainee was required. to monitor for a green Missile Ready-to-Fire-

ligut as the action for step j2. During the training process , when a

device would. not illuminate the Missile Ready-to-Fire-lights, trainees

were required to tell the instructor, “Now I am waiting for tine Missile

~eady-to-Fire-ligint for launcher 1 to come on ,” or make some similar

statement that informed the instructor that he was taking the proper

action (monitoring) .

Training time varied from training group to training group . The

experiences that each group underwent were controlled, but tIne total

• amount of time spent in the training situation was allowed to vary.

9
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~h no ttne was tue trainee ~:iade to feel tinat he was rus~ned . One rest

i reah was iven approximately n.41i way tinroug~ tue traiiiin~ tine period .

O~~ec~ ise t~e training was continuous .

ill trainin was conducted. in a roo~i approximately teu feet wide

and f if teen Lest  ion ~ . Otue ’ activities were ( Oing on insiue t~e

bn~.1ding, .~at not in tue same room. Tine room was heated with a gas

. eater dun n -: cool weat.~er and cooled ~itu an evaporativu eool~r in

uot wea~ ~er.

Trainees.

Since the task selected for thiS reaearc~ .~as C ro~n LO~ 1(~ , ~~~

receiving training in t illS ~ OS could. not be used. as tnc inees. ?.~cy

~rould - Wave varying amounts of information about t~e usk. T~erefore ,

men were used w~o were receivinig training in hOg L)~ , i~ir Defe:ise ia--

tilleri ~utouatic ~-ieapons Orew~an. This decision presented tue problem

oi’ selecting MOS 192 trainees who were of a comparable talent level

to men in I’!OS 177 training. To resolve this problem, tine ~eneral

Technical (OT ) score s of all men in training for hO3 l~ were ob-

tained from personnel records, and a distribution of tinese scores

was made (see Appendix Table c-i) . Tinen, groups of trainees for I-lOS

192 were selected suc~n that the ST scores of eac~ group innatcine d tine

~T score distribution of the MOS lñ samp le .

The uT score was chosen for tine above selection factor because ,

of t i e  ~r iiy aptitu de are a score s, this score is tine most like a meas-

ure of ceuer al intelligence (~ elme, i9~o) . S~iection on only one

aptitude vari ab le was considered useful because the positive corre lations

10
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a o~ i - t I e  several aptitude scores produces diminishing: returns as

connt~o1 with adh~~iona1 variables is applied. ~-ince only one variable

was to I~e used for tine na 1 c~ ing process , a measure of general intellect

seemed to be tue ~:iost ueaninn :ful one to use .

-~xper~nenta1 and statistlual controls.

~tatistica1 control was applied to the intellectual level of the

t rainees. ~irst , eaca group of ‘-nen trained with any device was selected

to match a particular distribution Of GT scores ( see Appendix Table n-i ) .

T~nis procedure was described in the preceding section. The n thie variance

associated with ST scores was removed from proficiency score s by statis-

tical methods.

Digferences among proficiency scores due to different instruc tors

were also removed. Again, a statistical process was used. Tnis con-

trol was applied in spite of ti-ne fact that the instructors, to reduce

differences among themselves, practiced the training procedure at Len th

and observed tIle p:: actice of each other.

Tine method of training was controlled by specifying exactly tine

orientation , demonstration , and use of training devices. The use of

reinforcement , cueing and verbal knowledge of results, along with the

trainin~ meth~ is , were practiced until each instructor was very pro-

ficient in their use .

Tine experience level of trainees with respect to tine task to be

iearne c. was controlled. By using only men from another i.IOS who were

naive wit i. resp ect to h ike lercule s, no traine e used. in this research

knew anything of the task before trainin g began.

11
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Insn’uctors.

four persons servn i as instructors for tills research. :~D.Cii of

these ;en  ~-ras a wesearcu cuployee of tiie U. S. nrm’j  Air Defense Hu~ian

~csearc~n Unit .

Fro~ icic ’nc ’ieasurement.

h ~inu fidelity s L::iulator of tine Sd ( the hot panel) was ?repare d

( see .I~~gure :). Tne panel of t -n i s  device was fully functional since

all switc nes , meters and lights operated , appropriate sounds were pro-

vided, and tue intercom and :Iandset -:~eadset operated. Even t ime delays

of t- -~e tactical eauipnent occurred during operation of tIne simulator.

For the purposes of this researca , the hot pane l device was considered

equivalent to the tactical EGI and t ine relative effectiveness of othe r

training devices was evaluated by testing the trainees on tills hot panel.

I- -or tue proficiency test , a trainee was told that ile was to perform

t .~e - 
- i-step procedure using t ile hot panel. Fe was told. that all part s

of t :e  device operated. Then tine instructor operated a switch which

turned on the Llue Status light and the alarm buzzer , and the traine e

began tue procedure he had learned. The instructor cont inued, to oper-

ate the instructor ’s console and recorded each error the trainee made .

An error was recorde d for each step omitted or t aken out of sequence .

If the trainee asked a question , the question was answered and an error

was recorde d for that step. If the trainee made an error which would

nave prevented tine procedure from being continue d, the instructor

corrected . that error and recorded it , allowing the trainee to continue

tue test. The pro fic.~ency score was the number of steps performed

correctl y.

12
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At no tir e was the trainee made to feel rushed. The trainee -was

told. tuat tine was not a score oni this test and t~at accurate perfor—

mance was to be scored.. Actually, total test time was recorded along.

with the proficiency score.

• ac~ trainee was tested in the sahie roon in winicin traininL mad

been conducted and in the sa~ne order as •e performed duri.n- trainin~j.

Only t :e trainee bein-~ bested and t n e  instructor ~-zere in tue roon

during tIne test. Training was completed about 1030 uours and testing

was done getween 1300 and 11100 aours the sar~e day . Approx imately ten

minutes were required to test one trainee.

Training Devices

Twelve different traiuij n-~ devices were used in tine series of

studies reported here . A brief description Of en device •nas been

presented Lclonr to give the reader an orientation to the discussion of

each separat c study .

• The n ot n~ane l. This device was described on pa~:e 12 and Il-

lus i rated An Fig:ure 2. It was tine same sAne and shape as tine

tactical 301. .~very light , switch , meter , intercom, and tele-

phone on this device functioned.

Tue Oold Pane l. On t±n is device , ever :! part was Identical wit h

t. :e corresponding part on t ine hot panel. ::owever , ~u~re was no

electrical power to tine device. T-tere fore m o  liguts , meters ,

intercom , or telepuone functioned. i-J.l switches still could

be operated..
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The yrozen Panel. i-very part on the frozen panel -was nonoperable.

ITo lig n~ , meter , intercom , or telephone operated. No switch opera-

ted because eac-i was icm~ovab1y fixed in OFF position .

Cardboard Pane l. The entire device was fabrIcated of card-

~oard , including tue tousing. The pane l itself was painted inn

color -to resemble tine hot panel above . The remainder of t ine

device was painted the same gray color as that of the other

device •nousing•s.

Photo grap~nic Pane l. This device was a full-sized black and white

•fnotogra pinic print of the hot pane l above .

Drawing Pane l. This device was a full-sized black and white

line drawing of tao hot pane l described above .

il-Fl housing. This device was a replica of the wooden housing

of the hot pane l, with tine cold panel installed durIng training.

i -ox lousin g. T~ is device was a box made of plywood. It was o1

appropriate size and shape to nold the cold panel, which was

installe d in tI~iis der ice during training.

1- ronni e housing.. This device was a simple wooden frame of appro-

pr iat e size to mold and support the cold panel.

Full -gizeci P ane l. TillS device was aL~nost identical with tue

drawing pane l describe d above and was also a line drawing. It

has been differe ntiated from the drawing above because on tine

15
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full-sized pane l t me lettering was lar ger tuan tha t on the draw-

in-~: oanel. T h e  full—sized , Oh ” x 30” , pane l was used in a study

of size .

alf~Oized Panel. Th is device was a 15 ’ x 22” reproduction

o -~ tue full-sized pane l above and was one-mali tIne area of the

L ull-sized panel.

~ma1l Pane l. T.n is device was a 5 ’ x (“ reproduction of tine

full-sized panel and was one-nineteenth tue area of tue full-

sized device.

Functional Fidelity - Study I

~~is study , three levels of functional fidelity weru defined..

Ileasurement of the dimension was categorical, and no assumption was

mm dc that the categories were equidistant from one another.

Training devices.

The hot panel has been described above. It represents very high

fidelity.

Tue second device was called the cold. panel ( see Figure 3).

~very part of this pane l -was identical in app earance to a corre-

spondin g part on the hot panel. However, none of the light s would

illuninate , and none of the meters would register. The h andset-

Headset would not operat e , althou gh it could be plugge d into the

pane l face. Tie intercom did not function , and no sounds were pro-

duced my the device. All switche s were functional in that , when the

16
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Figure 1. . Frozen Pane l
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trainee pressed tuem or twisted them, they moved properly. This de-

vice represented a reduction in functional fidelity.

T~me third device was calle d the frozen pane l ( see Figure L b) .

Again , every part was identical in app earance to a correspondin g

part on tue •not panel. however, no part on the frozen pane l would

ope r ate. I-Tot only would the light s , meters , intercom , and Handset-

headset not operate , but all swit che s were locked in one position.

Tiiis device represent s the minimum level or functional fidelity for

a device wuich retains three dimensional quality.

Collection of the dat a.

Four groups of five men were traine d to perform tine 92-step pro-

cedure with each of the above devices. Two instructors each traine d

one five-man group and a third instructor traine d two five -man groups

with each device. ~ach instructor administe red proficiency tests to

those men whom he trained. Thus , 20 men were trained with each panel.

i-.nalysis of the data and result s.

