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ABSTRACT
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ocquisition cycle. Acquisition speciafists can use the structured onalysis approach provided by the MPT DSS fo ensure
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becoming operational. The MPT DSS is being designed to support the Human System integration requurements now
directed under DOD Instruction 5000.2.

ABOUT THE AUTHORS

Capt Dave Dahn is the program manager for the MPT DSS in the MPT Integration Branch of the Human Resources
Directorale, Armstrong Laboratory, Brooks AFB, TX. Capt Dahn holds an MS in Computer Engineering from the Air Force
Institute of Technology and o BS in Electrical Engineering from Arizona State University.

Dr. H. Barbara Sorensen leads the Joint Service Technology Initiatives in the Plans and Programs Division of the Human
Resources Directorate, Armstrong Laboratory, Brooks AFB, TX. Dr. Sorensen holds @ PhD in Instructional Design and
Computer Technology; an MS in Educational Psychology, Meosurement, and Statistics; and 17 years of experience in
training systems and software engineering.

10



Manpower, Personnel, and Training Analysis
in Aerospace System Development

Captain David A. Dahn,
Dr. H. Barbara Sorensen
Armstrong Laboratory, Human Resources Directorate
Brooks AFB, TX, USAF

INTRODUCTION

New defense systems ocquisition or  major

modifications have historically focused on system
costs, schedule, performance, and in recent years - -

logistics support.  Unfortunately, the human element

has alwoys been left for last. Human foctors experts

have made sirides to enhance performance ond
logistics maintenance work, but how we employ our
people (recruiting, job descriptions, personnel abilities,
training, organizetional responsibilities}) and  their
gssocioted costs are often neglected. - The
opportunities to optimize the human centered elements
are enormous. By considering the human capabilities
ond limilations, beginning with weapon system
conceptualization, the human can be eliminated as the
factor which currently restricts combal capability;
systems con be moaintained foster, smarier, and
cheaper; people con be troined betler, in less time,
with higher efficiency; systems can be made sofer for
the operalor, the maintainer, and the non-combat
environment. Al of this can be achieved by influencing
the design of the weapon system to enhance the
combat copability through economies of our human
resources. !

Need for Human Systems Integration in
Aerospace Systems

In this era of decregsing defense budgets, each system
is coming under increasing scrutiny concerning mission
need, system requirements, logistics support, and life-
cycle costs (LCCs) by both Congress ond fhe
Deportment of Defense (DoD)2. This scruliny drives
our need lo economize the way we employ our human
resources to achieve the best people-to—system
tradeoff we can obtain. Every system requires people

T

to operote, maintain, and support it. An Air Force cost
study showed that up to 60 percent of an aircroft’s
yearly operations ond support costs can be directly
oltributed to manpower, personnel, and ftraining cost
elements3. As the Air Force’s manpower outhorizations
conlinue to shrink, ond personnel compensation
increoses, this irend is likely to increase unless new
system designs are influenced and odjusted to make
the systems easier {o operate, maintain, and support
wilh fewer people ot existing skill levels. Eqrly iden~
lification of manpower, personnel, training, and sofety
(MPTS) high (cost) drivers, goals, constraints, and
issues can provide positive design influences for new
weapon syslems if properly integroted into the acqui-
sition and engineering process.

Aerospace system developers cre constantly striving to
exploit new technologies to achieve better, faster, and
more powerful defense systems, As a result, the pace -
of introducing new technologies is threctening to
overwhelm the Ar Force of o rote never before
experienced. Technology is advancing on a brood front
and the MPT process of the ‘90°s cannot adequately
support the Air Force of the next decade and beyond.
instead of considering the larger issue of “total system
performance,” acquisition objectives have historically
focused on a few variables, maximizing the probability
of completing the system's primary mission ~while
minimizing acquisition reloted costs.

- Total system performance is @ key new concept in the

acquisition directives. DaDl 5000.2 defines the fotat
system to include not only the prime mission
equipment, bul olso the soldier, sailor, oirman, or

"~ marine who will use or maintain the system, the

logistics support struciure for the system, and the



other elements of the operational support
infrastruclure within which the system must

Human Systems Integration

operate.

