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" AN ANALYTIC TRAINIG IFFrCTIYENZ3S ANALYSIS FOR A C.TA UPDATE

INTRODUCTION

A program is underway to develop operator and organizational
maintenance training devices for the Ftrefinder training system.
Firefinder is a radar system currently under development consisting
of the mortar locating radar AN/TPQ-36 and the artillery locating
radar AN/TPQ-37. The Training Devices Requirement (TDR) and
Specifications documents for Firefinder have been finalized and a
contract to build the proposed training devices Is being let. An
initial Cost and Training Effectiveness Analysis (CTFA) was performed
early in the programl. Considerable additional task analysis and cost
data have since become available, making it desirable to update
the initial CT.A..

The TEA portion of the update was performed by the Army Research
Institute Fort Denning Field Unit (ARl-Denning) and forms the Asmea
of this memorandum. The methodology used and illustrated in the Amnx
is an analytical one which results in comparisons and relative train-
ing effectiveness values for the two alternative training concepts.
This methodology may be of Interegt to others performing a TEA at an
early stage of system development when empirical performance date
cannot be obtained.

ODJECT l'4S

The objectives of the Firefinder TEA update vere to:

%Better define and compare the instructional support
eapabilities of the proposed trast.ing devices (PTD) xnd actual
equipment trainer (AET).

OTdontify the need for training equipnwnt (either ART or

P1U) per operAtor and organizational malintenance t.iak.

*Id,,ntitfy thiio ttikq vhich could be tr.qtnvod on the P79).

, A*Determine tVe relative training offoctIvo.nets of ti6e PTD,
--s -A.-Apared to the A01, for the appropriate -•t,•,,t of tnsks.

*A Cost and Training Effeciiveness Analysis of Alternative Concept* for
AN/TPQ-36 TrAining. U.S. Army Training and Doctrine Cokv..and, ATSC, Fort
Eustis, Virginia. Ratelle Columbus Laboratories, Colutbas, Ohio.
August 16, 1976.
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Analytic methods used are described in the update itself (Annex).

RUEULTS

The results of the Pirefiuder TEA update wyre:

*The training equipment requirements per task were identified.

*The training equipment requirements of all operator tanks and
the majority of the maintenance tasks will be net by the PTD and/or AST.

tThe Inbtructiohal support capabiltitte of the PTO vere foundto be better than those of the ANT.

*The judged overall relative training effectiveness (RE) tl
the operator MID it 1.1. w1hile the judged RE of the organizational
maintenance PTD to 1.2.

AA small cluster of computer maintenance tasks was identified
for which the PTO will kiot provide training and the AFT is not judged to
be entirely effective.

CON CLUSIONS

The conclusions of the Firef.ndor TPA were:

*The PTD are Judged to be more training effective than the
AKT for those purposes for which they are tntqMeAd.

*TAe need for An Additional part tAsk trAin,-r for cotvputer
Atint.tianee tr.aining qhould be investigated.

SEEMS!
.
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- -~-



I

THUE PIPErINDER TRAINING ZFKCTIVENESS ANALYSIS
(TEA) UPDATE

Prepared by ART-Renning as an update to the initial CTEA: A Cost
and Tratning Effectiveness Analysis of Alternative Concepts for AN/
TPQ-,36 Training. U.S. Army Training and Dortrtne Comnb, ATSC, Fort
Eustis. Virginia. RUtell. Cnlumh( a lAboratorifos, Columbus, Ohio.
August 16, 1976.

Thiose portionq of the text with a vertical line on the left
m.argtn are the Kidtflc'4tions to the original text developed by ARt-
Be'nntng.
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CHAPTR 4

ESSENTIAL ELELENTS OF ANALYSIS

1. IDNIFICATION OF ESSENTIAL FLEWNTS OF ANALYSIS

a. There are five esnential elements of analysis for this study?

(1) Uhat are the advantages and effectiveness of training di'v'•¢es

In general?

(2) What are the alternative concepts for satisfying the training

requirements for the AN1/T1Q--36?

(3) Does the Rest Technical Approach (KA) to training devices realize

the advantages of traiotnR devices Identified above? What are the advant&-

ges and di.advantnges in siging actual equipment for training?7I
(4) What are the training equipment requirements per

task? Do the proposed training devices 'PTD) and/or AFT, as clurrently

defined, appear to satisfy all. tiqtlremrnts for training equipment?

(5) Ym the alt4,rnative which Includes the PM1 (Concept A)

Soore rost .tnd trmining effec 'tve thin Actual equipment t:r'toltng

(Concept B)?

b. rMe first four lE.A's will be alddressed In this chapter, followed

by a d'.acription of tlm alterna|tive concepts and merrsmts of Lraining

effettivene~m. rho final question to addressed in Chapters 7 and S.

2. DISCUSSION

a. Tn answering the first question (£1JW we may note t it a Vide

variety of training devices and aide art currently being used to effectively

. . .. . . . . . . . . . ........ .. .. . . . . . . ...... , ,..,•:.,.:•" , , . ., .. o•',,•,:.,•... .. .. .:.................• ,"
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mmet the training needs on wAny differeut types of Army equipment.

These devices range from simple part-task familiarization trainers to

complex computer-drIven simulators. Many studies have documented the

training effectiveness of such devices. For example, the Army Operational

Test and Evaluation Agency (OThA) concluded that current training hard-

ware effectively trained gunners for the Dragon Missile System.(9)

They observed that performance quickly improved after one firing. Field

performance correlated vith training performance. in the evaluation of

the Cobra Armament Program, OT•A concluded that a significant Improve-

ment of gunner performance can be obtained through greater use of

training devices, (10) The problems inherent in .riting tactical equipment

for training And for mAintatntng proficiency In TACFIRE are discussed in

Reference 11,

b. Training devices can be tised for many different purposes. For

example, training devices can be used:

(1) For Initial skill acqtitsirion or to maintain the pruft-

ciency of "kills Alivndy acquired.

