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ABSTRACT

This psper specifies a conceptual model for training system development_;descri.bing the
interrelationship of MPT . Resource Requirements Analysis, IS0 training content development,

and technical documentation for military tactical weapen systems and training devices.. It
degeribes how a commeon dats base containing specific performance data drives a variety of
analytic, resource determination, and requirements decision Lasks. It discusses the

interface points and impacts of the three military training system develepment components on
each other and onm their products. It demonstrates how military and corntractor manpower and
training analysts and hardware and software engineers can. coordinate their data collection,
analysis, and documentaticn efforts im a timely and cost~effitient maunex. o -

INTRODUCTION

The use of training systems as a means of
ensuring cost-effective readiness in the
military arena has focused atterntion on Ethree
areas of analysis to derive relevant and
appropriate training decisions. The mandated
front-end analysis of Manpower, Personnel, and
Training (MPT) -and Human Factors Requirements
{inciuding safety and hazards) establishes
resource and human impacts on weapon system
design and -life cycle support issues (e.g., the
Navy HARDMAN, Army MANPRINT, and Air Force
front—end analysis approaches). Development
and use of a Systems Approach to Training (SAT)

embadied in the Instructional Systems Develop-—-

ment  (I5D) model (MIL-STD~001379(C) TRFavy),
¥IL-T-29053, NWAVYSEA OD 45519, AF Pamphlet 50-58
and AF Manual 50-2, and others}) grew from con-
cerns about training approaches and content
provided te milivary personnel who operate,
maintain, instruct, supervise, or suppert
weapon aystems/subsystems/equipment. The third
area congiders technical documentation of

weapon system operation and mainteénance as it

velates toe the equipment and its use im pro~-

viding training support for mnew trainees and
trained personnel whose skills need to be up-
graded ox maintained.

These three masters-—MPT front-end anal-
ysis, ISD requirements for training content
development, and techmical documentation--are
all served by a variety of data-gathering Lasks
relsted to . equipment or systems performance.
Analysts uge the data to define the quantity of
mANPOWRT ) cthe quality of personnel; the
breadth, scope, and nature of the training pro-

vam; the kinds of Eraining strategies and
training devices employed; and the structure of
technical documentaticn. The commonality of
the data required to perform anazlysis and make
requirements decigions, and the similiarity of
the analytic approaches, however, present an
opportunity for a Military Training Systems
Integration Model that suggests a more cost=
efficient #nd effective dats—gathering method-
aleogy. Our obijective in this papayr 1g Co de=
scribe an incegrated approach for zraining sys—
tems development so that MPT analysts, training
analysts, insfructional techunologists, tech—
nical writers, and hardware/sofrware erngineers

‘can create 2nd use data needed for their re-

spective analytical, developmental, and deci-
sien vroles, and inceract with each other te
minimize ‘data _ duplicatieri and _enhance dats
coordination. ’ T ’

This paper introduces a conceptual  model
for the purpose of training system development
showing the incerrelatiomship of MPT Resource
Reguirements ~ Analysis, 18D applications, and
technical = documentation  requirements for
tactical weapon systems and training devices.
The model supports an integrated sysgtems
approach to . the collection, analysis, and
production of data for making resource require-
ments, _curricula and content, and technical
documentation decisions as acquisifion of weap—
on  gystems/training . devices progresses from
concept exploration through 1ife-cycle imple-
mentation. By displaying the  approaches to
MPT, 15D, and technical documentarien practices
side by side, the model identifies points of.
interface germans to a systematic and concept—
ual Ainterplay, and demonstrates how a common
data base (quantitative and qualitative state-
médts of functional performance, and the re-
sults of needs, population, and conscrdints

analyses) serves as the foundation for analysis

and subsequent decision wmaking in wilitary
training. Further, the model provides a struc-~
ture for discussion of ecritical training gques-
tions {what, why, how, where, when, how many,
how good, etc. ). We do not intend to discuss
all indicated steps in .the model but will con-
centrite on interfaces where the model suggests
a way to enhance or optimize efforts to develep
MPT, ISD, =2nd technical documentation producks.

Tfairiiéi_g Systems Integration Model = .

