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ABSTRACT

This paper presents research being done o develop a iraining analysis tocl that will allow training decisions o
influence the design of weapon systems earlier in system development than ever before possible and to update
these decisions throughout the system’s life cycle. Integration of {reining into the -acquisition and engineering ™
process is often a very slow process. The Air Ferce hos developed operationgl systems without quelified
maintenance and support personnel cssigned to the systems.  Under curreni operations in the acquisition
areng, funding is available for only o single training onalysis. By implementing o method to influence design
with training issUes ecrly in development,-a trgined ond equipped force prepared to maintain and support new
weapon systems will be available os the systems become operationcl. The objective of the tool is fo select
tasks for training, assign tasks to instructional seltings, determine lask training times, and determine training
resource requirements for new systems by using an emipirical dato sel gssociated with existing systems.
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DETERMINING TRAINING RESOURCES AND REQUIREMENTS

FOR NEW WEAPON SYSTEMS I

First Lieutenant David M. Quick
Armstrong Laboratory, Human Resources Directorate
Brooks AFB, TX, USAF

INTRODUCTION

Historically the Air Force has hod difficulty performing
fimely onalyses of the training resources and
requirements for new weapon- sysiems. The integration
of training into the acquisition and
engineering process of a . new weapon

system is o slow process and is often not Desigff:en‘;f[;;deoﬁ
initicted until design decisions have already Among These Cormponerts

been made. The determining. foctor for
delaying training anclysis is cost.  Funding
exists to perform the necessary training
analysis only one time. Therefore, training
analysis is shooting of o moving torget
because several, if nol al, of lhe
parameters influencing iraining  change
throughout “the acquisition process. By
deloying the {raining  onalysis, the
opportunity {o influence the design of the
weapon sysiem wilh iraining concerns and
constraints is_ lost.  In  addiion, the
possidility of fielding an operational system
without sufficient numbers of qualified
maintenance and suppart personnel increases.  Many
tools aiready exist thal con aid in the development of
training, but the Training Resources and Requirements
{TRR) tool stands alone as the only Air Force training
tool imbedded in an mieqroted set of human systems
integration analysis tools.

NEED FOR AN INTEGRATED SET OF ANALYSIS
T00LS

Designing a new wegpen system is a very complicoled
process with many tradeoffs toking place. The design
process attempts to achieve: lhe best blend of
equipment, training resources and  requirements,
organizotional and job structures, and individual
worker—aiding - technology domains {0 produce a
wegpon system coble to meel s mission and
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performance requirements at the least cost. Figure 1
displays this complex process. If the training analysis
is performed independently of these other domains, the
value of the onalysis diminishes.. By including the
{rqining analysis in an integrated_set of lools, training
can be considered at the beginring of the acquisition
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- Figure 1 — Complex Process of System Design

process ond con be used in subsequeni {rodeoff
anclyses to moderate troining requirements . of new

syslems. Integraied reining analysis con automaticaly

update trclnlnq metrics os manpower parameters or
personnel profiles change. Training parameters can be
modified as the weapon syslem matures through the
acquisition process {o show training effects on system
cost and performance.?

MANPOWER, PERSONNEL, AND TRAINING IN
ACQUISITION DECISION SUPPORT SYSTEM

The TRR tool is one of thirteen integraied tools in the
Manpower, Personnel, and Training in  Acquisition
Decision Support System (MPT DSS). The MPT DSS.is
being developed fo support Human Systems: Integration
during weapon system acquisitions by providing nsver-
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before—available analysis copobilities and reports, such
as MPT cost estimotes over the life cycle of o new
weapon systern, ~ The MPT DSS allows the users
{(Program  Managers, Integrated  Producl Teams,

Operational Commands, ond Defense Contractors) o _

examine the interaction of the verious domains in the
Air Force and to cliempt to optimize system design by
corducting tradeoffs between the domains.

Figure 2 presents the MPT DSS process. The first step
of the process is to gather gs much necessary data as
possible so that it all r ides on a single compuier
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TRAINING RESOURCES AND REQUIREMENTS TOOL.