(2) As the sole source of training %ipport, or combined in

various ways with hands-on experience on the actual equipment.

(3) To teach all tasks (or all critical tcaks) on a particular

systom, or only for training certain tasks (i.e., a part-task trainer).

(4) For individual training or for team training.

(5) To train a vide variety of tasks ranging from simple

procedures (e.g., turning on a piece of equipment), throuSh more complex

.. . , . 1 " " :• '" ." . > . t
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tasks (e.g., troubleshooting electronic equipment), to very couplex

psychomotor siulls (e.g., flying a helicopter).

c. Some of the general advantages of training devices over use ofI actual equipment for training arez

(1) Repetition. Training devices can be designed to allow for

frequent repetition of tauis (e.g., replacement of circuit boards)

which are not possible using actual equipment. Tasiks associated with

critical problems and/or situations which occur Infrequently with

actual equipment (e.g., a particular failure) or which occur infrequently

in noncombAt conditto"s (e.g., ECH) can be practiced.

(2) Feedback. A significant aspect of training is imaediste

feedback of performance information to the trainee. This is especially

important during skill acquisition. Training devices cap provide this

feedback in a timely and efficient manner. Performance information ti

often not available when employing actnal equipment in training, or the

information may only become available to the trainee (and instructor)

after some delay. Delayed feedback is very ineffect'ive in training.

(3) Training Rcrords. Training devices can provide records of

each trAtnoe's progr••as in akill/knowlodge acquisItion. Such records

are extro•,•ly itpefu•t to Instrisctors And training manageri in monitoring

individual and group progstOa, diagnosing training deficiencies, and

determining remedies for any deficiencies which may appear. Training

records are important in individualizing and self-pacing of instruction.

;:N
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(4) Multiple Trainees. Training devices often allow several

trainees to be trained at the same tim. Usually only one trainee at

a time can operate or maintain actual equipment. Although other trainees

can observe the activities, the effectiveness of this procedure relative

to Aands-on practice is questionable.

(5) Safety. Training devices can be designed so that dangerous

tasks on real eqitpment (e.g., maintenance of high voltage power supplies)

can be practiced on the training device without danger to man or equipment.

(6) Ease of Modification. Hardware and procedures often undergo

modifications after being introduced in the field, based on experience

gained through use. If actual equipment is used in training, then the

equipment must be mr.dified each time there is an engineering change

in the real equtiprnt. It is us%%Ally easier to modify or change a

trailnig device. This frequently Involves only a change in a front

panel, or in software.

d. lhe second KEA relates to alternatives for satisfying the

training rqttirc-,nts. There are two concepts being analyzed and

evnluated In this study. Concept A consists of an operator training

device with 6 opperntor st atlin, and organitati onal m-tintenance training

duvice with 6 operator stations and 6 maintvnance stations, and four

complete AS/TPQ-36 radar systems. Concept I consists of fifteen complete

AN/TPQ-36 radar systems. Each of these concepts is described mote

completely in Chapter 5.
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e. The third EFA relates to the advantages of the BTA for training

devices as compared to the use of atitual equipment for training.

(1) Reference 7 examined four concepts of technical approach

(CTA's) for operator training and four CTA's for maintenance training.

I*se of AET was considered in each case (and tentatively rejected as

not being cost effective). All operator and maintenance tasks were

considered. The advantages and disadvantages of each concept wore

described. Reference 3 describes an analysis of training devices to

satisfy AN/TPQ-36 and AN/TPQ-37 training requirements conducted by

NTEC for ATDA. Used on these two studies, ATDA developed a BTA for

training devices. The ETA Is 4escribed in Appendix A and in Chapter 5.

(2) The bTA na presently defined incorporates all the advantages

of training devices deg.,ribed in paragraph C, above. Tt will Allow for

extensive repetition of operational and organioAtional nminton•nt'e tasks.

Critical problems which occur tnfLcquently can be practiced. Feedback

of performance and record keeping are possible due to the incorporation

of a small computer in each device. The devices will allow the school to

rmeet the TRADOC denfrod student to instructor ratios because they allow

for up to Rix trainoe.s per Instructor. The devices will be designed for

s.af(ty of op••ation ,%nd ctase of modtfication.

(3) The use of actual equipment for training has several dis-

advantages for training when compared to a computer-driven interactive

system simulating In good fidelity the actual hardware.

9



(a) Frequent repetition of certain taský is not possible

if actual equipment is used. The*e tasks include removing and adjusting

circuit boards, and performing fault detection and fau:t isolation

tasks. Frequent removal, adjustnw-ir, and replacement of circuit boards

(which were not detsined for such usage) villi quickly result in bent

or broken pins. Repetition of fault detection and fault isolation tasks

requttres the Insertion by an instructor of spseitfic tquipmont faults.

The actual equipment has not been designed for fault insertions, and

there is only a limited number of faults which can be inserted reallttl-illy

and conveniently. This will limit maintenance training effectiveness.

The USAFAS estimnates that it viii take an Instructor, on the average,

approxtni.tely 10 minutes to insert a fault in the crtual harduare

and an additional 5 minut(,s to remove the fault. This manual insertion

of f,iults, therefore, will cut an hour's training time by 25 percent, and

will quickly degrade the reliability of the eqnijment.

(b) Although the actual equipment provides limited feedbrck

to the operator diiring initialif.ittion, it doot- tit provide feedback in

the operational ;,'de,4, nor doe.o It provide f-edhtiek to the organizatioual

mu Inten;4 nce m4n.for tle potrfo' in.ý;e of hi 1 t ,ksx. Thus, feedlark would

hatve to be piovil,,d by an Instrutor ohb.-erving ,v,.ry Action of the trainee.

An Inr,,,iied tnu•'hcr of is:tructors are therefore reqtuired.

(c) txtual equipment does not provide records of trainee

progress in skill/knowledge acquisition. Thene records would have to be

provided by an instructor.