. The Trainirg Systems Integratioa Model,
shown in Figure 1, begins with a common data

base. Initial performance data are gathered so
they arve available to HPT, .instructiomal, and
engineering analysts. These include {1} per-

sonnel tasks or duties necessary to the opera~
tion, maintemance, or support of a weapon sys~
tem; {2) functional specifications aof equip-
ment, which present the breadth and scope of
what the system is going to de; {(3) equipment
performance gosls and standards specified. in
terms of quantitative and qualicative dpera-
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Figure 1. TRAINING SYSTEMS INTEGRATION MODEL

tional and maintenance parameters within which
the system will operate, and (4) data on the
population, its training and - programmatic
needs, and various envirommental, budgetary,
and other constraints. MPT analysis develops
estimates of the trequired MPT resources and
human - factors impacts to zuswer weapon system/
training device design questioms, Lo  Tesolve
gupportability issues regarding the quality and
quantity of the manpower pool, and to determine
the life-cycle cost of the design, development,
and deployment of the system. ISD utilizes
gimilar initial data to establish job and task
lists, performance profiles, traiming objec-
tives, level of content detail (theory, famil—
iarization, practice), training program defini-
tiom, . materials or  devices to facilitate
trainee achievement of leaxning . objectives
(including manuals, training software, etc.),
and trainee and program evaluation mechanisms.
For technical documentation, the operational .
and maintenance concepts are solidified and
equipnment design finalized, establishing the
framework foxr the structure and- scope of gystem
technical manuals and .operation/maintenance
procedures. Despite their differences, each of
these areas benefits from critical inteypfaces
beyond the initial use of common data.

MPT Analysis N o

Manpower, Persomnnel, -and Training Resource
Requirements Analysis is a front—end process
that wuses a systems definition and baseline
comparigon approach identifying and comparing
the system requirements of a2 new tactical sys—
tem with a predecessor. Performance data, in—-
¢luding workload and the frequency and duration
deltas of persommel taske and- functiong, serve
as the basis for making manpower quantity, per-
sonmel quality, and training resourde determi-
nations for the new system. In addition, the
training devices and approaches used to prepare .
manpower in the baseline or predecessor system
are identified so that determinations about any_
new devices can be made.

MPT analysis yields decisions concerning
the training concept and resource requirements
for the new system, which affect (and are, in
turn, affected by) ISD and technical documenta—
tion development. The point of interface with
ISD relates, in part, to the kind of training
device to be considered (simulator, piece—part,
ere.), the trainee poals it will need to meet,
cost factors for initial and life-cycle imple-
mentation, and the hardware and software speci-—



f
¥
L]
F

fications for the training device in relation
to the tactical equipment. MPT analysis for a
new tactical system alsc has an impact upon the
operational, maintenance, training, and other
concepts developed in the system's early tech-
nical documentation.

MPT Resource ' Requirements Analysis is_ an
iterative process, and both the Navy HARD]@N
and Army MANPRINT methodologies emphasize the
impact of MPT factors on weapon system design,
and the effect of initial weapon system design
on issues of manpower supportability within the
total military force and on manpower operations
znd maintenance issues (e.g., safety and haz-
ards potentials, human facrors, and cognitive
issues). Once design decisions have been made,
and Lhe manpowar quantity and persomnel quality
have been determined, MPT iteratigns provide
relevant information for the ISD process and
for development of . technical documentation of
system operation and maintenance requirements.

In turn, the MPT analysis is affected by both

ISD and technical documentation data. Training
resource issues, e.g., identifying Ctraining
facilities, classrooms, and the personnel to
fill training and trainee billets, and the mag-
nitude of training materials (but not the con-
tent), become Lhe continved focus of MPT anal-
yais and documentation. Finally, MPT rescurce

requirements documentetion c¢ontributes to the.

military integrated logistics support determi-
nations, which bagin te take into account the
total life-cycle operaticon and cost of & weapon
system or training device.

In sum, MPT front—end analysis and itera-—
tive MPT requirements determinations are based
on performance data of both the equipment and
the personnel. By interfacing with the ISD and
technical documertation processes, .the analysis
establishes a structure of resources within
which the equipment operator/maintainer will
learn and ultimately perform.