Control of the effects of traine e intell igence was obtained

• tinrou gin analysis of covariance in which proficiency scores were ad-

j usted for variation associated with GT scores .~~’ The adj usted pro-

ficiency score s were tested for differences due to use of the three

~~~/ 
Tests of homogene ity of re gression were performed to assess

tine legit imacy of this analysis , and. the re sult s have been presented
— in Appendix Tables C-2 , C-3, and C-14 . In each case , the hypothesis

of homogeneity of regression was retained.

18
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different panels, differences due to the three instructors, and.

interaction effects associated with panels by instructors. The

overall unadj usted proficiency score mean was 3~i.7. When the at-

fe cts of intelligence (as measured by GT) were remove d from the

proficiency scores , no differences in proficiency were found which

~re re associated with training devices, instructors , or tine inter-

action between device s and instructors (p > .05). The distributions

of proficiency score s are presented in Appendix Table C-5. Result s

of tIle covariance analysis are presented in Appendix Table C-u . Ap-

pencuix Tab les C-i and C-3 contain the unadj usted and adjusted mean

proficiency scores.

The training procedure allowed the total training t ime for each

five-man group to vary. The fastest group comp leted trai ning in 2

hour s, 15 minutes while the slowest group completed trainin g in 3

hour s, 30 minutes. The mean training t ime was 2 hours, ~+1 minutes.

Since the mean training time for each group was not correlated with

the mean GT score for the group (r = .22, p > .05), a covar iance

analysis of training time scores was not considered to be either

necessary or useful. To determine if there were signif leant d.if-

ferences among training times for panels and instructor groups, an

• analysis of variance was pe rforme d ( Lindquist , 1953, p. 156). The

result s, pre sented in Appendix Table C-9, showed that differences

anong training t imes for panels and inst ru ctors were within chance

expectation (p > .05). The training time means for panels and in-

structors are pre sent ed. in Appendix Table C-b .

19
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Two-Dimensional vs. Three-Dimensional Devices-Study II

When a frozen panel was used for tra ining, trainees cciuld and.

did reach out and handle the vari ous swit ches and knobs on the pane l

face . This tactile and kinestheti c behavior was conceive d as endow- ~

- 

-

ing the frozen panel with some degree of fun ctional fidelity . Thus ,

a. pane l whi ch was a flat surfa ce would repre sent a lower degre e of

functiona l fidelity be cause the flat surface would reduce sensory

effects fr om touch and kinesthesis. Following th is line of reason-

ing, the following training devices were prep ared.

Training devi ces.

The first traini ng device was the hot panel. This was the sa~~

devi ce as was used in the first study . The frozen panel from the

first study was also used here . These two panels were conside re d.

to represent the functional fidelity category “ three-dimensional . ”

A full-sized black and white photog raph of the hot panel was

prepared. This photograp h was mounted on plywood and. installed in

place of the frozen panel (see Figure 5). This device was considered

to be one te ebmi que of representi ng the “two-d imensional” category of

functional fidelity .

A full-sized black-on-white line dra wing was used as another

two-dimensional devi ce . The spatial relationship of panel control

elements was n~~intaine d by showing all parts on the panel face in as

20
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true size and configuration as the mode of representation permit ted.

The drawing was mounted on plywood, shielde d with plast ic , and in-

stalled just as the photograph had been (see Figure 6 ) .

~ecognition is given to the fact that there are appearance di f-

ference s between each of the two-dimensional devices and any one of

the three-dimensional devices. Thus, there is some confo nnding of

appearance fidelity and functional fidelity in this study. Regardless

of the confounding, the study seems worthwhile on a practical basis.

Collection of the data.

The data collected for the hot pane l and frozen panel of Study I

were used again in this study. Collection of data with the photo-

graph a~~t drawing panels followed the pattern described for Study I .

Four five -man gr oups were traine d using each device to train 20 men.

Two instructors traine d one five-man group with each panel, while the

third instructor t rained two gr oups with each panel. Since four train-

ing devi ces were used , a total of 80 tra inees were used for thi s study.

Ana lysis of the dat a and re sult s.

An analysis of covari ance was performed on the proficiency score s,

intelligence being controlled with GT scores. W The adjusted profi-

cieney scores were tested for differences due to panels, difference s

Tests of homogeneity of regression may be found in Appendix
Tables C-il , C-12, and C-13 .
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due to instructors , and effects of panels by instructors interaction.

The results of thi s analysis have been presented in Appendix Table C-l~4-

and show that none of the above fa ctors produced differences an~ong ad-

justed proficiency scores larger than chance (p > .o~). The overall

unadjusted mean profi ciency score was 8Li .L~. A distribution of unad-

justed profi ciency scores appears in Appendix Table C-l5 . Unadjusted

profi ciency score means are in Appendix Table c-i6, and adjusted pro-

ficiency score means are in Appendix Table C-17.

A~ in the firs~ ~t~idy, training time was found to be uncorrelated

with CT scores (r = .11, p > .05). An analysis of variance was per-

formed on the training times to determine if instructors or panels

differed significantly in training time (Lindqulst , 1953, p. 156).

The result s of this analysis are presented in Appendix Table c-i8 and

show that no significant differences in tr aining times can be attributed

to different instructors or to the use of different panels (p > .o~).
The fastest group completed training in 2 hours 15 minutes, the slowest

group in 3 hours 30 minutes, and the mean training time was 2 hours

~~ minutes. Appendix Table C-19 present s the mean training times for

instructors and panels.

Reduced Housii~g Fidelity - Study III

This study di ffered from the previous ones in that appearance

fidelity was the quality being investigated as opposed to fun ctional

23 
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fidelity. Tue specific appearance fidelity being considered was that

of ~o~sin-: for a trainin~j, device. During this task, the operator

• nc~h - ~cr perfor~s any actions o:~ nor receives any procedural signals

• 2 iO : ,.  ~~~ r1OUS1fl~~
-
. Tue housin-: was a structure wuicu supported the SCI

~a:~el. ‘? ~is ~:eant that for the task beinr~ trained the housing should

- ~•vc :~o j rent inportance to the trainee. Only if the trainee ‘s at-

tft’~dc toward the device was ne-~:ative because the housing looked un-

realistic, and if attitude affected a trainee ’s prof iciency score ,

wo- :1-J t i e ap~earance of t i c  h~onsinf be important.

T::aininf devices.

~iz: ce ;~ie previous wor k had shown that lower-t han-p erfect func-

-~~o~ ial 2i~elit~ panel faces could be used to train men for this task

~ith o~h affectiny proficiency level , a cold panel ( see Figure 3) was

sele~~ ed for use in this study . The cold panel could be moved from

o-~sinf to ~iou~~ i-i~ easily , a high fidelity housing alrea dy existed.

2 0:- it, ~.:-•d t~e pan~~ was inexpensive to build .

T~e ~i~h fidelity ~ousing was as near identical to the hot panel -

~o-~s~ n~ as a ~~n~L~ade cab inet could be. It represented the highest

lc~~~l of appearance fidelity in tiiis study, and it has been shown as

.h ~~.ic ~ . ~~ot rer hiousin h. was prepare d as a box . This device would

old t.~e cold panel in the proper position and. conceal the back side

o: ~:ie panel ( see Fin~ure -4. The box was painted the same gray color

as was the ~i~h fidelity .~ousing.. This box represented a re duct ion in

.onsi:. - fidelity. T1ie third housing was a simple fraue ( see Figure 9). 
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Fi~ u~- - 8. B~-x H~u sing

Fi~ ui-~- 1. High Fi~~ 1I ty II u s in g  -

Figure 9. Frame Hc ’using
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This frame was neatly constructed but only supported the cold panel.

It did not conceal the back of the panel. The frame represented the

lowest level of housing fidelity used in this study.

Collection of the data.

Each of three instructors trained one five -man group with each

of the housings using the cold panel . Proficiency score s were collected

on )~5 trainees, as previously described, using the hot panel for the

test.

Analysis of the data and results.

A distribution of the proficiency scores is presented in Appendix

Table C-20. The data were tested for homogeneity of regression within

cells. The test, presented in Appendix Table C-21, showed that the

assumption of homogeneity of regression within cells was not tenable.

Thus, a two-way analysis of covariance which was originally planned was

not legitimate.

A test was performed to determine the homogeneity of regression

among the three housings. The test demonstrated that the assumption

of homogeneity of regression was tenable for housing effects (see

Appendix Table C-22.

A simple analysis of covariance was performed on the proficiency

scores. In thi3 analysis, proficiency scores were adjusted for in-

dividual differences associated with GT scores. As shown in Appendix

26
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Table 0-23, no differences among adjusted housing means were found

beyond those which chance would. have produced (p > .io). The means

for unitdjusted and adjusted proficiency score s have been presented

in Appendix Table C-2~~.

The training times for each of the nine groups were correlated

with the mean GT score for that group . The resulting coefficient was

r = .15, p > .05. Since the correlation was not significantly dif-

ferent from zero, no correction for GT differences was applied to the

training times.

The training time scores were submitted to an analysi s of variance

to determine housing and instructor time differences. No significant

differences in training time were found to be associated with housings

or instructors (p > .10). These findings are summarized in Appendix

Table C-25. Appendix Table 0-26 present s the mean training times.

Cardboard Mock-Up--A Replication - Study IV

A suggestion was made to use a mock-up of the SCI fabricated

from cardboard.~ ”
1 

Accepting this suggestion not only meant develop-

ment of the mock-up and testing its teaching effectiveness, but it

gave the opportunity to repeat the test of two- vs. three-dimensional

devices and to vary housing appearance .

ThfS suggestion was made by Mr. C. W. Polvogt, who was
working for the U. S. Army Air Defense Human Research Unit as an
artist illustrator.

- 28 
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Traini~~ devices.

Two devi ces from the previous studies were used again in this

research; the hot panel and the cold panel. The third device was a

cardboard mock-up of the SCI . A picture of this device is presented

in Figure 11. The housing of this device was painted to mat ch the

color of the high fi delity housing. The face of the panel was drawn

to scale and parts on the panel were painted in color to resemble

those of the illuminated hot panel.

Thus, the hot panel represented full functional and housing

fidelity. The cold panel represented a three-dimensional reduction

in functional fidelity and full housing fidelity. The cardboard panel

represented a two-dimensional reduction in functional fidelity and. a

reduction in appearance fidelity for both the panel and housing.

Collection of the data.

Collection of data followed the pattern previously described.

Three instructors gathered the data. Each instructor trained one

five-man group with each device . Thus, each instructor trained 15

men , and 15 men were trained with each device . Tra ining was conducted

using the hot panel, then the cold panel , and finally the cardbc~ rd

mock-up. In all, li.5 trainees were used in this study.

29 
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FIgure 11. Cardboard Mo ck-UP
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Analysis of the data and results. -

An analysi s of covariance was performed on the proficiency scores,

i ntelligence variation being controlled with GT scores.
1 

The adjusted

proficiency scoro were tested for differences associated. with panels,

with instructors . aiid with the panels by instructors interaction . The

results of the covariance analysis showed that , when intelligence was -

controlled, there were no differences associated with proficiency

which could be attributed to panels , instructors, or to panel by in-

structor interaction (p > .10). ~~stri butions of profi ciency scores

are presented in Appendix Table C-30. Means of the unadjusted pro-

fi ciency scores for the various groups are presented in Appendix Table

C-3l. The adjusted mean proficiency scores were prepared as Appendix

Table C-32. A summary of the covariance computations has been placed

in Appe ndix Table C-33.

The correlation between group training times and GT scores was

- ‘ -mputed. The resulting coeffi cient was r = .23 which was not sig-

nifi cantly different from zero (p > .05) . Thus covariance analysis

to control for intellectual function was not perf ormed. I~ ther , an

analysis of variance was performed on the group training times. This

analysis examined the training times for differences associated with

• Tests of homogeneity of regression for these data may be
found in Appendix Tables C-27, C-28, and C-29.
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and thc three instructors. N4fferences beyond

chance (p > .io) were found to be attributable to eithei~ instructors

r -- u -:-L . Lc— rc :ult~ f the analysis have been presented in Ap-

~-en~iix Table C-31~. ~-1oari t raining times for panels and instructors

are Lr-:serltc-J in Appendix Table C-35.

Reduced Size of Device--Study V

The objective of thi s study was to determine the effects on pro-

II ci~ ncy when the size of a training device was reduced. The results

nf the previous four studies were considered. in designing the present

inve~ tigation and produced changes which simplified the work.