Human Systems integration
DODD §000.4, DODI 5000.2

Many  acquisition  professionals  have
recognized that the cost of acquiring o new _
system is dwarfed by the cost of the “lolal
system.” These same people also recognized
that if we could quantify the operations,
support, ond training costs of existing
systems, we could identify components of
systems that historically hove presented
technological problems  since  their
introduction. Assessing MPT impacts provides
one of the best methods of idenlifying
existing costs of operations. By exploiting
this knowledge, aircraft designers con use -
tomorrow’s technology to help solve today’s problems
rather than simply creating more future challenges.

In the post, the solution to technology problems was io
employ smarter or more manpower lo address the
problem until we overcame the technological hurdle.
This was application of contemporory organizational
theory focused on adapling organizations to their
environment. The military then lived with the results
untl @ major pre-plonned product improvement
occurred or ihe service retired the weapon system.
Congress took note of the ever—increasing use of
manpower to support “low-cost” systems and the
associated long term life-cycle costs associated with
this solution. As a result, it possed a public lew (Tille
10, United Stotes Code, Section 2434) mandoting that
the Department of Defense report all costs of new
systems during mojor milestone reviews, specifically
addressing manpower costs, before Congress would

approve funds for that system. As g result of defense -

acquisition management reviews and the public law,
when the acquisition directives were revised they
included requirements for ‘Human Systems Integration
(HSi)4. The acquisition direclives now dictate thot

Air Force
IMPACTS
AFR 26-1
Policy Practitioner Training Research
SAFIAQX ASC/ALLH Contractor ALHEM
MAJCOMs (Hy Syscems)
Figure 1

“humcn considerations shall be effectively integrated .

into the design effort for defense systems to improve
lotal system performance and reduce costs of
ownership by focusing attention on the capabilities and
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_ Program (AFR 26-1).

limitations of the soldier, sailor, airman, or marine; and

. objeclives for the human element of the system shall
- be ... troceable 1o readiness, force structure, offord—

ability, end wartime operational objectives M9 This
level of focus was very problemalic for the services
because there existed no mechanisms to quontify the
costs required or provide the traceability requested. As
a result, each militory service structured on.imple~
mentotion program (Figure 1) to faclor the humon into

_weapon system design —  for both new developments

or modifications of existing inventory.

The US Air Force’s implementation of these procedures
is embodied in the Integrated Manpower, Personnel,
and Comprehensive Training, and Safety (IMPACTS)
Just as the Army’s Manpower
and Personnel Integration (MANPRINT) progrom, the
Navy's Humon System Infegration (HS) and Morines’
Hordware - versus Manpower (HARDMAN) integration
program look at integroling soldiers, sailors, ond
morines into defense systems thot ore peculior to
those - services, the [MPACTS program emphasizes
integrating airman into air, spoce, and ground support
defense systems within the Air Force orgonization.

The IMPACTS program tconsists of a policy arm,
trainers, practitioners, and continuing research (Figure
1) to improve IMPACTS processes ond methods. This



paper oddresses the research arm of the IMPACTS
progrem and describes an integrated analysis system
now being developed. IMPACTS analysts and acquisition
monagers will use this andlysis system to ensure
weapon syslem MPT costs are affordable, jobs are
properly structured, and people are trained for their
jobs prior {0 a new system becoming operational.

To achieve the objectives of improved “tolal system
performance” and “reduced costs of ownership” each
service needs lo consider how the human element
interacts with, supports, and is {rained fo operate and
support new technologies and systems. - The cost of
ownership for today’s systems is high; the need for

effective MPT analysis in developing new gerospace

systems is just as grect.

High MPT Operations and Support Costs for
Existing Systems

One dala source, Air Force Regulation 173-

costs in the airlift cotegory of aircraft. In this
example, 66% of one squadron’s annual operations and
support costs wos directly ottributable to MPT cost
factors. Summing such costs across ofl squadrons
shows thot MPT expenses represent the bulk of the Air
Force's operating budget. As seen in the figures, there
is o great opportunily to reduce ownership costs by
driving new system solutions to include human-
centered costs.

With such potential savings, why aren't predecessor
system costs used . more within the acquisition
community?  The answer is thol costing of new
systems is normally o funclion of the financial
management community ot an Arr Force system
program office {SPO). This is o self~contained
orgenizalion that advises the Program Manager on
costs using size and weight information for sysiem

Typ:cal ACC F-16C SQ
24 Aircraft

13 — US Air Force Cost and Plonning e ——————me

Factors, summarizes operating and support
costs for Air Force aircraft.  These cost
summaries, in conjunction with varigble—cost
models (e.g., Cost Oriented Resource
Estimating (CORE} and the Systematic
Approach to Better Long—Range Estimating
(SABLEY)) ‘are maintained and updated by the
Air Force Cost Center, Operating & Support ™
Division (AFCSTC/0S).

