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S I |, PREFACE .

_ e co .

This two volume reﬁort descr1bes the Trammg Requ‘inements '
. Analysis Model (TRAMOD). Volume I describes its development and .

. composition. Volume II is.a usék's g\.ude to its operat1on and
specification. The report is one of a series of techmcal reports, «
models, and data banks produc,ed under contract ng. F33615-75-C-
5218, "DAIS Life Cycle Costing’ Study. " This study, in combination
with present Air Force ca ab111t1es. will provide the means to assess o
the life cycle cosgﬂn-peft’gf the, operational J.mplementat],en of the o '
Digital Avionics Informatmn System (DAIS) \ o

o

The stqdy was directed By the Advanced Systems Division, B
~, Air Force Human Resources Laboratory, Wright-Patterson Air, -
\Force Base, Ohio, andis documented under Worl, Unit 2051-00- 01. .
"DAIS Life Cycle Costing Study.' It was perforyd under Air Force \)\
Avionics Laboratory Program Elément 63243F,/"'Digital Avionics - :

_Information System, " Project 2051. Project 2051, "Impact of DAIS o
on Life Cycle Costs, ' is jointly sponsored by:the Air Force\.Human
Resources Laboratory and the Air Force Avionics Laborator both of

. the Air Force Systems Command and by the Air F ce Loﬁncs '
Coynand Contract funds were provided by the A1r orce. &wonics
Laboratory. The DAIS Program Manager is*Lt. Col. Robert A. )

Dessert. The Air Force Human Resources Laboratory Project o l

Scientist is Mr. H. Anthony Baran. The Air Force Logistics :

Command Project Ofﬁce.r is Capta1n Ronald Hahn." The latter two . _

are DAIS Deputy Directors. The Contractor Program Manager is .

Mr. John Goclowski. . . ¢ ' : * 2
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.BACKGROUND

)

“\ \ .
. 1

. - ' SUMMARY \_ _ |

N N
N, s

. This dwo volume report.is one of a series of techmcal
reports which describe products of the Digital Avionics Information

‘System (DAIS) 1ffe Cycle Cost (LCC) Study. That sgedy supports -

~ such impacts. Volume Ope of this-re Yort describes one of the

the DAIS advanced de‘velopment program, which is developing and.
.testing a concept of integrated avionics as an information manage-
ment system. Implementation of that concept in Air Force weapon
§ystems is expected to have significant impacts on their LCC and °
system support requirements. The DAIS LCC Study was undertaken
to advance the current technology for identifying and quantifying 5

. . ¥ N .
results: a model for analyzing.the ential impact. of weapon o
system design on personnel training requirements. Volume Two :
provxdes detalled guidance in its use. . . . .

number of. te’chniques have been successfully .apphed ‘to the.
quantlt ive analys:.;s of weapon.system support personnel require-
ments. There js asneed, however, for means-to evaluate the qualita-

_ tive aspect of fhese requirements, i.e., the training requirements

" for meeting this need. - L

vl

which'.they generate. The analysxs of training jmpacts within the ‘
design process is an absolute necessxty if weapon systems are-to be’

~designed to provide essential capability at an affordable cost. Part '

of the DAIS LCC Study was addressed to tfue prov1sxon of a technique’

OBJECTIVES. oo o

_ ' The ob;}ect1ves of/the effort deécr1bed m.thls réport were’
twofold: (1) to provide a means for analyzmg the tramm'g require¢-

- ménts generated by new weapox\ systems which could be applied to

eStimate potential impacts of the DAIS, and (2) to provide the data
necessary for application of the results to the DAIS. '
: - SR : :

2/ .
/APPROACH S -

N . -~ -
- -

L 4

- A literature skarch w%s undertaken to determine the avail-
ability of arr. analytlc tool which could be used to model the training
requirements of a. DAIS application. The results indjcatéed that no
such capablhty existed.” Therefore it was ‘necessary tﬁ(evelop a
model to evaluate tasks-associated with equipment maintenance in
terms of the tralmng options available for- preparing personnel to

- perform those tasks. The principal guidelines for themodel con-

struction were adopted from the Instructional System Development
(ISD) process’(Reference 7). g )

P " N \ - 2

~J

’



resource fact7rs. ‘so as to.relate these with the resultant training ’

-

P
U ' [\

- .

The tasks and behaviors required fq4 equipment maintenance N
were identified as the basic inputs to the model. A mainténapge
analysis was performed and a Task Dictionary was developed to
organize and define the tasks, “sub'tasks, and task elements necessg\y/

'for an avionics maintenance technician to perform his job. The tasks

were then analyzed to find common task-related characteristice which
might impact the conduct, of a‘training program.. Five tisk-related
characteristics (parameters) were chosen as those best suited for
evaluating the tasks to determine whether training was requjred for
their proper performance. Procedures were developed then for
assigning values to them. These task c}efinition‘$ and the criteria
chosen for detérmining whether a task would generate a training - d

_ggpﬂ.\irement were the basis for model development and data bank

€sign. - Characteristics of the job of which a task is a part, e.g., --

. technicidn-, equipment-, or maintenance "eonc'ept-related,‘ were -also
. recorded in the Task Di‘ct‘;o_nary and.used as additional ground 'm{lés/.
) 'constraints_wbeh-assigning -values to the task characteristic para-

_ meters far each task within the Task Dictionary. o

1

=)
)

The final part of the training analysis process was the
development of a training mode}j design. It w'as\implement"ed in such
a, way that sufficient flexibility exists to permit model operation under
a wide variety of-data a¥ailability circtmstances. This ensures its
applfcabi-lity in the early §tageés of the systems acquisition process'

when.ljttle hard-data is gwailable; and beyond, when more exact data "
is\gvailable, to yield a/wide-ranging capability to aid in resolving

"problem situations within the normal routine 6f training planning.

, 'For this initial phase of system development, certain

- assumptions were made to simplify the operation of the ‘training model

with.minimal loéf.s.of'guthentici_ty.’\‘*‘urthermorg, ‘its general applica-

. bility fo a variety ?f systerss and problems was ensured by (1),de- -~
. signing the data bank o thdl its content and structure are user-:

defined (dptional) and (2) designing the training model with sufficient
flexibility so that.selecting and sequencing qf the’internal analyses
are user-defiged (optional). In this way, AMOD was.developed
to éccept various options,reﬂec'ting changes in: system, policy, and

. .
\

M.,s.wl }‘ - o , .
. ‘ 1
) . :\‘ ' v .

]

impacts.




. : N '
_ \ _RESULTS AND CONCLUSIONS . \ ,
S ' The training model, TRAMOD, developed to meet the
objectives of the DAIS LCC Study, consjsts of four main compo-

nents: \
(1) Training block generator . B
o, (3), Training plan generator . ' ‘
' \‘ ~ (3) Training progr generator . _ ’
(4) Training analyst : . R -
\ -
. "The first component (training block generator) selects those tasks
. . wh1ch require trajning. The second COmponent (training plan
" generator) produces a training plan consisting of a list of the tasks

to be tra1ned the type of tra1n1ng for each (i.e., school‘or on-the-
* job), and trax\ ing: methods and media recommeéndations. The ttﬂrd
component (training pregram generator), using the training plan,
constructs a training schedule which takes into consideration the
class and media requirements cited as requirements in the training
plan.. It alsa allows for the careful scheduling of scarce training
_resources. The training adalyst, or "man in the loop,' is included "
, ' as a component of the model since .he, provides the judgemental

. feedback necessary for the process to be self- correctmg and selt:-
ad3ust1ng

. , . o
TRAMOD can faciljtate the rapid estimation of training re~
quirements and the consequences of a1ternatwe‘approaches to fulg

- fllhng them, thus providing & means to aid weapon system ‘designers
T ~ and planners to more fully consider the fraining implications of
v a deS1gn It cap also serve as a first step in establishing a standardize
' approach to. trammg requirements analysis. Equally important is that

TRAMOD can‘allow the training analyst to better understand and
., evaluate the impacts of new systems on training requlrements and the
} options. available to fulfill them, ‘in terms-of the effects of the design
and maintenance characteristics of equipment. This information can
be used to influence the designprocess.itself. Iterative use of the
model, with systematic manipulatron of constraint pargmeters, can
refine results and enable the user to examine various sensitivities.
In this way, TRAMOD can be. app]}ied to probleins such as the early
identification of excessive requlrements, investigation of alternative
P . policy decisions, and training cost estimation. This capablhty, along
with its capability to be operated using data ava11ab1e early in system
development, should go a long way toward avoiding unnecessary
tra1nu}g expenditures by allowing a user to aﬁroach the solp.tlon of
training problems in terms of their-causes as well as the1r substance

t o L4
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DIGITAL AVIONICS INF‘ORMATION SYSTEM (DAIS): f g
TRAINING REQUIREMENTS ANALYSIS MODEL. (TR.AMOD) '

K . ¢

o - . o

INTRODUCTION X o

-1

The tramlng model (TR.AMOD) descrxbed in this report was .o

developed to: (1) meet a need for a means to assess the impact of

- the.Digital Avionics Information Systent (DAIS) concept of avionics .

mtegratlon on tra1n1ng requlrements and (2) serve as a general teol
for examining the consequences of circumstances which bear on the

 establishment of training requirements. Using a te:::hnf&pe for

classifying learning requirements and requisite training options as -

a function of the tasks to be performed, the model relates design

and training in a way which allows trade-offs between cost,.and B
operational constraints. It provides & adpability to'rapidly assess’

- training requirements and to select a~tgaining progranr most
. appropriate within the limits estabhshe ' by a set of user- Spec1f1ab].e

constraining cond1t10ns, such as tralnmg_cost and training time.

Although pr;.mamly des1gned for 1ndependent operatlon,
TRAMOD is a part of the I\Ne Cycle Cost Impact Modeling system
(LCCIM) being constructed within the DAIS Life Cycle Cost (LCC)
study to assess the potential' LCC impact of the DAIS. The LLCCIM
will also provide improved means for incorporating LCC and system
support personnel cons1derat10n$ into .design, operation, and support
decisions made throughout the Systems acqu1s1t10n process,

particularly in- 1ts éarly stages. ) ) - .o

4

Although the tralmng data bank currently prov1ded with
TRAMOD is specific to av10n1cs, the model itself represents an
extremely broad approach to fraining analysis. Its primary con- .
tribution to training technology. 1s its generalizability and the in-
creased degree of logic and mechan1zat1on it brings to an aréa which
is often thought to be more of an art than a science. TRAMOD pro- .
vides a framework forTa training evaluation process which can ‘be
built upon and expanded to more adeguately address_specific needs.
In partlcular, .the model can be applied to the early "identification of -
training demands, the timely investigation of altetnatives, and the:

estimation of training cost. It can also provide an anreased T
disgipline in the deve10pment of trammg programs. - ) '
¢ I, (A 12
s ’ .



. L o 2. GENERAL DISCUSSION

\ ™.  The basic objectives in developing TRAMOD were (1) to

\ ‘provide outputs to aid in estimating the training costs for the man-.

power requirements of the DAIS architéctt_xre, and (3) to provide the
capability of evaluating alternatuse train;ng"apprOaches and training

+ = programs for DAIS maintenance. These two objectives are related

. in that cost can be ,used as a criterion to evaluate candidate pro- -
\grams.\ E LN A )

R BCKGROUNDL..' B T
‘ . A - v A‘ w N

L ' - “Trainifig-costs are an 1ntggra1 part of the human resource
v componentof 'weapon system LCC. More often than not, these costs"

' 3 are systeri SpeC].flC and must Qe estimated in terms of actual equ1p-
ment mamtenance requxrements, i. €., “tasks. Th ‘identification of - ‘
the maintenance requxrements of a newly emerging ‘w@apon: ‘system, . \
particularly ‘one in its conceptual stage such as the ‘DAIS, reqmres
(1) the analysis of the reliability and malntamabxhty (R&M) charac- ,
teristics of similar eguipment, ‘and’(2) the extrapolation of these

, _reésults to the new’ equipment. These adapted values help form the =
elements of the emerging system's support requirements, which.in:
turn form the data base necessary for a training reqmrements -

. analysis. o : _

. - .