~~~ Thing devices.

Line drawings were used. as training devices throughout the size

investigation. Three fact s affe cted this de ci sion . Study II had

demonstrated that a drawing was as effective as was a hot, cold,

frozen, or photographic panel. Drawings were the least expensive to

prepare of the five devices. And. drawings were very easy to produce

in the three sizes selected for this research . The following devi ces

were used:

1. Full sized. panel. This was a bla ck-on-white line drawing

of the hot panel. It was the same overall size (22” x 30”)

and the panel parts were the same size as those of the hot 
- 

-
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panel. The lettering on this panel was somewhat larger than

that on the hot panel. Otherwise, thi s devi ce was the same

• as the panel shown in Figure 5.

• 2. Half sized panel. A photographic plate was made of the full

sized panel , and 15” x 22 ” print s were made from the plate .

These pri nt s were one-half the area of the full sized panel,

and each was mounted on stiff cardboard.

3. Small panel. A second plate was made of the full sized

panel , and 5” x 7” print s were made from the plate. These

prints were mounted on stiff cardboard for the small panels.

The relative sizes of the three panels is illustrated in Figure

12.

Training methods.

Use of the small panel forced a change in the training method used

in previous studies. The reader will recall that heretofore the train-

ing device was displayed to a five-man group, and all training was given

wi th the panel in a position such that every trainee could see it all the

time.The 5” x 7” panel, however , was too small for group instruction and

a copy would have to be given to each student . Since the size of the

— 
device would. force a change in device/stude nt ratio , the effe ct of the

- : device/student ratio was evaluated in this study by using two different

training methods.

_  I
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Training Method I used the 5/1 student device ratio and training

-~c~ urcs described previously. This method was used both for the

:~~~l size panel (22 ” x 30”) and the 15” x 22” reduction. In Training

1s tin- -i. II, each trainee was ~~ven a panel identical with that being used

i1i~ instructor. The instructor demonstrated the procedure as before,

i~ — Th ting to his pond as he proceeded. Each trainee followed the demon-

trati c- n using his i aiiel to see details and glancing at the instructor

fL-r general direction . After the demonstration, the instructor re-

juird one trainee to perform the procedure using his own panel, giving

vor~-ai responses and putting his finger on the panel part that was being

ope rate~i. The other trainees were instructed to follow the performer on

thei r cw~: panels and to be prepared to give a corre ct action if called

on to do so. When the performer made an error the instructor stopped

nim and asked one of the observers what the corre ct action should. have

to en. When the correct action was identified, the perf orming trainee

was required to give the correct verbal response and to continue the

procedure . This process was continued until the performing trainee had

completed all 92 steps. At this point, a second. trainee acted. as the

:er~
7ormer and the first became an observer. This process was continued

until each trainee had served as a performer twice and an observer eight

times.

This training method was used with both the 5” x 7” panel and the

15” x 22” panel .
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As in the rcv:~ons studies , men for thi s research were in train-

for ~K)2 Th2. F i u m this group, no man was selected whose GT score

was below 70. Othe rwi s each of the 6o trainees used here was selected

at a d ~s: ~ros: thc h02 t - :  tral nec group whi ch was on post while the

-~~~~
- was being performed.

Th~n -of ti~c researchers served as instructors in thi s study . Each

c~~~he~:. La-i serv~-d as an instructor in the other four studies.

~ i-L tTh ing conditi

iraining was performe i under four conditions , and three five-man

~~- u ~-s ~-~-or~- t r~- ined under each condition .

1. A full sized devi ce was used with Method I.

2. A ic if sized device was used with Method I.

~ . Half sized devi ces were used with Metho d. II.

:~ Small devices were used. with Method II.

i;O~j zati ;)n .

1~e reader will recall that several factors were statistically

ccr;trolled. in the previous four studies, and that of these fa ctors

--:~1y GT level was significantly associated with proficiency scores.

P simplify the procedures, these controls were dropped in the present

36
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stud~y .  Trainees and instructors were randomly assigned to five-man

5i~ -u~-s. Groups were randomly assigned to the four training conditions.

dad trainees were randomly assigned to a position in a rotational order

- - r trai ning .

Collection of the data.

One five-man group was trained each day . Training began at ap-

pr;llz:ately 0730 hours and was completed about 1000 hours . The grouj-

o-is released and returned at 1300 hours for profi ciency test ing.  The

rrcfi ci c-s.cy test was the same as for the previous studies.

;~aalysi s of th- data and re sult s.

~-1cafl p~-~ficiency scores were computed for each of the four train-

i L g  CO f l iit 1;~~~ 1S (see Appendix Table C-36). To estimate the effect of

training method on proficiency, with device size held constant, the

mean ~rufi ciency scores from conditions two and three were submitted

t ; a t-tes-t . The means were not significantly different from each

other (t = .~~7, p > .10). This finding was interpreted to mean that

method of training did. not • effect profi ciency development in the pre-

so at situation. Therefore, the proficiency scores were treated with

analysis of variance to estimate the effect of size of devi ce on pro-

f ciency development. t~ta from conditions two and three were pooled

for this analysis. The result was an F - ratio of 1.08 whi ch was not

oignifi c~~.t at the .10 level of confidence ( see Appendix Table C-37) .
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A l iuld ~3tudy - Study VI

To thi s p u in t ,  tlit stu - H had shown that val-i uus- reduotJ on:: i r; —

~v ~f ora a ag devices had not c - S i c  cto J the dc- ,~C-l -~- -~it- f

a. r J~~~r~-a~-.~ d th u  t ra in ing  time . I luwovu r , the instruct - i s  hal ~ uu :. r’- —

s-s arohers aiil the trainees had known that the trai Th~ - a s  experirnc- atat

ond not i—racticaJ to them. Also, the training conditi~ -n: ; had Pc -c-a co n-

fled as in a laboratory . The above factors  were not typ ica l c-f thu

us ual A~-:sy training circumstances. A field~ study was designed in whi ch

:ai l l tary .hLstructur s  trained soldiers who knew that they would be as-

h~~e-J to duty requiring them to perform the task on which training was

~~vc -a .  In addit i~-a , the training was given under circumstances much rn -re

Lu those usually found in Arm y training. This field study was conducted

tu ~ietc- rrni ne if the redu ction of device fidelit y would still have no of-

- “  pr :-fi ciency development or training time under these more rea lict ic

: Ji t iuns .

‘rair sag Devices

Thc- low fidelity training device was the line drawing used in Study II

i:u~tafled on the frame housing. It was chosen because it seemed likely that

if -ne of t~-ie reduced fidelity devi ce s was selected for Army use , the clrawi:.b

~r uld be the choice because it was economical to develop and reproduce . The

high f ideli ty training device was the actual tactical Sd , the equipment

- . -h :. -~~h ~ Lu ng used in the current Army training program . The panel of the —

ta ‘t~ oai Sd , as installed f;-r training, will function completely for OIIC
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- I

and. univ ~ :-ti-t.Ly fur the thcr thr~5~e latuichers . At t i i us , t h .  i -

S no ~-~-v~ a- t0 the 2C1 Lecause of mnaiftuet ions in  other  uquiv-rnoat

i t - i  :: ~ d icr training.

ins vru st  s i c

Each instructor used in the field study was currently qualified a:. I

1 as tr ust i ng  in the 177 NOS . Selection of instructors wa-s a-. t controlled

by the researchers. hother , permission was obtained to use trainees i

the stud y as they were re ceived by the Batteries from Basic Combat Trai~~ n~~.

.:fl se trainees were routinely assigned to training groups and the groups

5dS ’ - assigned tv instructors. The re is 110 reason to suppose that sc-ic-

on i : istruvtor s  for the field study was other than random .

Fr-. -r i thc- above de scription, the reader can see that there was no

-a to suspe ct that assignment of trainees to the field. study was -other

:-aadorn . Each trainee had completed Basic Combat Training and had.

1-c-en assigned to Advanced Individual Training for MOS 177.

C:uatrnents

The L~CI ra: ol d.rau-~ rig was used as the training device for the experi -

: :-t al  treetment . The tr~.nees werc given a tour of the training situ ant  —

h ---o. each pie cc of Nike Hercules equipment . A short explanation cf the

-~~~-~ i - n  of each piece of equipment was also givca the trainees. Thefl .

~- ‘ a : c - c - s  wc-r~. assigned to groups of from ~) to 13 men each, and t r a i ni n g

ca: .

3Th
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rj li , t rainc-cc ~rer( ts ~~ 
- - ef mi P Stflu. a n i  1- i - t i  Status pro —

- -o uros .  just as had been done in the previous studies. Each in structor

u:c~ the traini ng techniques lie already knei-r . A rc rnsarcher observed thi

sraJ :2 ag. The training was conducted in a room ordi narily used as an Army

:iassi -s-ois and during the regularly scheduled training day.

