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" AN ANALYTIC TRAINING EFFECTIVENESS ANALYSIS FOR A CETA UPDATE
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INTRODUCTION

*A program is underway to develop operator and organizationsl
. maintenance training devices for the Firefinder training system.
b Firefinder is a radar system currently under development consfsting
. of the mortar locating radar AN/TPQ-36 and the artillery locating
f rader AN/TPQ-37. The Training Devices Requiresent (TDR) and

i i Specifications documents for FPirefinder have been finalized and &
1 ' contract to build the proposed training devices is deing let., An
initial Cost and Training Effectiveness Analysis (CTEA) wvas perforwed
vt early {n the progrni’. Considerable additional task analysis and cost

. data have since become available, making 1t desirable to update
! the inftial CT!A.‘NN

RS

Assrus. U

The TEA portion of the update wes perforwed by the Army Research
Institute Port Benning Field Unit {ARI-Benning) and forms the Anmex.
of this memorandum. The wethodology used and illustrated in the Annex
fs an analytical one which results in comparisons and relative train-
{ing effectivenens values for the two alternative training concepts,
This nethodology may be of interest to others performing a TEA at an

carly stage of system development when empirical performance data
cannot be obtained. '

OBJECTIVES

The objectives of the Firefinder TEA update vere to!

ABatter define and compare the instructional support

. capabilittes of the proposed training devices (PTD) and actual
§ equipment tratner (AET).

tldentify the need for trafining equipment (either AMNT or
P1D) per operator and organizational maintenance task,

*idontify those tarks which (ould be tratned on the PID.

tDotermine the rolative training offectiveneas of the PTD,
as rompared to the AK1, for the appropriate suheet of tanks,

#A Cost and Trailning Fffectivencss Analysis of Alternative Goncepts for
AN/TPQ-36 Tratning. U.S. Ammy Training and Doctrine Comnand, ATSC, Fort

Fustis, Virginia. Batelle Columbus Laboratories, Colutibus, Ohio.
August 16, 1976.




METHOD

Analytic mathods used are described in the update itself (Annex).

RESULTS
The results of the Firefinder TEA update vere:
*The training equipment requirements per task were idantified.

*The training equipment requirements of all operator tasks and
the najority of the nntntonnneoltlskl will be met by the PTD and/or AET.

*The instructional support capadilities of the PTD were found
to be beatter than those of the AET.

*The judged overall velative training effectiveness (RE) ¢
the operator PTD 1s 1.1, vhile the judged RE of the organizational
maintenance PTD 1o 1.2,

*A small cluster of computer maintenance tasks was identified
for vhich the PTD will wot provide training and the APT is not judged to
ba entirely effective.

CONCLUSTONS

The conclusions of the Firefinder TPA verat

“The PTD are judged to be more training effective than the
AET for those purposes for which they are {ntended.

*The nred for an additfonal part task tratner for computer
mafintcnance trafining should he fnvestigated.

‘i
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THE FIPEPINDER TRAINING EFFECTIVENESS ANALYSIS
(TEA) UPDATE

Prepared by ARI-Benning as an update to the inftial CTEA: A Cost
and Training Effectivencss Analysis of Alternative Concepts for AN/
TPQ-36 Training. U.8. Armv Trafning and Doctrine Comsmand, ATSC, Fore
Eustis, Virginia. Batelle Columbus Labhoratories, Columhus, Ohio.
August 16, 1976.

Those portionw of the text with a vertical 1ine on the left
margin are the nodifications to the orfginal text developed by ARI-
Benning.
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CHAPTER 4

ESSENTIAL ELEMENTS OF ANALYSIS
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1. IDENTIFICATION OF ESSENTIAL ELEMENTS OF ANALYSIS

8. There are five esnential clements of analysis for this study!
(1) What are the advantages and effectiveness of training dovices
{n general?
(2) What are the alternative concopfl for satfafying the training

requirements for the AN/TPQ-36?
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(3) Does the Best Tochnical Approach (WTA) to training devices reslize

7
B e ]

.E { the advantages of training devices fdentified above? What are the advanta-

’é % ges and disadvantages in using actual equipment for training? s

E % (4) What are the training cquipment requirements per

1§ % task? Do the proposed training devices “PTD) and/or AET, as currently

g % defined, appear to matisfy all fequirements for training cquipment? i

5 i (5) Ta the alternative which fneludes the PTD (Concept A) i

E % wore cost and tralning effective than actusl equipment tratnfng

g ' z (Concept R)? ;

% E b. The first four EEA's will be addressed in this chaptar, followed \

éA i by a description of the alternat {ve concepts and measurcs of training

g * ‘ effectiveness. The final question {s addressed in Chapters 7 and 8. 1

1 ' 2. DISCUSSTON E‘

A

4 a. In answering the first question (EEA), we may note t it a wide )
variety of training devices and aids sre currently being used to effectively

PR T




mest the training needs on many different types of Army cquipncnt.(‘)

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 Arwy Operational

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

ware effectively trained guanars for the Dragon Misanile Synto-.(’)
They observed that performance quickly improved after one firing. Field
performance correlated with training performance. In the evaluation of
the Cobra Armament Program, OTEA concluded that a significant {mprove-
ment of gunner performance can be obtained through greater use of

training dqvtcen.(‘o)

The problems inherent in uiing tactical equipment
for training and for matntatining proficiency in TACFIRE are dinculttﬂ in
Referconce - 11,
;, b. Training devices can be used for many different purposes. For
cxanple, training devices can be used:
(1) For inftial skill acquisftion or to maintain the profi-

clency of akills alycady acquired.

' (2) As the sole source of tratning support, or comhined in

'% . various ways with hands-on experience on the actual equipment.
(3) To teach all tasks (or all critical tasks) on & particular '
system, or only for training certai{n tasks (i.e., a part-task trainer), '
(4) For individual training or for team training.
(5) To train a wide variety of tasks ranging from simple

procedures (e.g., turning on & plece of equipment), through more complex
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tasks (e.g., troubleshooting electronic equipment), to very complex
paychomotor skills (e.g., flying a helicopter).

c, Some of the genaral advantages of training devices over use of
actual equipment for training ave: :

(1) Repetition. Training dgvico. can be designed to allow for
frequent repetition of tasks (e.g., replacement of circuit boards)
which are not possible using actual equipment. Tasks associated with
critical problems and/or situations which occur infrequently with
actual equipment (e.g., a particular fatlure) or vhich occur infrequently
in nonconbat conditions (e.g., ECM) can be practiced.