20



(d) Use of actual equipment will not 11ov the school to

meet the TP.FAD) goAl In student to instructor ratios, b4ecause an inst rut"'-

tor will be required for each radar sat.

(e) Actual equiptkint ti not easty to modify, nor does it

have the safety features of a training device. In addittion, it is

not its inherently reliable no a t rining device (berate ita I xre

complex. with nire comlponents) and its reliability and perfomlnance vill

degrade quickly (sinve it is being used in ways it vas not detignet )r)

(4) Aased on the above and some additfonal data it it possible

to directly rompare the prop|sa•d training devites (P"D) and AFT with

regard to their Instructional function stupport capabilitites. This is

done in Table 1. T7o 1i.'t for the conylusinai In Table I are:

Dtiri'bi I I ty Tvinling dvviutoa can te bIilt to otidur'e nttiderint

Ih kl ll1g 1i n v i IvbIt v, ' ii vt 1 ,4,l . li Ipn.,ll t .Ii " 'it . A0; .vii1 4,.11pl I

t he ACh10 l Mt'$lE for t 11P Q I( ti IaI f if h 4t it I., in I1 h1 1 l t .IlhO

,:O ' lon.i ii t 1 z ,l It n ,of th, I I i- t fin ler 4 y it I i 1t l i' rI thatA the

TrtaIninS T ie The 'toi- tlnft If ;I I Rlt-i g 1"te tit % tI' I V tI rv'c Iv(d pe r

ý11tt on tlie t iIi ing r,'diit iR afl'Vrt'd by (0) how iong i t takels to

* ift 1lw i,-ý'Id A ip 1i. 11fr , tu prtob l tm ind (2) '.il ii do-'oi tr icw. The

1os In training t Inc on the AFT to 54t tip aind remor•v' problems It

di;cussed in paragraph (3)(a). This loos atugnw!nts the lost training

time due to AFT failuires, discuised above. The net 1,(j,1t of these two

- 11"
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TABLE 1. A COMPARISON OF M AND AET INSTRUCTIONAL FUNCT'ON SUPPORT

CAPABILITIES

INSTRUCTIONAL FUNCTION SUPPORT CAPARiI LITI,-S

Ina ruc tot : St urent
TRAININCG Durability Tratntin Student Evaluxtiton &

SVEDIA Time Ratio

,TD Aood rood 1:6 rood

AET Poor Poor 102 Poor

12

4m

! • .~



factors Is that a training schedule using AZT* only would have to be

more than 25Z longer, perhaps signifteantly more, to provide the same

amount of training time.

Instructor:Student Riatios The estimated ratios are as listed. The

ratio for AET is smaller due to both configuration problems and a lack

,of student monitorin; capability.

Student Evaluat ion and tanga.sment In order to diagnose student

problems and manage his progression, the instructor mttit use Information

regarding problem parameters and student performance (time, errors).

The problems in handling this such data manually are such that the

above ratio of 1:2 for the AET may be optimistic. The training

device- And its Instrkictor station readoutam, on the other hand, will be

designed to facilitate ntudent evaluation and rnaghement so that a

m1r.imum of' a 1:5 r4tio is realistically fensible.

f. The fourth REA relates t.o an evaluation of the BTA and AIFT for'

providing tratning for All critical tasks on the AN/TPQ-36.

(1) The bntic Inputs to this analysis are the tasks which

kj11i,.itor 3ad orgAnnItAtional i"Intenance pr•onnel. must learn to perform.

Tbo q24,'stoens to be addreiteed are: What is required by way of training

jul.,rient to le•,-rn to perform e.ach ta*k? and Do the PTD andfor AZT

(2) The tasks which vere ,nalyted are a modified and partially

v4lidated sot which Aerive from the i1sts and descriptions developed

"loo; •;,.• . " .: :. * / •' :.' .., i . .. - . ....



I
by usArAs as a step towards Pot development. Of these tasks, only

the operator and organizational maintenance tasks are included in this

ani0,yahs. The DS/GS maintenance tasks are not considered as the PTDs

art not being designed for DS/GS training.

The task list modifications resulted from a task analysis validation

currently being conductod by ART, The steps completed thus far in this

valtdation process include reviews of the DbE IN 11-S$40-354-12, atten-

dance at an operator training course and maintenance demonstration, and

intervievs with DT and OT radar team personnel and USAIFAS staff personnel.

The modifted lists of operator and organisational maintenance tasks are

presented In Appendix A. They currently comtatin 53 operator tasks and 79

organizational wilntoanance tasks, or a total of 132 tasks.

(3) These tasks were first analyzed in terms of the TDR and

the %pt.-tfication ror the PTD to identify for which of the tasks the

PTD is being Jeattgn,.d or could be utilized in training. Those taAks which

could be traiin'd on the PTO vere termed "PTD Specified". Those taqkn

-whlch vrotld not be trained on the PTO were termed "Not Specified".

(4) .ach operator and orgAnizational maintenance task was

then analyze.d to dJtermine their training equtlpment requirements. As a

;.'nilt of the analynes each task uas placed in one of the following

five 'at,ýkwr es:

1. y4on-systj..sjpeific: The task and the traininS required

for its performance are not unique to the AN/TPQ-36. An example of

' •lb
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tasks placed In this category is "conduct radio/telephone compunt-

cations in accordance with accepted radio/telephone procedures."

2. Noequipment required: Performance of the task tends

to be specific to radar AX/TPQ-36. However, training of task pe-rformance

does not seen to require ACT or PTO, although the actual equipment

may be useful. The task of "Identifying and citing the functions of

the operator's controls and indicators located on the trtiler" fits

this category.

3. Tratntji.%9 .ent useful: Performance of the task

tends to be specific to radar AN/TPQ-36. PT1 or ART would be useful

in training performance of the task. An example of tasks in this

category Is "Inqtallation of a map on the wapons lciation unit."

4,. TrainiflL.plpnt requ4tired: Performance of the task

Its mpecific to radar AN/TPn-36. Xffective training appears to require

PTD or AST. This category Is exemplified by the task of "selecting the

aroa to be covered by and entering a censor z•Ons."