As the instructor ‘~vtermined , through his own proficiency cstima t c- c ,

flat a trainee had attained sufficient proficiency to proceed to sthc r

t a-a ln iag ,  the trainee was taken to another building and given a pr-sli uncy

t est by one 01’ the researchers. The observing researcher also n~stcd tb

tosni  number of hours of training required for each t s a c . c -€  t -~ ruacl .  thi s

ciency level.

The tactical SCI was used for the control treatment . ~raincei; \ -OiTu

~;1vea the same orientation and. group assignment as described above a’ s-i - tb

c i - : - i- imen ta l  treatment . The same task was taught to them, afi a recearcher

ob a rved the training . The training was given outdoors in a sandbagged area

to the fr- snt of whi ch was the tactical SCI.

The instructors performed just as they normally did, using techniques

s-hJ oh they already knew well. When an instructor determined a trainee to

be suffi ciently prof icient, the tre,inee was given a proficiency test by a

resiarcher . The observing researcher recorded the training time for each

traincc as before.

~:) t i c i e n cy  Test

The same proficiency test was used in this study as had been used in

the pru-vious studies , and all tests were admini stered by the same researcher.

_  
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- i  t - - us of t h u  high i’l dolity Si mulator as th- tu-stinh d v i  c - l~ur  ~

- - LI : -
~~ u ty ,  ii - trainees who had bc-c a  trained on t h e  tactical SCI -si r - - i i -u

rolls I i-ncy t e st  on both t h e  tactical SCI and on the high l i d i  1:1 ty :1 i - : —

Th e - sc  two set s of proficiency scorc -s \- :c-r ( - correlated , r = . 0. Thi s

~-:ns c : n i i~- rc-d sufI’icient evidence of the validity of the proficiency i, C 

:t~n d n i s - u t - r e - d  wi th  th e- high fi delity s inu ia to r  to jus t i fy  it s  use for F1 

1 : cy  t es ting in thi s fiel d study.

- i a  C t L svion

A :sstaL of 3u men were trained with the c-xpc-rimental trcatnent l-y tba’-

in s - ruc~ - r s , iaeh of whom trained one gro up of n c - n .  Training always h

ofl flob e~-r and v a c— compluted by Thursday 01’ the same week . Another 35 nan

~-ere 
- a’a.~ ned by four different instructors who used the control treats.- i s .

s - r u 2c-1Ic:ra ~t training schedul e was f c - L L o w u . c  as abovu .

and Results

-an proficien cy scores were computed for cash : of the above L i e a t - i s : . t

ups.  The mean proficiency score for the con t ro l  group was 77.03 and Icr

~2 -  - :- :i-or i:suutat group (2 .33. A t—test of the ftitfc-rence between tu e-se

- a:s  ;-:as t .741, and showed the cUfference was w~-lt withi n the chance

~. -L (p > .05) .  Meami training times were computed for the two trc-at :: cii

or - ‘~r - s .  The mean training time for the control group was 12 .h2 hour s a ma - i

Y r  the r - : - : ~ - - ri rnonta ]. group, 10. 35 hours. These two mean time s were t or t -c t

f r  dilfrences with a t—tcct  and found to be no more different than chance

‘. -0u ld al toc : (t = 1. 035, p > .05).
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: c st o r s  gav~ a quaL:i l l~~c l a a t  ma! Sd “ in- ” ansi: m - t - ~- i l e e  quest ion.  Tb-

- h- 1: .: a i n ’ t .  a ~ av a v er y  pe-s .i ha- “yt  s . ’ T h u : . Lhc i cestructors v~- e -

- . nn . u - :  ~ L - e - v c - l e L y in  thu d r atti tud~ s t oc, ar i  t i c -  proficiency lev el  of

• let rn.: I :~~— t rai: :c-d t ra ine es.

.2 . Wn~- 5c r , - m i  ni ng time required ol-cen t h u  drawing was used then: : \ - ‘ l : t - i c

t in-  t aut l  saL 001 was :i n - J ?  One instructor sai d, “Yes. ” The o the r theren

- - a ti  v c -  ru- I l i o n  saying that th i , - r c  was no t i m t c -  d i ffe -r umeca - .

3.  Was inert - wo rk i: eve - i tved when the drawing was used?  Two i i  tn t -ru  S t  ~~
-1- : -

• 
~ - Li u - i , “Yen. ’ ii: -y sal d that the extra explanation (observed by research

: s ’ m e e t s - r n )  made ins t ruc t ing  with the drawing n: ort- work than inst ruc t  :1

ci th t I c  tactical Sd . TIme other two instructors- r -1-l .ied , “No. ” They sai d

- h-ic in st ruc t ing  with the drawing was easier , not because cf the dcvi cc

- - i t s e l f , but because the training wa r- indoors where the instructor had i- t o  i c r

i Sr-Ft of the attention of trainees.
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Ti c -  Si 1st St n :y sari c c l  Puns Li ~e i :~.L i i  d c - i l  ty at t ic r e  c c a t s  - i i  cal U-v t  Is

1 ’  :: ai c Sad it:i  rig the t : r c - c  - — d c  r n - a r - i  onal quality -st tic: d c -v I c e  s . Tue r:a j-s1’

- Y  f l u  t i  r st s t e e ly sac :: ti-eat m e n - i :  can 1 ‘s trai rn i to pu r ism:: ,  a i ’ --—

se nun it. well ci t b  iec ’ s ’ - i t rating c leF t  scsi as Llc -y  can c-:Ith a l u m e c t i  -nat

- l ev i s ,  . t i c  no- - a :  ::tu -i y ex t- m:d ~ d tl:( reduction of functional. fidelity to-

— i ::‘ ‘nr-i a u n t d cvi s c - n .  T i e c -  s- c-r ich study revealed that men can be trained

to l E  r:~~mnt a r ~e - c~s - a:: well with l’uLl si ze pho tographs and drawings as

they sr be w ] :  h a • a t ’  - s L y - eec -  t i o n a l  device. The fourth study replisatc~i

sb Sl rs t two ~ tce - ii c - c - . n-aryicig L i i i -  S run of the two—d imensional device. The

ii sings of the fuarLI. ::t c d ;  c ’ cu : f ’ I  Sin.t 1 t h u - n c  of the previous two studies,

:l Is}s l c -m:dn - a - r e f i d v - m : c e  ic the validity of the results. The field study

sh ooed t : e : c ’ ~i . c :tL -se t i m - l i n g s  apply where military instructors are train—

i r e c  ~ol-U ’ re to whom the tral ning in realistic.

Otic i- in’- ’ st iOut  mc - have re-ached similar conclusions. 1~ nenberg (l951~)

s-t n :1 ed the - mac s Y r  of trai ning effect s- -i ’ an inco’:pens3ve mock—up of a

tardc huL L and f’ w e t  that , for starting and stopping procedures , the mock-up

- as a . f: - ‘Y i v n  -as war - the tank i tself .  While studying L i i i -  t raining c~1’

~ 1’-a - m e -  • r p  I ~r - e n dur e: t s r  an aircraft , tral 1:1 meg ore a nimple cockpit

- - - -
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c - s - s In -up  C a:: f~-u:ud to transfer very welt to procedures performed ii. the

n i a o a a f t  (P rophet & Boyd, 1962). Trai ning in flight procedures has b u - u e

wa] So Pc s:ucsessf ully accomplisi uc- d by use ol a full 1’I W- t i ty ::irotL at sr ,

a id siesca tat 5’r , and a photograph mock-up (~~ ugherty , Houston , & Nicklas, -

lc 5 i) .  A~ rcraft  basic instrument and radio range training hav e been taught

equa Lly well, with two devices at different levels of fidelity (Wilcoxon ,

1o-y . & Webster, 195) - i -) .  Torkelson (195)-i-) trained ROTC students amid re-

ca’c:Its Ii: the nomenclature and function of an antiaircraft weapon using

a mac- ck-cep , a cutaway, and charts. No differences were found among device

O f f C  -sti~-encs-~ for the ROTC group, while the recruits showed equal per-

Y:min am:ce when trained with all devices except black-and-white charts, for

c-d~L c l i  s e m I  -rnear: cc was low. When Air Force mechanics were being retrained

or:- - -)+[ fuel, hydraulics, or rudder power control systems, several types

of :-raie:ing devices were compared (Swanson, 19514). The level of f’unctional

F t d di t y  -san not a concern, but it logically did vary . The following types

oS -deFt cu r  were compared; an operating mock-up, a nonoperating mock-up, a

an animated panel, charts, and symbolic diagrams. No differen ces

c- crc found in proficiency by training device, and there were still no dif-

fr r cm:ces  in proficiency by device, six to eight weeks later.

The evidence presented above, both from the present studies as well

as :‘ron: other research, forms a rather firm conclusion. When men are being

Y m a i : . nd 5-c perform a procedure, and a training device is to be used as a

- 

- 

c. th -d of training them, the roquirements for functional fidelity in the

e l i  cc-  are quite low.

39 
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Jo .  ~~~ t o of n h :~ ‘act s  j-i~~-~~ - i i t - c - c I  a b e c v e - , t h e e - r e  ar Un it a t ioues  on t in

cO ne ’ Lusts : : .  Tie c~ : : - sLus ion  i cc  l imited Lci pi’cccc-durai tasks. No evidence is

C e  : ntoil  i:I :i 5: ,  : :L-ctiL i i: ’ C - tel sagc ’ ~ c cc -  rat ] : :aicic en to I n y s h l  -r o tor  t asks ,

S ‘iHc n sa- : leg asks , - - i  :r.y ccci i-: c’ Lass :] Si cation u t l a  -1’ than proc -eiures.

i’ a - c m : :-o1 • :  also a- - s ~t c j  o~ that - SIn el i -sic- t r a in in g  process melds

~- - - m- - c - c s Si: , I-rol l 51 e::sv o f  s~a a - : . l’li’ List .: C i i I i L t  0 , -v ice  did not

;Ft:. 51cc no : e - l e  I y it: :e-lI ’ . TIut - c l i  i i t i  Cc , 5 1 c c -  ic sPa:)- qu -s 01’ i u e s t r u e ’ —

t -si’s 
-
. aId s tI c -  1-svc in-LogI caL atmn osp i :c - me-  of u l ~ c -  si Lac a t i  ~51i all alPs s’t c  c C

a-malnees and their acquisit ion of pmoSIc ’l C : e ’V act t in -  tasi- : . Li each ~ii

t hc- stu.i c s -  • n-cs-n - sari aFt j im ucs5m1’1’~ c : In 5-i le g - - mi-at n -i g:eat c.: to replace 
-

steaL and aanLttui’y s :gecats .  I:. L e e  I - ruse -~~s i i I ~ en , the , - n c  variations

cc dused no si ge:1 i f  saInt ci ticrencr~s f e c  l’c ’cem s- .a : lcu - . But changes in the

maci :.i ::~ r-C:vi r oicnec-ni . in which the training d v i  cc is used m a y  be such that

s I c  m’:n’scs in Sh ie e f fec t iven ess of l iv i c t  -s c - t11c 1 ossati ’ at different  l evels

of Ssnct ic : iaL fi ee t i ty .

k’i t h i in  the above limita t ions , there is still a powerful implication

r r nc l ’g ing  r n:: the conclusion. The cost of ’ c-q uip ucc-u: t fur training must be

taa-gr- whom: tactical quipmu-e: t is the tra] C c ]  l~~~ dcvi so. For example, cost

of tin- ~CI Itself has-- been quoted by a traini ng o f f i c e r  as about $11,000.