15D Proc_ess )

Instructional Systems Develcopment uses in-
itial performance data te determine the trainee
population, its training needs, and the con-
straints that will affect media, mode, training
environment, snd content decisions., _Thus,
although the use of the data differs, the in-
itial data base is the same as that required by
MPT analysis and technical documentation. The
systems model in Figure 1 reorganizes the fami-
liar ISD tasks slightly, and it suggests a pro—
duct to  facilitate an important interface of
ISD with MPT analysis: a Training Device
Opportunity Report. o ’

It has long been =suggested that training
experts should play a role in the definition of
training devices. Typically, MPT amalysts had
completed their requirement ' to determine the
training devices before the ISD process had
progressed sufficiently to provide substantive
input. Even if the ISD process had begun, the
mechanism f£or influencing tralning device de-
terminatfion was absent or inefficient. This
model suggests that after initial data gather—
ing, performance tasks can be identified, and
the instructional expert has sufficient data to

indicate training device opportunities and con~
straints that corroborate, modify, or enhance
MPT decisions. ' A Subsequent Training Device
Opportunity Report further refines and inte-
_grates the two analyses contributing to the
spec:.E:.cat:.on of traln:.ng devices (e. g. Csimu—
lator, stimulator, '6r part-task trainer). This
is umpcrtant because MPT data are based on
wman's - interface with the equipment’ and ISD data
axe based on tasks accomplished with or through
the equipment. TIn addition, early considera-
tion of the training devxce soffware character—
istics (o’ prompt of ¥ary responses as skills
build, ke record data, to evaluate, to provide

Wf_reedbgc}g, atc.) can begin, and the instructor
" gconsole redquirements can be better designed.

The Training Device Oppdbftunities Report
should perform the following functions for all
of the performance tasks:

1. Identify approprigte and mappropnate
media w‘h:Lch can handle. the performance
‘task in a trainidg setting. At this
time the analysis should not specify a
‘particular medium; vather the furiction
of this report is to identify  plaus—

. -ible media or device optioms.

2. 7 Relafe key task performance character- -

J.sl::.cs,'bnth conceptual and psycho-
motor’ to the rraining device Téquire=
‘compgnents or  sub-syitems, digplays,
automatic , test equxpment or hu:.lt—r_n
test equipment).

I T Ideut:r.fy 1n'.|.tlal upgrade . and  end--
point Lleayning’ support characteristics
which the training device needs ko
prompt, measuré and/or report. | Tni-

~tial characterisktics might be heavy_

trainee performance p?:'b:i:lpts, upgrade
characteristics might be "available
helps" or less £requent prompts; and
end-point characteristics would in-
clude only those prompts available on
the tactical eguipment.

_ments  (e.g., the tactical equipment

Another in-térfé;e between ¥SD and MPT apa—

lyses relates the curriculum  to the training
device. Ia the past, MPT analysts have made

_training device recommendatigns and determina—
" tions without the benefit of the -.u:lenr.:.f:.ed

tasks and educatlonal object::.ves forx t':a].nees,
a function of the ISD process. Thé model sug-
gests that the ISD training analyst can provide

the educational justification for a particular .

kind ¢f training device based on skills, know-

ledges, and abilities s-pec:.f:.ed at a tt)p-level

requirement rather than in terms of more spe—
¢ific” statements developed later in the 18D
process. Th:Ls allows for cr:r.i::l.cal MPT and 1ISD
analys:.s of the impact on £hé curritplum of the

tional strategies and trazinee evaluabiorn. mecha~

. nismg  are Finaslfzed. Thus, training needs of

the populat:.on who will use the training device
can be - accommodated through this MPT/ISD inter-
face. |~ E

ISD analysls must also be coord:mated w:.th
technical documentation _development, espec:.a'_l.__ly

. training device to be conducted before _1nstruc— -
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tional and maintenance procedures or equipment—
specific - displays. - Through the ISD process,
trainee objectives for acquiring the Kihowledge
and cognitive/motor skills to use the proce—
dures and displays, and the evaluation stand-
ards and criteria for acceptable 1ievels of
trainee performance are developed. Interface
between ISD. analysts and documentation writervs
should be initiated during the system design
phase and maintained through the system devel-
opment and test and evaluation phases as the
equipment and decumentation ewolve. When ei-
ther technical documentation developers or ISD
analysts avoid interactién.until system devel—-
opment and implementation decisions have been
locked in, inefficiencies and conflicts that
waste time and money result.