5. A•;. %oIffitdint: Performance of the task tends to be

--p,,'fic to rtdlAir AN/TPQ-36. (.1T or Informal intitutiottal AKT appears

to be %tuftci',t fc-r training task porftorMAVW@e. An example of 4 task

pla'ed in this tv.,oryorv is "prepare rzidir .,t AN/TPQ-36 for movement by

os) ults.

The results of the analyses described in paragraphs (3) and (4)

above are presented in Table 2. The individual catesortmatione assigned

; .*.-. : j W Uj, ,
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per task are presented in Appendix A. Data in Table 2 indicate the

followtns:

1. Training equipment* were judged to be useful or required

for trainitg 31 (or 60%) of the operator tasks and 33 (or 431) of the

organizational maintenance tasks.

2. Eleven (or 212) of the operator tasks and 38 (or 46a)

of the organizational maintenance tasks could be sufficiently trained

through the AET ,n either an Institutional or on-the-job setting.

3. The PM for the operator, A17211, would satisfy the

training requirements for 29 (or 94X) of the 31 tasks for which

training equipment is judged useful or required.

4. The FTD for organizational maintenance personnel,

A17912, would satisfy the training requirements for 21 (or 6'4) of the

33 tasks for which training equipment Is judged useful or required.

Of the 12 out of these 33 tasks for which the PTD was judged not to

provide training, but where a training device would be useful or

required, a review of Appendix A Indicates that the majority of these

fall into one IrAjor srva: ,-afntenflAee of the AN/UYK-15 computer.

(5) Coitcluslons.

The answ, rs to the first quest in, What are the training

I ,cquiprnunt retquiremnts per task? are provided by Appendix A. The

answers to the second question# - Do the PTO and/or AZt, as currently

defined, appear to satisfy a11 requirements for devices? - are provided

2.7
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in Table 2. Two conclusions can be reached. One ts that the device

requirements for al1 operator tasks and the majority of the organiza-

tional maintenance tasks vwil be net by the PTD and/or AZT, as currently

defined. The other to that there are 10 organizational maintenasnce

tasks for which training equipment yes judged to he required, hut for

which the organtiational maintenance PTD, as currently specified, to not

suitable. Since the majority of these tasks involve the AN/UYK-15

computer, a part task computer trainer may be as appropriate add-

on. This will be discussed further in Chapter 6, Training Effective-

0035.88
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U DESCRIPTION Of ALTERMAT IVE CONCEPTS

1. CPM6ERAL. As mentioned earlier, two alternative concepts for train-

Stin& operator and maintenance tasks for the AN/TPQ-36 Mortar Locating

Radar are under consideration. One is to train the radar operators and

"Maintenance personnel (organizational level only) on the actual equip-

ment. The other io to provide mexiumm simulation of equipment involving

man-machine interface in which the simulation will be computer driven

to provide interface, stimuli (cites), and responses as aitlablte with

the real equipment. Tn the latter, the T/De vill represent wtth

necessary fidelity the features of the operational radars which are

required for training operator and maintenance tasks. These two

alternative eoncepts are considered because it has been speculated that

the complexity and sophistication of the AN/TPQ-36 radar may make the

operational equipment too expensive to procure and operate in quantities

lrge enough for use as actual equipment trainers. Also, the limitedjtuc-,, bihlity to tl-cttcAl equipnont configurations in shelters might

h.ompo~r effective trAining.

2. CONCEPT A. TRAINTNG DEVICES (T/D's) AND ACTUAL FOUIPMEUM. This alter-

nT4tive would e-.•ploy: one operator T10. with 6 operator training stations,

and requiring only 2 instructors; and one maintenance T/D, aoccinsitiag

the sim number of instructors with 6 maintenance training stations and

6 operator trainfng stattons. This configuration for the operator T/D

19
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and the maintenance T/D is described in more detail in Appendix A

and shown in Figure 1. Four AN/TPQ-36 radar sets would accompany

the T/D's to provide for training of tasks for which the T/D's are

not suitable. The use of the T/D's and AZT in operator and maintenance

training io as follows.

a. Operator Trelditn%. The two training devices of Concept A

provide 12 operator training stations. Two trainees can work at

each station, thus providing training for up to 24 operator trainees

at one time. Only two instructors are required, however, four could

psrticipate if desired. More than the minimum number of instructors

might be desired if trainees were at different stAges of training

ehue to turnbscks (reacdial training). The student to instructor

ratio would he between 6l and 12:1. The three radar systems in the

field can provide training in emplacing and march ordering of the

--q•pment for 15 operatore (3 crews of 5 men each) at one fle.

b. MHaintnance Trarntn. The maintenance training device of Concept

A provides 6 orý;,anlzat tionnl maintcnance trainin& stations. Two trainees

can work ait VWh ,t~fion, thus providing training for up to 12 organi-

aitinflo -nal|tcmtnce traiinees. Only one inttructor is required, how-

vver, Lw could partli pate. A voirtety of realistic faults could be

quirkly insrted, and Lralnee test and diagnostic procedures monitored.

Training on taaks requiring the transmitter or antenna (e.g., antenna

boresight telescope alignment) and training on preventive maintenance

"tasks would be accomplished using the actual equipment in the filod.

22
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3. CONCIPT 5: ACTUAL RQUIPMW TRAINING. The second concept considers

only opetational AN/TPQ-36 radars to be employed as training devices for

operator and organizational maintenance taskis. In such & came, it to

estimated that fifteen radar sets would be needed. These would be

iet aside as follows: (a) six would be used for operator training;

(b) five would be tised for maintenance training; (c) three would be

used to conduct crew rosident train8ig in emplacement, alignment, and

displacement (march order), and (d) one would be reserved for direct/

general support maintenance, officer, and Primary Technical Courses.