Ts c a r e - - i t  in a “full fidelity” mode, a power generator, a Launcher Control

smacFte-m , one launcher, and a missile are required. Thc’ authors estimate

S i c  full .1 ) - d c  1.] ty simulator (Hot Panel) um -ed in thi n research woul d cost

a~~c - r -o : ] r : a t c L y $ .000.00 c-~~e d :. Time cold panel and Iron --n panel cost esti—

c - ate  ii: high l I - i c  ti t.y h e o u r i m e g  is $1,000.00 c ash. The photograph panel and

140 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~ .----- —~~~~~~~~~.—-~~~ ~~~~~-~~~~~~ —- ~~~~~~~~ --——-~~~~~~~ —- .-~~~~
- , - - - —

~~~~~~~



1~ 

- - - - -- — -——----—-- ---——

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- —  -

~~~~~~~ 

- -

c: ’ c~ - ~: - - : 5  I c - a t e  in $ince - . Thee ch’awi. ieg panel ami d housing cost sti —

: .a S - s  :‘ 5. If I he - ~‘ard i- ~ -:~~cl elevi e~ was bou e : t c t -  in quanti ty ,  I t s  cost

c, - e J o d P-c t t -uut  ~-i. ’e0 each. Thus, for a procedural task, t r a ini ng can be

a::: S at: : c l i i  e L I V O  fr-cicc a dcvi. 5 1 -  enac t ing  $1.50 as: that train s)- l eg  conducted

wi t-IC at d o V i c ’~ sos - -t i  Cmg more than $ii,ooo. The deni gnic --r of trai ning programs

si: - :-a.L ~C Let - aisle to select t ra in ing Inc thuds , includ ing training devices, so

that l i c e  pmegman:. uses less expensive, low functional fi delity training d c -

c cPa’ çi’0cetlure s training and more expensive higher functional fi delity

dc-Fts ’.-s - . dsc r training on tasks other than procedures, with a very substantial

m :c’co ~aa’y s-avfcmg .

ni ne :. C’ - fi delity.

H-cor ing fi deli ty was studied as a dimension within the category

O5 ’ a~-~ aracice fidelity. The housing was not operated upon by the job

i l : c U i : CL -r I I t  while he was performing the task used in this research. Thus,

:g the housing did not ~~fect the functional fidelity of the device

e at  id affect the appearance fidelity.

The question to which the housing study was addressed was, “What

is the -effe ct on development of task proficiency when the housing of the

-ic-vi ce is degraded in appearance?” When the housing of the device was

varied at three categorical levels, and men were trained with the three

var iati -co :- , no differences in proficiency were found which were due to

housings. In additi one , there was no difference in the amount of time used.

in training men with each housing. In Study IV a confirmation of this re-

suit was obtained with a cardboard housing. The field study also confirmed - -

t i c ’- - above findings. 
- 

~~~~~~~~ -~~~~~~~~~~~ -.-~~~~~~~~~~ - - - 
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Ac: an~r’- .’~ ~~

- t c L i i  sti-oca q ec -  st  i - - : .  I s t e  I - c c - n -  lI V c  i e  by r suits in tnis

S e - C -  ct  . Un~i , a’ f 1, , l i m e d  tati. um en i eIcj . ec::. c 1 i :~ t ie c  task ~ tUdi c - e i  l iOiS -~ there’

.1 ,
- c - s  f: cS ~c i i  tin- lc-vel i pl’oli ci -cecy d c - t - e l . u p m n r m m t  w h e i  cii in related to

c c :  sii ansi - IT d~~Li Ly ci: t he e - h ec t i c ] :.g e d i e c  nc : : i c . m e .

tic - ] C 0 L i  cac t i  sic i s that the It :. c t  e u - n t  lc~ us-i h g  available should bc

cc i i 51: will adequately support arc h i-r~~L~ -ct l.l~ c: man—machine intc ri’ace .

~~~~~~~~~ is justified only w i n - n :  t h u  procedural task being trained

-P s not r -  qcire the j ob incumbent to pc -rfurm: . any operations on the housing.

in  t i le  stud y u l’ size rt -duc t io ie  f t ra in ing ic-v ices ,  t in appearanci-

sf hc Li ty  -ci  s - : e e i e ’ i c m e  uf s ize  cia:: col i foui ieic  d w i th  a training m~-th mod factor.

t i :  5” : ‘: 7” device was used, t h e  is-otho d of training had to Pu- ch eangu 0

so c nat  c a-si: t rainee had his 01 11 t a ’ a in i icg  he vi Cc-  to use rather than all

IT s- c - cc c:, u s i n s  a single training device- . A~ a result, data were collected
‘ C

‘c: cas e t i c -  f f e~:t of the two training methods , and showed that train-

i ng cc. thu d h m a d me- s c-If c-ct on proficiency . ~~alysis of the data by the three

Ft s.c ‘ a s -- g o a ’ i e r  showed that men can be trained with a small device as ef-

fectivel y as they can with a full sized device .

This  n-i z c- study extends-- the implications of t h e -  other four studies.

S ne c.’ a~-~e:ars that when a training dcvi so is t he used to train small

:5 e:a:re to perform a procedural task, small pictures or drawings

sac: i-c use d as the training eh v i e ’  , e’aclm trainee havimig hi s -semi device ~c 
-

or, ech ic ic  S - stud y and pen ’ - -rn . Tij i- limitation on size reduction seems

t - - 1 ~ C c L ~ that tin: trainee- must i c  able tc) visually i dentify the c-Lc- n nc-nm t s

on Sh e ’- - d -iice and to read any lettering.
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j l s t i ’ t ee ’SJi’  1-0 1’;: I c - s t e .

I’lle nc -n - - ad d  i m~stru~:t-jr r d C  c rvecei that  t h e e  - c- so il -:  S- i - i n Lac -ci L i -  s. h ’ j

atL ~ t h e  c ~~~~~~ ::l,i e’hm ‘ - c - i n -  i c  ~lus -  i i c  1 .! cc LiSy vat:- ga’ as r tPie tI~ c ::ci ,

• b en:  i c  ~~Ji 1’e i  \:ic, -m: u s - fig tin- hot j a m  L in cauco t h e ,  iee:: t i’u-st  i ’, rart in 1’ t han .

‘su e -. ;~ \ i c c  , icat e l  to prova tie signals. The hot paec - L  r g u i l e - : :  t h e e  l eant  ecu-mn

c a - - -C : .  at:: i nst i ’uc t l e r  1cc-cause time 1-ann .L itself ~ i’ s-c c i t e d ICcàfl’i  n f 1t r aL : c  tc ‘O S

I mau :m~ c an-! gas-c- lii c: kn-o’e~’lchge ui in can L t r  di i c  c - S  L~,’ . For e - :- -ac c . t - L  - - t in  In S

I c c : c L e c : a ! e  a aol ne like the enotor c-f a launch- ~ : i , i j . the r~&u,ci. 1’ i’~L e - c a —

Ft -c an.’J a ’ m ,  c-set s : placed in UP porci t i -n .  This c - i c - c  -ia:: 5 .-tb a ci gm~al tu

S- in t ra ice  c ant I knowledge that t in  pin viour action , posit ion:i m~0 i t ee: ,

t— s UP, c-sa n ccrr s t.  None of the ot in - r  p an e -br  gave ti~ -5c- si~~aal n to t i c

t ra imlce , anti s-o the instructor was require - U to give li ce -n a verbally. Tl ,ir

a’equi r ec: :cnt  In ant that the instructor ’s attention c-san focused directly

-:11 th ee  immediate training process during every cc:esne , c -n t of t raining ~s hec-n

a and other than the hot one was being use c i . The- instructor was con:-

tinu-ally giving the trainee verbal signals.

When a three-dimensional parcel was- l e e i n . g  Use , the instructor told

• l i ce  traincc to manipulate the switches just as if  the panel c-Tas functional

( . r  to try to operate them for the f rozen  pan t). TIiC t ra]  :.cc s then tended

t: “~‘c tiarceughi the motions” without further in s t m u .c’ti.on. This allowed the

!:,ccti’uctor to observe the trainee ’s actions readily anti to correct him ii’

ii ’ cc n - :cary . However, when a two—dimermniomeal ~cancl was-. used, trainees had

S - I ,- remind’ ci several times to “go through the- motions” Sy putting a

-

• 
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I :‘i eeg c - i ’  occ time pal u. - L part c-,’id elm was being up cra t  ci . Evc- mm C l :  c ,  t h e c  t i - a c i  n o

~Lne Lid n , t in  ins t ruc tor  lead to observe m ore closely thace - I - in nec - n h a - i  t~

i-ely on verbal substitutions from the trainee 101’ asS] om e r  t~c c-  52 ’cai n e c  e sleoul l

I c c  taking.

This added work load cUd not effect tin- time required to train or t h e e

a- rofi sicc :cy level developed. Research inst~~ctors c-~urc all,: to al-sorb the :

St nie cl work without an effect on the training output. The field study data

siic-wed that me -ilitary instructors were abl e to perform as well u n d er  hi gle

f idelity circumstances as under low f idel i ty conditions, even though deli -

m i t e  lark of confidence in the low fidelity device was expressed by some -

i nstructors.
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•1

Standard B:Lu~ S ta tus  Prueo -d ee r e

U t -  ~a e t .  -r : : : cm i e i : i  l eg  1- ~ : c r e -  the Sd wIii cii is  c - - - - m e  but “ c -  - L d .  “ lie i~

- - - :g ~L-r CLue Status lighit amid ~~ariee buzz el Lu ~ou e i C .

t-Ichi~~h

1. Cesaer  and Blue Status light. 1. Tlcroc Io~n - a  switch to ON.

2. Throw Panel Light  switch to ON

3. Put bared under Panel Light to check

for illcucd meatior i level .