Such a traihing reqmrements analysis was conducted on a '
conceptual design configuration representative of a possible DAIS -
application. It was preceded by a maintenance analysis depicted in
Figure 2-1 and reported in References 2, 3, and 4. Results included
values for the type, number, and skill level of the technicians needed
to perform the prmcxpal mainteriance tasks associated with each sub-
system and line replaceable unit (LRU) of the-representative DAIS
conflguratxon. Support equipmient (SE) reqmrements were also
established. In this way, all faintenance data requirements for the
subsequent training analysis were met. What remained was to trans=
form them into precise criteria for the selection of training pro- '

edures and the estabhshment of training programs. - '

‘A literature search was conducted to 1dent1fy existing
techniques and/or models which could relate taskB to be perforined
“to the particulars of training program establishment. A methodology
and associated model were desir'ed which could assist a training
analyst in conducting the trade- off studies required to develop the
' most cosj-effective tral.'ung program. Although considerable research -
has beet conducted in this area (see bxbhography), 1nd1catmg a need

L 8 |
- “ i '3~
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’5@3‘" ) . for a methbdology with. this capab111ty, no computemzed analytlcal
-+ model could-be found that was capable of satisfying the needs at
hand. The lack of a historical precedent necessxtated the design of
an” analytic approach to develop the desired trammg model and data®
bank. Basic guidelines-were adopted frorf the Instructional System
_ Development (ISD) process, defingd in Air.Force Manual 50-2 ,
: (Refenence 7w Aﬁmh is the process generally assocmated with the
e generation and.application of actual training programs -within the ) ~
. * . Air Force. TRAMOD.represents #n adaption of that process for use Yo
(1) in assessing tra1mng requirements -during the conceptual phase /\
~« of a‘weapon- sxstem acquisition .program ‘and (2) as a research too]l =~ -S
+in advanced development ‘Studies. The five phases that constitute the -
ISD' process are shownA,m Tablﬂ 1, alon ﬁvith the corresponding

. . elements of-thg t;rammg model, S — *
v . . s - N o ° . L7
TSR L I 4 K |
o o " Table 2-1. - .
P - o -, ISD/Training Model Co{ nparison’ \ 7
-/ o ISD Phases ' 'Trai.ning Model Eléments
‘ £ ‘1. _AnalyS1s Task Analysis o . . _ o
~ . R Data Bank Preparation
. o 2. Design o Selectian of Task Blecks

o T S o S Alternative Criteria . . S
S R ! . School/OJT Mix - :

' R 3. Development. Trair;irfg\Plan o a

Lo ..~ Methods and Media-

4. Implementation Training Pro“gr_arh
‘ - ' ' Schedule N
3. Evalﬁation Feedback‘ % = ' ' ' ..*'

‘

TRAINING ANALYSIS

An overview.of the approach used to develop TRAMOD and its _
'associated data bank is glven in Flgure 2-2. The principal steps are
- numbered jn the block diagram and will be referred to in the general .
descr1pt1on that follows
The. ba81c data input requirements for the model are the
specific tasks and associated behaviors necessary to accomphsh
equipment maintenance. This statement follows from the assump-

1 ‘tion- that attamment of the skills and knowledges necessary to
: 3 10 ' ¢ : . ~




AL

‘ Training -
Requirgments *

Characteristics

bﬂﬂm

v el
Charactenstics

' Impacting
. Trining

m

Eviluate,
 Task
- Characteristics

Evaluate
Maintenance
Evats

A4

"Evaluate
Rulated

_Conditions

[ !
Training Mod
Design

hﬁmmst:c
Value Shtting
N\ Critoria

4

(30)

Develop %]

Operating
Model




e

A

-

accompllsh the deS1gnated task events is the principal obJectwe of
any trammg progrEn: Thepéfore, the maintenance requlrements ,
were evaluated (Blgs#k-1) in terms of those job ¢haracteristics wh,uch

v
.
. . . .
V\ . . s

/ \‘Sj . ; ’ ';"\ "x_..

A ' ..'.. . -~

mlght unpact that obJectlve and thus mfluence the training prograt/n

Th1s evaluation cons1sted of 1dennl"y1ng the most sxgmflcant
job charactenstlcs\ and then categormng,)them into the four groups * .
shown in Table 2-2, These descriptors werg chgsen\after research-' _

ing such sources as Air Force Oc,cupatlon_gl‘Survey Reports .
Inventories, Specialty Tralmng Standdrds,. Air Tralnlng Cc mrﬂag/ oy

Job

Course.Outl;nes and the Instructlon.al System, Develcpment Man

Subsequent'to thlSL thefide task-related charactemstlcs ‘were . .. - Q

identified as ha“hng the’ éreateSt 1mp%t on the designing-off 3 t ining

. program and were ‘Selected (Block 3a
“ by the model for evaluatlng tasks Algor:,t

as the parameters to be ed
and procedu;es were

then developed (Block 2) that codld systemavlcally be applied to’

hssxgn values to t

se five task- related chdracteristics.

j pphcatlon* :

. of these’ procedures to aSSLgn.values for the task-related character-
istics rely upon the Jud‘gement of ahalysts or téchniciaps familiar

. with the equipmént and the assocla'ted tasks necessary for its maln- :
' tenance. Appendix B contains the' definitions and criferia seleéted '

for evaluatlng the five task- related characteristi®ts/ The remaining

three groups of technician-,’ equlpment-, and mai

tenance concept-

related job characteristics were then used to es blish ground rules .
(Block 4) for the\task analys1s. These" ground ryles pnovxde the
"a priori" and: th baseline information concer ing the. system under _.

study and the ehv1ronmerLt in which
They also provide a common referen e fra:
~ analyses of tasks.

tasks Are to.be performed.
for all subsequent

-

<

" Other consmleratlons used in the d velopment of the tra1n1ng
model design included its input and outpu requlrements Inputs to
.~ TRAMOD are quantlflaTble elements sucl as: student entry rate, time
“to train per subject’ matter or task, /an the average cost per student..
The required outputs of the tralmng model, .subject to the provision

. of additional inputs concerning the characteristits of- spegcific tasks,

were defined to include: course length, required media, and type of

tralmng (on the-job (OJT) tralmng or techmcal training school (T'TY9).

The on- ‘and oSf—equlpment ma1ntenance events were analyzed
and used to develop a list of tasks (Block 5) which spanned the tasks,
‘Bubtasks, and behaviors necessary for an avionics maintenance

technician to perform his job.

ny commonahty of tasks among

maintenance events was 1dent1f ed’and used to group the tasks into
duty areas. This hst became he composite avionics task dictionary

~ N7
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msed to evaluatg the €lements bf the task dictiona (Block 6). Two
data banks were developed (l) a’ basehne historical” tra'lnmg data :
\_ bank which i§ bdSed on a non- DA/I.S avionics syite and (2) a theoretical ‘ ~
oo tra1n1ng- Qata,bank which is predlcated on a DAIS avionics architec- K ?
- - ture, The degign and development of the data banks W111 be dlscussed

- -in detall__;,Sectmn 3.7 . - — i

P . T . ~
13 i . L )

which is’iricluded in Append»i.x A. The previously’ described-eriteria (., w
and giround: ru?s for quantifying the task chara®teriStics were then . ‘A

Py . - . > . »

MODEL DESIGNY, .-t L eeg N

~

- ¢
’

. v S e ".,
- C The tr:ﬁ’m model xepresents a methodology developed to .
optun ze. both Hie Ap roacli tq tra1n1ng ‘and the tram.mg program . - R
itgelf..The, ‘technic; ap roach used in deSLgmng Buch a tra1mng RS ok

BESE mod‘él mcluded the fo];low‘ihg cons1derat10ns RN % R e -';

-

T . (l) e JIdenuflcaflon of main components in the developjlent of a /’
o training program ' -
@) Compatibility with associated data bank vy
- . (3) Introductien of simplifying. assumptions® ‘ T
O (4). Selection of available analytic techniques. :
e YN Development of necessary algorithms to perform an lyses
-X6)  Construction of model to prov1de¢equ1red compat1b' ity w1th
' _needs of tramlng analyst : ; - _ .

. v =
'\. These 1tems aré“dtscussed in general, terms in this subsection and
. described in greater detall in: Secttons 3 and 4. ’ ’

Flgure 2-3 1llustratestthe four main components selected to ‘- -
ensure that the tfaining model concept followed the ISD procedurei
* “The tram1ng model, analysxs beg1ns by using pre- established cr1ter1a
to select those task blocks that require training. The second
o, component in the model generates the training plan,. consisting of the
. following: task blocks to be trained, type of training each will
“receive (i. €., school or OJT), and recommeénded methods and
media for tra1n1ng each task block. The th1rd model component uses '
- the training plan to. ‘construct the tra1n1ng program. Th.lS 1nd1cates
‘the schedule used for training and the resulting resource requlre- ,
ments. The fourth, and perhaps most x‘nportant component required
for successful development of a trammg program is the training
analyst. This ""man in the loop' feature provides the feedback that’
enables the process to become self- -correcting, .and the user -is able
to examine the intermedidte outputs of the tralmng model and react
to unan‘t1C1pated variations or repeated lrregularltles in the pro-
ofdure , ) _ ‘ )
% ) "1

N
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U o
. " In addi}ion_'to”these four components, Jhe training model also - -
required appropriate input data. It was recognized that the model
. © design. would be inflﬁencegl by the c%rent availability of data; All of
' ., the considerations in the techifical approach toethe model were made
. in conjunction with the si¥ultaneous development of the data bank
- The model was designed with enough flexibility and adaptability, .
v ‘however,”to allow its usé with-more complete data in Tater phases of
L . . - Weapon system dgveloprr‘lent. ‘ ' - -

»

. . »

- N 7 -
- .
K3

" . . . - _ f S
_ ! The training model presénted in this technical r port should / =
- be thought of as a prototype, to be mddified and refined in the fufure IR

stages of develgpment. €ertain assumptions were magde ifi developing .

. the model design which simplif& lthq_operat’ion-of«g;.he resulting mo%e'l )
.. Wwith minimal le®s of accurdcy and authenticity. THere is no con- *© ~ -
v sideration of possible vauvfations in thé aptitude of the students who
L will -folloW‘-rl}xe"trainir;g program being generated. All students are .

‘ * assumed to reach the desired proficiency leyel in the given.amougt
of timme. It is further Assumed that school and OJT -givesequally
effective training results; there is no evaluation of the quality of a

' . particular type of training or the competengy of the trained person

-

in per\fo'rniing a_task. R
‘ ‘ - Once the components of the model; the available data, and the -
: basic assumptions had been identified, appropriate techniques were
o needed to perform the required analyses. The training mode assign- -
ment. can be made according to two different policy requirements.
When it is ngcessary for a student to receive all the. required
training through one type of instruction, tpe resulting problem is
. bést suited to a linear programmijng analysis (Reference 5). )
~ However, when the policy choice results in the problem of selecting
the combination of TTS and OJT instruction for each student that
minimizes cost subject to a time constraint, the solution is best s
-obtained through a dynamic programming application (Reference 5),"
Methods and media are assigned according to relationships between
- tasks, training objectives, and training type. In this _component of
the training model, the most appropriate technique is a two-step
. mapping: the first from task to training objective; the second from
. = training objective to method and imedium. E

_ . A o ,
~ .Centain aspects of the,i.-t'raining_godel analysis necessitated
%, the development of appropriate algorithms.. For example, the-

C selection of task-blocks for training is accomplished with one of five
possible decision- algorithms which screen the input task data in tests
of varying degrees of restrictiveness. The training program

O — PO

‘. S
T A )




. » ) "- . . :" . . . [ R é'x ‘ :
generator present'ed a similar- s1tuatlon. Slnoe the spec1al nature
. and requirements of the training program a;nalysx.s (erg:, ‘special :
“equipment of high cost ol scarce resourc ), prohﬂ:atgd the use = ° %
P : of established scheduling routines, a spe; afgortthnh ‘had’to be
' developed for the construotion of training schedules ’

< .4:~‘o\.'