(2) Feedback., A significant aspect of training is immediate
feedback of performance information to the tratnee. This is espeacially
{mportant during skill acquisftion. Training deyices cn; provida this
feedback fn a timely and efficient wmanner. Perforu{ﬁcc information is
often not available vhen cemploying actual cquipment tﬁ training, or the
information may only become available to the trainee (and instructor)
after some delny, Dolayed fecdback is very ineffective in training.

(3) Training Records. Training devices can provide records of
each trainee’s progreas {n skill/knowledge acquintefon. Such records
are extramely umeful to {nstructors and training manageré {n monitoring
individual and group progress, diagnosing training deficlencies, and
determining remedies for any deficiencies which may appear. Training

records are important in individualizing and self-pscing of instructiom.

§
4
]
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(4) Multiple Trainees. Training devices often allow sneveral
trainees to be trained at the same time. Usually only one trainee at
a time can operate or maintain actual equipment. Although other trainees
can observe the activities, the effectiveneas of this procedure relative
to hands-on practice i{s questionable.

. (5) Safety. Training devices can be designed so that dangerous
tasks on real equipment (e.g., maintenance of high voltage power supplics)
can be practiced on the training device without danger‘to man or equipment.

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

mod{fications after being intruduced in the field, based on experience

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

equipment munt he modified ecach time there {s an cnginecering change
in the real equiprent., It 1s usually casier to modify or change a

training device. This {requently fovolves only a change in a front

S Ze o A e o P

panel, or {n software,

X

d. The sccond EEA relatea to alternatives for satisfying the

R

trafning roquivrenents.  There are two concepts beinglaﬂalyzed and

Exigicanabisy

evaluated fn this study, Concept A consists of an operator training

§ device with 6 pperator stations, and organizational maintenance training

3 device with 6 vperator stations and 6 maintenance stations, and four
ﬁ complete AN/TPQ-36 radar systems. Concept B consists of fifteen complete .
% AN/TPQ=36 radar systems. Fach of these concepts is described more

cornplately in Chapter S,

PR .o e wivassiane .




R iacac

¢. The third EEA relates to the advantages of the BTA for training

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

(1) Reference 7 examined four concepts of technical approach
(CTA's) for operator training and four CTA's for maintenance training.
\'ne of AET wan considered in cach case (and tentatively rejected as
not being cost effective), All operator and maintenance tasks were
considered. The advantages and dinadvantng;n Qf cach concept vere
described. Reference 3 describes an analysis of training devices to
satisfy AN/TPQ-36 and AN/TPQ-3? training requircments conducted by
NTEC for ATDA. Based on these two studies, ATDA developed a BTA for
training devices. The BTA is described in Appondix A and in Chapter 5.

(2) The BTA as presently defined incorporates all the advantages
of training devices described in paragraph C, above, Tt will allow for
extensive repetition of operational and organizatfonal maintenance taskn.
Critical problems which occur tuficquently can ba practiced. Feedback
of performance and record keeping are possible due to the incorporation
of a small computer In each davicé. The devices will allov the school to
meet the TRADOC desired student to instructor ratios because they allow
for up to aix trainces per {nstructor. The devices will be designed for
safety of operation and came of modification,

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

advantages for training when compared to a computer-driven interactive

system simulating (n good fideii{ty the actual hardware.
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(a) Frequent repetition of certain taskp {s not poasihle
1f actual equipment is used. These tasks include removing and adfjusting
circuit boards, and performing fault detection and fault {solation
tasks. Frequent rvemoval, adjustme-at, and replacement of circuit hoards
(which were not designed for such waage) will quickly result {n bent
or broken pins, Repetition of fault detection and fault {solation tasks
requires the inaertion by an instructor of specific cquipment faults,

The actual equipment has not been designed for fault {nsertfons, and

there is only a limited number of faults which can be fnserted realistically
and conventently, This will limit maintenance training effect{vencas.

The USAFAS cstimates that {t will take an instructor, on the average,
approximately 10 minutes to insert a fault {n the actual hardware

and an additional 5 minutes to remove the fault. This manual {nscrtion

of faults, therefore, will cut an hour’s training time by 25 percent, and
will quickly degrade the relfability of the equij;ment.

{(b) Although the actual cquipment provides l1imited feedback
to the operator during inftialization, it docs not provide feedhack in
the operational rodew, nor does It provide feedback to the organizatfional
maintenance man:for the performince of hig tunke, Thus, feedtiack would
have to be provided hy an fnstructor ohserving every actfon of the trainee,
An {ncrcased nurher of luatructors are therefore required,

(¢) ‘Z2ctual equipment does not provide records of trafnee
progress in skill/knowledge acquisition. These records would have to be

provided by an inatructor.




% (d) Use of actual equipment will not wllow the school to
, ? meet the TRADOC goal in student to {nstructor ratios, because an fnstruc-
Ef tor will be required for each radar sot.
f- (e)  Actual cquipment 18 not easy to modify, nor dees it .
: have the safety features of & training device., In addition, 1t {» {
not as Inherently reliable as a training device (bhecause {t (& nore '
_ " complex, with more components) and {ts reliabilicy and performance will |
{ | degrade quickly (since {t is heing used in ways it was not deafgnec  r). § 1
. j (4) Based on the above and some additional data ft Is possible E
i to directly compare the proposed training devices (PTD) and ART with ! '
: i
;A regard to thei{r {nstructional function support capabilfties. This is : !
‘:5 dune {n Table 1. The basis for the conclustons in Table 1 are: - !
® i
,‘ Durability  Tratntng devices can be built to vondure student :
i ’ handling = an noted above, actoal cquipment s are not. As an exampl. : v,
the achool MraF for the Q4 ts half what 1t {u tn the tield,  The ‘
| components wnd Jdeatgn of the Fivefinder syntomyg are such that the :'
A ' darabitity faaue ts especially (rftical, "
, ‘ Tratning Time  The avwunt of tradntng time actually recefvod per :
;I Yrur oo the traintng media 48 affecrted by (1) how tong it takes to |
; 2t the redfa up per vtudent problom and (2) wwdia down time.  The |
; loss  in tralining time on the AET to set up and rewove problems s :
E: discussed tn paragraph (3)(a). Thie loks augments the lost training
time duea to AET fatlures, discussed above. The net {ipact of these two




i TABLE 1, A COMPARISON OF PTD AND AET INSTRUCTIONAL FUNCT'ON SUPPORT
CAPABILITIES

"
{
. INSTRUCTIONAL FUNCTION SUPPORT CAPARILITIKS
: e e < g s S
TR:::::G Durabilficy ";:::“' Student Evaluation & )
—— _..]. . Ratto | Management 1