Since the MPT DSS focuses primarily on the very eurly: "

slages of the ocquisilion - process, the TRR tool has
narrowed its focus to Miltory Standard  (MIL-STD)
1379D. The ultimale goal of this military standord is
{o enable the Governmenl to identify more accurately
the dota or information the Government must have to
fulfil a training requirement.” Since the stondard has

heen prepared for joint service "use,

" tailoring the model to this slendord is

critical to the acceptance of the TRR. The
primary objective of the tool is o lay the
foundation of the training required fo
maintgin and support o new wegpon system

to select tasks for training, ussign losks to

Fiqure 2 -— MPT DSS
system. A subsystem within MPT DSS assisis the user
in retrieving dola from geographically separcie,
unrelated dota sources 1o build o single integraled MPT
dalabase. The user can then build the equipment lisis
ond required mointenance task lists needed to conduct
MPT onolyses for ¢ new weapon system. Using these
task fists, the user can step through various types of
onalyses, such as o lraining analysis, using the
analysis modeis within the MPT DSS. A combination of
comparison and {radeof tools aliows for tradeoifs and
sensitivity analyses to ossess the impact of MPT and
system alternatives.

Each tool in the MPT DSS relies on the other. For

instructional  settings,  delermine  task
training times, and determine - {raining
resource  requirements. It has the
capebility fo . determine training
requirements for ali types. of Ar Force
training {e.qg., technical training, -on—the-
job troining  (QJT), and field training
detachment: (FTD)).* The toal is to be.used
primarily at the initiol stages of acquisition,
but it also has the potentict and fidelity 1o

" be updated and used throughout the life cycle of g

example, the TRR {ool uses os input results from other _

tools lo obtain doto such os tosk difficulty ratings;
projected inventory, and required man-hours to
support the system by specioily. The data from the
TRR, in {urn, cre used in analysis performed in other
MPT DSS {cols. The integration of the tools cllows for
the user to see the macro effects of making micro
changes to individual models.

new weapon system.

The TRR tool exploits Microsaf™ Windows copabilities fo
simplify the user interface. The. input/process/autput
(PO} screen (Fiqure 3) is the roadmap for the TRR
tool. - Each ellipse or block represents a step in the
onclysis process. A color scheme identifies which
steps have been accomplished and which is the most
logical next step. The PO also identifies the opliond!
steps. An- odditional feature the tool provides is the
"Notes" feature. Throughout the analysis, the user can

document decisions made and why they were made.

This jeaves an qudit trail to support the decisions when
audited at o later dote in the acquisition process. A
new anclyst would be cble to pick up a study and use
the cudit irail and 1PC {o continue the study where it
was left off.
"Help" sysiem. The combingtion of all these oids
provides the support necessary for o successful run
through the modet.®

once it enters the operational inventory. To . .
loy this foundation, the tool allows the user

The TRR also provides an extensive . _




Emphasis: model bases. its calculations on

tosk faclors from occupational surveys.
The occupational surveys have. ¢ training =
emphasis factor, or a rating of which tasks

require  formal training  for  first~term

personnel. ~ The Training Recommendation
model uses Logistics Support Analysis

Recard (LSAR} date. LSAR doto have o

single~position code indicating whelher o
tosk needs fraining and what type of

training is needed. This training does not

include equipment -familiarization. The

MuHi-Faclor Mode|l allows™ the user  the

and develop a new model. The following

Figure J — TRR [PQ

Inputs

As mantioned - earlier, the TRR tool is just one of
severgl tools in“the MPT DSS. In fact, the TRR gets
most of its dato directly from the other tools. The
Personnel Aplitude and Chgracteristic tool within the
MPT DSS determines cptitudes ond characterislics of
the personnel. The Inventery Projection toel projects
the personnel inventory for the life cycle of the weapon
system and the Monpower Estimation tool simulates the

required man-hours needsd to maintgin and support

the system. The TRR uses all of this information in its
analysis.

Process

Specialty Selection - Before starting o training
analysis, the user must determine which specialties to
anglyze. The TRR lists specialties ond identifies which
have courses. olready developed and the design
differences coleqorized between the tosks performed
by the new weapon system and existing systems. The
user's concentrated effort should be the specialties
with g highest degree of design differences. Courses
required by existing systems will probably not change
for those speciaities that have a low design difference,
so the required training resources will nol change.