3 -
-

1 The final conS1deratlon in des1gmn.g the training model was
- - that it be compat1ble with the needs of the training analyst./Towar s
\ this goal many ‘options were added to the rffodel design to accom-
" modate different system and policy requirements, as well as
__— resource and operat1onal/ constraints. The ma pings used to assign
‘ methods “and media can be altered by ‘the user to-reflect his needs
) ~and preferences. The policy chéice in reference to the’training mode
-~ - as,mgnment is another example of this adaptabxllty The mean/s of
‘ relating system—/pohcy]resource factors to the resultant training
impacts’are also conta1ned in the model, “thus, allowmg the training
" analyst to obtain relative jmpact estimates of great value early in ’
the weapon Svystem development process - : ot

MODEL OPERATION A

Flgure 2-4 gwes an overview of the tra1n1ng model which
resulted from the technical approach described in the previous,
sections.. Operat1on of the model is pred1cated upon the establish- _'

. ment of a data bank containihg the list of tasks to be perform
~e .. Their level of specificity is a user- -defined variable allowing for
© . flexibility of task definitibn. Each task should be assigned a-scalar
" wvalue for each of five task characteristics denoting: frequency,
criticality, ' learning. difficulty, and psychomotor and cognitive levels.
Scalar ranges and quantlflcat‘lon criteria are prov1ded in Appendix B.
K] v
The data bank is input to the 'training block generator \_)_vhlch
screens the total set of tasks in a series of go/no-go decisions to
determine those tasks which require training. The selected set of-
,task blocks . becomes the input data set for the training plan ,
generator. The user maintains control of the screening process by
his choice of selection criteria, i. e. » Screening algorithm. and task
' Eharacterls\t;c thresholds.

_ E'At this point, it is assumed that all output tasks are to be
trained. The user now des1gnates valu€es for three constraining
“conditions: personnel required (number), maximum\training cost »
(dellars), and'maximum training time (months). The trammg plan. '
g£1erator then performs an analys is to determ1ne the tra1mng mode,

.. . o . /_\.. ‘32— 7. \
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/ésmgnment for the outputted task blocks, based upon Jpolicy considera--
« 'tions ass1gned by the training analyst (For example, one policy

option assumes each student receives all his training 1n either school

-or OJT. The alternate method assigns. each student to a mix of 'fTS

and OJT training.) The trajining plan generator thegl recommendq

-methods and media fer ef{-utrtask blo¢k based-upon task clasmﬁca‘uon -

and the aSS1gned pohcy or tra1n1ng mode se1ect10n _ N

Y
- K2 T /

~7 v After rev1ewmg the initial tralmng plan, the trammg analyst -

& may opt to re-execute the task selector and tramlng plan generator
using a different set of training criteria. This procedure’ma be _
iteratéd to generate alternative training p1ans untilyan acceptable - B
‘one iseobtained.’ This final trammg plan now becomes the’lwut data -
_set for the trammg program generator The user spemﬁes class
size restr1ctlons, a task descriptor to govern the training sequence,
and a (opt1ona1) high cost training medium whose use is to be °* :
opt1m1zed The final output of the model is a representative training.
program consisting of the schedule, number of classes, and required

items of se1ected media needed for the postulated trainee group.

-~

COMPUT IMPLEMENTATION o L

TRAMOD has been programmed for operat1on on the CDC-
6600 computer. A listing of the program is included in Volume 1I of
this report. TRAMOD was designed as an interactive program in
_order to give the user the greatest amount of control over its
execution. In addition to data bank inputs, its operation_ calLs for . "
several interactive inputs. These .are listed in Table 2-3. TRAMOD
prints a request for them, as they are needed, and reads input from -
~ the terminal in a free format. This prevents the possibility of an |
aborted computer run due to bad data and apprec1ab1y lessens. the S
amount of preparatory work required of the user. It also helps the =
user to develop a more completé understanding of the effects of e
1nd1v1dua1 data items on the tra1n1ng model results. ' .

-

The mteractwe nature of TRAMOD a1so allows for mcreased :

e needs of dlfferent trammg pohc1es and designs. Whenever -
the pro am reaches a point where a decision is-required in order

to continue execution, a.message is printed to the user, The program
‘identifies the.possible options and waits for the user's input, asin o
" the screemng algorithm choice required to establish the user's task ‘
gelecfion criteria. There are also occasions where the user is '

' offered the optior of changmg data .default valueés, i.e., specific data 5

values 1ncorporated as part of the program, sucH as the methods and '
" media mappmgs. : I 19 . : s

. e T e
N

f oy U'l'““. 1‘, . Co




l_ R S R | Tablé 223. e
B ) ' ‘- - ,Interacfive Inputs . ) h _‘ B - o
N 1. -~ Threshold cutoff levels for, the input characteristics* -
| ga)' Criti'c:ality B - ! *
~ +(b) Learning diffi@lty_ | | T
o~ . , (c) Fnegueacy VRN o O '
co | "(d)"P‘SyChdm‘ot‘or'lev,el; ' R \ .
| (e) Cognitive levkl A .
2. . Task sefection algorit choiee«

' -‘\ " 3. ; Number of ‘traineeg to be-trained in each AFSCx

Regressmn foeffidients for demvatlon of cost and t1me data
for each’ task bleck*

5 ~7Tra1nmg tlme constramt < ‘.
6. - Training cost constramt - ' L : |
v, TTS/OJT split* o S .
8. Alter}?ative training objective mapping* © -
9. Alterr%atlve methods and meci/9,£or training* ]
10. Scarc TTS reSource to be optimally scheduled
’ 11. Mlmmum class size* ‘

12, Maximum class size*

 *required {fput . T s . L

' +defau1t» values available




All the results generated by the {raining model are output
- interactively as they are obtained, unlesS\guppressed by the user.
This feature assists the user in'directing the program flow, since
he can examine and_use the effects.of previous decisions to help
him make his next selection. Interactive output also aids the us€r in
quickly identifying inappropriate choices made during runs in which
. the resultlng training program is not satisfactory. '
.. Each analytic component of the training model presents the
user with several alternative options for performing the required
analyses. By exercising the model using different decision criteria,
the user not only refines his results but also determines those.
combinations of algorithms and data inputs best suited for particular
applications In some instances the user may decide that additional
options are needed to match the needs and constraints of a
particular design specification. The modular nature of TRAMOD
makes modifications possible and allows for adaptability and refine-
ment to meet future needs. - : , \

Iterative use of TRAMOD lets the user: dire t the program to.

_ repeat analyses, both within and among.the major components of the

model. This control gives the user the added capability of identifying
the sensitivities of the various options and parameter values.
Through examining the ‘relative effects of input data changes, the
user can identify those elements of design and policy which could

give rise to problems’in the planning of training. This feature makes

the maodel an excellent research tool for the training analyst
interested in identifying the potent1a1 traimng conSequences of -
de81gn 0ptions for a new weapon system

~
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e 3. DATA BANK DEVELOPMENT _ N I
One of the f1rst conts1deratlons in analyzing the trauung
impact of amew system is the creation of a data bank containing
information for use in translating the equipment and/or mainte-
nance character1st1cs and reduirements into the data necessary to
generate training programs. Basically, this consists of a systems
mamtenance/operatmns requirements analys1s “in ‘terms of task-
objectives for the System; It is assumed that each exercise of the
model is to be accomplished using tasks within a single technical
specialty area. Thereéfore, the tasks are grouped primarily by
career field desigfAation and sub- groubed by subsystem for the
purpose of data bage$ organization. A dictionary comprised of these
task'objectives is subsequently developed in terms of the behaviors
. 'subsumed by the identifigd tasks to achieve a more refined descyip-
‘tion of the tasks in terms of their behavioral characteristics. The.
classification and grading of tasks on the basis of behavioral
var1ab1es are used in the tra1m.ng model as criteria for the decisions
concerning the ¢hoice of tasks to be tra1ned and for training plan and -
training program-definition. :

Thyee prlnClpal aSpects relating to the. development of a data -
bank for input to TRAMOD have been 1dentx&d as requ1r1ng 1n-depth

Te explanatlon
(1) Establishing the task dictionary
(2) 'Establishing characteristic parameters for the tasks and
assigning their values
(3) Ass1gmng tram.mg times and costs tp. each task

~
v L

TR,AMOD was designed as a tool for analyzing the training
requirements of any new weapon: system. The two data banks referred
to in this section, however, have been developed specifically for use
in the DAIS LCC application. The above aspects of data bank develop-

‘ - merit are, therefore, discussed in two reference frames in’ the
following subsections. They are first presented with application to
the historical or baseline data base, and then with consideration of
the effect of DAIS implementation upon the baseline data due to _
changes in avionics, support equipment, and maintenance concepts,

TASK; DICTIONARY

' The ‘initial step in the development of ‘the. data base task
d1ct1onary was to perform an analysis of the mamtenance/opera.tmns
requirements for the avionics suite conceptual design developed ,
within the DAIS LCC study (R\ference 10). The requirements, were ’
' 22

- . . 9 7 : . - Y,
x. . - .. ‘ ' . N . .

£




examined.in terms of the-task performance required of a mainte-
_nance technician at the completion of his specxalty training program.
Th1s analysis was hecessary to establish a link between the equip-
ment and a task oriented training program ‘necessary to teach the
‘skills and knowledge requireg to maintain that equipment.' A hier-
archy ‘of tasks was established so that training requxrements could
be identified for each maintenance event assoc1ated with spec1f1c
avionics equipment. This analysis was accomplished with the aid of
* the previously deVefoped (Reference 3) DAIS reliability and main- .
tainability (R&M) model classification of maintenance events which
“include: "'set-up support equipment, " "troubleshoot, " 'remove and
. replace," "on-equipment maintenance, " 'verify the subsystem
repair, "'.and "'bench check and repair.!" Related tasks within each
event were identified for'a generic avionics suite by listing the
“various maintenance actions that would octur during each event.
Several iterations Qf this last process were exercised to ensure
that the avionics ef;uklﬁﬂ‘ﬁ?t ‘maintenance tasks identified were
comprehensive, t'hough ndbt necessarily exhaustive.’