PTD Good Good 1:6 Good

© bdemets o m e e wn e A e e ke st .- 4

AET Poor Poor 1¢2 Poor
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factors is that a training schedule using AETs oniy would have to be
more than 25% longer, perhaps significantly nor&, to provide the same
amount of training time,

Instructor:Student Ratios The estimated ratios are as listed, The
ratio for AET is smaller due to both configuration problems and a lack
of student monftoring capability.

Student Evaluation and Management In order to diagnose student
problems und manage his progression, the instructor mnst.ula {nformst{on
regarding problem parameters and student performance (time, errors).
The problema {n handling this much data manually are such that the
above ratio of 1:2 for the AET may be optimistic. Tha training
device and tts lostructor atation readouta, on the other hand, will be
destigned to facilitate student cvaluation and ranagement so that a
minimum of a 1:5 ratf{o is realistically feasible. |

f. The fourth EEA relates to an cvalvatfon of the BTA and AET for
providing tratning for all c¢ritical tasks on the AN/TPQ-36.

{1) ThHe basic inputs to this analysis are the tasks which
oparatar and organizational matntenance personnel must learn to perforw,
The questtons to be addresced are: What (s required by way of training
squiprent Lo lvarn to perfora ecach task? and Do the PTD and/or AET
sat {nfly these requirenents?

(2) The tasks which vore analyzed are a wodified and partially

validated sat which derive from tha .ists and descriptions developed

13
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by USAFAS as & step towards POI development. Of thase tasks, only

the operator and organizational maintenance tasks sre included in this
anslysis. The DS/GS maintenance tasks are not considered ss the PTDs
ar¢ not being designed for DS/GS training.

The task 1ist modifications resulted from a task analysis validation
cursently befng conducted by ARI, The steps completed thus far in this
validation procens include revievs of the DEP T™ 11-5840-354-12, atten-
dance at an operator training course and maintenance demonstration, and
interviews with DT and OT radar team personnel and USAFAS staff personnel,
The modified liuts of operator and organizational maintenance tasks are
presented in Appendix A, They currently coatain 53 operator tasks and 79
organizational msfntenanca tasks, or & total of 132 tasks.

(3) These tasks were first analyzed in terms of the TDR and
the apecification for the PTD to tdentify for which of the tasks the
PTD s being desipgned or could be utilized in training., Those tanks vhich
could be tratinod on the PTD were termed "PTD Specified™. Those tasks
thich conld not be tratned on the PTD were termed "Not Specified".

(4) Fach operator and organizational maintenance task vas
then analyzed to detormine their tratning equipment regquirements. As &
result of the analyses eosch task was placed in one of the following
f{ve catogories:

1. Non-system specific: The task and the training required

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

e e I
CEERL T e s
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tasks placed tn this category is "conduct radio/telephone comgunti-
cations in accordance with accepted radio/tealephone proceduras."

2. No equipment required: Performance of the task tends

to ba specific to radar AN/TPQ-36. However, training of task performance
does not seem to require AET or PID, 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 treiler" fite

this category.

3. Training equipment useful: Perlormance of the task

tends to be specific to radar AN/TPQ-36. PTD or AET would be useful
in training performance of the task. An example of tasks in this
category is "inatallation of a map on the weapons location unft."

4. Training equipment required: Performance of the task
{s specific to radar AN/TPN-36. Effective traini{ng appears to require
PTD or AET. This category is exemplificd by the task of "selecting the
aria to be cavered by and entering a censor zone."

5. AKT sufficient: Performance of the task tends to be
specific to vadar AN/TPQ-36. O0JT or tnformal instltutikﬂll AET‘uppeart
to be wulficient for training task porformance, An example of & task

plared in thia cotogory s "prepare radar <ot AN/TPQ-36 for movement by

garagoat "
{5) Results,
The results of tha analyses described in pavagraphs (3) and (4)

abave are presented in Table 2. The individual categorizations asmigned

1
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per task ars presented in Appendix A. Dats in Table 2 indicate the
following:

1. Training equipments were judged to be useful or required
for training 31 (or 60%) of the operator tasks and 33 (or 43%) of the
organizational maintenance tasks.

2. Eleven (or 21%) of the operator tasks and 38 (or 48%)
of the org;nixntionll maintenance tasks cculd be sufficiently trctnodA
through the AET {n either an institutional or on-tha-job setting.

3. The PTD for the oparator, Al7Ell, would satiefy the
training requirements for 29 (or 94%) of the )1 tasks for vhich
training equipment 1s judged useful or required.

4, The PTD for organizational maintenance parsonnel,
Al17€12, would satisfy the training requirements for 21 (or 64X) of the
33 tasks for which training equipment {s judged useful or requirved.
0f the 12 out of these 3) tasks for which the PTD was judged not to
provide training, but where a training device would be useful or
requited, a review of Appendix A indicates that the majority of these
fall into one major arca: .~afntonance of the AN/UYK-1S computer.