The last four sets would be located outside in a real-life environment,

whereas the first 11 sets would be inside in a classroom environment.
N'

The 11 radar sets to be used inside would be oxxdifled for classroom

use. The operator station, computer, and data processing equipment

vould be removed from the %helter to provide more space for trainees

And ain instrortor. Equipmw-nt in the antenna trilnenr would also be

r:moved to improve AccC'sibility. Each rtidar set wotild be provided

with a winit trainer, which will striulate target shgnattres for the

The u:ae of the AV'f in trafining is as follco~ws

4. rp,.$.rAtor Traint~n . ThMe six radar stits iined fo'r classroota

op-r.-itor trAining In C0 nce 1pt R ,ould provide tratninR for 12 operator

tralaeaS at one time. Six instructors would be required. fitfteen

trainees can be Aceonwrsodated by scheduling evening training shifts, by

::* t22
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using additional (maintenance training) radars. or by placing more

trainees at each operator station. The student to in'structor ratio

would be only 2:1.

b. Mlaintenance Training. The five radar sets used for classroom

maintenance training in Concept I could provide training for 10 main-

tonance trainees at one tine. Five instructors would be required.

Performance of fault detection and fault isolation tasks would be

limited, and would require additional training time. These tasks are

Amung the more critical tasks of the organtz15tional nmaintenm'nc* man.

23,
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ii CKAPTIEt 6*

•/ TRAINING EFFECTIZVENESS

1. BACKGROUJND**. In comparing training alternatives, an index of
relative worth (NA) is computed from the relative training effective-

nats (RE) and relative cost (RC) vaTues:

RW RE--
tc

RE Effectiveness of Alternative _A
Effectiveness of Base Case E

and RC - Cost of Alternative _CA

Cost of Base Case C5

RW and RE values greater than 1.0 indicate the alternative is the

better choice from offe'tiveness and worth standpoints. PC values of

less than 1.0 indicate the alternative is the best choice from a cost

standpoint.

*This Chapter 6 replaces both Chapters 6 and 7 in the original text.

.*This paragr~ph is dtirived rrom TRADOC PAM 71-8, AnAlvztni.LTrain.ing

ffe.ct.tvenep.N, pnge 111-15.

t *A*The alternative ivitded by the hbse case is the correct formulation

If a lArger MFRrE denotes better. If a smaller MOTE is.better, es.g.

time to complete task, than the base case divided by the altazzativs iL

an appropriate formulation.

. , .. ...
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2. AVAILABLE K%)Tft. The Measures of Training Effectiveness (N)TEs)

- sed to assess the RE must be the beat available measures of the actual

or predicted training effectiveness for each training alternative.

"Two general types of measure can be used, dependent upon the stage of

equipment and training system development. These are analytical MOTEs

-and empirical MOTEs. Analytical NOTEs are judgmental Assessments of

the traiLning capablItty of each alternative based on a thorough

analysis of all available information about each alternative. Rating

sncales can be used to Judge the relative effectiveness of each alterna-

tive for training each req'uired task or group of tasks. Obviously, the

vAtldity of such analytic MOTEs is highly dependent upon the completeness

.11d detail of lata ivntl~ible for analysis. Detalled Information about

er'h training alteratiet.w the task% t(, be learned, .ind the conditions

%inder which they nre to he performed m1umt he Included in the analysis

"toi yield val Id atalyt i,'.l MIOTF..

FmpirtcAl MOITFs art roa,%u:res of netual trainee performance on a

Cii rltv, n ev.-tir after hlaving coplet id training under one of the train-

,1 , ,.i,,.t t,.. . P' -te .. re dihta are collectod on 4-Ach of several

"" ,pi •pt le knI .c, ued to ,-rptate the RE per training alternative.

r'~~:~~rI ~i f A rpr tutý Alrfferint per torraince cri teri a (e.&~,,

,,C r.it y, ,,,plet ,nesca) on 1l fvfrent tiaka or mission phases.

The %et of mOrrs (vmpirical or analytical) are combined to form

a ninglo effectivenen% value for each trdining alteriative The com-

bflnatlon yields analytically- or eripirically-based (or composite)

26
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"effectiveness values through averageing or, If the relative importance

of the 40The is agreed upon, through differential weighting.

The analytical 4OTEs osut be used if emptrical WM are not yet

available on all the important aspects of mission performance. When

performance data become available, empirical HOTas should replace, or

be combined with, the analytical NOTEs.

At the current stage of Ttrefinder training device devesopmsnt,

no empirical NOTEs can be used, since performance data are unavailable.

Thus analytical MOTEs were developed and applied to allow estimates

of RE for the training alternatives. The analytical Judgments of 31

must be verified through empirical neasures when the training alter-

natives have rew•hed later &taoes of development and performance measures

can be taken.

3. INFOIATION USED IN THE TRAINING EFFECTIVEINESS ANIALYSIS. Information

on the traitnng equipment for Vtrefinder includes the TDR and the train-

ing devices Specifications. Information about Firefinder Operazor and

Maintenance task requirements have been collected through the task list

v.alidation proeas being contiucted by ARl for USAFAS. This data collec-

tt o has tneludod vtilts to DT I (Aberdeen. Md.) and attendance at the

Oirktor T'nining Course and MJAintenance Demonstration at Hughes. The

preliminairy tnrisinng inunals (DTO have also been used as a basic infor-

mation sour•e.

4. ASSuWCTifnlS.

a. ?rograms ottnstrtctioe for Concept A wo.ld bG developed to

capitalize on the availability of training devices and actual hardware.

S1~



That is& those critical operator and OrgasuLtional maintenance tasks

which cannot be fully mastered using either training devices or actual

hardvere alone viii be practiced an both trainimp devices Ond actual

hardware.

b. Training devices vill provide for topetition of tasks, self-

pacing.by trainees, feedback to trainees and instructors, and train"

record-keeping.

c. Programs of Instruction for Concept I would be developed based

on a limited practice of certain tasks and fuedback provided by instruc-

tore.

d. The relative effectiveness of the two approaches should be

measured in terms of tasks required to perform on the actual equipuent#

In this case. operator and organizational maintenance tasks for radar

AN/TPQ-36 serve as a basic framework for the analysis.

e. While effectiveness could be evaluated in terms of all tasks

required for operation and organizational maintenance, coeparison In

terms of those tasks for which training equipment is required/desirable

is espectally tiattical 41nce the cost/training effectiveness of the

proposed devices c:ompared to the effectiveness of baseline media (actual

equipment) ti the basic coneern of the TEA.