Technical Documentation

The MPT and ISD process can be developed
with great precision, but the element that
makes Lthem effective and accurate,  and which is
often develeped in an engineering vacaum, is
technical documentation. The question can be
posed, "What good does it do to have the right
person in the right place at the right time (as
a result of a precise MPT analysis), with the
appropriate training {(as a result of a precise
ISD analysis), if he opens his reference docu—
ment to repair a cireuit only to €ind that it
is unreadable and addresses component-level re—
placement when he has been trained only to the
card-replacement levell" Clearly, a key ele~
ment ia the design of persommel .and training
subsystems is -appropriate documentatiom: Tt is
the glue that holds the MPT and ISD procezses
together by commecting training to . successful
operaztion of the system/equipment. IF the doc-
umentation is not appropriate to the mission
activities - (operation, maintensnce, installa-
tior, transportation) and to the persennel who
perform these activities, then- it wmisses its
marlk. Therefore, it is important that MPT,
ISP, and technical documentation initiatives be’
accomplished in congonance s0 that the righe
people with the right training use the right
procedures and use them effectively to accomp-
lish their jobs.

With the rapid advancement of military
technology, the traditional tactical equipment
operation and maintenance persomnel are quickly
becoming equipment and system "managers" vice
"technicians."  Recent equipment design has
generally focused om having the hardware per—
form -autowatically as many operational and
maintenance functions as pussible, thus relega—
ting the operator and wmaintainer to the job of
"sonitoring"” to ensure ' that the equipment or
systen functions properly. Theae "higher level
equipment management™ tagks require much less
techniczlly detailed documentation for field
use, saving the engineering detail for depot or
intermediate-level maintenance, Thus the
Equipment Maintenance Goncept, Operation Con-
cept, and specifics of Equipment/System Desipgn
Parameters require careful analysis in conso-—
nance with the initiation of the ISD and MPT
Weapon System Analysis processes to ensure the
appropriate (1) type of documentaticn (mainte—
nance, operational, transportation, ins€alla~

en. cechnical documentation presents opera— -

tion}; (2) level of docymentation (at the read-
ing grade lLevel appropriate for the anticipated
operator/meintainer personnel as well as appli-
cable to the intended task level requirements
such as card replacement, component replace-
ment, ete.); and (3) quality of dowumentation
{to withstand rigors of platform use with expo-
sure to continnous use, intermediate mainte-
nance in a controlled environment, or a depot
environment). Design of the resulting equip-
ment technical ‘manuals is critical to the de-
sign of the curriculum because. the manuals form
the referencz base for most learning activit—
ies. Therefore, there is a direct interface
with the ISD process. The finished training
materials must reflect the equipment data and

-displays in the final job performance aids, and

this relationship must contingye throughout the
equipment’s life eycle wvia a controlled update
process,

CONCLUSIONS
) The concept that front-end weapon system
design is impacted by MPT analysis and tech-
nical documentation . dats, with subsequent de-
tailed development of resource requirements,
training content, and technical ‘documentation,
drives this Training Systems Integration Model
and establishes its relevance as a structure
for integrating training systems development
roles. Performance data and operational and

‘maintenance parameters, developed and docu-

mented by engineers, are used by manpower anal-
¥st3 Lo establish —resource requirements, - and
fecus the ISD analysts in the training content
development process.

The proposed model does nat attempt to add
still another set of military reguirements to
those that already exist. Rather, it attempts
to suggest where work may occur more effi—
ciently within current requirementa to yield
decisions that are based on the right input,
provided in a timely and efficient mammer.
Several suggestions e¢merge from this paper:

o Duplication of the initial data gathering
efforts can be avoided with performance
data {including weapon sSygtem parameters
and personnel. fynctions and workloads) gen—
erated as one effort,

o Substantive and timely ISD input can con-
tribute to the determination of training
devices.

o Coordination of -technical documentation re-
quirements with MPT and 1ISD training re-
quirements will produce training waterials
that meet the brosd range of military
trainee needs in 2 manmer that enhances
their ability to operate and maintain
highly complex tactical equipment.

Additionally, once the proposed model has
been implemented and tested, the indicated
interfaces could be. available wvia computer,
thus making the data manipulation easier and
enhancing the coordination among the analyses.

The model we propose is a dynamic mechsnism
for identifying points of interface; all of the



processes——MPT, ISD, and techmical documenta- -

tion-—-gecur at different times in the Weapon
System Acquigition Process and have different
emphases. By preseating the Military Training
System inm its totality, however, the wmodel

shows how all .involved in personnel and train—.

ing system development, implementation, and
evaluation can interact in 2 timely and cost-—
efficient mammer. This, in turn, will provide
a way for military personnel to operate and
mairtain . tactical equipment with the proper
training and for that training to be grounded
in those performances established through ap-
propriate analysis, develepment, and documen—
tation techniques.
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