(%) Conclusions.
The answers to the f{ret question, What are the training
cquipment requirements per task? sre provided by Appendix A, The
ansvers to the second question, - Do the PTD and/or ART, as currenmtly

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

by 4




{n Table 2. Two conclusions can be reached. One is that the device

requirements for all operator tasks and the majority of the organiza-
¢ tional maintenance taska will be met by the PID and/or AET, as currently
? defined. The other is that there are 10 organizational maintenance

tasks for which training equipment was judged to be required, hut for

% which the organt{zational maintenance PTD, as currently specified, {s not

suitable, Since the majority of these tasks involve the AN/UYK-1$

§j computer, A part task computer trainer may be an appropricte add-

on. This will be dlscussed further tn Chapter 8, Training Effective-

ness.
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CHAPTER 3

DESCRIPTION OF ALTERNATIVE CONCEPTS

1. CENERAL. As mentioned earlier, two alternative concepts for train-
{ng operator and maintenance tasks for the AN/TPQ-36 Mortar Locating
Radar are under consideration. One is to train the rader operators and
maintenance personnel (organizational level only) on the sctual equip-
ment. The other is to provide maximum simulation of squipmont involving
man-machine interface in which the simulation will be computer driven

to provide interface, stimuli (cnes), and responsas as available with

tha real equipment, Tn the latter, the T/Ds will represent with
necessary fidelity the features of the operational radars which are
required for training operator and maintenance tasks. These two
n}ternaktvc concopts are conniderad hecause it has been speculated that
the complexity and sophistication of the AN/TPQ-36 radar mav make the
operational equipment tno expensive to procurs and operate in quantitics
large cnough for use as actual cquipment trainers., Also, the limited
accosuibility to tactical equipment configurations {n sheltrers might
homper effective tralning.

2. CONCEPT A. TRAINING DEVICES (T/D's) AND ACTUAL KOUIPMENT. Thim alter-
native would ¢aploy! one operator T/D, with 6 operator training stations,
and requiring only 2 {nstructors; and one maintenance T/D, sccommedating
the same number of {nstructors with 6 maintenance training stations snd

6 operator training statiors. This configuratiom for the operator T/D

19




and the maintensnce T/D is describad in more datail in Appendix A

; f; 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 ¥/D's and AET in operator and maintenance
training s as follows.
a. Operator Tratiing. The tvo training devicces of Concept A
provide 12 operator training stations. Two trainecs can work st
each station, thus providing training for up to 24 operator trainees
at one time. Only two instructors are required, however, four could
participate if desired, More than the ainimum nusber of i{nstructors
might be desirved {f trainees were at different stages of training
due to turnbacks (remcdial training). The student to instructor
ratio would be between 6:1 and 12:1. The three radar systems in the
field can provide training in cmplacing and march ordering of the
cquipment for 15 opevatore (3 crews of S mon cach) at one Lime.
b. Maintenance Training. The maintenance training device of Concept
A provides 6 organizat fonal mafntenance tralning stations., Two trainees i

can work at cach statfon, thus providing training for up to 12 organi-

sattonal aafutenance trafnres. Only one instructor is required, how-
cver, Lwo could part{cipate. A variety of realistic faults could be ' !
quirkly inserted, and trainee test and diagnostic procedures monitored, o
Training on tasks requiring the transmitter or antenna (e.g., antenna
boresight telescope alignment) and trsining on preventive maintenance

tasks would be accomplisted using the actual equipment {n the field. X

2 -
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3, CONCEPT B: ACTUAL EQUIPMENT TRAINING. The second concept considers

only opecational AN/TPQ-36 radars to be employed as training devicas for ‘
operator and or;onl:ntidnll naintenance tasks. In such a case, 1t is

estimated that {i1fteen radar scts would be needed. Thess would be

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

(b) five would be used for maintenance training; (¢) three would bdas

Used to conduct crew rusident training in emplacement, alignment, and

{ : displacenent (warch order), and (d) one would be reserved for direct/

i general support maintenance, officer, and Primary Technical Courses.

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

vhereas the first 11 sets would be inside in & classroom environment.

o

The 11 radar sets to be used inside would be modiff{ed for classroom

. e e e

use. The operator sutation, computer, and data proccsaing equipment

vould be removed from the shelter to provide more space for trainess

and an instructor, Equipment in the antenna trainer would also be

removed to fmprove accessibhility, FEach radavr set would be provided

;

4

with a unit tratner, which will sinulate target stignaturcs for the %

syatem. ‘;

:: . The uxe of the AXT {n tvafning 1s as follows, i
a. Cperator Tratning. The six radar sets used for classroom

k operator training fn C ncept B could provide tratning for 12 operator .

trafnecs at one time. Six {nstructors would be required. Fifteen }

trainees can be accomnodated by scheduling evening training shifts, by 5




- o B

e e e,
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using additional (maintenance training) radars, or b§ placing wore

trainees at each operator atation. The student to {nstructor ratio

b, Maintenance Training. The five radar sets used for classroom

would be only 2:1.

maintenance training in Concept B could provide training for 10 main-
tenance trainees at one time. Five instructors would be required.
Performance of fault detectiovn and'fnult imolation tasks would be
limited, and would require additional training time. These tasks are

among the more critical tasks of the organizztional maintensnce man.
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CHAPTER 6%
TRAINING EFPFECTIVENESS

1. BACKGROUND##*, [In comparing training alternatives, an index of

relative worth (RW) is computed from the relative training effective-

ness (RE) and relative cost (RC) values:

uw-;:%

11
where: RE = Effectivencss of Alternative _ ‘A

Effectiveness of Base Case B.

and RC = Cost of Alternative _ EA

Cost of Base Case Cn

RW and RE values greater than 1.0 indicate the alternative {s the
better chofce from offectivencas and worth standpoints., RC values of

less than 1.0 {ndicate the alternative {s the best chotce from a cost

standpoint.