5. ANALYSIS.

a. A subset of the modified operator and organiaational minstenance

tasks, as described in chapter 4, paragraph 2.f.(2) wetre analysad to

determine the capability of each altersativef Ps aid miT, to train

as.. .... ... .....



I ~ performance of that task. The suabset analyzed comprised those task*

for which training equipment had been judged In REA 4 (see Table 2)

to be useful or required.

This was no: evaluatiton oftrtigefcnyo ullt.

evaluation of the capability of each alternative to realize teak

training objectives per so. A five-point scale was used for the

evaluation:

0 12 3

No. training Complete
capablityrealizatiou of

o~bj ect ives

For each altt'rnative for each task, the scale was used to evaluate

training capability at each of three stages of training., (1) introductory

training. (2) practice or demonstration of skills/procedures involved

In task pe'rformance, and (3) development of skillful performance, of

the tas~k.

The individual training effectiveness ratings per tosk are presented

in Appondix ft. Thore ts a table for each of the coll* in the Training

Eiquipment Useftul And Training [quiptvont Required cotuwmas in Table 2.

The rat ings in Appendix & are sunwariged in Tables 3 and is.

Table 3 presents the mean training effectiveness ratings for the PTD.

Aside from the exceptions noted io Table 3, the ratings are overall

as would be expectedt The PTD was rated most effective for training

29
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the "PTD Specified" tasks and '1raining lquipmsent Required" tasks. Table

4 presents the mean training• ofectiveness ratings for the AT. Of

interest are the ratings given the ten organisational maintenance tasks

in the "Traintng Equipment Required" x "hot Specified" subgroup. It

was noted in Chapter 4 that the majority of these tasks pertained to

AJ/UYK-15 computer maintenance and that a part task trainer might be

considered. The ratings in Table 4 indicate that the AZT io not

totally effective for these tasks and thus such a trainer does warrant

consAderation.

The relative effectiveness (RI) values of the PTD, as compared to

the AZT. are presented in Table S. These values were computed from

the mean ratings given in Tables 3 and 4 using the ratio: P`TD

The overall mean for the operator PTO, across those tasks for which it

Is currently being designed. is RE - 1.1. The overall mean for the

organizational maintenance trainer is 31 * 1.2.

4. CONCLUSIONS.

a. The operator PrD is Judged to be more training effective than

the AKT (RE - 1.1) for those tasks for which it is either being

purposely designed or could nonetheless provide training.

b. The organtaational maintenance PTD is judged to be substantially

more training effective than the ACT (RE a 1.2) for those tasks for

which it it either beang purposefully designed or could nonetheless

provide training.

c. Some consideration should be gives to the potential payoff of

an additioeal part-task computer mintenmee tratner.

S. . . .. lll'l
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OPflAT~j AND ORGANIZATIONAL TA.AK LIS". WITH TRAINING

9QU I PIENT SPECUP ICATI ON AND REQlIMTVE'~RT CATEGORY ZATIOWS
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TABLE A.I. LMJ OF OPERATOR TASKS (Page I of 5)

Training
"TASKS Speeitf- EquipmentcatIo0n Requirement

Operator Tasks

1. Describe and locate the contents of DE TK 11-$80-354-12

(current version). N2

2. Cite the capabilities, limitations, mission, and
equiprient of the AN/TPQ-36 radar set. W 2

3. 1escribe operation of the radar set an the physical-
description, block-diagram level. 3 2

4. Identify and cite the function of the operator's
controls and indicators located in the shelter. S 2

5. Tdentify and cite the function of the operator's
controls and indicators located on the trailer. S 2

6. Cite the safety precautions when working on a
radar. I 2

7. Rturn to the Inltiation program. *

S. roind the .jig ta#pe unit. S

9. nflsp,, y th" trm. of day. $. A

a So denote that PTD is specified or useful for training performance of the task.

is ssignify that the device was not specified.

bNumbers indicate the training-requireeat categoriee nto %Uieh taska Vrot placed

as follo•et l-"INon-system apecific"I 2-"NO special equipment requirod; 3-"Tratains
equipment useful"; 4-"Training equipment required"; OAd S0"AlT sufficient."

...... ..................................................
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TABLE A-i LIST OF OPRATOR TASKS (Page 2 of 5)

Training
Specift- Equlpment b

-. ____ _" Requirement

10. Enable the line printer to print all
initialization data. S

I1. Stow the antinna for shutdown or
mmintenance. 4

12. Conduct radio/telephone commiications in aecordance
with accepted radio/telephone procedures. 0

13. Perform generator starting and stopping procedures. U S

14. Perform radar set start procedures. N 3

15. Perform radar set stop procedures. V 3

16. Tt,.itall a sap on the weapons location unit. 5 3

17. Dotorriune the highest and lowest terrain elevation*
on a map prepared for installation on the weapons K 1
1o,'•lon unit.