-

- . . <’

This in- depth ana1ys1s reveal'éd the exxstence of redundant
tasks across madaintehance events. In addltxon, the combined tasks

could not,. in themselves, be- construed as a complete tra1n1ng pro- -

.gram for a maintenance technician since there were add1t10na1 ‘back-
ground knowledge requirements necessary to guarantee success;t‘ul

- performance. "Ta correct the first problem noted, the R&M main-

tenance events were grouped into four 1ndependent duty areas

flight line duties, shop duties, fhght line support equ1pment duties,

and avionics. support equipment repair dutxes. ‘Redundant tasks

within a duty area were then combined lefiwing a single list of tasks
for each of the four duties. For the seco problem, current Air

'~ Force avionics maintenance personnel training course- curricula

were consulted. This resulted in the addition of two new duty areas:

General Technical and General Non-Technical. A list of job re1ated -

tasks derived from the trammg courses was appended to the

- appropr1ate duty area. a : Voo

Fmally, the tasks within the six duty areas were reviewed
' again for omissions or redundancies, and the resultant list "became
the task dictionary as presented in Appendix A. -It should be noted
that some of the listed task designates are amended by either sub-
tasks or modifiers. The purpose of the modifiers (unnumbered task
elements) is to aid the training analyst in evaluating the scope of the
task. Where subtasks are listed (identified in the least sxgn1f1cant
'_dxgxt of the task identifier), the analyst may use these subtasks both
to 1dent1fy the scope of thesfask and 31,59\,t° exercise a greater level

“ o .23
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" of detail in the model if desxred If thxs capabthty is used, the

training model treats the task identifier as a nestmg parameter
indicating associated subtasks. This parameter serves to designate °
tasks which logically fall together, either on the basis of their
performance interaction or requirements. generated by the actual _

provision of training. . -

CHARACTERISTIC PARAMETERS

Havmg completed the task dictionary, the next step i m con-'
structing a Ristorical data base required that a set of parameters be

' identified to Berve as a means for evaluating ‘individual tasks. Those
- selected had to be common to all tasks in the dictionary and measur-

able with some degree of reliability or repéatability. This ensures
that different personnel involved in training analyses may arrwe at
simil8r. evaluations of the same task.r "' ,.

A review-of the task diction_ary.was conducted to identify
common parameters which would most impact a training program.
Candidates were extracted from the ISD manual or suggested by :
engineering personnel experienced in e1ectromcs§1amtenance. A

list was then compiled under several headings such as task-related,

technician-related, equipment-related, or maiatenance conéept-
related. The task-related category of parameters was chosen as
that best suited for evaluating tasks in terms of training require-

. ments, and was thus selected for use in the data bank.: The five task

charactensttc parameters identified are (1) cr1t1ca11ty to job per-
formance, (2) difficulty in'learning, (3) frequency of performance,

~ (4) cognitive activity, and (5) psychomotor activity.  The' first three
. are self-explanatory in concept and are defined in Appendix B, The
last two are | used in lieu of "knowledge' and ''skills." No suitable

specific taxonomy exists for defining or measuring the skill and
knowledge levels required for performing maintenance tasks.
Therefore, the means of defining the last two task character).st1c
parameters were derived from. a behavioral taxonomy developed by

- Bloom (Reference 1). Appendix B, Task Characteristic Parameters/

Values, defines the above f1ve parameters with respect to their use
in the data bank :

(4
. - f

T F1ve d1$t1nct levels were aésxgned to each of the parameters,

with thé exception of criticality which was assigned three levels.
This number of levels appears,to be consrstent with the accuracy of
data available during the conceptual phase of the design process and

also thh the sens1t1v1ty reqmrements of the model Appendix B

24 : _
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‘ples _of skills which might be required for successful per-
of a task. Appendix B-was used by the engineers perform-
. / . task evalgation of the historical non-DAIS and the:DAIS -~
- equipment conh;&'atmns. For the historical data bank, each englneer
evaluated all tasks in the dictionary while considering a generic
avionics subsystem. The results of these evaluations demonstrated
a high degree of uniformity. Where a difference of two or more levels
/ P existed for any parameter, the evaluaiions were discused beforg a
' consensus value was assigned. Concurrent analysis } indicated that the _ '«
major réason for the differences resulted from var1at1ons in inter- ¥ o
‘pretation or ‘concept of the tasks on, the part of the evaluator. rather
than h1s misconstruction of the level definitions.

* v

Followmg e task eva1uat1on of a generic avionics subsystem.
it was noted that the Vvalue assignments of some of the task
characteristic pax;ameters for certain tasks, such “as "isolate’
-malfunction, " were.driven by properties of the equipment. These
tasks were identified, and engineers familiar with the subsystems
modified the level assignments for the parameters accordmgly
For the remaining tasks, which are independent of equipment
properties, the previously determined parameter values were used
for all subsystems. .

q

14

TIMES AND COSTS

" The fmal step in develop1ng the historical data base for —
" TRAMOD was the assignment of task training times and costs for
eachsubsystem. Attempts were made to insure that both times and
costs were as realistic as possible through the use of existing data
and extensive engineering analysis. Data needed for establishing-
trammg times was taken from sources such as the DAIS historical
i R&M data (Reference 3), Air Training Command (ATC) information,
L and course curricula for the Air Force Specialty Codes (AFSCs) of |
- 9 interest (References 11:and 12). Training cost data were extracted
7. from Air Force sources and Rand studies (References 13 and 14).
Both t1mes and costs were 1solated by training type: OJT or TTS ”

, ) o

faTy i O
LR A

NEA L One of he features of the training model is that the user

’ may substityte up to four sets of regression coeff1c1ents (one set

A eachifor TIS time, TTS cost, OJT time, and OJT cost data) in lieu
' of the individual task segment training time and cost data conta1ned
in a data base. This.feature is included because it is ant1c1pated

e trammg mcﬁ’del will be used in applications for which task .

S 2 L
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- segmert times and/or costs’'may pot be known. If so, the user may
judge that the application under study has strong sjmilarity to some *
pnor use for which the needed valies were avallagre In that case,

a regressmn or isimilar analysis on this prior data ‘could provide
viable input coefflclents to determine the needed data. The v
coefficients are used. in conjunction with the task characteristic
parameter values to determipe the time and/or cost data either
across-the-board to reflect a general change, or for those specific
- tasks for which no time or cost data is available, However, when an

- analyst wishes to change time or cost data for a selected subset of
tasks within the larger set of tasks assigned to a given AFSC, this
must be accomphshed through modification of the-data bank itself ‘
rather than through use of regression coefficients. Each set of \.\/’
coefficients comprises one constant value and five multipliers, one
for each of the task characteristic parameter values., These -
coefficients are entered manually by the analyst as an mteractwe ‘ e
‘. step.’ ‘ : - T

So.

/.

. For the case where neither current nor user-generated
< coefficients are available, sets of default coefficients that are
mcorporated within program: TRAMOD may be used on demand.
The default coefficients supplied were determined through linear
regression analysis on a data bank prepared for tasks peculiar to
the DAIS training application. It'is important that the analyst
realize that these default ,coefficients should be used only when no
reliable data exist and, e‘ven then, the output products should be’
screened w1th care. - . ~

DAIS CONCEPT o ' ‘ .

Once the methodology and terminology were established for .

' "déveloping the historical training model data-bank, tonstruction of
the DAIS theoretical data bank depended primarily upon defining the
training requirements in terms of the DAIS concept. The develop-
ment of the DAIS theoretical trammg model data bank was a
logical extension of the maintenance analysis that preceded the
"development of the mid- 1980s DAIS R&M model theoretical data
bank (Reference 2), The determination of the effects of ‘DAIS upon

' equipment R&M characteristics was*followed by an analysis to
determine the corresponding effects upon maintenance personnel

~ training requirements. The major considerations were (1) equipment
design, i.e., thé&hardware and its associated software, and (3) the
general maintenance policies affected by DAIS, such as manpower
allocation. The following paﬁgraph‘s initially deal with the above two
aspects, and  then proceed to describe the necessary changes to the
h1stor1ca1 trammg model data bank as a reSult of DAIS.

T .
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B F@uéing attention first on DAIS hardware/software-related *
aspects, the major effects of DAIS were studied after first S
establishing conditions or guidelines; the principal ones include:

1

1)

2)

i

All sensors rémain as is, i.e., there is no change

" of equipment configuration, with the exception that
 certain control, display, and interface units are "

reloqated in the core. The core elements.of the DAIS

" architecturesconsist of .the.multiplex bus and interface
. ‘units, processors, integrated controls and displays,

‘and special software. Whereas most primary functions
are centralized under the DAIS concept of avionics
utilization, certain.computational devi¢¢s such as the
navigation, mission, and bombing computers or . !
processors were reconfigured as a core function. The -

-appropriate R&M model characteristics were adjusted

for this transfer of functions (References 2, 3, and 4).
Specifically, these adjustments consisted of transferring
{he task requirements (e. g., time to accomplish,
number of technicians, their Air Force Specialty Code,
and Support ‘Equipment) to the new core subsystem
maintenance networks. Appropriate reliability

. vatues were also assigned for these new subsystems.

In accordance with the DAIS system architectural ‘
guidelines,. the controls, displays, and processors are
integrated as much as'is feasible. Additional software

_is assumed to exist to aid in integration and to reduce. "7

the common hardware items in the core.

t
- .

~ As a resﬁlt of the above two considerations, minor 'A/D

(analog to digital) and D/A redesigns have been postula-
ted to permit sensor/core interface. THis interface is a
function of the remote terminal units (RT'Us) in any
DAIS configuration, and does not affect the sensors *

- (Reference 2). .

DAIS design lends itself to the inclusion of a'Central .
integrated Test System-(CITS) for isolating mal- s
functionging LRUs on the flight line. The capability of

_a CITS to provide an improved built-in test (BIT)

capability, thus reducing the cannot’ duplicate mal-

_function (CND) rates both on the flight line and in the

. )

shop, must be considered. (The R&M model data, which

. was obtained from the DAIS maintenance analysis
- {References 2 and 3), reflected these CITS impacts.)

(_-\‘ 27
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" 5) Although DAIS avionics support equlpment is d1fferent
. -~ from non-DAIS, its major impact on training require-
' - ments derives from the number of tests it will perform '
) and the accuracy of these tests rather than its speed of
. ‘ 'accomphshment (References, 2 and 9).

. The above.conditions and effects have subtle 1mpacts on the
data bank, both- directly and indirectly. The indirect impact is
reflected in the general maintenarfce policy cons;.deratmns defmed
below, which were 1dent1f1ed as. approprlate to a DAIS av1pn1cs

conflguratlo.n
8

K L

1) Consideration is given $o the possibility that ‘mainte-
nance technicians may be assigned solely to the flight
line or shop e.g., consider the policy of training only'

- one to three AFSCs to perform all flight line tasks and
~81m11ar1y training-six dxfferent AFSCs to perform the
shop tasks (one for each of thé six test stations). This
solution is dependent tg some degree upon the BIT/CITS.
capabilities at the flight line and the test station

. capabilities in the shop. However, it may reduce the

-c teaching of extraneous 1nform_\§at1on and theneby reduce .
overa11 training times, - :

2) Tra1n1ng for DAIS personnel will probably be lirnited to -
"need to Ego subJects For example, assume that the
test stations are capable of isolating malfunctmns at the
ke functjonal or ‘modular level. If the LRUs for a sub-. .
system are repaired maihly by removing and replacing
the shop replaceable units (SRU), then it is qmte likely
that the technician need not receive the in=- depth train-
.. - . ing in "knowledge of electronic principles, " which con~-

stitutes a major portion of the current course curricula.

"

3) The mean time to repair (MTTR) times per task at the

E .. LRU level, rem#n the same for both DAIS and non-DAIS

: airmen. Howeyer. mainténance man hour (MMH) times

" - change as a function of the number of personnel assigned
per task and there will probably be differences between
the hon-DAIS and DAIS configurations. This was deter- .
mined in the R&M model malntenance analyS1s
(References 2 and 4), :

o 23 3,3‘
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'CONSTRUCTION

- . -

ining the previously geviewed DAIS impacts in terms.of the data
nk variables: the tasks; their characteristic parameter values
and assoclated tra1n1ng times, and costs. L ’

Ly Construction of the DAIS data banks ‘consisted pr1mar11y of
df

o Task ass1gnments The tasks listed in the h1stor1eal data bank
e d1ctxonary. with the excepgion of a few additional subtasks and
e mod1f1ers ‘added to account for the increased software, were

comprehensWe enough to:-cover DAIS.av1on1cs

7

) Task- characteristic parameter level as51gnments The
" following was concluded from a task oriented training analysis which:
took irfto account the previously reviewed DAIS impacts:

. . No need to change any .of the criticality assignments
"+ between the two data banks. . -
R 4
° .No need fo change any of the psychomotor ass1gnments

between the two data banks. -

3 Frequgncy values formerly scaled relative to h1stor1cal -
subsystems' maintenance index data should now be
scaled relative to the maintenance index data for DAIS
subsystems. The algorithm for level determmatlon
need not be changed. ‘

® 'Cdgn1t1ve and d1ff1culty levels should be mod1f1ed
slightly to account for DAIS vs. non-DAIS differences
in the equipment-related tasks mentioned previously.