4. Adjust t ight  1- -vol w i th  control

knob.

5. Throw all 14 Intercom switches to ON.

6. Throw all 14 Launcher Power switches

to ON.

7. Plug 1111 (Handset-Headset ) set into

station 2.

8. Announce over HIT set “Blue Status

- c received, Sc - ct i e o  A. ”

9. Put Intercom switch to TALK and hold.

10. Announce on IC (Intercom) “Blue

Status.”

11. Check and adjust mike level while

announcing.

12. Release IC si:itch to LISTEN.

13. Press Alarm shut-oil button till

buzzer stops.
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H
l~4- . Mom mi t i  t’ ~ “Alt sm’ - ~; nc ~c Cc pre -

cmi  I C .

C . “.-UC. se -  c-s .c 11 e-r mc,  n i t ”  on It’. 15. Announce “All -~cr \ . I c ( - l e  I r e r c  m et ,

Sc-eL len A” on Cii

- . 1-loilitol ’ for “Battle S tcct ~ O C e S , ” e m :

1111 set.

- S t e  Seationis ” on liii set. 17. Announce “Battle Stat]  - c i :  i c -c e i ’-:- - C

Se st i u m e  A ,” S I C  RH s~ t .

1-P . 0~-c-rate IC suitch .

19. I-:o: itor for g r c n i  ON DECK light .

20. Announce “Battle Stations,” on IC.

C- c-e n OS DECK light . 21. Nuemitor i’or “Launcher prepared,”

on IC.

5. “r~ -~~.. -m~ r ~C] prepared , ” on 22. Press PREPARE D button for ~l.

23. Monitor for green i/l PREPARED and

SAI’-iE light.

. C1 i~ en PREPARED and SPJ€ 24. Monitor for “Launcher prepared,”

lig h t  on. on IC.

e~ • “ rj aunche r #2 prepared , ” on 25. Press PREPARED button for #2.

7 . 26. Monitor for green #2 PREPARED and

SA?.fli~ light.

C. ~S- g r r c n  PREPARED and SAI~~ 27. I-ionitor for “Launcher prc-pared,”

I. : gieL 0 C c .  on IC.

- . ‘ , c e n c’ ’ i- -//3 prepared” on IC. 2C. Press PREPARE D button for #~3.
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5 c c • 1-tome :! I c e  i u r  gr c - n  11i 1 -1-JSA]}W -u~ I

r-Aj -j :  lJ e I t

Li . :- - - 1 ed-L1 e’d ~i-fl~ ane t g-A1-J light ~~ . 1-luiel  L~r 101- “f~aunc!ic r ~r- pae~ - e ,

- m i  ::~~ on IC.

L L .  f j : c e c :C e- l  — L u !-~‘~-i~~’~ 
h ’  om e IC. 31. Frc- ~~ - PRE1-A1-~E1) U t  t~~ : Ic r cr 4 .

32. 1-k-it ] tor 1, - r //~ L~rc- m m i I -~E1A1-J-~I ) tC: i

SM~ Liglet. 

- c PREPARED and SAME

Si gl.U on.

33. MonItor for “Launcher ready” ul .  IC.

h :,. ‘ I 2 ~c eee:sIo- r ~f-1 ready” on IC.
314. Operate IC switcL .

35. Announce “Stand clear , launcher #1 -

going up,” on IC.

3d . Throw LE (Launcher Elevation) s-witch

for #1 to UP.

l-~. C - i etc 011 Ic ’ . 37. Monitor noise on IC till it stoi-s.

38. Throw LE switch for #1 to OFF.

39. Monitor for “Launcher ready , ” on IC.

. ‘L , ’~c iemee h cc r ~:tc ready ” on Ic. 140. Operat e IC s-~-i itch .

11.1. Announce “Stand clear, launcher -/fS

going up,” on IC.

42 . Throw LE switch fur  ~S2 to UP.

V .  :: - i  ~ r- c-m e IC .  43. Moni tor noise ole IC till it stops .

t 414. Throw LE m -wi t eh  for Ü~ to OFF .

_ _ _ _ _ _  - - - —~~~~~ - - ~~~- — -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
-
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4~~. Monitor icr “h:cuiecc i e - ~ - i’ ach y ” Ste 1C.

“ U:m .ummele ~-r /‘3 ready ” o mm IC. 46 . Opt-rate IC e ec ] Lc Ii

47. Axmnouxmcc “Stan d clear , La u mm c lmer  //3

going up,” on IC.

48. Throw LE switeh for //3 to UP.

sd . ::~ t c~ - see IC. 49. Monitor m eo i sc  011 Ic till it st-op~;.

50. Throw LE switch 101’ //3 to OFF .

51. Monitor for “Launcher ready” on IC.

“Ca cenic h ec- r /f4 ready” on IC. 52. Operate IC switch.

53. Announce “Stan d clear, launcher #4

goi ng ui- , ” on IC.

54. Throw LE switch for #4 to UP.

so. i~~ ~~~~ ~c. 55 . Monitor noise on IC till it stops.

56. Throw LE switch for #~~ 
to OFF.

57. Wait for Section Ci’ief . 

:t i o r  Che i u- f  comes into 58. Throw all 14 IC switches to O~~ .

1 ’  . -

- L i o r e  Chief turns safety 59. Monitor for 14 amber LAUNCRER

:5:/ s to FIRE. READY lights.

2~~. All four IJAUNCRER READY 6o. Throw H&G (Heaters & Gyros) switch

lights on. for #1 to ON.

61. Record time l i e  log.

62. Monitor for green READY TO FIRE

light for #1.

L ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ --—-~~~ -~~~- --~~~~~ —~~~ -~~
__ 
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- C . di~~~~~~ C i  READY 1k.) i1FIE Light ( 3 .  Turn DESiG NATE sc-c] teli to -11-i e c t r ]  p.

4~ 1i -:cs IeAUNCJIFJi DFSIGIL&TE butL er : .

c c .  Nu m e]  tur for h2 c - C e  [aAUN CIJEI~ 1~ SIGNA’1’E 
-

ligh t.

2 5 .  S c  I i  I~AUNe ’mmHR DESIgNATE

L i g ht on .  u6 . Fresm ; SLIM button & hold t ieroug i e

check .

Sm:.oothi movement of needl e full 67. Throw SECTION READY switch Lu READY .

Ic -St to full right twice. 68. Chc-ck fu r  green SECTION READY L i g O t .

C ’ . SECTION REA DY green light on. 69. Wait for Section Cith 1’ to OK.

C - s . Section Chi ef says, “Blue

Status checks complete. ” 70. Announce “Blue Status checks

complet e, Section A , ” on NH s-ct .

I ~~~ -~~~~-— - - - ---~~~— ----—~ 
_ —

~
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Stam iac i I S  ~‘ L t t . icc  Fi u ce her c - - 1”.! ce

l’wu Iii etsiles u i  Aut oimma L l o t-h ~ol -

-r is ~~~~~~~~ - front ci’ open SCI . l ower  i i  - m e .  Blue Status is .  

sku arc i’omccpl t o .  Operator is wearing lEN set ami d i s monitori meg

C i cc~ C St c L t u s .

SIGNAL ACTION

1. Moni tor for Rc-d Status light .

1. iC - cl  Status light on. 2. Aemiiounc~ over 1111 set , “Red Status

received , Section A. ”

3. Monitor for green SELE~~ED light.

Croon SFTAECTE D light on. 4. Throw H&G switch for #2 to ON.

5. Log starting time.

6. Monitor for  buzzer and green FIRE,

LAUNCH ORDER, and IVZESSEE AWAY

lights.

3. i-uzs-er, green FIRE, LAUNCH 7. Throw SECTION READY switch down

ORDER, and ~~SS]I~E AWAY (OFF).

lights on. 8. Throw LAUNCHER ELEVATION switch

fc-s - ~l to IX)WN .

9. Monitor for green READY TO FIRE

light on #2.

1.0. Move LAUNCHER ELEVATION switch for

#1 to OFF .

-

— — --— -——— --

~ 
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Cl e t l  liF.ADY TO FIRE light 11. Mccv DESIGNATE ecce i t o l i  tc- //2 ectr i  p .

-C -oem . 1.2. Press LAUNCHER 1)ESIGNATE button .

13. Monitor i’or Cr -ole  LAUNCIIFJi DESIGNATE

light.

‘ . Lc l ’ ( c - I t  LAUNCiUI~1i DESIGNATE

l i e l , on . 14. Press SLEW button.

15. Monitor SLEW METER for correct ci, 5.

- -- t i c  nc c-vc-m s me t -  c-f m eccUe U .  Throw SECTION READY switch up ( O N ) .

l~ St to 0, right t- - 0, twict- ’. 17. Mom mit or for green SECTION READY light .

s - i .  S-1-51’Iufl REA DY Light o l e .  l~~. Monmi t sr for gr e - em SELECTED l ight .

- SELECTED l ight  o m e .  1- . Th row Il&G swi tch for ~~3 to On.

20. Log sta rting time .

21. ~- S - mei tor f r  buzzer am-i d grcen FIRE ,

LAUT~CH ORDER, an d I~~SSILE AWAY I I
t igh t s .

9. i-u s -s -  r and green FIRE, LAUNCH SS . Thr w SECTION READY switch down (OFF) .

ORI)Ei , a o l  MISSILE AWAY lights

on.