18. nl.e.ite and load the high speed line printer. S 3

19. Perform the line printer performance test. * A

20, Load and execute the laitialinotiom progia. 4.

w?,,-
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TABLE A-i LIST Of OPRATOR TASKS (pags 3 of 5)

Training
TASK Spectfi; quipment b

..catin Requirement

21. Load tbe operational program,* 4

22. Prepare radar set AN/TPQ-36 for opsration under
unusal climattc conditions. N 5

23. Install and operate the portable air conditioner
suitable for use with the AN/TPQ-36. N 5

24. Ramove, clean, and reinstall all ait filters on
the shelter and trailer. N S

25. Determine grid coordinates for a radar site that
vas not previously surveyed. N 1

26. Deteratne the boresight reference angle for a radar
site that was not previously surveyed. N 1

27. Control and monitor the transmitter status
remotely. S

28. '1'lect the area to be covered by and enter a
priority zone. S 4

29. Select the nrea to be covered by and enter a censor
zone. $ 4

30. Delete a none (either priority or censor). 8

31. Print the coordinates of zones stored in the
computer. S 3

39
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TABLE A-i LIST O OPERATOR TASKS (Page 4 of 5)

Training
TAS Spcl; Equipment b
ca too Requirement

32. Display on the B-scope priority tones stored in
the computer. S3

33. Display on the B-scope censor zones stored in the
computer. 3

34. Conduct typical friendly contact operation sequences
from entry (or change) of correct friendly fire S 4
parameters to transmission of TACMIRA messages.

35. Return the radar to the hostile mode of operation
after having completed friendly fire missions. S 3

36. niable the line printer to print fire search control
parameters, S 3

37. Process a hostile target for transmission to TACITRE
tbroush manual height adjuistment techniques. S4

38. Process a hostile target for trAn.amianlon to TACFIRI
through use of COURSE and FINE adjustment sv-itchlamps. S 4

39. rliuplay a ho.tile-fire location that had been
pot'rminently stored In tu1mory. S 3

40. Delete a utrrently displAyed hostile.firre location,
.11 1ngle prminmently stored location, or a range S 3
ir pernanently stored locations.

41. Enable the line printer to print all or selected
hostile-fire locations that have been processed 8 3
for storage.

42. Determine the height of a location displayed on a
,ap on the weapons location unit. I S

I0
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,ASLE A-i LIST OF OPERATOR TASKS (Page- 5 of 5,

Traini ng

TASK Speclfi;- qUiPtpw.,lt b
cation Roquirei, nt

43. Enable procesuing of hostile-fire locations through
target averaging. S 3

44. Detect the occurrence of Jamming through observation
of the $-scope. S 4

45. Determine the azimuth of a jazing source by enAblial
operation of the jam strobe, S 3

46. Transmit a TACFITR message. S A

i7. Perform operator/crew maintenance In accordance
with instructions in the current DIP TM N5
11-5840-354-12.

48. Prepare radar set AN/TPQ-36 for movement by
gamagoat, N S

49. Prepare and remove the shelter from theGaml~.goat. •3 5

50. Pe'form Instractinns for Inntallation of radar set
AN/'fPQ-36 from garagoat. V S

51. Prepare radar set AN/TPQ.-36 for movement by
helicopter (external) and by aircraft (internal). N

52. Perform the radar set AN/TPQ-36 installation from
helicopter mode. N

53. Prepare radar set AN/TPQ-36 for movemet by
*~ • railroad. N S

''k,
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TABLE A-2 LIST O O3RANIZATUNAL
MAINV•EIANZ TASKS (Pane 1 of 8)

TrainingTASKSSpcf qupn b

catoa" Requirment
Ovantinationa1 Maintenance Tasks

1. Execute the program load diagnostic troubleshooting
procedure. N 4

2. Load and execute the central processor confidence
t ,,qt.* S

3. load and execute the memory computer confidence
test. 5 4

4. Load and execute the IOc computer confidence
test. S 4

5. Load and execute the additior-al options computer
conftidece test. S 4

6. Cycle a computer confidence test. S 3

7. Load the off-line status tests accoriting to the
qhort load procedure. S

8. Load and start 0,1,e off-line signal processor fault
Isolation tosts. rerfor'n corrective actions inicnted4 4
by f*ilure mi.•ages.

9. Perform the weii,,bns location unit fault isolation
test. to include triking corrective actions in S 4
a:cordance with printouts/displays.

10. Conduct the line printer off-line fault detection
teat, to include taking the uscessary corrective 4
actions.

11. Conduct the beam steering Vnit off-line fault
detection test, to Include taking the necessary 5 4
correctiw anics.

42il
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TABLE A-2 LIST OF O(ae2ATIOf)
MAIR•N1ANICE TASKS (Pap 2 of 8)

TASK spci 840140"tbCation Uequiroment

12. Conduct the receiver--xciter off-line fault detection
toot, to include taking the ncessary corrective 8

i• ac tifons$

13, Load and start the transmitter poer (output)
off-line fault isolation test. $

14. In accordance with results of the transmItter power
off-line fault isolation test, use the Transmitter
Troubleshooting Diagram (DE? TiH 11-5840-354-12, S 4
Oct. 76) to diasnose problems and identify
necessary corrections.

15. Conduct the phase detector off-line fault detection
test, to include taking necessary corrective S 4
actions.

16. Perform the clutter rejection without transmitter
off-line fault detection test. S 3

17. Porform the clutter rejection with transmitter
off-line fatilt dettiction test. $ 4

18. Lond and ••art the S-acope off-line fault
40tctton test. S 3

19. Cnnduct the nntenna stability oft-line fault
Aetection test, to include taking neceesury 4
corrective actione.

20. Load and start the general saintenance off-line
fault detection test. 3 4

21. Select end ertcute the posMR Ianeotioes that cM
be enabled through the enoreal maintenance off- 3 3
line fault detection test.

S... . . . . .. 31 .



TABLE A-2 LIST O OR WANIZATIONAL
MAINTEMANCR TASM (Page I of 6)

TASK Specifi; DevIces b
catio otequtretent

22. Describe the UYK-15 Computer. 2 2

23. Demonstrate a working knowledge of digital
fundamentals. v 2

24. Demonstrate a working knowledge of dillital
fundamentals (binary meth), "

25. Demonstrate a working knowledge of digital
fundaentals (octal math). *I 2

26. Denonutrate a vorktng knowledge of the central
processor unit of the UYK-15 Computer,. 2

27. Demonstrate a working knowledge of how the input/
output controller transfers data In and out of the S3
UMK-15 CoAnputer.