Tosk Selection Medel — The TRR delermines the tasks
from the selected speciolty that need training.” The
user will have a choice of four task selection models:
1) Training Emphasis, 2) Troining Recommendation, 3)
Multi-Factor Model, and 4) Train All.  The Training

11

are the availabie factors:
Training Emphasis
Task Difficulty
Percent Members Performing
Average Percent Time Spent
Meon Time to Repair
Mean Operational Unils Belween Failure
Hozardous Maintenance Procedure
Task Criticality

: -« Trgining -Recommendation.
The TRR obtains these faclors from other tools within
the MPT DSS or from LSAR data.. The final tosk
selection model is actually just an option to select and
train oll tosks performed by the specialy.®

instructional Setting Selection — in addition o selecting
lasks to train, the TRR must determine the setting to
train these tasks. Each task con be irained by either
formai training or QJT.  The Air- Force Occupational
Measurement Squadron hes created Automated Training
indicators (ATls) for each iask thol help moke training
decisions using occupational survey data.  The ATl
value includes the percent members performing the
task, training emphasis, end tosk difficulty. This value
is used in accordance with the Course Training Decision
Table in Air Training Command Regulation (ATCR) 52-
22 to make 'level of training” ond instructional setting’
decisions. Air Force Utilization and. Training Worksheps
have hod success using the ATl value in making
{raining decisions. ~ Since the required data are alreqdy
in the MPT DSS, it is approprigie to incorporate this
proven model into the TRR. This model is an effective
device to predict instructional settings for existing
tosks.!

checose from a list of task selection factors



The TRR includes an additional insiructional selling
selection model for new. {asks, .the ATl Man-Hour
model, since the percent members performing a task

is not gvailable Tor new tasks. -1t should be ossumed .

that all members of ¢ specialty will be performing the
new task, so a beiter indicator is the predicted total
number of hours spent per year on the task. The
percent members performing is replaced with the
annual hours spent on a tosk in the new model, but
the ATl Man-Hour model stil uses the oiher two
indicalors _to stay consistent with the original ATl
model.

The user interface for the instructiona! setling selection

mode! allows the user to choose between the original

ATl model, the ATl Man-Hour model, and manual
seleclion. If the ATl Man-Hour model is. chosen, the
user must sel a high and moderate ATl frequency
cutoff value.

After seleciing the task selection and instruclional
setting models, the user hos the opportunity to view
the dale to ensure that appropricle data
are available to support the analysis. ¥
too mary elements are missing, the user
may want to reevaluate the chosen models.
If the dota look good, the user applies the
selected models and receives a display of
the resulls. The user will see a listing of
tosks and the recommended instructional
setting. At this point the user has the
capability to override the outpuls from the
models.  Overriding the -suggestions {rom
the models is a good reason to implement
the 'Notes' function of the TRR. Anyone
glse who used the analysis in the future
could call this function and read -the
rotionale fer overriding model resufis.

the user returns bock to this point and selects another

path.

_After determining the training pipeline, the analyst

defines the courses. The user gssigns courses to the
training path. Three different types of courses can be

" gdded to the poth: -technico! training, OJT, and other

Responsible ATC Center
Training Type Designatior?

Studerts forwhich

{e.q., F1D, Mobile Troining Teams, Professional Military
Education,  Career  Development  Course, ond
correspondence). The user can use the New System

Training Plan or review of existing courses (AFM 50-5,

Troining Monagement System) to identify courses.’ The

user con copy courses from a fist of eslablished
courses, and then make modifications. . This prevenls

duplication of work thot hos already been performed.

The user must define a list of elemenis for each
course. Depending upon the type of course, the tool

needs different combinalions of these elements. The .

first element is the course number {Figure 4) which
_includes .the responsible fraining center, training type
designation, students for which designed, pionned area
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Training Pipelines — The next phase of the Figure 4 — Somple Course Number

analysis is to develop courses and include.

them in a training path, or training gipeline.” - The user
can select an existing path to copy, edit, or delete,
and can also create o new polh.  The user identifies
each poth by @ user defined path nome, start year,
ond end year. If the new path is very similor to an

existing path, the user should just copy the existing

path. By copying a path, all the courses and course

information is available for modification. The rest of _

the work within the TRR uses the selecied path until

of trgining, activity conducting training, and Air Force
Specialty Code (AFSC). The course numbering system
used is the stondardized methed. of: numbering
courses, according to Air_Training Command Regulstion
(ATCR) 52-~21, The TRR library system lists this
information to oid in the development of course
numbers. The olher elements that make up the course
definition include the course litle, skill level, securily
closs code (in the TRR libraries), - preceding course
within skill level, and whether or not the course is
weapon system specific. The user can dlso determine

il




whelher or not io calculaie resources from any given
course. The TRR only generates automated -training
cost summaries for resident - special irqining, resident
reqular training, and field technical training.’

