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This paper will present information on an Imterdisciplinary Systems Definition.Model (ISDM) .for training
design and developments which is implemented during the military acquisition process, and which utilizes 2

diverse range of technical skille and disciplines.

The centrgl theme of the model emphasizes the need for

individugl technical disciplines to coordimate not omnly products but processes which may affect an adjacent
disciplive's methodolegy. The focus of the model is the definition and development of those espects to be
trained which address the fupctional and opsrational saspects of the system, Functional .agpects in this context
desl with the skille required to place the system into a state of fumctioming, or simply, the man-machine—
interface. Operational aspects refer to activities performed by the operator(s) in respoase to the changing
tactical enviromment, including coordination and communication with the supported echelon of deploymemt. In
addition, this paper provides information on the systems engineering approach used to define doctrimal deployment
and tactical applications of a system with no type classified predecessor or similar system in the field. 'The
mode] will show how the disciplines of Mission Analysis, Human Factors Engineering, and Training have been
brought together to define user applications, In this paper, these factors are considered in the context of the
Human Factors, Mgupower, .Personmel, and Training (HMPT) model which preceeded the current MANPRINT model. This
paper will describe how the variables of the battlefield enviromment,. threat, and teskings affect the hardware,
software, soldiers, and procedures which determine the overall coutribution of the system to force

effectiveness. 4s an example, this paper will show how the model has been applied to the Joint Surveillance
Target Attack Radar System (Joint $TARS), an evolving system in the Military Acquisition Process. By utilizing
the skills of mission analyst, human factors engineer, and training developer, comcerns related to work station
layout, workload; crew size, sensor performance, and treaining developments have been addressed during the
validation and full scale engineering development stages of the acquisition cycle for Joint STARS. Fipally, this
paper will show examples of hew the inter-disciplinary approach was applied to system and persounel issves which

affected software designm, operational concepts, and training.

INTRODUCTION

The effectiveness and readiness of a weapon
system depends, to a large degree, upon the system
operator, crew, and maintainers. Yet, frequently,
little attention has beenm given to human
performance capabilities and to Buman Factors,
Manpower, Personmel, and Training (AMPT) issues
during the development phase of new systems.

Because of system effectiveness being dependent
on operator, crew, and maintainers, there has been
an increased awareness of HMPT concerns within the
Dol whick is reflected in changes te system
acquisition regulations and policies, A greater
emphasis is now placed upon the incorporatiom of
HMPT considerations in the planning stage of new
systems, as well as during their davelopment,
evaluation, and fielding. The changes in DoD
regulations and policies focus particular attention
on the ability of system design to meet the
capabilities of the people who will unse the system,
and on the availability of adequate numbers of
people with the right skills to operate and
maintain the system. Further attention ig focused
on provisioms for safe and effective system
operation and maintenance. -

The Interdisciplinary Systems Definition Model
{ISDM) diagram represents the approach used to
address HMPT concerns. The approach focuses
primerily on Human Factors, Mission Analysis,
Training, and System Design,
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The selection among elterrcative design concepts
involves comsideration of human capabilities for
information procesaing and decision making when
dealing with system throughput of target
information, Performance is considered both for
the human as an individual and for the human as a
member of an-interacting team, The design and
evaluation process entails allocating functioms
between the operator and machine in sccordance with

“human strengths and weaknesses, and providing the

operator with job and decision aids to optimire the
man-machine interface,

The products of these activities provide the
bagls for the preparation of design requirements
and training needs, . Included in the design are



such elements as workspace layout, crew station
configuration, and c¢rew composition, The design of
the man-machine interface takes into account
procedures for processing, manipulating, and
transmitting information in terms of human
requirements and capabilities, Training
requirements are extrapolated so that
recommendations can be made for training equipment,
support persomnel, and facilities,

DEFINITIONAL MODEL DESCRIFTION

In the context of structuring the ISIM, a
systems operational concept Definitiongl Model was
defined and is diagrammed below. The Definitiounal
Model -allowed for the specific interactions of the
ISIM disciplines while permitting interface with
the variables that affect the communications and
responses between the Hardware, Software,
Procedures, and Scldiers.
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Well defimed procedures are essential to ensure
adequate training of operators and tc ensure the
operational adequacy of the hardware and poftware
to meet the user needs. Definition of the
procedures are categorized as Functional and
Operational and are presented below.