B e e 8 e e e —— o ) bl e ot e 4

*This Chapter 6 replaces both Chapters 6 and 7 in the original text.
**This paragroph {s derived from TRADOC PAM 71-8, Analyzing Training
Effectivencsm, page 111-15,

***The alternative divided by the hase case {s tha correct formulation
if a larger MOTE denotes botter., If a smaller MOTE is better, e.§.,

time to complete task, then the base case divided by the altarnative is

an appropriate formulation.
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2. AVAILABLE MOTEs. The Measures of Training Effectiveness (MOTEs)
used to assess the RE must be the best avatlable measures of the actual -
or predicted trajning effertiveness 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 MOTEs are judgmental asscssments of
the tralning capability of each alternative based on a thorough

-f analysis of all avatilable {nformation about each alternative. Rating

scales can be used to judge the relative effectiveness of cach alterna~

tive for tratning cach required task or group of tasks. Obviously, the

validity of such analytic MOTEs {s highly dependent upon the completeness
and detatl of data avallable for analysis. Detafled information about

I ecach trafning alternative, the tasks t¢ be learned, and the conditions
under which they are to be performed munt be included {n the analysis

i; l 10 yield valid annlytical MOTEs,

3 Fopirtcal MITES are measures of actual traince performance on a P

critecion event after having completed trafning under one of the train-
fom alternativeds Perfor once data are collected on cach of several
appiopriate U iits and used to corpute the RE per tralning alternative, %
THhe several "™IFs caw represent different performance criteria (e.g.,
speed, aceuracy, cocpletenesa) on different tasks or mtasion phases.
The set of MOTEs (empirical or analytical) are combined to form

a8 single effectivenens value for each training alternative. The coun-

binatfon yfelds analytically- or empirically-based (or composite) i

Y .
i
3
?
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ef fectiveness values through averaging; or, if the relative importance
of the MOTEs (s agreed upon, through differential weighting.

The analytical MOTEs must be used if ewpirical MOTRs are not yst
available on all the important aspects of mission performsnce. When
performance data become available, empirical MOTEs should replace, or
be combined with, the analytical MOTEs.

At the current stage of Firefinder training device development,
no empirical MOTEs 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 RE

must be verified through empirical measures vhen t¥e training alter-~
natives have reached later stages of development and performance measures
can be taken,
3. INFORMATION USED IN THE TRAINING EFFECTIVENESS ANALYSIS. Information
on the training equipment for Pirefinder includes the TDR and the train-
ing devices Specifications. Information about Firefinder Operacor and
Maintenance task requirements have been collected through the task list
validatfon process heing conducted by ART for USAFAS. Thie data collec-
tfon has included visits to DT I (Aherdcen, Md.) and attendance at the
Oy erator Tealning Course and Matntenance NDemonstration at Wughes. The
preliminary trainfag manuais (DTM) have alzo been used as a basic infor-
mation source.
4. ASSUMPTIONS.

a. Programs of Inatruction for Concept A would da developed to

capitalize on the availability of training devices and actual hardware.

44




That 48, those critical aperator and organizitional mainteunance tasks
which cannot be fully mastered using either training devices or actual
havdvare alone will be practiced om both training devices and actual
hardvare.

b. Training devices will provide for rapetition of tacks, self-
pacing by trainees, feedback to trainees and instructors, and trainses
record-keaping.

c. Programs of Instruction for Concept B would be developed based
on a limited practice of certain tasks and feedback provided by instruc-
tors.

d. The relative effectiveness of the two approachas should be
vesasured {n terms of tasks required tv perform on the actusl equipment,
In this case, opcrator and organizational maintenance tasks for radar
AN/TPQ-36 serve as a basic framework for the analysis.

e. While effectiveness could be evalusted in terws of all tasks
required for operation and organizational maintenance, comparison in
terns of thowe tasks for which training equipment is required/desirable
ts cspecially (ritfcal since the cost/training effectiveness of the
proposed devices compared to the effectiveness of baselina media (actual
equipment) {s the basic concern of the TEA,

S. ANALYS1S.

a. A subset of the modified operstor and organizstional maintensnce

tasks, as described in chapter 4, paragraph 2.f.(2), wvere zmslyzed to

deteraine the capability of cach altermative, PFID and AEY, te traia




performance of chat task. The subset analyzed comprised those tasks
for which training squipmant had been judged in EEA & (see Table 2)

to be useful or requirad.

= : This was not evaluation of training efficiency, or durbbility,

etc., as considered under EEA 3 in Chapter 4. Rather it was an

evaluation of the capadbility of each alternativa to realize task

e =

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

Z evaluation!
i ; ' 0 1 2 3 )
3 [ ISV | S 1 —_ 1 "
3 No trafining Couplete
3 capabilicy cealization of :
- ' trafuing }

objectives
For each alternative for each task, the scale was used to evaluate f

tratning capability at each of three stages of trafning: (1) introductory

training, (2) practice or demonstvation of skilla/procedures involved

in task performance, and (1) development of skillful performance of
i : the task.
\; b The individual training effectivencss ratings per task are presented

in Appendix B, Thore {s a table for each of the cells in the Training

* o

Fquipment Useful and Training Equipment Required columns in Table 2,
. ; ' The ratings {n Appendix B are summarized in Tables 3 and 4.

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

Astde from the exceptions noted {a Table 3, the ratings are oversll }

as wvould be expected: The PTD was rated most effective for training

- . a
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the "PID Specified” tasks and “"Training Rquipment Required" tasks. Table

4 presents the mean training effectivenass ratings for the A2T. Of ‘.
interest are the ratings given the ten organisational maintenance tasks

{n the "Tratning Equipment Required” x "Not Specified" subgroup. It

vas noted {n Chapter 4 that the majority of thase tasks pertained to

AN/UYK-13 computer maintenance and that a part task trainer might be

constdered. The ratings in Table & indicate that the AET is not

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

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

the AET, are prescnted in Table 5. These values were computed from
PTD

tha mean ratings given in Tables 3 and 4 using the ratio: AET ?
The overall mean for the operator PTD, across those tasks for which {t !
is currently being designed, ii RE = i.l. The overall mean for the
organizational maintcnance trainer s RE » 1.2,

4, CONCLUSIONS,

A, The operator PID 1is judged to be more training effective than
the AET (RE <« 1.1) for those tasks for which {t i{s either being
purposely designed or could nonetheless provide training.

b, The organizational maintenance PTD is judged to be substantially
more training effective than tha AET (RE « 1.2) for those tasks for
which it {s either being purposefully designed or could nonethelass
provide training.