When defining the courses, the user ossigns each task
requiring training to @ course. The TRR zrovides g list
of tasks selecled for training for the given specialty

with their appropriole courses. The user assigns each.

task to ¢ single course. The user will have to define
enough courses to train all tosks requiring training.

With 1he-course definitions complele, the TRR builds
the training pipeline (Figure 5) for the given speciaily
by using the course skill level and preceding courses.
The training pipeline is g graphical representation of

Ladder AFSC: 2A6X6
Title: Alrcraft Bectrdcal and Environmental Systerns

are reshuffled. The course outlines only have {o be o
enough deigil to determine the required resources to
train the tasks.

For system specific courses, the courses break down

into blocks ond units, - The tool con assign tasks to . _. .

these course modules, which allows for analysis in
grecter delail for those courses that are high drivers in
the new weapon system. For non-sysiem specific

courses, the TRR estimates resources without the in- =

depth analysis.

Other weagpon systems influence their
course outlines.* : -

courses, blocks, end uniis, the TRR helps determing
training times and melhods/media for the tosks.. The
TRR tool allows for the user 1o enter the
task training limes monually, but it dlsc
has the capebility of estimating 1ihe
required training times. R uses modified
functional relationships from the Training
Analysis Suppart Computer System {TASCS),
developed by the Training System Program
office at the Arr Force’s Aeronautical

Systems Center, to predict required training

alitary ;

Traiving

Figure 5 — Training Pipeline

the training requirements for personnel within a given
specially. By viewing the pipeline, it is evident what
courses @ career path require ond ot what skill level
they are required. The TRR uses the training pipeline
interface te access the different courses for the
remaining steps of the process.!

Course Qutline — After creating courses ond assigning
themn tosks, the user must go back ond begin to fill in
the details by developing the course outlines. The goal
of the TRR is not to build course curriculums and
objectives but {o delermine the required training
resources and requirements for cost analysis and
trodeoff studies.! For example, tosks can be redligned
within the speciclties of ¢ new weapon system, and the
analyst may wani 1o know the implications of making
such changes. An onolyst must be able to delermine
resources required for each course when these tasks

time® The TRR applies each lask o the
various  TASCS task leorning categories
(Fiqure B) in order to calculate {he tosk.
training time. The TASCS equations use
informgiion that the TRR ond MPT 0SS
already provide for other caiculotions. The
tragining times coming out of these
equctions gre adjusted to reflect the skill,
knowledge, and ability simiiarities belween
tosks within @ unit, block, or course, depending upen
the- lowest fevel course module with assigned tasks,
The TRR uses a table containing. the percentage of
time used for each method and media by course type
to divide the total training time into method and media
assignment, These tobles -are accessible . and

~ modifiable by using the TRR librries.*

_ After all of these calculotions are completé, the user

has a chance to review the resulis. The results are
only recommendations and the user hos to inpul the
fingl training time. The user may be o training expert
end choose to override all calculated times, but these
celculotions are available o ssist in moking educated
estimates. ' '
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Task Learning ' Individual Methods/

Calculations for Task

Libraries

_Category Media of Instruction Training Times ) i
Task DIffTcults 60 min. . .
Explanatien Coctura e By Throughout 1he discussion of ihe TRR
Dlecmaton process, Several references were mode to
Self-Dirsctad the TRR libraries. The libraries store the
Audlovisual Madia . R . . .
Demonsiration —_ Classroom Tash Difficully x Task Langth £ 1.5 information that will be consisient gcross
Demansirator oll TRR unolyses This information includes:
Cognltive Labaraiory TFash Difficulty x Task Length x Task Criticality x .2 e
Part Task Programmasd Questioning . Trummg Methods
Procedurs Tealner ;
Pansl Trainas e Tosk Selection Models
nteractive Courseware .
Psychomator Laboratary Task Difficulty x Task Length x Task Criticality . Medlﬂ Types
Pant Task e o TASCS Categqries
Practical E i
Practical Fxorcise « Course Location
Cperatlonat Equipment - Course Types -
Full Task Laboratory {Tazk Difilcuity® x Task Length + 1
e Opweational Enviconment o Student Types
T retee o Trgining Activities
. L . o Training Areas o
Fiqure 6 — Task Training Time Functions s Course Security Classification
Course Resource Datg — To assist the user in defining e ATl Library
i ibrary of
the course rescurce data, the TRR provides a fibrary ¢ e Medio Closses.