Functionmal Procedures. Functiomal procedures
are those tasks performed to place. the system in
operation. These tasks may regquire interaction
with other operators, However, emphasis of these
tasks ig on the interaction of a single operator
with the hardware and sof tware.

Operatiomal Procedures. Operational procedures
‘are Those tasks involving more than ome eperater
andfor tasks iovolving an operator(s) plus a user
for accomplisiment, Operational procedures
generally imvolve tasks associated with
communication and coordination with the user
elements in reference to the information provided
by the system.

Procedures designate how the soldier is te:

~—Convert user taskings ioto operator
functions.

—-Pilter non-essential information.

—Interface with other battlefield systems.

Operational Enviromment

The Qperationsl Epvircment offers wnwanted
surprises to the operatiomal system.
Identification of these surprises and the effects

they have on system performance will determine the
tasks for which operators.peed to be trained in
order to mitigate the effects on cystem
performance,  The Operational Enviromment
considerations include:

Non-linear Battlefield. In mcodern battle, the
US ATmy will face ah cuemy whe expects to sustain’
rapid movement during the offense.and whe will ~
probably use every weapon available. Opposing
forces will rarely fight along orderly, distinct
lines, Massive troop concentrations or immensely
destructive fires will make some penetrations by
beth combetants nearly inevitable, This mesns
that linear warfare will most often be a temporary
condition at best and that distinctions between
rear and forward areas will be blurred., Air and
ground maneuver forces; conventional, nuclear, and
chemical fires; unconventional warfare; active
reconnaissance, surveillance, and target-—
acquisition efforts; and electronic warfare will be
directed against the forward and rear areas of both
combatants.

Weather. Weather affects equipment and
terfaim, but- the grestest impact is on the
goldiers. Perhaps the most importamt effect of
weather is on the soldier's ability to function
effectively in battle. Inclement weather gemerally
favors an attacker because defending troops will be
less alert.

Airspace Mapagement. Airspace coordination
maxinizes JOl'ﬂt force effectiveness in the battle
without hindering the combat power. Friemdly

- aireraft must be able to enter, to depart, and to

move within the area of operations free of yndue
reatrictions, while artillery fires in support of
gromd force continue uninterrupted. The tempo and
complexity of modern combat rule oui a system that
requires complicated or time-comsuming o
ecoordipation, Also, the likelibhood of poor or
enemy-jamned communications dictates maximum
reliance on procedural arrangement. To be simple
and flexible, our asirspace coordination system _
operates under a concept of management by
exception,

Line—-0f-8ight. The appl:.cat:l.on of the
Definitional Model requires the identification of
visibility criteria among three variables; 1)
aerial platform, which is defined as altitude,
stand-off distance, and position, determined by
time; 2) intervening terraim, which determines
magked areas and graying angle for target
datection, and 3) ghelter location, to maintainm
meximum line—of-sight between the airborme and
ground based data links,

Threat

As defiped and utilized within the Definpitiomal
Model, the Threat is the Warsaw Pact Forces in
general snd the forces opposing the United States
contingency of the U.8, Corps along the Fulda Gap
avenue of approach in particular.

Development of the Army only threat scemario
proceeded within the guidelines described by Soviet
Army Operations IAG-13~U-78. This document
describes the basic flow of maneuver and air
deployment patterns and provides an endiag location
for maneuver units at the regimentzl level. The
Red Force organization depicted is representative
of a 1986 time frome. Based on accepted Red Force
doctrine, extensive terrain analysis, and the
documentation guidelines, specific movement routes,
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forward assembly areas, velocities, and formations
were defined for each maneyver battalion in the
threat area.

Mission

Bffective taskings help ensure that the right
information is collected to. support mission
accomplishment while using the least amount of
¢ritical resources, Tasking controle the
information £low through & system by specifying the
information needs in temms of level of command, -
location, and time,

Level of Command. The deployment of a system
to a specific echelon will, by the mature of the
threat encountered by that echelon, determine
mispion types and taskings encountered. Associated
with the mission requirements of the level of
command are the area of influence and the area of
interest.

The area of influence is the assigned area of
operations wherein a commander is capable of
acquiring and fighting enemy units with asgets
organic to, or in support of, theif command. It is
a geographical area, the size of which depends upon
the factors of METT~T (Mission, Enemy, Terrain,
Troops Available and Time). It is assigned by
higher headquarters and designated by boundaries
and a forwvard termimating line.