57
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APPENDIX B

Orientation to the Nike Hercules Si te  amm d

The Section Control Indi,cator (sd )

58
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I

I C c j  I S i f A T uN ~l,O TEE fIRE 11ERCIJIJ-,G n:-
AN1 l’ifli S-ReST] ( C C  CONTROL INDI CATOR

i’h eo - c . k u  il t i OUf ( s- is i l i m m i a l i l y  an ant ia  rcral’L is-i s-c] IL am i d  cat

I C  asC:tc -e  COl a C.llcj osar warhead. The si tu cc-es -i  s - t m ;  of ce: :- m a t :]  y

c-I S: ’ m c:s j s r  pieces of c-quipment . Time layout varies- i l~~ -I; s-It c  ~~ : i I t o

- :51 mg ole geographic conditions and here yc -u s-Cc - - C c :  :- :ae: i- L’s of a

l :-&~1c site layout on thi s chart . Thi s could rd - s- c s - c - let SC: area -s-f

s-evei-al miles-- and the only consistency i s  t hee : : u j s i ce -c t i  of the II -]

:ie tu~~-atc J. Fire Control) area (the upper half of the diagram) tI m,.

the- ice unching area.

A - c - ~iej sills-n Radar LAB)

The acquisition radar operates continually as it searches the

area s-i ~r- -tus -t - ion . When a target has been acquir~-i , the a cqu i s]t i : - e .

5 - 1 3 1 ’  Sc cs-S azimsuth and range data to the Target i s - a c k i m . e S  Radar tierough

the  - cu t e r .

f ar get  Tracking Radar (HR)

Inc TTR locks on the target and tracks it unt i l tl.e target is

eithut ’ released by the Battery Control Officer (BC0) or destroyed by

5; s-c.Lc--~ted missile . The tracking data is fed tc- c 11c -  computer to

ec el-le i t to plot the missile course to the i t e tur ce L t. point.

59
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1-
lo Te e ck m eg Radar (Nm)

‘~h-- -c:  ties- miss-Ito is i’ired the i-IT S - u e , L m ’ - - s- t i c  f l ig h t eat - - i ’ m ,  t i m i d

s-c - t t j ;  ms-~cs-i1c - os - i lL-c e  da t:a to  the - mnp U tc  i- .

l i t  - ce lled - radars have cp crat oi ’mc s-c - m e c t - u c t -ly m cc cii t -r ing thee’  cli s~ lay

Sc t
_

- .

i - a t t t - l ’ 2 1 Cumetro l  Officer  ( BCO)

}1~ csmtn -utcr information is mmeomcL t o r c- d by th e- ECU as-i memaI-:c-s the- fits-il

lo s - i s - i on  whether a missile should be launch ed.

s-leer e-0-s-trol ( C l i s-er (LCO)

l i t  [ -SC - ~‘elays the commands from the BCO to  the icctic- n C -ocr ;l Is-C] s-a-

t -i - ( s- :~ ) s-5er a t  -rs .  The LCO controls I lve s-silo-s through s- l ace-  C- il

:- am.o-ls and it i_ s his responsibility to  s-s- toot a m I s s i l e  fo r  firing.

5.-st  C tSr . I. Indi cator (SCI)

i’}te [ -o-ra t c-r  of the SCI coordinates his duties with his Secti on Chief

as-i ~e s - - LCO . lie che ck s the SCI daily and maintains conmiunication i-e t’-:c:- e 

the LCO and the launcher crew . The SCI supplies the power to the four

emS s s - i  Los on the launchers. The SCI operator is rc-cp om ;slble for ti-a crews-ceo .

et .J the stbtus of the missile during thi s procedure.

You are here to learn the SCI procedures in Blue Status and Red tu s .

Hu e . tatus is the procedure taken to prepare a missile f-sr f i r ing,  and

Red tal cm s i s  the actual firing procedure .

I ) -  you have any questions?

61 
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1: cC is; C—I

Distribution of CT Scc - i - t  s- lor

~~
-5  Nc-n ii: MOS 177

s - med Cci- 15 and 20 Ccis - c - ~~ - Ic  s-

- t u h j  I

- ‘  e l  L) istr i— I ts -legS c-f fTc qucucy Fr Lgt~- ‘y
bution S c i  r - ~ r~ ITs-c 1 per
5 177 Scores - ‘-re ~ Lc

(S -= 15) ( i .  - 20)

- 30 s-I l l  be-Ic-u 1 2

18 31 - 90 5 0

11 91-100 5- 3 I

10 101 - 11:1 a

1) 111 - 120 3

5 121 - 130 
- 

1 2

5 131 arid above 1 1

E = E = l’s 20
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Table C-S

Test of homogeneity s-f fccgrc-ssI-s-c. -- Cells

5tud~ I

~rrnr s- c-f Est isate

Source of Variance 
—

- — 
(if CS T , :

Deviation f rom average re~~ essi-s m - . -

within cells 52 3141.-
~ (1

Deviation from individual cell
regressions 55 

- -  
- ~~. ii 53 .L -  1

)ifferences among cell regressions 8 3 :5 .50 (  73.137

F = l . 2 ~ 0 , p >  .20
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-2ablc (~-s-

Test of Homogeneity of l l e g i - : s - s - i - o  - k-Sc:cl-s-

Study I

Errors of Es-tins-ct :

Source of V~~iance -.1 C CS I-~ 

- -

Do :1 s-tics-is- from average regression
within panels Ct- 3Lt-c --$ . 

~
- S

Deviations f rom individual panel
regressions 54 3336 .~)62 ts -L. 795

Differences among panel regressions 2 131.602

F = 1.05-S . p > .20

~ 
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Table (‘_ t

is s - U  1 hi ~cnmo( ~c - m ec - ity  0I~ l-iecgrc SIOI oil — .L i s-t~’uct~ i t

Stuciy l

- 1-~l ’s --- s- 5 of Estimate

Cs-cu’cc ol Variance cl-f CC 1-1)1

S- ’ - lcs -t i ons -  l’roie. average r grc- s-s-iou
within :o-ti’uctol’s- 5U 3532 .o -3

Dc v i — e ti - mec from individual
instructor rcgrcssions 55 -~~1~0 .~~il~- - 65 .155

DiIs5- i ’c- i ~s-~ s- among instructor
S i4.oc-~ 7.033

F s- 1. -C

- 

1 
_____ 
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Table C-

Distribution of Pr of ic i’. s--;y Sc- crc- c-

for Each Trainlueg Cr ~~
: (N = 20/Group)

________________ Study I
Hot Panel Cold Pan e-i Froze-n Panel 

—

92 92 92

92 92

92 91 91

92 91 91

91 89
91 90 89
91 89 88

91 89 8~
91 3) Sc-

90 88 84
89 88 83
89 S-~ 83
88 85 83
88 85 83
88 82

87 84 Si

86 -31 ~ 4

C 70 - 79 69 C

60 74 68
51 70

Mean = 85.8 Mean = 35.9 Mean = 82.4

Median = 89.5 Median = 88.0 Median = 83.5 
—
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Table C-7

Proficiency Score Means for

Instructors and Panels -

Study l

Instructor Hot Panel Cold Panel Frozen Panel Total

1 86.4 82.4 85 .8  84.9

2 83. 6 88.0 76.8 82.8

3 86 .5 86.6 83. 6 85. 6

Total 85.8 85.9 82.4 84.7
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Table C-C

.- ‘-d 1U~ t-c :d I’iof icj eimcy Score Means and Corrcle~tion Coe-1T~cients

lor Instructors and Panels

Study I

Instructor 1I~ t Panel Cold Panel Frozen Panel Total r

1 Cc- .O 82.9 3~~.5 34.9 .5~ i

2 83 .9 87.2 7c5 c S3 .2 .4~8

3 ho .1 3o- . 2  83 .9  S5 . 4  .4~~~

T tal  85.5 8~~.6 32.9 84.7

r ~~~~ .4k -: . ‘) 1  .4(9 -
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Table C-9

s- et-i 1y~i~ 01’ Variance ui T ra in in g  Times:

Panels and Instructor Croups

Study I

s -- surce of S~~ s of I-~cait
Vs-i-lance dl’ Squ~~’es Square F

i s-ice-is 2 704.160 35 .070 1207a

Instructor 
-

Groups 2 129.160 (-4 .580 < 1

p x I 4 1166.680 291.670

‘I’3Ual 8
b 

2000.000

ap — .05

I 
cc instructor trained two five-man groups per panel. This

: st i-uc t - r ’s two training time scores for es-cit panel were averaged.

fEc-sc ncs-ies were used as the entries for the appropriate cells in the

-ilysis.

4 7)4

~

I

t
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Table C-b

Training Time I’cans5 
for Panels -

and Ins-tractor Groups

Study I

Instructor Mean Panel Mean 
-

1 156.7 Hot Panel 154.2

2 i6c.o Cold Pan -~1 155.0 
-

3 165.7 Frozen Panel 173.3 -

Total i6o.8 Total

is s-mis - c -li:  ii: nthictes.  -
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Table C- Si

Test of Homogeneity of Regression : Cells

-, 
- Study II

Errors of Estimate

Source of Variance
- ill Sb I~1S

Deviation from average regression 
-

within áells m 7  37b0.77l

Deviation from individual cell 
-

regressions 56 3535.71~ -‘--3.137

Differences among cell
regressions 11 225.055 S0.L~5)

F < l .0 0

76
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Table C-

Test of Homogeneity of Regression: Panels

Study II

Errors of Estimate
Source of Variance

~s

Deviations from average regression
within panels 75 3793 .864

Deviations from individual panel
regressions 72 3520.682 55- .398

Difference among panel
regressions 3 273.182 91.060

F = 1.862 , p > .10

‘17
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- Table C - L -~-

Test of Homogeneity of Regression: Instructors

Study II

Errors of Estimate
Source of Variance

di 83 MS

Deviations from average regression 
-

within instructors 7L 3874.674

Deviations from individual
instructor regressions 74 3738.597 50.521

Differences among instructor
regressions 2 136 .077 68.038

F = 1.346, p > .20’
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Table C-l5

Distribution of Proficiency Scores

for Each Training Group

(N = 20/Group)

Study II

hot Panel Frozen Panel Photograph Panel Drawing Panel

92 92 90 91

92 92 90 91

- 
92 91 90 91

92 91 ~S-9 50

91 89 88 49
91 89 88 88
91 88 87 5-7

91 87 36

91 86 88 -37

90 84 86 86
89 83 84 86
89 83 33 35
88 83 82 8~

88 83 130 Cl

88 82 8o
- 

- 8~~ 81 79 76
86 71i. 75 74

69 ~8 70

Go 68 67
57’ 