¢c. Some consideration should be given to the potential payoff of

an additional part-task computer maintenence traimer.
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OPERATJE AND ORGANIZATIONAL TASK LISTS WITH TRAINING 4 -
EQUIPMENT SPECIFPICATION AND REQUIREWEMT CATEGORIZATIONS
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§ "L TABLE A 1. 11Si OF OPERATOR TASKS (Page 1 of 5) .
b | '“'“’ Fraining
: TASKS 39““1: Equipment
b K cation” | Requirement
é __Operator Tasks
- 1. Describa and locate the contents of DEP TM 11-5840-334-12|
i (current version), N 2
r 2. Cite the capabilities, limitations, mission, and '
) ; cquiprant of the AN/TPQ-36 radar set, N 2
: 3. Tescribe operatioa of the radar set on the physical-
description, block-diagram level, n 2 L
7 4. Identify and cite the function of the operator's ]
! controls and indicators located in the sheltsr. L] 2
‘ 5. ldentify and cite the function of the operator's
' controls and indicators located on the trailer. S 2
! O R - —_— -
6. Cite the safety precautions when working on a -
radar, N 2 ,
| e e i e m e e 2o = o et e oomm mum oo e N - ; -
‘ 7. Roturn to the {nitization program, 8 4 f
t . f B - . - e - . 4w A e s o ow e . e - 4 - - - - .-
; 8., Tewind the vag tape unit. -] &
9, DNisplay the tire of day, 8 )

® S denote that PTD s specified or useful for training performance of the task,
Ns signify that the device was not specified,

y a {

. ’

i i f Sxumbers fndicate the training-requirement categories imte which tesks ware placed
: n as followst 1="Non-system apecific”; 2="No special equipwent required; 3+"Tratuing
w" equipmant useful®; 4="Training equipment vequired™; and S="ART sufficient."
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TABLE A-1 LIST OF OPERRATOR TASKS (Page 2 of 5)

: Trllnin.‘w--T
TASK Specifi= | Equipnent
— catica Requirement
I 10. Enable the line printer to priat all
1 initialization data. 8 4
1' T - .- -1
- 11, Stow the antenna for shutdown or L
} maintenance. s &
i e
f 12, Conduct radio/telephone comsunications in accordance
i vith accepted radio/telephons procedures. ] ) §
‘ ——— - .‘
,; 13, Perform generator starting and stopping procedures. " )
4 e e - e A
14. Perform radar set start procedures, N 3
15, Perform radar set stop procedures. N 3
16. Tnstall a map on the weapons location unit, 8 3
e cmeinmm = A o
‘ 17. Detarmine the highcu: and lowest terrain elovntlons
] on a map prepared for installation on the weapons N 1
: 1o‘ntion unlt.
! 18, 0Nperate and load the high spced line priater, s 3 )
19. Perform the line printer performance test, ] 4 ;
: : o s PRV
E . 20, load and execute the injtialization program. 8 4 - %
F

e e
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TABLE A-1 LIST OF OPERATOR TASKS (Page ) of 5)
Training i
TASK Spoeiﬂ.; Equipment
catfon” |Requirement
21, load the operational program. '8 4
P ——
22, Prepare radar sat AN/TPQ-36 for operatior under
unusal climatic conditions. N 5
S S
23, Install and operata the portable air conditioner
suitable for use with the AN/TPQ-3. N 5
24, Ramove, clean, and reinstall all air filters on
the shelter and trailer, N S
g - & nd
23, Determine grid coordinates for a radar site that
was not previocusly surveyed, N 1
26, Determine the boresight reference angle for a radar
site that wvas not previously surveyed. N B
n - _— — ———
27. Control and monitor the transmitter status
remotely. ] -
et e ven e s s+ Ao, et remim a2 et e e R
28, Select the area to ba covered by and cater a
priority zone, s 4
e e b o B MG 8 W v e e e e e ek d b e aacmam e e 4L N N A w4 P P e |
29, Select the avea to be covered by and enter a censor
zona. ] 4
e+t b s ———— e S e it = o < ——— -
30, Delets a zone (either priority or ceasor), ] )
e e -
31. Print the coordinates of zones atored in the
computet, s 3

Sersmina e v e e 112w {dh s o a1 L. s
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TABLE A-1 LIST OF OPERATOR TASKS (Page & of 5)

Training | - |
TASK Specifi= | ggutpment :
o cation” | Requirement -
32, Display on the B-gcope priority sones stored in 1
the computer. -8 3
33. Display on the B-scopa censor zones stored in the 1
computer, S 3
34. Conduct typical friendly contact operation sequences ) |
from entry (or change) of correct friendly fire ] 4 i
paramaters to transmission of TACFIRE messages. ¥
35, Return the radar to the hostile mode of operation : :
after having completed friendly fire miseions, S 3 3
et e —_— i m— ) e
36, Tnable the line printer to print fire search control A
parametars, S 3 ' P
37. Process a hostila target for transmission to TACFIRE :
through manual hefght adjustment techniques. ' 8 ) .
38. TProcess a hostile target for transmiasion to TACFIRE 5
through use of COURSE and FINE adjustment switchlamps. S 4 4
o K-
. 39. Diuplay a hostile-fire location that had been 4
. parmanently stored fn womory. ] ) .
é PR Cieen e e i 8 .4 a 1 ehna e ¢ i o e mae mmie e e it tard [ ‘;
g 40, DNelete a ewrently displayed hostilaefire location, Q
P a single perminently stored location, or a range S k] .
o wr permanently stored locations, i
[ e et s o = b n e 3 o -— S — R p:
b 41. Enable the line printer to print all or selacted : . f
. hostile-fire locations that have been processed s k| 4
TR for storagr. i
N NS— e J
g 42. Determine the height of a location displayed on a f
. map on the weapons location unit, | b } ‘
w 2 ;'s

T L TN LT
S RS TR
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ABLE A-1 LIST OF OPERATOR TASKS (Page' S of 35,
A | Traiﬁin;
[ASK Specifi= | Equipment
y cation Requirenont

43, Enable processing of hostile-fire locations through

target averaging. S )
44, Detact the occurrence of jamming through obsarvation .

of the B-scope. 8 4

- -

45. Determine the azimuth of a jasming source by enabling

operation of the jam strobe. S 3
46. Transmwit a TACFIRE message. g [}
47. Perform oporntor/cfew maintenance in accordance

with instructions in the current DEP T N 5

11-5840-354~12,
48, Prepare radar set AN/TPQ-36 for movement by

gamagoat, N S
49, Prepare and remove the shelter from the

ganagoat, N S

- m W e e 4t e % el o 4 G 1N R B Bumem ¢ W e - - ——— -....---t-‘q

50, Perform instructions for {nstallation of radar set

AN/TPQ-36 from gamagoat, N ]
S1, Prepare radar set AN/TPQ-36 for movement by

helicopter (external) and by atreraft (internal). ] S
52. Perform the radar set AN/TPQ-36 installation from

helicopter mode. N )
$3., Prepare radar sot AN/TPQ-36 for wmovewent by

railroad. ] S




TABLE A-2 LIST OF ORGANIZATIONAL :
MAINTENANCE TASKS (Page 1 of 8) :

- ‘ruiniln..' o i

TASKS Specific | Bquipment o
cation™ | Requirment C

Ovganisational Maintenance Tasks } . }

1. Fxecute the program load diagnostic troubleshooting | 'Zi
procedure. N 4 ";i

!