The area of interest extends beyond the arez of
influence. It includes territory which contains
eneny forces capable of affecting future
operations. The aréa of interest is usually within
the next higher headquarter's and a portion of _
adjscent wmite' areas of influence. The area of
interest containe units not yet closed in battle,
but within striking distance of an echelons forces,

Contributior To Force Effectiveness

The ability of a single system to influence or
contribute to the success of an operation must be
considered in conjunction with and in.the context
of its supporting system and the system which it in
turn supports. To quantify the comtributions of a
specific pystems intra—actions, the intra-actions
must be levied agalnst the parallel, guewved, and
queuning systems, with which that specific system
interacts in the larger operational enviromment.-
The rapge of specific system countributiom to force
effectiveness is therefore subject to the
particular question. being asked gnd the paradigm
being addressed, Due to the variety of
circumstances and the situational mature of a
system’s placement, tc arrive at “contribution to
force effectiveness™ the implementation of the
operational ceoncept design was exercised omnly at
the intrs—action system level. However, this is
not to infer that by restructuring the operaticnal
concepts during intra-actions outputs that the
results could not be coordinated to affect results
of play on a larger- scale,

ISDf JOINT STARS APFLICATIOR

IS Mission Analysis

The mission analysis portion of the ISDM
supported the definition of the Qperational
Enviromment and Threat in the system's operational
concept design., The purpose of the mission
analysis effort was to provide a movement scenario

which depicts the activity of a Red Force army
conducting a supporting attack as part of a Red
Foxce Front assault on the Federal Repmblic of
Germany.
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Development of the movement Scenario proceeded
within the guidelines described by Soviet Army
Operaticns IAG-13-~U-78. This document describea
the bagic flow of maneuver and air deployment
patterns, and provides an ending location for
maneuver units at the regimental level. 1In the
development process of the movement scemario,
movement resolution iz increased by depicting the
regimental movement described at the. battalion .
level, thus providing greater detail within the
scensrio. The overall scemario involves a massive
Red Force build—-up to aad conduct of a breakthrough
attack. BRed Forces depicted imelude two divisions
and an independent tank regiment in the
first—echelon, and two second-echelon divisions.
The army that is depicted is a first echelon army
in the Red Force attack,

The Red Force orgamization depicted therein is
representative of 3 1986 time freme. Based on
accepted Red Force doctrine, extensive bexrain
anglysis, and supporting documentation guidelines,
specific movement routes, forward assembly areas,
velocities, and formations were defined for each
maneuver battalion in the scenario. All Red Force

‘units were nationalized and their designations are

deseribed in this document as such, Blue Forces
were not depicted in the scenario,

An ip~depth terrsin analysis zllowed us to
select the most realistic and efficient movement
routeg. Since Red Forces mass their umits in
specific avenues of approach, thiz analysis
provided the network from which to control the ebb
and flow of traffic, o - -

The documents were researched and analyzed
which allowed the extraction of ending locations
for regimental-size units at approximately four
hour increments. based on c¢critical incidents. This
information was then compiled into event—baaed
timelines at the regimental level. The event-basged
timelines were transformed into movement timelines
at the battaliom level with the uwse of appropriate
terrein maps. Thias allowed us to select the beat
suited road network on which to deploy the troops
forwsrd, The movement timelines were organized in
layers by combat division, which reflected the type
of activity: mapeuver, artillery, or logistics.
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The maneuver overlay of the scenario includes
14 hours of pre—attack build-up, The construction
of this build-up was based upon possible Red Force
deployment patterns and Red Porece strategies
depicted in available literature. The main areas
regearched were deception, surprise, dnd
deployment. The combat troop build~up utilized an
FIX wargeme &rea in East Gemmany from which a
deception plan could be established. The build-up
bBegan with an eight battalion two-sided wargame
already in progress, As the wargame took place,
Red Force combat troops from the rear were deploved
forward in such a way as to imitate combat
support. In totsl, sevenm regiments were deployed
forward from the rear area, The troops were
deployed using major autobahnes and existing -
raiiroad routes, An attempt was made to show the
first-echelon battalions who initially conduct the
attack already moving when they reach and deploy
from their assigned initial positions described by
the documentation.