Using the CORE model, studies have been
done to quantify the MPT portions of yearly
operations ond support costs. Figures 2
ond 3 show the astounding results of one
such cost study compleled using this AFR
173-13 data®. Figure 2 illustrates that up to 62% of
the total annual operations and support cost for just
one F-16C squadron with 24 primary aircroft
quthorized is directly attributable to MPT cost elements.
The bulk of these MPT costs is due lo oircroft
mainlenance. Figure 3 illustrates the some high MPT

Annual O8S Cost
$50.5M (FY89 §)

Munitions

Sys/Spt
MQDs
8%

ACC Manpower: 710
23 Maintainers per Aircraft

MPT
61%

Source; AF Cost Centar, 6 Mar 89

Figure 2 - F-16C Cost Summary

components from the engineering community to create
a prediction of system' costs. Clearly, this opproach

. does not integrate other functiona! areos (systems
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engingering and human systems integration) that can
gain significant benefit from using total system cosls
as a varieble in tradeoff analyses. —

=l 4%

: Craw 5%



Historically, the Air Force has focused on the
limited picture of “how much it is going to
cost to procure this system” rather than the
expanded view of total life—cycle cost. This
short-sighted  approach  wes  pracliced
because of the old Air Force command
structure of having separate  procuring
maintenance gnd support commands, These
commands have now been merged and the
“cradle to grove” management responsibilily
for procuring ond supporting weapon
systems folls squarely on the Air Force
Materiel command.

People costs have always been gccepled as
the fixed costs of doing business and were
difficult for acquisition experts to quantify.  This
difficulty was more a problem of nol knowing that such
cost data were ovailable (onalysis always done within
the financial management community) or not knowing

Annual 0&S Cost
$48.7M (FYB9 §)

Muritions

SysiSpt
MODs
7%

how to exploil dala that were ovailable to represent

these costs. From the examples given, there is cleor
benefit to having systems engineers and acquisition
logisticians use historical cost data to help focus their
development effort. SABLE is an easy-to-use cost
model thol is available from the Air Force Cost Center
in Microsoft Excel spreadsheet file formal. Some [evel
of trodeoff onalysis con be conducted through the
buitt—in menuing and template system implemented
within the model. This model provides a range of
“locks” ot cost data, from Air Force wide operating
costs to the perspective of o single weapon system.
Untl  more mature MPT gnalysis tools ore
institutionatized, this is one cost model that should be
better integrated into the acquisition process.

MPT Research Program

The MPT research program at the ~Arr Force’s
Armstrong Loboratory represents o subset of the
elements contained in the DoD humon systems
integrotion program. MPT analysis represent the maost

Typical AMC C-130H SQ
16 Aircraft

AMGC Manpower: 709
26 Maintainers per Afrcraft

Saurce: AF Cost Ceniter, 19 Jui 89

Figure 3 - C-130H Cost Summary

challenging and leost researched components within the
HSI progrom. -

MPT analysis evoluates human—in—loop costs and

copabilities with intent to minimize MPT related [CCs

while maximizing syslem capabilities.  To clarify
terminology. manpower refers to the number of
positions needed to operate, maintain, and support a
system in its operational environment; gersemne/ io the
types of people required and their characteristics and
skills; and Zawig to what they need to know to do
their job and what resources (trainers and training
systems) will "be required to ochieve the desired skill
proficiency.  “This amounts to sizing (M), describing

{P). ond enabling (T) the work force so thel it can

accomplish o given workload or function effectively and
economicolly"7.

_ To provide the best new, or modified, weapon. system
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at the least LCC, decision makers need up-to-date
date ond analysis tools. The first Air Force—wide MP1
conferenceB held in Moy 1987 idenified that o major
problem within the acquisition community was (and

continues to be) the lack of an integrated dotobose

and onalysis methodologies to effectively onalyze
interrelated MPT issues.  The Arr Force _Human
Resources Laboratory (AFHRL — now Armstrong
Laboratory, Human Resources Directorate) launched a



comprehensive research program to meet the needs of
System Program Office (SPO) decision makers in the
acquisition processg; This program was designed 1o
investigate data and dato sources thot could be used
to support MPT analyses and begon developing
methods and tools in each of the functional domains
to exploit the dola. The objective was to develop ¢
collection of methods and prolotype tools that could
evenfually be integrated into o single integrated
decision support system. The integrated system would
enable acquisition and  operationol  andlysts  to
demonstrate the MPT relaled costs ossociated with
various proposed weapon system designs, thus allowing
design tradeoffs to reduce life—cycle costs.