Training time and cost assignments: No change is needed in
) %nher the TTS or OJT hourly\costs between the two data banks

because the dom1nant cost factors (wages, benefits, and facilities)
.are not impacted. OJT times by task change only as a function of the
DAIS architecture partitioning. TTS times by task change mostly as
a functlon of the arch1tecture partxtxomng However. a few of the
general duty task times such as "knowledge of electron1c prxncxples
are reduced. o '

-A comparison of the DAIS data bank with the historical data.
bank by duty area, reveals little difference between the two. Th1s
results from using similar equipment irt the two avionics su1tes.
‘The major differences occur only where the equipment has changed
suff1c1ently to generate new support personnel requlrements The
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required tasks and their assigned characteristic parameter values,
times, and costs for the flight line support equipment and the avionics
support equipment repair duty areas are identical between the data
banks. Only time. allocations are slightly changed because the flight =

. line and shop duty area tasks remain the same for both the non-DAIS
and DAIS tonfigurations. The equipment related tasks do, however,

- reflect changes in the difficulty and cognitive 1eve1 evaluations as a -
.result of DAIS; as do some of the OJT times. The General Technical
and General Non-Technical duty area tasks maintain the same task

- characteristic parameter values and costs, but their associated TTS
~and OJT times are shghtly changed. Finally, the ”knowledge of

= Spec1f1c subsystems" or "knowledge of specific test stations' tasks
required modification to reflect the differences between the DAIS and
non-DAIS av\m\mcs

\ ’ . . T
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" TASK SELECTION

4. TRAINING MODEL DESCRIPTION " B

“This section provides a detailed explan&tidn of the'techniq'ues
used in TRAMOD and its operational capabilities. The discussion is
segmented in terms of the model's four primary functions: task

. pelectipn, training mode assignment, methods and media assignment,

and training program scheduling. .-

. e
—

. The first component of TRAMOD functions, under user defined |
constraining conditions, to select the tasks which require training
from those in the initial input task list. Output is in the férm of task

‘sets or '"blocks' of tasks to be trained as a unit. This function is - -

performed on the basis of a set of decision algorithms which screen.
the input data against test criteria Jgst_ablished by the user. These
criteria are limiting values Jor each of the task characteristic
parameters described in Section 3 which establish cutoff levels for

. each screening decision. Five algorithins allow these th olds (N;)

to be compared with the actual task characteristic'.pax:a,mete values’
(C,) in tests which vary in their degree of restrictiveress.
hd ' . - .
The selection of an ‘algorithm for model operation is dependent  °
upon the user's interpretation of the relationship between the tasks

- and their individual task characteristics. The most restrictive of the

screening tests, the '"All' decision tree algorithm, considers all

parameters to be equally important anq requires each to meet a

specified level for training to be warranted. However, this algorithm .
can be used to test on the basis of single or groups-of parameters.
within the total set. This would be appropriate when the user

‘ perceives unusual differences in task characteristic parameter

relevancy or wishes to explore outcome possibilities based on their

. postulated existence. Selective parameter exclusion from the train/

no-train decision process is achieved by entering a'''O'' cutoff level
for those to be excluded. This causes them to be ignored by the "All"
decision tree algorithm, resulting in a training requirement decision
based solely on the remaining parameters. : :

The least restrictive test algorithm is the ""Any' ‘decision tree.
This requires that only one of the task characteristic parameters meet
a user-selected threshold value. In general, for a giverr set of N,
values, this algorithm will yield the largest subset of test blocks %o .
be trained, permitting any one of the five parameters to dominate the
establishment of a trajning requirement. This test is most appropriate

~-when the user feelsthata specific parameter should be the sole factor-
in the screening decision. Choosisxig'value_s of ''6'' for four of the five

- 8
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possible cutoff levels will result in an affirmative task block
training decision only if the value of‘the remaining task characterlst1c

.parameter meets its threshold .

The remaining three algorithms test functions of the task
L chdracteristic parameter values rather than the individual values
themselves. A given set of N, values used with one of these tests
results in a group of tasks deé1gnated for training havmg moreivaried
. task parameter values than those designated by the two decision tree
algorithins. Two of the tests compute the root-mean-square (RMS)
value and the pure average of the parameter values and compare them
to a selected threshold value. The last of the screening algorithm
choices computes a welghted average of the parameter values on the
assumption that.the user's choice of individual parameter value
cutoff levels indicates the relative importance of the five parameters.
‘Table 4-1 illustrates the results of applying the various decision
algorithms to a set of tasks, using a fixed set of threshold values
( (Ni) and tas}'g characteristic parameter values (Ci)'

~

The RMS and pure'average decision algorithms allow task
characteristic parameters with high values to compensate for others
w1th low values. An RMS test passes tasks that may fail ‘the pure

‘average tept, since the.squaring of the parameter values gives
parameters with high values even-more weight than they would be
accorded in an averaging process. This property makes the RMS
algonthm most appropriate for screening tasks whose "sets of

- characteristic parameter values deviate significantly from the rhean
of those values. The most appropriate choice between these two.
options is'dependent upon the thresholds selected aswell as on the
task characteristic parameter:value profile desired.to characterize a
‘task to be trained. Consider the following two sets of threshold
values: 3, 2, 3, 3, 2and 1, 5, 4, 1, 2. Both sets have the same

" mean value, but the second set has a much higher, standard deviation.

If this set of thresholds is used, then the RMS algonthm will generally
s@pect more tasks for trammg

A 4 The model uses the screemng cmtena to select J.pdnndual
tasks’ requiring training, and then collates them. irito agsociated task
' blocks.\ It does this by examining the task-associated nestmg
pardmeters described in Section 3. If one task in a nested group is
selected for trammg. then the entire group will be trained as a task
block. Therefore, the task characteristic parameter values assigned
to each task block are the maximum valués of those within the A
.nested task group. These outputted task block;z,bégome the input data
. set for the second component of the model which constructs an m1t1a1~
training plan. : 32 .
- | 37 |
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Table 4-1 Task Selection Algorithms -
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TRAINING MODE ASSIGNMENT ” /\/’ﬂ e
The first half of the training plan g/enerator 1dent1f1es the type
..of training to be assigned to each task block. The training mode ~
decision, TTS or OJT, is determined by the training analyst's
choice of policy, cost and time constraints, and number of personnel-
required. In order to perform this analysis, OJT and ’]:IS trammg

‘time and cost reguu'ements must be assigned to- each task block. .
. There are three ethods available for obtaining these data- ‘

H
,\ (1) Dir ct input of training times and costs for each
o task block in the input data set = = ' .
(2) . ‘Calculation of ti‘aining times and costs with.ﬁs'e\r-,'-' ’
nselected regression coeff1c1ehts, times and costs -’
are l1near corpbmatlons of the task. charactemstlcs. e g
- t*ost (1L, OJT) = K + 4%} KjoC;; | |

. - for each task block i where:

v - , KJ is the regression coeff1c1ent _for oJT trammg

1

costs for the ]th charactemstlc. 3,=1 ces 5."*‘

. C_ s.the value of the- J th characterlstlcs of t{ie
S -13 _ ith § task block.

'(3) ' Derivation of times and costs using the“fi_.xe'd‘_idefault -
~ regression coefficients presently a}vail'a\blg in TRAMOD

in ,consort with the 'above equation'.
a . * |

L]
Selection of the first optlon indicates that the data have already .
been read in as part of the input data bank. As task blocks are
sélected for'training, the appropriate time and cost data are’ L
accumulated and stored with thé rest of the task block data.- The R
second option requests the user-selected regre%xon coefflclents be B
' entered 1nteract1vely during execution of the model. ' The third optlon ‘
'requu'es no data input, as th® default coefficients are stored in TRAMOD
~ and are available upon demand. During sessions with multiple runs,
" regression coefficients entered under the second option become default
coefficients for all successive runs. - All three options result in
. the times and costs data arrays needed for the trammg modé
selectlon process. The training model makes the TTS/OJT decision,
in one of two ways depending on the polxcy requirements of the

training program. |
34




: A "non-mix"' option assumes each student is trained swlely
through school or OJT, but not both. The model calculates the
student split between TTS and OJT based on a "quality" assessment .
of the training requirement. The concept of quality used in this
~ section is a measure of deviation from the optimum candidate
_ criteria for both TTS and OJT, as explained herein. : Lo~

PR First, the model computes the time and cost values to train -
. " a student through school and OJT using the initial screening options

' available 10 the training analyst. Then, these values T » T » Co»
and Co, respectively, are tested against the user- defmed c9nstra1nts

for training program time and cost T max’ Cmax) Next, the

model checks for the feasibility of each of the training modes within

the time constramt.w A subsequent test compares C .. with the costs

- for those values meeting the time constramt. The model calculates
the student split only when both TTS and OJT training modes are '
feasible.. Let OC. and SC,, i = 1,...,5 represent those values of
the five task character1stfcs which are most appropriate for OJT and
TTS training. ‘Define two ''distance'’ functions, d_and d_, applied

."to each.task block selected for training, as followos- -8

-t
5
e w=E e 1) - scp? /2

5
4 () =2, [(CG. D) = O, )2] /2.

~where C(j, i) denotes the valﬁé of the i th charactenst1c of the ]th task
block. Then dg(j) is a measufe of the deviation of task block j from -

" the optimum cand1date for TTS training, and similarly, do(j) with
. OJT training. Both funotions can be averaged over the selected task
., 'blocks and the overall population dev1atlon from the opt1mum ﬁtrmnmg

.. - criteria can be defined as

Lo . n :
' '., “_ . J_ = . oes g .

-

where Ng and N0 are the number of students in TTS and OJT. The
""quality' of the resulting training requirements, as previously defined,
~ is maximized as J is minimized. This problem can be solved by a
- linear programming application (Reference 5) and reduces to the
equations:

) : i Cmax_CO.N. N =' NN - Cmax - CSoN
: s egecy) - 0. 's (€, -Cp -

.
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These two equations then give the split of the trainees to be trained
in TTS and QJT. '

The alternate method of determining the traming mode assumes
each student can be’ trained through a- :combined program of school and
OJT. The model uses the time consfraint for the training program
“and assigns a tralning mode to each task block through a sequence of
interrelated decisions.. The analysis is performed through a dynamic -

_programming algorithm which provides a systematic procedure for

determining the combination of decisions that minimizes the overall -

cost. The basic features which character;ze this as a dynamic Qro-

gramming problem are discussed below.. >

- . Y . . . | B
The model examines. the task blocks and keeos track of the

time and resources expended by ‘edach’ under the two training modes.