Deployment of regimental Artillery Groups
{RAG8), Division Artillery Groups (DAGs), and Army

Artillery Groups (AAGe) supporting the Red Force

sttack was defined from an analysis of the maneuver
posture depicted in the scenario and from Red Force
doctrine, Thus, the movements of cannom artillery
units between altermate firing positions were
defined based on their requirements to support the
Red Force attack. Multiple Rocket Lawncher (MRL)
battery movements were described to reflect their
anticipated "rwm and gun' tactics.

Because the researched documentation does mot
describe the movements of supply umits, an analysis
of re-supply regquirements was also undertaken,
These requirements were then tramslated inte supply
mit movements following accepted Red Force
logistics doctrine. These movements were depicted
in terms of specific arrival and departure times,
speeds, and formations of units, traveling zloag
specific movement routes between supply points.
Both delivery snd return-trip activity were
depicted. The lowest level of supply activity
depicted was regiment transporting to battalion.

Several additional features have been
incorporated into the movement scenario. ' These
include:

- Rail Traffic - This feature was implemented
as a means of deploying the first—echelon
combat troops and artillery forward from
the rear arca during the pre-attack period.

e River Crossings - Several river crossings
are depicted in the scemario, including the
build-up to and the comduct of the actual
crogsing.

» Airmobile Landinge — Two battalion-size
airmobile landings are depicted in the
scenario,

¢ Formations - Several new formations have
been added to the movement scensrio
including:

- Rail Roads

— Advanced Guard Administrative Columns

= Mareh-to~Contact Administrative Columps
— Regimental Headquarters

= Main Body Administrative Columns

= Rear Guard Administrative Columns

— River Crossings

e Semi-fixed Installation (SFI) Signatures -~
The purpose of the SFI modeling effort
within the movement gcenmaric was to
represent the wmovement pattermns of
lucrative milling targets for both
artillery and acquigition functions, The
follwmg a:.gnatures were dep:.cted in the
scenario: - - - - -

~ Forward Line of Troops (FLOT)
— Assembly Areas
~~Battalion
—BRegimental
~=Division
~ Command Posts
~ Supply FPoints
~ Biver Crossings
~ Special Operations

The geenario depicted the detailed movement of
all siganificant MPI-detectable maneuver, supply,
and field artillery units participating ir a Red
Force Army breakthrough attack during a 66~hour
period. It should also be noted that, during the’
plotting of all mameuver, supply, and artillery
movements, care was taken to time-phase wmit
movements with respect to ome snother. Thus, the
movement scenario sought to realistically depict
the ebb and flow of traffié¢ and the use of routes
and avenues.

The completion of the operational environment
descriptior and threat depiction by the Mission
Analysis discipline produced a movement scenario
which could then be coded by software per somnel,
The movement scenerio was significant becamge it
was the basis by which simulated MTI imagery could
gerve a§ the driver for the Joint. STARS Ground
Station Simulator {GBS) to present typical threat
density arrays to a trained subject populsation for
throughput studies, operator evaluatiops and system
avalypis.

The G385 testbed facility was developed to
verify Joint STARS deployment concepts and to
define operator functions and tasks, The Grouad
Station Simulator provided hardware and software
capability to asgist in Human Factors Analyeis and
the training of Joint 5TARS ground station
individualis snd crews in both fumctiomal and
operational tasks. The GS5 had the capability of

“simulating those functions of the Joint STARS

Ground Station Module (GSM) which were neceesary

“for iraining and analysis of the GSM crews.  The

bases for 21l Joint 3TARS Ground Station functions
were the Critical Design Plan (CI¥) and the Joint
STARS B-3 functional software specification., The
G55 incorporated both full andfor part task
training features as necessary to train operators
ir individual, team, and supertesm tasks. The GSS
also had a subset of the commynications linked to
Joint STARS users., This subset consisted of those
lingks determined by Homeywell and the Program
Office to be necessary for training operators im
the defined areas.

The GS8S computer baged facility consisted of 10
Joint STARS GSM operator student stations, three
Joint STARS user workstations, and the computer

functions of a Joint STARS grownd statiorn and ite
communications links to wsers. Five gimulated
§-280 shelters housed the tem student statioas,
with two student stations per shelter,

The layout of the G35 allowed it to be operated
in any of several different configurztiouns,

. processor and peripberals necesssry to simulate the
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including full operating capabilities apd degraded
modes of operation.