2, load and execute the central processor confideace J
t ut, s 4 ‘i
S — e eia 1
3. lLoad and execute the memory computer confidence i ;1
test. 8 ] )
e - « ,fJ
4. Load and execute the I0C computer confidence
test. S 4 ’

et e o e % i = o s a5t SN SR - :
5. Lload and execute the additioral options computer 1:
confidence test, S 4 ":

B S S s D o e Y AP . P - S o — o oD . -1 'i
6. Cycle a computer confidence teat. S 3 !
7. load the off-line status tests according to the
short load procedure, 5 4 :

8. Load and start %the off-1ine signal processor fault
tsolation tasta., Terform corrective actions indicated ] 4 :

by failure messages. o

A M e e tame s e Ae e E e b s e BN N A —————— % i | el s @ e 4 e B T T e 1
9. Perfora tha weapnns locatfon unit fault isolation j
test, to {nclude taking corrective acitions in 8 4 ;
accordance with printouts/displays, e
Conduct the line printer off-line fault detection t
test, to include taking the necessary corrective ] 4 ‘
actions, . D B
Conduct the boam steering unit off-line fault d
detection test, to include taking Che necessary  } 4
correctiva actions. i

e ———— wam — ;

e LS ";i‘f!‘(b:; [ e < unti At
Lo A U




TABLE A-2 LIST OF ORGANIZATIONAL ‘
MAINTENANCE TASKS (Pags 2 of 8)

Training ;
TASK Specifiz |gquipment o |
cation” | Requirement

12. ¢Conduct the receiver-suciter off-lins fault dstection
test, to include taking the necessary corrective 8 &
actions,

RN S TSN AR A T b T peanioi s o

b s

T

13, lLoad and start the transmitter power (output)
off-line fault {solation test. s ' 3

e

" - e e
S H

14, In accordance with results of the trsnsmitter power

off-1ine fault {solation test, use the Transmitter
N Troubleshooting Diagram (DEP T™ 11-5840-~354-12, ] 4
Oct. 76) to diagnose problens and identify
necessary corrections.

-~ ! -

15. Conduct the phase detector of f-1ine fault detection
test, to include taking necessary corrective " ] )
actions.

.

! 16. Perform the clutter rejection without transmitter
‘ off-line fault detection test. s 3

B Y

Ferform the clutter vejection with transmitter
off-line fault detuction test. ¢ Iy

AR S
=)

. ~i
.

e b Avms b b U e 8

— - -— - ——t e

18. load and start the 3-ascope off-line fault
detection test. s 3

P T T T e R R R

. ‘ 19, Conduct the antcuna stability ofi-line fault
k' ‘ detect fon test, to {nclude taking necessary N Y
corrective actions.

20, load and start the general maintenance off-line
fault detaction test. ] (]

21, Select end execute the program fumctions that cam
be enablud through the general maintensacs off-  § 3
1{ne fsult detection test.

e . o e L ————. NS -

L))
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9 TABLE A-2 LIST OF ORGANIZATIONAL
MAINTENANCE TASKS (Pege 2 of 8)
8 ——
. TASK Spncm; Davicas .
¥ cation Requirerwnt {
3 b — s A
22. Duscribe the UYK-15 Computer. | " 2
. 23, Demonstrate a vorking knowledge of digital
% , fundamentals. N 2
3 L —
‘- 24, Demonstrate a working knowledgs of digital -
3 fundamantals (binary math), : N ‘ -2
29, Demonstrate a working knowledge of digital
3 fundamentals (octal math). N 2
26, Dermonutrate a working knowledge of the central
; processor unit of the UYK~15 Computer. | 2
, 27, Demonstrate a working knowledge of how tha input/
- output controller transfers data fn and out of the : s 3
UYR-13 Colputer,
28, Demonstrate a working knowledge of the 333 random
: access remory unit, " 3
3 29. Know the diagnestic troubleshooting procedures
for the AN/UYK-15 Computer. | 4
J}' 10, Pecform the ANJUYK-1$ Coumputer turn-on \
: procedure. s 3 St
31, Perforam the AN/UYK-13 Computer central processor S
dlagnostic troudbleshooting procedurs. " ;
? 32. Perfora the computar mewory diagnostic r.rwth- 1.
Lo shooting operating procedure, s ) 1
' L. Wpen h R e ey ke i FEN R T - b Ll ‘

PR R YU 2



TABLE A-2 LIST OF ORGANIZATIONAL

MAINTENARCR TASS

(Page & of 8)

; Traint
TASK Specific N“‘lf.::t »
cation” |pequirement

33, Perform the computer 10C dlagnostic troubleshooting

procedure. n 4
14, Perform the computer additional options diagnostic

troubleshooting operating procedure. n 4
35, Perform the computer power protection and automstic

recovery diagnostic troubleshooting operating N x )

procedurass.
36, Perform the computer memory resume interrupt

diagnostic troubleshcoting operating procedure. | 4
37. Use the powar distribution diagrams to isolate

power distributfon problews. | 4
38, Replace power supplies {n the shelter power supply .

ansembly, | S
39. Align power supplies in the shalter pover supply

sssenbly, ] S
46, Replace line printor 1A1A103. o 5
41, Replace lina printer 1A1A103 belts. , n 5

42,

Adjust the avenness and density of the line
printer's priatouts by aligning the hammers.

43,

Raplace B-scope 1A1A104.