historical courses from Air Education and Training
Command’s Programmed Technical Training data bose
cllowing the user to find o comparcble course. The
required course resource eternents are:

» Course Length
Atlrition Rote
Programmed Group Size
Academic Weeks Per Year
Percent Permanent Change of Stolion
(PCS).
Once again, the user can use dota from on existing
comparable course, or ihe user con input new dcta.
Each of these elements influences tha {raining cosis of
new systems.’

Training Devices — The final siep of the TRR process is
to define the training devices necessary for
the troining  media. Inan eorlier
caiculation, the irgining fimes  were
delermined by method and media. In order
o put a cost on the {rgining media, the
TRR assigns iraining devices to each media.
For each {raining device, the user enters its.
developmental cost, cost per student hour
and the hours spent using it per course
Once these date are enlered, the process
is complete for the course being analyzed.
At this point, the user can build analher
course for the curreni training path, build ¢
new training path, select a new specialty to
gnalyze, or end the TRR analysis.

Al the Ilbrorles except the ATl Library and Media
Classes, are editable by the user. Since these libraries
are consiont across all TRR analyses, the edits mode
by the user are sgved os a permanent parl of the
fibrary.

Reports

Another feature available in the TRR is the report
function. Figure 7 shows the available reports. These

reports display all of the information that the user may
need io give to others in a more_presentable format.
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Oulputs

Since the MPT DSS is an integroted set of toals, other
toals will use output from the TRR. More specifically,
the Force Structure tool that calculates manpower and
develops the force struciure required to suppori o new
wecpon system, The TRR feeds this-tool the course
information {i.e., course length, number of students,
course setting, and method of training) so it can
calculoie the insiructor requirements,

The goal of the Life Cycle Cost tool in the MPT DSS is
to esiimale the cost of MPT elements over the fife
cycle of a new system. [ pulls logether ali the
resource -information to develop- estimates of the MPT
life cycle cost. The TRR feeds this lool with the
complete course informetion, including training devices.
With this information, the MPT DSS can estimate the
{raining costs for the life cycle of new weapon
systems, os welf gs the complete MPT costs.

PAYOFFS

The potential payoffs of including a tool such as the
TRR in an inteqroted environment are greol.  Any
design, personnel, or policy decisions made en a new
weapon system have an effect on training, and this
effect can now be reflected without starting o new
anclysis for each option. For some chonges, the
analyst will have to refine the TRR analysis, but for
others it will updole cutomatically.  This dllows an
analyst to perform g iraining analysis. during ihe early
slages of the acquisition process sc that training is
included in the trodeoff decisions of designing a new
weapon system 2

Another advaniage of being in an integrated set of
tocls is that simple changes can be made_within the
tool, such as changing on-site classes to distant
learning, aond the cost implications are  easily
calculated.  This ollows for troining™ optimization
tradeoffs to be performed ofter the training analysis is
complete.

SUMMARY

The TRR is a tool thol provides the capability to
conduct iroining analysis eorlier in “the acquisition
process than ever before. By using the structured
analysis approach of the TRR, an analyst con develop
{raining paths for the different specialties required to

~ System(DSS).

. _Compuier System {TASCS) User’s Guide

4%}
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support @ new weapon system. The training paths will
include course ouflines with training times for the
different methcds and media for training. The MPT
DSS pulls logether these requirements and resources in
the Life Cycle Cost tool to show the influence of
training onthe life cycle costs of the new system. Not
only will this ollow for a copable force to be tramned
and equipped when the new weopon sysiem becomes

"~ _operational, but an anclyst con perform analysis early

enough to hove influence on the design and policy
decisions throughout the acquisition process. '
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