The research culminated in the MPT Integration Branch
awording o four yeor, multimilion dollar gdvanced
research and development (R&D} contract to provide
acquisition decision mokers with just such o DSS1C.
The contract io develop @ Prototype Manpower,
Personnel, and Training (MPT) in Acquisition Decision
Support System (DSS) was awarded (Feb 92) to
Dynamics Research Corporotion end their subcontroc—
tors; Micro Anolysis and Design, Rishi Technologies, and
Organizational  Resegrch and Development.  These
companies hove researchers who are intimately familiar
with both the acquisition process and MPT issues and
possess the needed knowledge and skilled siaff
capability to successfully develop an integrated system.

MPT in Acquisition DSS

This  Advanced Technology Tronsition Development
program will provide the first segraded tool for
addressing MPT requirements during system acquisition
and design. The MPT DSS is o micro—level (job tosk
level) tool that will help onolysts build o credible

system delivery,

baseline of measurable MPT goals and constraints,
provide MPT inputs needed for system tradeoff siudies,
allow analysts to study design alternative implications,

~ond verify whether the compleled system development

achieved the MPT goals and constraints. The system
will automate the extroction of historical MPT data
from Air Force dota bases ond new system dota from
the Logistics Support Analysis Record (LSAR). This
historical data will be used to creste a boseline
comporison system.  As new system information is
received, o notional or proposed system configurotion
will emerge.  Finally, o suite of MPT andlysis
methodologies and tradeoff tools applied to o baseline
comparison system (BCS) and proposed system  will
produce key MPT products needed to support the
acquisition and design process. The purpose of the

MPT DSS is to reduce defense system's life—cycle

costs while improving combat readiness and support-
abilily by identifying and resolving MPT issues ez in
the acquisition of these systems.

The MPT DSS is graphically depicted in Figure 4. This

. illustrates the micro-level data bases and types of

analysis  technigues needed to  provide ¢
comprehensive, integrated fool.  The MPT DSS wil
support all phases of the wcquisition process, from
requirements analysis and determination at the Air
Force  major commands (MAJCOMs) to design
evaluation in the SPOs. Primary analysis goals are to
validate thol emerging weapon system designs meet
MPT constraints imposed on thol system and to
provide personnel and  lfraining  planners  with
information ond decision processes to establish
efficient training and personnel pipefines before weapon



The MPT DSS is bosed on the results of a Manpower,
Personnel, Training, and Safety (MPTS) factors in the
system acquisition process study completed for the
Human Systems Division (HSD)!1, a front end analysis
of an MPT modeling architecture2, and an evaluation
of the Army's Hordware versus Manpower methoedology
(HARDMAN 1) suite of MPT fools’3. Continuing close
coordination with Army HARDMAN experts is ensuring
compotibility between the tools and avoiding duplication
of effort.

The unique capabilily distinguishing the MPT DSS from
Army ond Nawy HARDMAN research is that it is o
cross—domain integrated system.  The manpower,
personnel, and troining domains are interrelgted. If an
analyst maokes changes in ony one domain, these
changes will most fikely effect the other two domains.
For exomple, if you reduce the number of people you
plon to use to perform maintenance on a new fighter,

you then have to expand the job definitions of the

remaining people to cover those tasks that would have
been performed by the monpower spaces thol were
gliminated.  Once you have expanded the job
descriptions for the remaining people, your training
progrom becomes longer and more complex for both
inlial and recurring training.  Unfortunately, the
domains gre managed separately, and the reality is
that when changes are proposed within any one
domain (e.q., the manpower community), those
changes may be coordinated with the other domains
(personnel and training) but there has been no
mechanism available to study the long term impacts of
these chonges. The MPT DSS will include functional
relationships  within the integroted system trodeoff
analysis methods to autometically reflect the horizontal

cross—domain effects of moking chonges in one )
functional domain. This cross—domain copability wilt