28. Demonstrate a worktng knowledge of the 333 random
AcconS r*liory tinit. 3

29. Know the diagnostic troublexhootinS procedures
for the AN/UYK-15 Computer. 4

30. Perform the k4/UYK-15 Coimputer turn-on
procedure. S 3 '

31. Perform the AN/UYK-15 Computer central processor
diagnostic troubleshooting procedure. N A

32. Perform the computer memory dtagnoetis trv li-
shooting operating procedure.

--- -a-- . ,, & 5 -
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TABLE A-2 LIST OF A of 6)ONA

Training
TASK specifi; tutpmnt b

caties Requirement

34Perform the computer IOC diagnostic troubleshooting
procediure. V

35 . Perform the computer power protection an utomatic
recovery diagnoetic troubleshooting operating Vi A
procedures.

36. Perform the computer memory resum Interrupt
diagnostic troubleshooting operating procedure. 4

37. Us* the power distribution diagrams to Isolate
power distribution problems. S 4

36. Replace power supplies in the shelter power supply
asgsembly.V

39, Align power supplios in the @halter power supply
a ssembly. 5

40. Replace line printer IAlAlOS. N 5

41. Replace line printer 1AIAlOS belts. 8 S

42. A"Just the eve"Gatu and, density of tOe line'
printer's printouts by aligning the hamwe. U

43. Replace I-saope 1AlAlK. U

.. .- ....... 
- - -
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TABLE A-2 LIST alp (RGAMZZATIA(? at)
NAINUM MCK TASKS(pg of)

TAU Training
TASSpec't EquiPment b

- ci to Requiremont

44. Adjust the pattern displayeid an 5I-scope MAAIM4
by aligning the 5-scope. N

45. Replace the power supplies in the synchronizer and

beau steering ossembly. 5

46. Replace blower 2A1A202A431 In the syschrouisor and
bean stieering assembly. 5

47. Align power supplies in the synchronizer and bean
steering assembly.,

48. Replace Itema---metering circuit card, inverter
regmlators and pover supplies ---ito the transmitter S
low voltage subassembly.

49. Align power supplies in the transmitter low voltage
subassembly. S

50. Replace Items--RF converter assemly, frequenacy
tmulttpllor assembly, oscillator assemblies, and S
pocwer supplics--in the receiver-exciter assembly.

51. Alig~n power supplieso DC balance, and gain balance
in the recet~ver-exetter assembly. 5

52. R'eplAc* power supplies In the trailer assemly*

53. Align Items In the signal processor. S

54, Perform the AN/lifE-iS computer Initialisatift
diagnostic troubleshooting operating procedure.

1.6



TAIL& A-2 LIST OF ORMAIZATIONAL
PAINTENANCE TASKS (Page 6 of 0)

Training
TASK SpecifM I Equipment b-__________ _____cat ios IRequitrcement

55. Perform the AN/UYK-15 computer iN)D test program. N

56. Tn accordance vith organisetional preventive
maintenance instructions, check all parts of the
line printer for abnormal vast or damae and fto N 5
proper mechanical and electrical functiosing.
Clean the line printer as peracribed.

57. Visually inspect for and, if necessary, clean the
transmitter amplifter for dust accumalation on N
volta~e bushings and surrounding components.

.8. Inspect synten cables for physical damage, cuts.
'break*, And broken or loose connectors and N 5
connect ions.

59. Inspect and, if necessary, clean or replace light
fixtures in the shelter Intarior. 5 5

60. In are.ord.,n.e viwth orginizattonal preventive
vNitntenance itstructfonA, ctheck and, if-.f.:ary, N 5r]cim sholter blow'ers nnd filters.

61. In iroordAntra with orginizational preventive
-':.tIitolanee in..trcttons, check and, if necessary, S
cl!,,n trailar bloeors And filters,

62. fit Au 4.o0i4.nce with ornl'i$zationAl prevontive
iaintcntnace instructions, check and maintain the 5 S

trailer tripod assembly.

63. Check the antenna radom for cleanliness and, if
necessary, clean it as prescribed in organisational K S
preventive maintenance instructions.

64. Check and maintain all system panels so thalt thes
are free from defective controls, faulty lefpt, ",
and dirt.

.,. - W



TABU A-2 LIST OSF OW A•ZATICMLe
mlfi lnm • TABU (IPae 7 of 6)

Trraiming
TAU SP"CtftL quipenlt b

eati Iftqwdroment

65. Call direct support to test item as prescribed
in organizational preventive mlntessoce ii
instructions.

66. Record running time of limited life Itemse sad
notify site comamder of which item should be 5
replaced as prescribed ia orgmisstlesml
preventive maintenmace ilstructiemmo

67. Plush the core of the computor'e memory. I 4

68. Remove and replace shelter blower 1AIAOIII1. V 5

69. Remove and replace shelter blower fam IAIA10132. I

70. Re'move and replace the svitchlamp for the
peripheral device controller and the weapons S
location unit.

71. Remove and replace the rag tape electronic N

72. ?o,-ove and replnce tha mag tape transport

73. Remove and replace the computer set pmeosser
assembly. 1 S

2* -"---

74. Remove Med replace the co"RAeMr eat .smu
assembly. . -

S.. .... "
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TAIL 4-2LIST 0F OAMAIZATIONAL
TAILSA-2 KINTUANCR TASKS (Pape a of 8)

Training
TASK specift- Rquipmet..~

catlem Roquirorment

75. Riawvs and replace telephone TA-43/?T. 5

76. Remove and replace telephone TA-112/PT* V

77. Repave and replace radio set ANIV1C-47. N 5

2:. Remove and replace trailer blower WAMA0A281. II .

*79. rwisonstrate knowledge of the electrical-
mechanical ekills, to include the followings
required to perform maintenance tasks:

- Jumper 1/0 Channels 1

- measure AC/DC voltage

*- replace ausombillas

- chock fuses

* - re~place cards

- check for And, if neceotoary. roplaco %mite

4 -ý
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APPMDIXI X
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