' “-prbgramming terms, each task block represents a '"'stage'' requiring

a decision. The ''state' for each stage/task block is the amount of"
unconsumed time left for training the unassigned task hlocks. For
example, if the decisibon is made to train task block n-at TTS when.
there are 30 weeks left for traming. and task block n takes 16 weeks
to train, then the decision for block n+l is made with 14 weéks
remaining in the training program. S ‘ v

A recur_'siy(e relationship identifies the optimal policy for each
state at task block' n, given the optimal policy for each state at gask

block n+1. The minimum cost for training task bIOCk n with, s, time

remaining in the training program is

fn (Sn) - mi‘n ! fn+1(sn-tn)'+ ®n &n) § -
t >s8 v . ’ '
n n, _
’ ' s, = timeleft to allocate to task block n
o t, - ’tir‘ne»required for either OJT or TTS training

Cn.(tn)\= cost gssociated with either OJT or TTS training,

Therefore, finding the opti.mur'n’poficy when st'a"'rting in states s at
dask block n requires finding the minimizing value of t,. When there
are N task blocks to be trained, the optimum training plan is found

36 .
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" Each-tasgk block is then @assigned to QJT or TS in order to minimize - - . -
,;bverall resource consumption for the training program. In dynamic
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by iterating the above equatxon N t1mes Further dxscussxon of the
“algorithm can be-found in Reference 5. _
At this point in the executxon of the model, each task block
. - has an assignment. -of TTS-or OJT training. If-the combination TTS/
 OJT instruction has been chosen by}\he model user, all students w111
fol]‘ow the same training plan. Otherwise the model will generate gwo _
training plans;'one approprxate to the OJT and the other appropr1ate
to the TTS course of study. ’

METHODS AND MEDIA ASSIGNMENT

'

The secord half of the training plan generator ass1gns an
: appr}prlate training method'and medium to each selected task block. °
In order to do this effectively, it is necessary to correspond method:
~and ‘media characterlstlcs with human performance requirements, -
. This in turn requires a meaningful classification of human perfor-
mance with respect to the significance of learning principles and the
. importance of’ specific task influences. The classification system
used in the training model is defined in Parker and Downs (Reference
-6) and consists of the following six classes of training obJectwes. It
is recognized, however, that this systern 1s~on1y one of many Wthh :
might have been used. ’ :

s Lear ing Identifications. This mea.'ns' pointing to or
~ locati g objects and locations, naming them, or identifying.
;- - what goes with what -+ either physically or in words or
symhols. The latter includes much of what is commonly
denoted by the word “facts S :
2. Learnmg. 'Perceptual D1scr1m1nations. This involves the use
of visual, auditory, and similar cues in.a manner which 1
allows the identification of a particular stimulus. The ) ’
_integration of these cues, some 6f which may be just above
the threshold of percept1on, occurs pr1mar1ly 1n the course’
of dJrect pract1ce. - :

3. Und‘@rstandmg Prmc1ples and Relat10nsh1ps. This usually
‘ means understanding a ‘statement of relationship -- as shown

by being able to state, illustrate, and recogn1ze its
implications. ' Often this is a statement which tells how a
cause produces an effect, or how a result can be predicted
from several component factors. It may involve knowing
arbitrary rules of contmgent procedures. e.g., 'if such.is.
observed, do thus and so"' Lo '

. 4. .'Learning Procedural Sequence. This means knowing how
. - to.carry out a set of operations that must be carriedout in
a f1xed sequence. . 37 -
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- 6. ° Making Dec1s1ons (Choosmg Courses of Action). This
' . usually involves the applicatiop of conceptual rules of
principles as the basis for making the kinds of decisions that
v o are 1nvolved in d1agnos1ng or mterpretmg complex s1tuat1ons.

6. ‘Perf orming Skilled Perceptual Motor_Acts. These may be
’ quite simple, (using basic hand tools) or quite difficult
' (man1pu1at1ng the controls of an a1rpla.ne or performing a

S sensitive adjustment that requires precise timing). Often,
like the learning of identifications, the performance of
uncomplicated activity requiring only rudimentary skill
provides for the accomplishment bf necessary steps in '
'complex tasl;s that require the followmg oi“lgthy pro edunes.' '

£t

Section 3. The trammg plan-generator chrporates
each of the taxonomié levels which can be assigned
with a particular training objective. It uses the hj
cognitive. and psychomotor values associated wi
_'~determme the #most appropriate training obje

. This mapping is 111ustrated in Table 4. 2.

W

mappmg of
-a task ‘blo_ck

‘each task block to
ve for that block. ,

The six trammg ob3ect1ves are edch assigned a method and
medxum most appropriate for conveyipg the learning prmciples they
represent and also most appropria for the mode of training
assigned to each task block (Table4-3). The following definitions,
found in Reference 8, identify training methods Wh1ch compr1se

‘the present TRAMOD selectio reperto1re. _

e : Lt

Informal Lecture: a 'scourse glven before an audlence ' :

o ' fgT instructional purposes . L

-

Demonstration: =~ an accurate portrayal of the precise
‘ ' 7 actions necessary to perform skills or
processes :
' Performance: a student practices, performs, and

applies, under controlled conditions and
_ close supervision,”the skills or -
knowledges which have been prev1ously
-, explamed and demonstrate‘d
Discussion: » an inte‘raction between students and/or an
' instructor in order to analyze, explore, -
and/or debate an issue, topic, orbp,roblem
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Table 4-2
Mapping for Task Classification

Taxonomic De scription —3= Training Objective

Psychomotor -l (Imitation) ‘1 1. Learning Ident:i.fications
. Cognitive 1 (Comprehension) | - ‘
_ Psychomotor 2 (Manipulation) | 2. Learning Perceptual
Psychomotor 3»(Precisio‘n-) Dlsf’rlml“a"i"-',‘? —
"Psychoh?otor 4 (Articulatfqn) 3. Undefstanding Principles and

Cognitive 2 (Application)

"

Relationships

Learning Procedural Sequences

Cognitive 3 (Analysis) A 4.
Cognitive 4 _(Synthesis) .
Cognitive 5 (Evaluation) 9. . Making Decisions, " v !
‘LPsychomOtor 5 (Naturalizatiop) 6. "Performmg Skilled Perceptual _
’ R o - Motor Arts. -
- 39
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. Table 4-3 v
: _ (  Mapping for Methods and Media
L . - * ' " - . )
v . - d .
‘Training Objective ———J—=-Method/Media
"1 1., Learning Identifications TTS: Discussion/Transpér'énciQS
| ) | OJT: Informal Lecture/
¢ Transparencies
2. Learning Pex:cep‘vt'uali T’I_‘S: 'Sirpulation/ Trainin_g Film )

Discriminations OJT: D_éfn'onstr'%tion/ Training

[ . . - ) . - N . ’ )
' 3.” Understanding Principles | TTS: Simulation/Simulator
& Relationships e OJT: Performance/Mock-Ups B
4. Learning Procedural = TTS: Pér'forma'née/Simulat'or
-Sequence? o ‘ OJT: Perfo»x"mance’/Training Film
| 5.  Making Decisions . | TTS: Simulation/Simulator
' - - 1 (SJT: 'Pe'rformance’/Training Film
| 6. Performing Skilled | TTS:-- Performance/Simulator
- Perceptual Motor Arts

re

OJT: Performance/On-Equipment




o o . - s S
Simulation: - ) a representation of sbme aspects of reality .
' ) o (either a process, event or hardware) by

' symbols or devices that can be manipulated
more readily than their actual counterparts.

Informal lecture, demonstration, and performance are used for OJT
-courses as the craftsman-apprentice nature of this training lends
itself to these methods of instruction. Tasks trained through the
more traditional instruction offered by TTS are assigned methods’ of~
either discussion, sxmulatlon orperformance

The model assigns each task- block one of the follow1ng five
spec1f1c media (Reference 6):

Simulator: o - any de\_}i‘ée' which presents most of the ' -’
parameters of the work situation

¢

1

a film produced as-a means of imparting
technical information generally to large
* groups of tramees

Training Film:

Transparencies: pictures or drawings proJected onto a’
. ' } viewing screen during a training lectu}‘l o
. ’ ‘o X ';
o s ok \‘.a-‘
Mock-ups: - ' - three d1mens1onal equipment represen- "¢

"tations which may.or may not use actual o
equlpment components - 3

) e . c. .
On-Equipment:: . - the actual system for wh1ch the ttr‘ammg , 8.
' SN is bemg conducted. » ; :

Each of the first four media is con51dered to‘ﬁe
tative of a larger class of media. The four classesm
and their members”are listed in Table 4-4. “Some:
be considered in media selection include the number ¢f students
involved in the program. the costs of hardware acqulsltion and o
operatlon, and the costs assoc1ated with producing and mamtalnlng~' :‘ S
courseware. The model user~thay choose to select an’ alternatiye '
medium within the appropriate class in accordance w1th Specrfic
training or design requirements and resource constramtts.‘. “He can . .
.also alter either of the mappings themselves through approp,ma.te s
optlons in the tra1n1ng model. : :

.
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., Table 4-4°
Classes of Media .
, - o
"‘Environmental Media/Aids | Visual Aids: Still ,Images' '
- . ~ A ; - {
*Simulator Opaque Projections
N ’ Games *Transparencies
: " - Role Play - ‘Slides. - '
Charts

Procedures Trainer

Visual Aids: Exhibits,

- *Mock-ups

Cu.tau‘rays o

Mogdels &

-t

LI .
v Ani

ERIC

mated Panels,

chosen £

3

Transient Media: Audiovisual

42

Sound/Slide Pmiectof
Television
Motion Picture

. *Training Films
~ (Bound tj‘ilmstripv)

47
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TRAINING PROGRAM SCHEDULING

“After reviewing the initial trajging plan, the TRAMOD user
may select a different set of policy/decision criteria and exercise
the model again to obtain another training plan. The task selector
and training plan generator will generally be iterated several tuneg

- @s an investigation/optimization procedure prior to the selection of

~ a final training plan. Of course, if the user accepts the initial.
results of the model as satisfactory, execution continues on to the
‘training program generator. This final component of the training
model then generates a representative training prograni based ona

' s€t of internalized rules of resourcé management. The training >
program consists of schedule, number and size of classes per: -
program, number of media items, and course lengths.. The user
specifies the required number -of trained personnel, mm1mum/max-~
imum class sizes and a task characteristic parameter, such as
difficulty, to order the training sequence of the task blocks.

TRAMOI} also allows one of the assigned med1a to be
identified a's8:& high cost driver which is to be optimized. The
‘algorithm in this section then generates all possible arrangements
ofethe training schedule so as to minimize the required quantitiefs
of the specified medium. It combines the task blotks requj exn;th.e ’
"high cost medium.into a consolidated group and then iterativély shifts
the placement of this group in the training sequence. In this way,

a single unit of a training medium can be used to train more than
one class of students, which greatly increases its effective use. -
The relative training sequence among task blocke not using this
medium remains fixed in accordance wihthe user's choice of an .
ordering task characteristic parameter - The result is a reason-
able first cut at a training program wi ufficient detail to obtain
training cost estimates when the réquirements are given as input to
the life cycle cost impact moceling system qf Wthh the TRAMOD
is a maJor component.

As.in the training plan 'generator, component of the TRAMOD, °*

" - the results of the training program generator component may be

““iterated to determine various sensitivities. Doing so may reveal
excesses in resQurce consumption which might be avoided by changes
upstream close to the equipment design end of the training analysis
procedure. The capability for iteration using different sets of. '
criteria is clearly one ‘of the etrohgest features of the TRAMOD.
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; 5. CONCLUSIONS . R . -

A methodology has’been develéped which addresses the quali- -
tat1ve aspects of human resource requirements of new weapon sy;—
tems. An extensive repertoire of training technology exists which
supports the design of training systems. The training model pre-
sented in this report facilitates the application of this informati?n.

Decisions concerning the establishment of training plans and-’
‘programs are becoming more and more difficult due to’ the increas-
ing number of variables which trammg\ analysts must consider. '

_ This situation is made wprse by the narrowness of the time frame

in which the results of training analyses may provide useful feed-

. back to.designers and planners. However, ghe problem assumes
increased importance as planners become more attentlve to the life.
‘cycle cost aspect of systems acduiSition.