greally enhance the obility to demonstrofe the cost
impacts ossocioled with different policy decisions in
any one single domain.
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Figure 4 - Graphical View of MPT DSS
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The prototype MPT DSS will focus on supporting the
MPT analysis of Air Force dircraft systems but will be
designed so that it con be applied to ony type of
syslem. Application to systems olher than Ar Force
aircraft systems will require analysis to expand existing
fibrary files. The MPT DSS will concentrate on
assessing MPT requirements for the maintainers and
support personnel who work directly on the system in
the operationsl units in which ihe weopon system will
be fielded. More specifically, tesk—level MPT analyses
wil be conducted on maintainers ond the support
personnel whose worklogd is directly driven by the
system, Operator crew size will be an input to the
MPT DSS.
personnel, and support personnel whose workload is
not directly driven by the system will be determined by
Air Force manpower stendards thol deal with aggreqate
workload, not individual tasks. The MPT DSS wil
contain both existing and new analytical tools.

The MPT DSS system consists of three major sofiware
components: a System Development Subsystem {SDS),
a Dala Base Integration Subsyslem, and the Anolysis
Tools Subsystem. Each component is explained in the
following sections.

MPT DSS Softwore Components

When conducting an MPT analysis, selecling the
Baseline Comparison Syslem (BCS) is o significant first
step. The SDS will assist MPT analysts in constructing
the BCS, populating the BCS task-level dota bases with
appropriate government and contractor—furnished data,
and maintaining and updating the BCS data throughout
the acquisition process. The SDS methodology includes
techniques to molch new system functional,
performance, and design characteristics to those of
existing Air Force equipment, ot appropriate levels of
system indenture.

An integrated MPT dota bose is needed to support the
MPT DSS. The system must be capable of extracting
ond integrating MPT dota from external Air Force dota

Total monpower for operators, training -
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sources in g user—friendly monner. The Dota Base
Integration Subsystem wili help Air Force MPT analysts
obtain and use the input data needed for an MPT DSS
opplication. _The subsystem will request, extract, and
process dola from externgl sources; integrate input
data within @ comprehensive MPT DSS data
architecture; and configure the dota to support MPT
analyses ond tradeoffs.

The Analysis Tools Subsystem attempts to maximize the
use of existing lools and techniques.

System Development Subsystem (SDS)

The SDS component consolidotes MPT  related
predecessor weapon system data into a BCS. Then gs
design information matures, lhe BCS can be updated
to form o proposed system description.
predecessor system is an existing system, or systems,
that hove components or missions similor to the new
system  concept. Descriptions  of  predecessor

—equipment, maintainers that repair it, manpower stan-

dards supporting it, and iroining courses reloted to i,
provide o “footprint” for o new system. As identified
in Logistics Support Analysis (LSA) Task 20314, o BCS
is a representative system construct composed from
existing systems/subsystems (predecessor systems),

support systems, and lessons learned for performing

comparability analysis. The BCS components should
opproximate  one or more of the new system
functional, performonce, and design requirements, As
the system matures and actual design dote become
available through the MIL-STD-1388-2B LSA Record
(LSAR), they will replace the predecessor system data.
This will permit continual improvement of system
design information, ond provide better predictions of ~
Air Force MPT costs and support requirements.

Comporisons  between the BCS and the Proposed
System are made throughout the ocquisition process
as the Proposed System design evolves and design
alternatives are considered. Comparison of the BCS to
the Proposed System requirements in the early phases
of the acquisilion process help identify oregs of
technical risk.  Comporison of contractor design

The ~



alternatives to the BCS in later phases also help

identify risk areas (i.e., aregs for which the contractor .

is proposing to deliver improvemenis that are
significantly betler than whot is currently being
achieved) and the expecled costs of reducing ihose
risks,

Data Base Integration

This component occomplishes two tasks: it links

geographically separate dato sources and relotes data -

between dissimilar dotabases.

One of the most difficult problems for an MPT analyst
is irying to obtain oll of the unrelafed dota from
locations around the country to suppert the integrated
onolyses. This burden will be reduced by introducing ¢
system that will automate dota  refrieval from
geogrophically seporate doto sources. The automoted
system will ollow the user to check a block on the user
screen identifying what dola ore required. Then,
through overnight unattended file transfer over the
Defense Data Nelwork (DDN) or by modem connection
for direct attended relrievals, the data will be
electronically gathered to the anolyst’s machine.

Another major chalienge is the process of relating
weopon system specific doto (weapon system specific
job task lists) to occupational data (e.g., which Air
Force Specialties {AFSs) accomplish those tasks). In
the post, this process was accomplished by gathering
a group of subject matler experts (SMEs) ond having
them laboriously relate the dato. ELarlier research19
showed that we are able to automate the pracess
through « semantic analysis process with about an
80% lext motch. The SME time required is reduced by
about two thirds.