TABLE A-2 LIST OF ORGANIZATIONAL
MAINTENANCE TASKS (Page S of 8)

g Training
' cation” | mequirement

b 44, Adjust the pattern displaved on B-ecope 1lAlAL04
' by sligning the B-scope. L S

45, Replace the power supplies in the synchronizer and
bean steering sssembly. . N 3

k. 46, Replace blower 2A1A202A431 in the synchroniszer and
‘ baanm steering assembly. | 5

4 47, Align power supplies In the synchronizer and bean
| steering assembly, 8 L

L me 4w mie e a e

- — N

'; 48, Replace ftems---metering circuit card, inverter
regulator, and pover supplies---in the transaitter | S
low voltage subassembly,

Ve PRPE

- P

49, Align power supplias in the transmitter low voltage
subassembly, 8 S

4 50, Roplace {tems--RP converter assembly, frequency A
4 multiplier assembly, oscillator assemblies, and | S ;
pover supplics--in the receiver-exciter sssembly.

Topav - . L as s e W w ) = -

51, Align power suppifes, DC balance, and gain balance

. in the receiver-cxciter asseably, 8 - 3
:"} §2, Replaca pover supplies in the trailer assemwbly. n ]
; $3., Align items in the signal procasser. ' S S
F — Metirn - amessiuill i
i : $4, Perform tha Alt/UYK-1% computer initialization
i ﬁ; diagnostic troubleshooting operating procedure. ] 4
I i e W & A i - - i g

1 o o
1




i .
‘: TABLE A-2 LIST OF ORGANIZATIONAL | s
) MAINTENANCE TASKS (Page 6 of 8) '
.
= Training |
: TASK Specifiz | pquipment :
i i cation” | Requirement bl
.0 ‘e —_ 2t R
; 55, Perform the AN/UYR~15 computer NDRO test program, n 4 ;

PR B
H e wewiam - b E

1 < 56, In accordance with organfzational preventive

b | maintenance instructions, check all parts of the -

' ; line printer for abnormal wear or damage and for - ] ]
! proper mechanical and electrical functioming.

Clean the line printer as perscribaed.

-

57. Visually inspect for and, {f necassary, cleaa the
: transmitter amplifiar for dust accumulation on N 5
voltage bushings and surrounding components.

v n roma mad

— I SRR e L - —
o - M M L MG e e G b A e e S— e i . s e e o o - ——y

‘ 58, Tnspect mystem cables for physical danage, cuts,
i breaks, and broken or loose connectors and N 5
cannacttons,

i dead o -— . POINY SEURPPTPNEETET e et et T I - ey
AR A m e L S A e e 4 e t A mr e w e h wes eems mae e ¢ e M d s L - 2

59. Inspect and, {f necossary, clean or replace light
fixtures {n the shelter intartor, N -]

. - - -.....n..~..~..J
N . M S L M L aee e s e bllos e s et M 1as b 11 e e e ek aiie e W 0 o o A -

o 60, In arcordance with orgunizational proventive A
maintenance {nstructions, check and, tf ~-rnvzary, N b 1
cloan sheltor blowers and filters,

T e I e e B T ) —
v

61. In accordance with organizational preventive
malutenance instructions, check and, 1f necessary, N S
¢loan trafler blovors and fillcrt,

N b s e - J B B e o |

‘A . 62, Iu accordince with orgenizational preventive -
L " maintenance {nstructions, check and maintain the L 5 14

trafler tripod assembly. . —
63, Check the antenna radoma for cleanliness and, if ‘
necessary, clean it as prescribed in orgenizational N 3 ;
. preventive maintenance instructions.

64. Check and maintain all system panels 90 that they ' _
are free from defective controls, faulty lenps, | | 3
and dire.

-l .oad
© L it A OME b e o WY 1 % it s ke B L e M L A s Al 00+ SRS S s N e A . ) 4D Siae

. .




e TABLE A-2 LIST OF ORGANIZATIONAL g

MAINTENANCE TASKS (Page 7 of 8)
Training .
TASK Specifis | gquipment -
| : catien” | Requirement ;
65. Call direct support to test items as prescribed ) )
in organizational preventive maintensncs n 5
{nstructions. :
66. Record running time of limited 1ife items, ond
notify site commander of vhich items should de " f
replaced as prescribed ia organisaticasl
preventive maintenance instructiows.
L 67. Flush the core of the computer's memory. ] 4
I -
| .
i 68. Remove and replace shelter blower 1A1A101B1, | 5
69. Remove and replace shelter blower fan 1A1A101B2. n 3
70, Remove and replace the switchlamp for the
peripheral device controller and the wveapons W S
location untt.
; 71. Rcmove and replace the mag tape slectroaic " s
asnembly,
b e e e e rn I e '
72. fNe-ove and replace tha mag tape transport ‘ }
4 asnerbly. n 3 .
119 v‘{ e e i et 4 i
' 1 73. Remove and replace tha computer set Pprocesser ,
L ; assembly. " [
‘ 74. Remove and replace tha computar set sametry C N
assembly. n ]

»0

PR LY ) R .4‘1‘._;.‘j:‘_’:,g\"r-‘.‘:rpt'u\vn';-"t;’

-

= RN B rpe T
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TABLE A~2 LIST OF ORGANIZATIONAL
MAINTENANCE TASKS (Page 8 of 8)
) _ Training )
TASK Spoctﬂ; Rquipnent
catiom Requirement
75, Remcve and replace telaphona TA-43/PT, | .S
3 e e e am e o e e
76. Remove and replacs telephone TA-312/PT, ] 5
‘: ; k 77. Remove and replsce radio set AN/VRC-47, N 5
} e e
'Q 78, Remove and veplace trailer dlower 2A1A203A281. N 5
!
i 79. Demonstrate knowledge of the electrical-
mechanical akills, to include tha following,
% required to perform maintenance tasks:
' t - jumper 1/0 Channels N 1
x - measure AC/DC voltage
- replace ausesblies
: - chock fuses
F ; - replace cards
( , - check for and, {f nceccanary, replace units
with electrical faults

LA

. oot : o i TN
Ao, e ?W”!'\;mﬂ!\»qf»ﬂ??,onmn-t@y Snleny ,m
e bt L prsedliymasmper emgPs e 0, M .},‘-',.,‘3.‘{‘\\4\,
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