[y
& ,
- -

-

o Training is expensive, and its expense reaches far beyond
the cost of producing trained personnel. - The real cost of training
includes penalties paid in terms of lost Opportunities. “These-are
the costs associated with failure to capitalize on numerous poten-
tials for cost avoidance due to an inability to extend the aMalysis of
training requirements beyond its present role of reacting to given
- sets of conditions. Clearly, it would be advantageous for a'trax{nlng
analys1s to' become an integral part of the weapon system design
process rather than a post hoc activity. This requires the ongoing

' _ participationsof the training analyst in all phases of those design and

. policy decisions which create training requirements. Tne modeling
" approach to training impact analys1s can make this change possible.
It can increase the speed and systematization of the.procedures |
entailed in training planning and resou¥ce management. TRAMOD
provides a means by which early analys1s of training impacts may
be stlandard1zed thus offer1ng potentlal cost-avoidance.

Quite apart. from 1ts potential for aiding de81gners in the
development of more ma1nta1nab1e and cost effective systems, its
_ versatility makes the trammg model ideal for even the most mundane
;problems concerning the prov1s10n of training and resource manage-
.ront. The training analyst who has an understandmg of the effects
¢. the various training model parameters and options can generate
" a training program which reflects numerous policy, resource, and
‘ '.operatlonal conditions. The sensitivities of changes in factors such
as use of job guides, aptitude and experience of the trainees, and
_availability of support equipment can be examined by appr0pr1ate
changes in the 1nteract1ve inputs. -

. : ' oo 49 -



'Tt‘le training model de cribed is a first step in defining a
‘methodology for the practical lication of the modeling approach.
The model itself stands alone as a\mechanism capable of perform-
ing many of the required data manipulations entailed in a train-
ing impact analysis. What remains is for the training commumty
to continue its development in tefms of data and cr1ter1a.
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Task Dictionary
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‘ e General Technical Duties
. i N ) L
e Flight Line Duties
e Shop Duties ,
i - @ Avionics, Support 'iilquipment Repair Duties
- e Flight Line Support‘ Equipment Duties
' ’ ® General Non-Technical Duties -
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Appendix A
TASK DICTIONARY

'™~ GENERAL TECHNICAL DUTIES

DUTY TASK  SUBTASK : '
uT w e DESCRIPTOR

08 - 60 0 - Know snd usm general test oqubm.m
v “w . o Characteristics
o Usage

s Operation
Know basic principles of slectronics
AC/DC theory ) '
RLC circuits
Solid stats principNis and circults’ - ..~
Tube principles and circuits
" Whcrowave principles, dwiclg md circuits
Amslog techniques B . -
Digital’ techniques .
% Servo systems
»Undom-od snd yse troubhdlooting udmlquu
Visual checks '
Electrical checks
Operational tests ' ;
Disgnostic tests Dt
Analysis
. : Substitution
63 0 _Demonstrate repair techniques snd proeodum
. o Standards;
o Soldering - -
o Wirswrag S
. o o Remove and replace
64 - I - Understand subsystem interfacing
: ) ' " e Power Interface
o Signal interface:
e Mechanicsl interface
Know snd use technical puhhatiom
Demonstrats knowhdw of mciﬂc wbcysmm I.RU:
Principles “of opoution
Performance standards
Signal flow -
Failure modes
Associsted special test equipment :
Demonstrats knowhdgn ot specific outomtic test mﬂonl

.

»
oONANBWN~O

E)

-3 8,

-

CMBWN=00O

0

strats k ledge of specific manual m stations

323 —283
Q
"
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Task Dictionary (cohtinued) . | R

FLIGHT-!.INE DUTIES
DUTY ~ TASK  SUBTASK o ' , ' -
XX vy g . DESCRIPTOR

0 01 Identify necessary maintensnce aids: AII"‘\/
" tools .
test -equipment
R : toch. orders, job guides, etc.
Dbtain an _return maintenance aids
T S
b ® transport
Gain/elcm access to equipment
° op.n/elon compeaitments
e ramove/replace access psnels/cowling
- connect/disconnect test equipment
" Verify matfunction: all
Use BITE . L
o Perform operational tests . ot
o Perform visual checks:
: Perform electrical/mechanical checks
Perform special test equipment dncb
Perform diagnostic tests/CITS ) - .
Evaluate discrepency nport/ehock previous hlltovy
laolm malfynction/locate fauit .
Consult tech, orders/job guides
Determine from symptoms
Evaluate from BITE/CITS
Evaluate from test resuits “
Interpret from analysis only. (oxpuhnu & knowledge)
Switch and/or substitute
Determine, sction to be taken .
o Not repsiratsie (F/L~0R&R, S-——=_txN)
- : ‘@ Repairsble (F/L—=8-M A/C, S~-W) ' ’
LA . ® Cannot duplicate (F/L-bcno AKC, S—oK)
Perform nmir maintenance
Reper matfunction (Mrim, connectors, m)
Perform minor maintenance
-Service (lubricate,. clesn, pressurize, stc.)
Calibrate/align . .
Adjust . . )
Obtain/return replacement unit (LRU SRU, etc.)
Remove/replace -safety wires/bonding strape
Disconnect/remove/install/connect )
S ‘ " LRU ' s
’ SRU
Component
- Record maintenance actions/resuits
MDC forms (Ml.d/umdndulod)
Maintenance logs
Equipment logs
Suppty forms

CwN =0

@

88

g8
CRUBWN—-0ORTBWN=00

1"
12

- 14
- 18 .

»

-l
@
CWN=20C0O00OON =0

16

{
.
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Task Dictionar'y (continued)

[

. DUTY TASK SUBTASK pescRiPTOR

SHOP DUTIES

02 . 0 0 Identify necesssry meintenance aids
1. tools *

2 S 7 test equipment/test station
3 C "7 tech. orders, job guides, etc.
0 Obtain and return maintsnance akds

o Select

o Transport
Gain/closs access into equipment, unit, etc.
'I’utoponﬂmofbmehdnckoquiptmmhiam
Connect/Disconnect test oqulpcmmlsmm
Verify maitunction; A all :

Use BITE

Perform ‘opergtional tests

mm vieull -checki e

- Parform wlectileal/mechasiicet. m

Moﬂn spetisl test oqulpunu\t M )

Pwmn“wubunmﬁ
Evaluate di-:uplncy nporxldm:y pnvlom movv
umnmmMWWuummu-,

Dm'm*m fmn -vmpww RCITI , B PR

Evaluate from BITE/CITS - ©3 ;.' L :‘, R ,,, ',

Eveluate from test results AR

Interpret by anelysis only (omhnulbm)

: Switch snd/or substifute units .
Dﬂpvmlm action to be taken ' ]
' " . Not repairable (8, NRTS, N)
. N e Repsirsble (8, W)

e Cannot duplicate (8, K), .
Obtain/return repiscement unit (LRU; SRU, otc.) P
Perform repeir maintenance -

Repair malfynction (soldering. wiring, ete.)

Perforyn minor maintenance
Disconnect/remove/install/connect
T ~ LRU o . ' “

SRU ' :

P

8238

~
-

"14

S8

.'.p‘-,_-‘

CONAWN—-OCOONNAWN=00O0

18

o~
‘)

—
-

. Component
Service (lubricate, clean, pn-uviu nc) . "
. Calibrate/Align :
Adjust
Verity repsir of mllfuncuon/mlinmm pfoe-dun
maintenance actions/resuits -
: i e MDC forms (MM/uthd)
e Maintsnance logs
° Equipmont logs I
. @ Supply forms . J .
19 . 0 . Initiste disposition of equipment o
o ' . : ° Su\dtoupplyumdyforl-n‘
o T h o e Send to supply for depot repeir
. . o @ . I |

10
11
12
18

~

OCCOOOCOWN=S2=0ON=00
)

59 .
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DUTY  TASK
XX YY

<N

o3 08

0

10
"
12

16 -
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: AVIONICS SUPPORT EQUIPMENT REPAIR DUTIES

SUBTASK

z.

OQWN=0

-

Task Dictionary (continued)

. Evcluno d&umncy report/chec!
: lum- maltunction .

DESCRI’PT§OR

Dctonmm ac(ion to be taken .

e Not repsirable (send to ulibnuon facility, etc.)

[ Ropoinbh

.e Cannot duplicate .

Identify necessary maintomneo aids -

Tools

Test Equipment :

Tech orders, job guides, etc. :
Obtain and return maintenance aids .

e Select :

e Transport . e
Gain/cioss access into equipment, unit, etc. -
Connect/disconnect test oqulpmom
Verity malfunction . L . ,

Uss BITE N Co :

Perform operationsl tests . RN

Perform visual checks ' i

Perform obctrieol/nneiunfeﬂ chch

" Perform special tost oqulpmong dneb

. Perform diagnostic tost/Ch .

pnvlqm Nnovy

Consult tech. oﬂknllob cuhhs
Determirie from lymptom

Evaluate from" BI?E s,
Evaluate from test Josults }

Switch. lnd/or mm dm‘p

Perform repair miﬁmnﬂ ..
Repair nglfunc(ion

. Perform minor maintenpnce . -
-Service (lubrlau chan’ an.uriu, m:)
Colﬂl'lt.ll“ﬂ ,‘ v, A M
Miu‘ T v 7 A
 Verity mintondne. ‘hroadunhopdn[mlfumlon
Roeord meintenante u:tiomlrmm :

o0

e MDS fomn
oM-imomnulog:_,‘ o :
) Bqulpmontlogs y
. Suw'?tom- L e
L . q, .
\ s . . “.‘i .
55 ‘,A‘. ».. :
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‘ ‘Task Dictionary (continued) = &
F'I..lGH'T. LINE SUPPORT EQUIPMENT DUTIES
. . ; .
DUTY TASK SUBTASK
04 0 0 " identify necessary maintenance sids
‘4 Support equipment (SE) ) ) o .
02 0 (‘)buin and return meintenance aids
: , ® Select : . .
« -~ o Transport » :
R e Position . o : .-
20 .0 Operate support squipment (SE) . <
S e Inspect SE
, _ . ] e Connect/disconnect.SE . : -
. : : e Tien onftum oft‘$E. - : K
. ' e Monitor Lo RO AR .
-0 18 [ ‘Record mainténance actions/results
* ) e Maintsin SE records/logs
. LoD
- . .
4‘, : j.:,'_‘,"'- .o
3 ’ ) i .
v

56 61
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oL . Task Dictioné[y (cpntinued)-
GENERAL NON-TECHNICAL DUTIES

"DUTY  TASK  SUBTASK . : '
e 3 DESCRIPTOR

. ) , )
. . . A I . asin

06 5 60 0 Observe. safety precautions and requirenients
i FUR .@ Genersl slectrical uiﬂyg 3 . L
o o™ Genersl sircraft safety : . o
. - . o Equipment peculisr -fny :
51 o Obeeqve .secirity precautions and requirements
e Document sscurity ‘
e Equipment security
- ) ) : o Base security
o e Nuciear security Lo
A | 0 Use data documentation systems , LT
' ) ntenance data collection system (MDCS) | -
Equipment/maintenance logs.and. nporn '
Aircraft logs and “reports

] ' o o : o‘ Supply documentation .
o . 54 0 Dembonstrata familiarity with maintenance upnlntlon policies,
- ' " concepts, and procedures for:
" . ! . o Flightline- _
) e Shop - ®
56 ) Demonstrate tamiliarity. with sircraft: S,
» "' @ Purposs/mission
. _ R o Equipment locations

A

57
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Appendix B -

e '_ TASK CHARACTERISTICS

Task Criticality
It is necessary to evaluate each, task/functlon mthln a maln-
enance’event with respect to criticality. Inevitably, almost all tasks
.aye of a high level of criticality in insuring the ultimate success of
1ss10n However, as the tra1n1ng of personne1 to perform tasks

~ criticality within the context of each event. There are three 1eve1s
Of task crmcahty used for TRAMOD oPeratlon They are deaned as
followss 0 : : .