This Database Integration Subsystem will provide the
dota needed for the BCS library and the suite of
onalysis tools. Maintenance, occupational, personnel,
and logistic dota from current systems will be used.
Once predecessor systems ogre identified, the
appropriate task—level dato will be extracted. This task
level data will include system costs, mainfenance task

i8

dota by component, occupational analysis data for job

_ specialties working on the equipment, ond troining
course and cost doto conducted on repairing these '

systems and operating other support equipment. Such

doto bases will have their tosk-level data finked and

extrocted. |f dota for o specific sub-system ore
unavailgble, then SMEs will be used. Port of this effort
will require precise definitions of tasks ond
comparisons between the actuol losk stotements. -

Information about how to investigate the data that _7dre
availoble from vorious sources will be provided to the
MPT onglyst in the form of help screens. The generic
content and structure of data within each source will

‘be described. For dota sources hosted at o single, or

o few geographic locations, the help screens will
include contact points to whom data inquiries "or
requests moy be direcled.

Analysis Tools Subsystem

This component is the core of the MPT DSS. Once the
dota ore available, it must be anclyzed and examined.
The integrated set of analysis tools will be designed to
support o step—wise process model for forecasting
requirements bosed on best information available. This
subsystem includes seven analysis methodologies, two
tradeoff techniques, ond two onalysis cids, and @
planning aid.

The analysis tools include o Speciolty Structuring Tool

to structure jobs from the ground up, at the task or
tosk cluster level or restructure o speciolly starting
from an existing definition; @ Personnel Aplitude ond
Characteristics model to ensure that the collection of
job tasks does not require unreasonably high aptitude
levels or physical profile choracteristics that can't be
supported by the current or future Air Force population:;
a Ifcining Resources and Reguirements Tool to_project
on estimate of resources needed to estoblish and
maintain the training pipeline; Manpower Estimotes Tool
to determine the number of people required to operate,
maintain, support, ond train a single unit or squadron;

a Eorce Strycturing Tool to aggregate the manpower

estimates into wings, groups, MAJCOMS, and force fevel



projections using approved overhead and support ratios
(sufficient to support manpower estimote reports
required by DoD). an Inventory Projection/Civilign
Avgilgbility Model to determine whether the civilion
populace can support the level of optitude in the
numbers idenlified from the force projeclion model;
finally, the last model is @ LCC model that will present
a bottom-line dollar figure to show the MPT related
costs of the sysiem.

The individual methodologies briefly described above
are useful, but more important are the technigues to
permit interaction among the individual tools to
tradeoff the monpower, personnel, and fraining
domains. There is o great deal of interaction between
each of the domains. Significant changes cannot be
made to any one functional domain without affecling
the other iwo. Therefore, functional relotionships will
be included which describe, in onalylic lerms, the
relations between the various M and P and T factors.
MPT measures of effectiveness (MOEs) will be used by
the iradeoff process to provide objective criteria -
identifiable and explicit— for evaluating MPT impacts of
design, operation, and support alternatives. MPT
control voribles {i.e., the vorigbles thot ihe MPT

community controls, and can change, to accommodate .

o new system) will be identified for eoch MPT MOE. In —

conducting tradeoffs, the control variables con be
viewed ¢s input vorigbles and the MPT MOEs can be
viewed as the outcome vorigbles that ore used to
ossess MPT impacts for all types of tradeoffs {design,
support, operations). An MPT Anqlysis Tradeoff Aid will
identify BCS or Proposed System high (cost) drivers
from the MOLs. Using these high drivers, on analyst
can begin conducling ¢ sensitivity analysis by adjusting
the control variables contributing to the MOE identified
0s ¢ high driver. The MPT Analysis Aid will empower
the analyst to conduct tradeoffs in an accelerated
mode where only one vorigble has been changed ond
the entire analysis (including manpower simulation) will
be rerun, or in detsiled mode where the analyst can
make multiple changes in several different tools. The
second tradeoff technique is a Comparison Tool that
will let on ondlyst display side-by-side results of
different completed studies. The Comparison Tool uses
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summary reports and grophics to compare differences
between the system, type, and versions. The sysiem
refers to the type of proposed system you are
analyzing, Zperefers to the type of analysis you are
conducting, and wersinr refers to the specific analysis
conducted. By varying the control porameters you
create multiple versions of the anolysis. The compari-
son tool allows you fo compare these individual
versions.  These comporisons can demonstrate the
relative volue of different MPT approaches. allowing
policy options or system design differences to be
studied.  An analyst con converge on on optimal
solution before beginning the full documentation
needed to complete o study in support of required
acquisition documentation.