- 
5)4~ 72 53

= 85.75 Mean = 82.45 Mean 33.10 Mean = - -C.05

89.5 Median 83.5 Median = 84.5 MedIan =

80
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Table c-i6

Proficiency Score Means for Inotru ctors and Panels

Study II

Panels

Instructors
Hot frozen Photo Drawing Total

i 86.11 8~ ..8 81.0 79.8 83.2

2 83.6 ~6.8 8li. 11~ 78.0 80.7

3 86.5 83.6 814 . ’r 85.2 85.0

Total 85.8 82. 11. 83.7 82.0 83.5

81

_ _ _ __ _ _ __ _ _ __ _ _ _ __ _ _ __ _ _ __ _ _ _ __ _ _ _  -~~~-—-~~~~~~~~



Table C-17

AJ~u~teJ. l’roiJ cielicy ~
‘¼ ~~~~~~ f i~ In st L~ a~~U 1 w c 1~

Study II

Panels
Instru ctors

Hot Frozen Photo I~ awin~ Total

1 86.oi 85.59 81.25 80.19 83.08

2 83.39 75.36 8Li. .o6 77.88 80.63

3 87.05 83.80 8I~..68 8’~.6~ 85.05

Total 8~.68 82.31 83,68 81.79 83.50
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Table C—l i

Analysis of Variance ui Ti’~ i ±~~~ Ti

Panels and Inc tr~1ctors ‘ 1uuj~ ;

Study II

:~~m.rce of Si.m~s ui
Vu r lance th Squares

1~ir~elE 3 93) i .  ~1l. 63 < 1

Instructor Groups 2 303.1.~ 151.5t . K 1

P x I 6 2(~.O~ 5~) + .3~

~564 .0~(

instructor trained two five-man groups per panel. This

~ ~Lruct n~~s training time scores for each panel were averaged.

These means were used as the entries for the ap~ro~riate cells i~

thc analysis.
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Table C-19

Training Time Means a for Panels and Instructor Group s

Study II

Instructor Panels

Hot Frozen Photo Drawing

1 2.67 2.67 3.25 s.58 2.7°

2 2.75 2.75 .75 3.50 2.)~

3 2.29 3.25 2.79 2.38 2.~~

Ilean 2.57 2.89 ~ .93 2.~3T 2 . . O

aTime is shown in hours.
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Table -.

Distribution of Proficiency Scorea

0 for Each Training Group

(N = 15/Group)

Study 111

iLi~ h Fidelity Lox Frame
Housing Housing Housing

91 91

39 91 90

91 89

88 90 88

37 88

85 88 86

85 88

88 83

83 82

7)  81

79 77 80

77 is 8o

72 714. 79

72 73 79

69 70 77

Mean = 81.9 Mean = 83.8 Mean = 83.8

= 8~+ Median = 88 Median = 83

8~



Table C’-. 1

Test of Homogeneity of Regression - Cells

Study :ii

Errors of Estimate
Source of Variance

SS MS

Deviation from average regre ssion
within cells 35 1301.190

Devi ation from individual cell
regressions 27 L~5l.0]J+ 16.7014

Differences among cell
regressions 8 850.176 106.272

F = 6,362, p < .001
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Table C-K

Test of Homogeneity of Regression - Housings

Study III

Errors of Estimate
Source of Variance 

_______________

dii MS

Deviations from average regression
within housings

Deviations from individual
housing regressions :l~-7J .9o2 ~1,922

Differences among housing
regressions 2 L .868 6. +

F<l.O0

8~
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f,~ rur~ ~f EstiL.Ote
~ioiu~~o f — __________

V~ r iance ~f . .  t:~ ~f M~’y F

liou~in~~ 2 10.711 19.600 ~
(. L -  23 . i) +5 2 i14.i~- i  ~

Ti thin ~~ 14929.067 2738.1400 1i~ 1.u I li- .770 14.1
— _____ _ _ _ _ _  _ _ _ _ _  ____ — _____ _ _ _

~~ 1~~ 39.778 2758.000 1827.200 ~~~~~~~
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Table ~~~~~~~~~

Means , Correlation Coefficients and

Regression CL fiuj~~~L~
Study III

Mean Mean Mean Adjusted Correlation Regression
H u a1n E~ GT Proficiency Proficiency Coefficient Cueffici’ nt

iii ~ h Fidelity 99.53 81.93 82.06 .50

lx  10U.~ Q 83.80 93. 73 .55 .208

PrazLe 100.53 83.87 83.31 .56 .i-~~

TL l J  100.22 83.20 83.00 .53

89
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Table 0-2~.

Analysis of Variw.cu of Tr air ~ii~~ i’imt

Housings

Study III

Source of
Variance dii SB MS F P

2 .113 .05(’ 1.013 > .10

::truc~tors 2 .07• .o39 < 1.00

~-: x Instructors 14 .00

t~ ~~~ 8 .

Table C-2u

Table of Mean Training Tiinu s

Housings

Study III

instructor High Fidelity Box Frame Mean

1 3.00 2. 3 3.00 2.91+

2 2.83 2..~3 3.00 2.39

3 3.17 2.5.) 2.50 2.72

Mean 3.00 2.72 2.33 2. 35

is shown in hours .

90 
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Table C-~~[

Test of Homogeneity of Regression - Cells

Study IV

Err~ u~ of Estimate
Source of Variance 

____________ ___________

(‘C
U..!. ~~~ ~~~~

Deviation from average regression
‘~ithin cells $7 :,0()3.683

Deviation from individual cell
regressions 29 03014.388

Differences among cell
regressions 8 759.295 94 .911

F - 1.191+

p > .20

91
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Table .

Tc~ t of  Homogeneity of Regression — I arie1~.

Study IV

Errors of S~ thwito
Source of Var iance

df OS

Deviations from average regression
within panels ~t2 j 2~ll.9 1+3

Deviations from individual panel
ie~ reaaions  ~~ .; ~~~~~~~ 80.503

Differences among panel
regressions 2 Jo . 599 . 300

F = 1.17

p > 20

92
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Table (~ -:3)

Test of Homogeneity of Regression - Instructors

Study IV

Errors of Estimate
Source of Variance

d.f SS 145

Deviations f rom average regress ion
\-nthln instructors 2+2 32 + 35.839

Deviations from individual
instructor regressions !+O 3378 .090 814 .451

Dif f e r ence s among instructor
regressions 2 57.71+9 28.8714-

F<1.00

4-
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Table C- -

Di stribution of i r u l l (~ oflOf ( u rea

for Each Trnd ni ng Gr u j

( N 15/Group )
Study 1V

Hot Panel Cold Panel ~~~~~~~~ 
.
~~~~ 

0.

92 92

92 92 91

91 92 9(s)

90 91

89 91
88 90 86

88 89 26
87 89 85
.37 89 85
86 86 31+

86 85 83
8~ 73

60 83 70

57 70 65
55 Go 63

Me an = 81.7 Mean = 8~.6 Mean -= 81.8

Median = 87.5 Median = 89.5 Median = 85.5

L — — .— — — - —~~~
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Table 0 - 1

Means — Pro 4 ~~ ency So

Study lv

Instructor Hot Cold Cardboard fetal

1 83.6 33.0 ~8.6 83.14-

2 82.6 86.3 Bo. 8 83.14

3 79.1 82.0 86.o 82.3

Total 81.7 85.o ol.8 83.0

Table C - -

Adjusted Means — P r of i e i e n L c

Study 1V

Instructor Hot Cold Cardboard Total

1 82.5 8’~.o 79.3

2 82.1+ ~~~ 8o.i ~3.2

3 79.8 82.1+ 3 . 0

Total 81.5 85.5 31.0 O~~.O

95
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T:illc C — -

.naiysis of Var.i. -a~oe ~~~L iru .L n i J i 5  TJULO

Hot , Cold, and Cardtuord I ant ls

Sy I V

Source of
Variance df SO J:o F I ’

Panels 2 .2 .2 .111 < 1.00

Instructors 2 .722 . 3~1 l.7o > .. 0

1~’ x I 14 .820 .205

Total 8 1.761+

Table C-J~

Table of Mean Training 1’.i aL
Hot , Cold, arid Cardboard Panels

Study IV

• Instructor Hot Cold Cardboard Mean

1 2.75 2.50 3.75 3.00

2 2.25 2 .75 2.50 2.50

3 2.50 2 .50 2.25 2.33

Mean 2.50 2.50 2 .63 2. 61

~~~~~ ~~ shown in hours .

97
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Tablu (i-~5

• Profi ciency Score rnstribut~ ons and Distri ) u t i  a U n t i  sti -~~~

SL ud~,- V

Full Size Hall’ Size flai l’ 2i~~e Siz aIi . iae
Method I Method I Method II Mcthcd II

91 90 ol

89 ~o 91
8~ 90 :29 89
8~ 89 88 63

87 89 67
86 87 *1 36

86 86 85 81+

61+ 86 83 34
314. 814- 33 82

81 84 83 80

79 84 81 8o

78 83 ~8 79

75 83 ~8 79
72 79 76 70
63 73 76 70

N = 81.9 85.1 83.’f 82. 1+

Md = 84.0 86.o 23.0 314.0

S. D. = 7.5 5.1 5.5 6.9

98

-_— --— -.---- -- ---------- - ~~~~~~~ - .-- - - -. - —----~~- - ..,~~~~~~~ _ — - —-,.-----—-_ -- , ‘--- —- ——---_ - _ _-- --- ,— . . _  —.-- __-.—-----____



—
~ — - -  — ----- --

~~~~~~~~~
-_ _-

~~~~~~~
- - - -

Table 0-37

I~ia1ysi ~ of Vari ance (( I  Pr I i  ni ea -y ~2- lee;

From Three Sizes of a Ti ” i ; : i ; :~ (:Vi ae

Study V

Source of
Variance dii SO I- SI 

- 
F p

Between groups 2 76.95 351+7 1.0
,
2 > .10

Withi n groups 57 C t  .25 35 .52

Total 59 o133.oo

I
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invariable sequence.

Conclusions reached are as follows : (1) when men are being trained to
perform a fixed procedure, the requirements for functional fidelity in
the training device are quite low. A line drawing of the man—machine
interface will train men as effectively in this circumstance as will a
device of higher fidelity ; (2) no effect on proficiency development is
likely to occur due to reducing housing fidelity of the man—machine inter-
face on a training device. The least expensive housing which will
adequately support and protect the man-machine interface should be used
(3) Lowering the fidelity of a training device by reducing its size has
no effect on proficiency development 1 so long as the parts of the device
remain clearly visible to the individual trainee - -
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