1 Level Deﬁnmon R B I N

1 "o Non -critical - tasks that, if not perforrned correctly and/or
‘to starndards, would not degrade the overall effectiveness of
" 'the event, but which might affect the'efflciency of the.peg-

formance (e. g., for the ‘event ON-AIRCRAFT MAINTE-
NANCE, the functions of the task ' 'obtain tools and test
‘equipment'' might be 1ncorrect1y done in that’ xnsufflc‘.xent or

"wrong tools, etc., are brought to the axrcraft so th‘at

" another trip for tools is necessary).

TSN

3 Semi-critical - tasks that, if not perforrned correctly and/gr
'~ to’standards, would rrot substantially degrade the effective-
~ ness of the maintenance event, but-which, 'if performed
correctly and to standards; would lead to an efficient and _
‘ effective overall maintenance event performance (e g., for -
- the event ON-AIRCRAI'P MAINTENANCE the task ”connect
test equxpment" ‘might be.performed mcorrectly 8o that invalid
S measurements might be made, resulting in a need to repeat the
-~ event or a reduced eqmpment/System capability.

s 5 'Cr1t1ca1 -Wasks that, if not performed correctly and to
: %ﬁi&}) - standards, would seriously affect the-effectiveness and

success of the maintenance event (e.g., for the-event O

AIRCRAFT MAINTENANCE, the incorrect performance of
. ~ task ”perform verification tests'' may allow a serious de- oo
* ., - gradatlon of: equxpment performance to go unnoticed). '

0 .,  Not- appltcable - tasks that are not applicable to a given




. " Task Characteristios-(Continued)
¥ , : :
Lear@mm‘aculty ' o

e léarning dlfflculty of a task/funcuon may be expressed as .
) funct1on af the time it takes to learn to perform the task relative to
the p0pu1atlon of learning times across-all tasks associated with the -
same system. Th1s relationship is convenient and sufficient’ for the

. purposeat hand ‘However, 1ts limitation is realized as is the fact’ .
that the time involved in the’ learnmg process is a function-of the- ;
mteractlon of many vamables including effort, complexity, and T
practi Although levels of task difficulty provided by recent USAF
occupa&%onal stu'veys are based on a scale of one to nine, for the -

purposes of this data base; five levels were used They are defined
_'as follows:

Leve1 Deflmt ion ,

1 ",Extremely low -~ very ‘much lesst~ than the mean value for ~
learning times across all tasks assomated thh the subsystems
' studled L
2‘. ‘Low - somewhat less than the. mean value for learmng times

- across all tasks assomatea‘ with the subsystem studied.

3 Average - approximating the mean value for learning-times
across all tasks associated Wl.th the subsystems studled

4 - High - somewhat more than the mean vadue for léarnmg times
" across all tasks assocxated with the subsystems studied.-

5 . Extremely ngh --very much, more than the mean value for
learning times across all tasks assoc1ated Wl.th the sub- - v
‘ systems studied. -

k3
\

Task F’requency

Frequency of task/functlon occurrence is a measure of the .
_exposure time of a trainee to each task he encounters when per-
forming his dut1es For the Shop, Flightline, and Support Equlpment
maintenance duties, the exposure time is obtained by exercising the
followmg equation using reliability and maintainability data/estlmates
fo. i.ie-subsystem studied.

MTTR by Mamtenance Event

MI = MFHBMA

60 65
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' Task Characteristics (continued)
where o . . o | ) o R E'...'
_, MI is the ma1ntenance ‘index of the t1me taken to perform a
,maintenance actxon on a given subsystem for each flight hour
of operat1on - :

MTTR is the mean time to repair (i. e, complete a SpeCl.flc
event required as part of a ma1ntenanCe act1on) given that-a -
maintenance actxon is requu:ed This value.is calculated by
‘multiplying the average time it takes to perform a. task event -
by the probablhty of occurrence of that event.

t

MFHBMA 1s the mean f11ght hours between mamtenance
actions. © - . e
F1ve levels are used to record task frequency for TRAMOD
operations. These values are obtained from 'the maintenance index
values (Mls) of the subsyStems for.each. maintenance event comb1na—°
tion that requ1res the tasks of interest to be performed Each of the
MI levels are defined in relation to the MI rate of like tasks across
-all the subsystems studied. The scale used, to obtain the levels |
represents the l1nearly part1t10ned relative weighting- of therlogamth-
mic values of the Mis. In othér word3, the logarithmic- values of the -
MIs were dLVJ.ded into five discrete’ 1ncrements to obta1n the1r relative
level across subsystems as: defmed below '

Y

Level Defmltlon o A ;

1. Extremely Low - Task is’ performed 1hfrequently
Low - Task is performed at a rate, less than the average
Average - Task is performed at the average rate -
High - Task is performed:at a. rate above. the average’ .

. Extremely High - "I.‘asky_1s performed ,frequen_tly, e

O N

Task Psychomotor Level B

Each task/funct1on of a mamtenance event enta1ls some level
of conscious, physical action in response to ‘sensory. 1nput94 The
degree of visual acuity, reaction time, manual dexterity, mulnhmb
coordination, finger dexterity, arm-hand steadiness, contrd%. ,
precision or interactions of, any of the above psychomotor fac«;prs, as
measured by the amount of practice required to learn, and appl g each
task, were chosen to serve as bases for evaluating" task levels, ‘As no
suitable specific taxonomy exists for eithér defining or measurmgs the
. psy¢homotor levels of a maintenance task, a measurement cr1ter1o
presented below, was constructed to serve the needs of TRAMOD

operatlon. An attempt is made to clarify the def1n1tlons by example. . -

N .‘
SR

- _6_ _(be
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N o Task Characteristics (continued)

. . . . - . .3 - . . -9
,Lev'el i)ef1n1t1on : . _ . QQ s c .
. 1 . Imltat1on - Task demands little or no practlce to perform
. e e
' ' Only routine motor skills and perceptual d1scr1m1natlons are’
- needed. Task performance may require 1nstruction and L

r1llustrat1on for a few simple parts [e, g., obtaining a piece
of test equ1pment, using basic hand tools, noting whether or
not-a light, is on, reading values on a s1mple dial, activat1ng
a button, knob, or sw1tch] -

L2 Manlpulatlon - Task requ1res some pract1ce either to .
‘ : 1ntegrate routine motor skills and perceptlons (e.g , turmng
- .3 ‘switch on when a dial indicates a particular value) or to" -
o pe?rfect certain motor coordinations or\spercgptual d1,scr1m— -
inations (e.g., fastenmg or removing a spring clip, notl.;ng
_relative motions of a dial or scope presentation. perfoymmg
minor maijntenance or servicing procedures, operat1ng test
‘equipment). Task performance may be completed for the K
- most part without-assistance other than reference material.

o . Speed is not cr1t1cal C D
) . : . ) . -
. '3 . Precision - Ta'sk requ1res moderate practice to perfect or =
. e
o . integrate thegperceptual motor sk111s Task performance

""demandSAthe ability to doall parts of the task (at minimum
rec sommended level) unassisted with reasonable speed and-
' . atcuracy. Inspect1on/ver1f1cat1on of performance may be
. pecesgsary (e.g,.,. assembhng electrical/mechanlcal fittings, K
soldering, performing electrical, operational, or. d1agnost1c
checks, performmg rout1ne repa1rs, LRU or SRU replace--
ment). , v S ;e -'

. 4 T'-"__Arnculatmn - Task requ1res much pract1ce to acquu:e the |
: motor cqordination and/or perceptual d1scr1m1nat1ons
SO necessary for proficient performance in all activities’ of all .
_ parts of the task. High accuracy but not necessar1ly hlgh .
-+ ‘speed 1s needed (e. g., performing major electron1c~/ '

mechanlcal cahbratlon and ahgnment proc'edures)

5 . aturahz‘aflon - Task requires a great deal of pract1ce to
e gaqmre theé motor coordtnations. and penceptual discrimina-

_ ';tions heoessary for prof1c),ent performance. Task requ1res , o

' ?‘;‘az‘ghest s’gpeed and accuracy with maximum skill product1on A
‘without.the use of reference mater1als (e.g., performmg AR

il b e ricate solderlng and wiring, precision mach1n1ng. per-; L3

i N2 rx‘mng cr1t1cal emergency repairs or shutdqwn procedures)

S




E3R
_ 'I"askCharaeteris'tics (cpnti;{ued) , '
. L 4: z' . A T
Task Cogn1t1ve'.=JLevel ' ) ' —_— ..
. S .

Each task/function within a maintenance ev,en.t’may be e

described in terms of the relative cognitive (knowledge) level needed
by a person to learn or perform it.. As no suitable spec1f1c taxopomy
exists for measur,mg the cogmtwe levels ‘required of a technician _
performing a'maintenance task, a meai‘surement criteriay, presented
‘-below, was constructed to'serve the needs of TRAMOD. These
definitions are derived from a combinati6h of the Specialty Trammg
Standards (STS) proficiency code definitions and Bloomgg (Referencer -
1) cogrutwe level definitions. An attempt is made to clarify the
def1n1t10ns by’ example The five levels assigned are:
Q

Level Definition . . . . . )

[

1 °  Comprehension - task requires that basic, facts and nomen- :
‘-'clature be known for successful performance (e.'g., harhes '
of basic tools and test equipment; how to read text materials
and use visual maintenance aids; know spec:lal tern\qnology
" and vocabulary associated with a job. spec1alty)

2 - Appl1cat1on - task requires that the pr1nc1ples and_ procedures
-involved be known and used for successful performance (e.g., °

using basic tools andgtest equipment; performing operational :

. or diagnostic checks using good maintenance aids). " ‘

3. 'Analysis - task requires that operating principles be under-

stood and an ability to draw rudimentary conclusions
concerning the subject matter. Techn1c1ans should be-able to

_evaluate the relevancy of data (e.g., performing fault isolation

and troubleshooting, performing calibrations or allgnments
L)
~without step-by- step -mainténance a1ds)

4 . Sznthes1s - task requires that- cons1derab1e theory be ‘known
- and an ability to evaluate conditions (e. g., “evaluating test

results properly in terms of the theory of operation). y o

5 Evaluation - task requ1res all of the above abilities plus that
of making predictions or decisions requiring a complete
_ understanding of underlying theory (g. g., determining what °
caused a subtle problem ang deciding the changes that mult
" be made to insure successful event complet1on or non-+ & " il
. reeurrence of the problem). ' o & ¢

63 - e
68
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Appendix ¢ ¥
. ACRONYMS *- T
i . % ~ . g - |
A/D. 7 analog to’ dlgltal : : R BN
AFSC ‘air force specialty cade - .
ATC .7 __ air tralmng c‘ommand . ' SR
» BIT 4} built-in-test ! ‘
CITS ° - central 1ntegr‘ated test system’
DAIS _ digital avionics information system
AL ND ' - cannot duplicate discrepancy .
.- ISD T instructional systems development
-+LCC ‘ - life cycle cost '
'LCCIM '+ life oycld cdst impact model T
+ L[RU . line replaceable unit )
. MMH 3 maintenance man hours
MTTR - mean time to repair - . , .
OJP . . on- ~the-job. tra1n’1ng - ' , :
.+ BR&M " rehablhty and mamtalnablhty v )
. RMS . root-mean-square o o '
- RTU remote terminal unit -

. SE Support equlpment Y , ,
SRU - shop replaceable unit - . ~ : v
TRAMOD training -requirements analysis model '

. ~¥TS . .. technical tralmng school . ot
¥ ‘ . ’ N :
" : & RN . O
Y7 , R .
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