The anolysis aids are tools thot will improve the
IMPACTS andlyst’s ability to use the DSS. An integrol
Novigation Aid assists the user in correctly using the
integrated analysis methodology for different types of
studies. This technique consists of both a navigation
aid visuolly depicting the steps necessary to complete

a particular type of analysis and an extensive contexi—

sensitive help component providing detailed topic—
reloted assistance throughout oll steges of the
analysis.

The planning aid, the MPT Pipeline_Tool, will assist Ar

Force analysts in scheduling the MPT resources
associoted with deploying new sysiems. The pipeline
tool will consider training, organizational, ond suppert
pipelines, fo ensure plans are developed to have
troined people where and when they are needed to
achieve full operational capability. Outputs from this
tool include a master milestone chart that wilf be q
PERT/CPM chart illustrating the time phasing of key
MPT resourcing events bosed on the proposed

acquisition strategy. The tool will also provide system

training plan information and o forecast of required
PCS.

Iraining Resources and Requirements (TRR) Too! —
The TRR will infroduce fraining as on acquisition
varighle earfier in the process than ever before.



Through the use of comparability analysis, training
courses and resources associoted with specialty
troining or specific task troining will be identified.
Since the BCS is the best representation of what the
new system will look fke made from today's
technologies, on empiricel data sel containing course
outlines, costs, and other resources associoted with
the existing technologies will form g training baseline,
Adjustments to the beseline in terms of tasks thal are
trained, instructional settings used, and task fraining
times can then reflect the cost of these changes and
allow training tradeoffs to be conducted.

The objective of the TRR is to implement the front end
of the Instruclional Sysiems Development process to
the degree necessory to identify ond project the
troining resources (people, methods, aids, etc.) and
troining requirements (new training) for o new system
or technology. The tool will be able to exploit job
analysis conducted by the Air Force’s Occupational
Measurement Squedron or from the MPT DSS personnel
aptitude and characteristics model. Based on this job
analysis, the TRR will then gssist the analyst in
sefecling lasks to be trained, assign fasks to
instructionat settings, determine task training times,
ond defermine lraining resource requirements. The
{ool is intended to be used throughout a system’s life
cycle ond includes the ability fo resource fraining
requirements for all types of Air Force training {e.q.,
technical training, on-the—job training, field training,
etc.). Each of the major steps in the TRR process
model are explained below.

Task Seleclion is an optional step in the anclysis but
expands on the Air Force’s current capability. The task
selection model provides copobility to select and apply
existing, modified, or user—defined task selection
models. The TRR includes three existing lask selection
models: training emphasis used with occupationol
survey dola, training recommendations  provided
through Logistics Support Andlysis Record dato, and o
J-Factor model ihat consist of foctors that help
determine the imporiance of iraining ¢ specific task.

The 3-Foctor model con be better viewed as o multi- -
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factor model ond con be modified in mony ways. The
three principle factors within the model are: percent .
members performing a task, the tosk difficuity, ond the
mean operational units (e.q., flying hours, miles)
between failure occurring. Additional factors, such as
hazaordous maintenance procedure or task criticality,
con be odded to the 3-Factor model based on
available dota ond troining emphasis.  The medel can
then be o 4, 5, ... up to a 9-Foctor model. In
addition, the user con define up to two additional
unique factors but must manudlly load supporting data.
Each of the factors have a value ronge and may be
further modified with o cutoff volue criteria that
identifies the tolerance before the model will
recommend a task for training., As on aid o model
selection or development, the TRR is copable of.
assessing availability of task data. The custom model
con then be tailored to use only those foclors ihat
have dota available in the system.

A significont advantoge of seleciing tasks for iraining
early in acquisition is that a method will be available o
validote  logistics  support  aonalysis  (LSA)
recommendations of what tasks fo troin. When LSA
irgining recommendalions ore received, they con be
foaded into @ notional system comstruct (datobase
separate from the boseline comparison system} ond
differences between what was thought needed to be
troined and what the contraoctor recommended for
training con be identified. When significont differences

exisi, further analysis can be done. Through this type |

of process review, beter training programs can be
developed.

Another optional step in the TRR model is to assign
tasks to instructional settings. This model needs lo be
used only if the analysi doesn't know the best
instructional seiting assignment and is looking for
recommendotions.  Once this path of analysis is
selected, the analysts. can either make a direci
instructional setting assignment or opl for the “seiling
selection model.” The setting selection model is based
on the fraining decision logic {able in Ar Troining

‘Command Requlation 52-22, Occupational  Analysis



Program, and is the current method used for selecting
tasks for training.

The TRR will also identify an occupation’s training
requirements and provide a graphical oulput depicting
a training career path for an air force specialty. Each
course depicted in the pipefine display is costed. This
lraining pipeline is developed from the new system
troining plan and a review of existing gssocioted
courses. The TRR will then allow an anclyst to build a
course outline that is used as o course—level resource
summary in subsequenl analyses.  These course
outlines are built from existing speciglty training
standards and plans of instruction. As the Air Force’s
Base Training System and Advonced Training System
progroms are institutionalized, this development will try
to extract this information in digital format. The
outlines identify course modules (blocks, units, lessons)
and the ossocialed training resources (methods, time,
instructors). The analyst will develop course oullines
only as needed to determine the cost of a new course.
If these costs are clready determined because training
is provided through contractor supplied training, then
course outlines are nol necessary.

Once the course outline is built, another model option

is to determine task lraining times. This step predicts

task training time for formal resident courses and on-
the—job training. The model predicts time o iroin as
a funclion of weapon system design—reloted tosk
characterislics and personnel factors. This approach
uses modified functional relationships first developed ot
the training systems program office {Aeronautical
Systems Center) in its Training Analysis  Support
Computer System (TASCS) model. Tosk training times
can be adjusted to reflect skill, knowledge, and obility
similarity.

Finally, the model determines student inputs from the
oulput of the MPT DSS manpower estimating tool,
determines lraining man-weeks, and oulputs instructor
requiremenis to support the training program. This
output is then sent on to the MPT DSS force
structuring tool to be summarized in the Manpower
Estimate Report.

21

The empiricol boseline built during this training analysis
is concepiually completed during milestone 0, concept
exploration.  The institutionalization of the process will
inject fraining concerns info the acquisition process far
earlier than ever before possible. As new personal
maintencnce qids are introduced and odapted as
training oids, we will begin to see a new method of
training that con be a driving force for developing
maintenance and training aids of the future. This can
only be done through -effective cnalyses conducted
eariyin the acquisition process.

Key MPT-reloted Acquisition Products and
Processes -

Products of the MPT DSS include the Manpower
Estimate Report; Comparative Analysis {LSA task 203);
support for LSA tasks 303 - Evoluation of Alternatives
ond Tradeoff Analysis, 401 ~ Task Analysis, and 402 -
Early Fielding Analysis. The MPT portions of a Cost and
Operational Effectiveness Analysis (COEA} con be
prepared or volidated. Finally, analysis summaries and
Human Systems Integration plons in a format needed

for the IMPACTS plan and Integrated Program Summary

H(_ergv_ore ond Software

The system will operate on on 80486 class (or better}
microcomputer in a Microsoft Windows environment.
Anlicipaled hardware requirements include 600 MB or
more of data storoge ond 16 MB of RAM. The
software will be object oriented and is written in the
C++ programming languoge.  There will be full
documentation of the entire system, including user’s
manuals, design documents, technical reports, and
detailed system and software specifications.

Summary

The integroted anu[ysm lool and decision support

* system will gssist acquisilion rmanagers, analysts, and

MAJCOM planners to effectively integrate people issues
(numbers, characteristics, proficiency) with equipment



(gircraft) early in the acquisition cycle. Acquisition
specialists can use the structured analysis epproach
provided by the MPT DSS to ensure that syslem people
costs are offordable, jobs are properly struclured, and
people are {irgined prior to the system becoming
operational. The analysis methodology includes cross—
domain  effects (interaction between = manpower,
personnel, and lraining domains) of different weapon
system designs, logistics concepts, or occupational and

organizational structures. . Different policy decisions

can be modeled and the cost impact of those
decisions identified. It will provide, in one inteqrated
system, o meons of accessing tosk-level dotg,
analyzing it, and presenting it for review and study at
ony milestone Through use of this decision support
system, the Air Force’s IMPACTS _ program  has
enormous cost reduction potential in the acquisition
and opergtiongl communities,
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