A G3S shelter simulation consisted of two
student stations, two digitizer boards, -a serial
printer, field phomes, internal intercom
capanbilities, and equipment rack mockups. The ten
student stations were placed im five shelters of
approximstely the same size as the Joint STARS GSM
to be fielded. The internal layout of the GSS
shelter possessed a high degree of physical
fidelity with the layout of the Joint STARS GSM,

The combination of the movement scenario and
the Ground Station Simulator testbed provided the
capability to initiate the analysis of Joing STARS
concepts on a total systems level, and of the
functional and operaticnal procedures required to
accomplish mission objectives.

ISPM Humay Factors Engineering

Once the movement scenario had beer combined
with the GS8S, efforts could continue in the areas
of further defining the system concept and
identifying operator tasks, The lead discipline in
this analysis was the Human Factors demain;
however, the analysis was structured to utilize the
maximum potential of the Human Factors and Missiom
Aralysis integration. During the process of
defining the effort, an audit trail was produced
for the identification of decisions and tradeoffs
between decision elements. The arecas addressed by
this effort were functional analysis, procedural
analysis and effectiveness analysis.

Functional Apalysis — All major systems concepts
were developed arcund some stated misBion. The
proposed migsion was analyzed in terms of
clarifying its purpose and objectives. [These
became the underlying basis for all succeeding
decisions regarding both the projected hardware and
the facility and pergonnel requirements for the
system. Ouce the general mission purpose and
objectives were identified, rTeasorably detailed
operating requirements were defined to clarify the
demands to be made on the elements of the system.
These requirements were used to define functioms
that had to be performed by physiesl elements, such
as hardware, facilities, or software, andfor by
operators, techniciams, maintainers, OT managers.

Procedural Amalysis — Once baseline functions were
defined, various procedursl appreaches toward

‘Functional accomplishment were examined. Objective

evaluation criteria were established against which
to compare alternative procedural accomplispment
methads, modes, or techniques. - An important aspect
of this procedural analysis was the decision
whether certain functions would be performed more
efficiently or cost effectively by humans, or by
equipment (machines or software).

Effectiveness Analysis - The effectiveness analysis

provided the basis for adding appropriate human
factors information and/or recommendations to the
hardware and software specifications, This
analysis focused on developing and quantifying
preliminary descriptions of what humans do in the
system, how they do it, and what the critical input
and output characteristics are betweern himan,
machine, and operating enviromment. The
descriptions om which analyses were run included:

® The location of the tasked activity
¢ - The type snd amount of information input
and outpukt
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o Time and accuracy.requirements

¢ The potential failure modes and
consequences (including effects on operator
performance and potential hazards)

e Operator skill requirements

The interactions of these analyszes and the
products provided by them established a datz base
from which alternative concepts and functiomal or
operational procedures could be assessed.
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The information and materials generated during
the Mission Amalysis gpd Human Factors Engineering
efforts were then used to provide for training a
realistic Gcemaric #nd a ground station simulator
that had physical and functiomal fidelity with the
ancicipated Ground Station Module., By meking use
of the Events Detection and Sorting Routines
software and interdisciplimary infoxmation
exchanges throughout the system development
process, training scenarieos that allowed for
gccurate evaluation of operator performance against
kanowt. grownd truth were developed. The implemented
training approach was a seven—staged process
leading to the development and conduct of a total
of 110 lessen plans for the Joint STARS training
package. The lesson plans called for 360
Instructor Contact Hours, of which over 73X were
designed and used for hands—en performmance,

In developing the training package, well
defined procedures were essential to ensure that
operators would be adequately trained to use the
system efficiently and effectively. In the ISDM,
defining these procedures required the application
of the functional and operational preocedural areas
of the systems operatioral comcept. To develop the
training package, ther, a systems engineering
approach that involved sever Btajes was used to
look at both the functional and operational aspects
of the proposed system. -Those stages were to:

1} Review Materials

2) Develop Total Task List

3) Develop Critical Task List

4) Develop Course Qutlipe

5) Develop Lesson Plans

6) Provide Lesson Apalyses

7) Develop and Maintain Administrative
Documentation

Review Materials — The review process was begum the
moment the original specification materislized for
the system under development. 4long with the
mission analysts and huvman factors engineers,
training persounel worked with the system
gpecification to gather information aboot the
aystem objectives in each area of expertise. This




process led to many discussions and to the
development. of throughput, or trade—off, studies to
further define potential functional and operationsl
procedures in each of the interdisciplinary areas.
Hany of the resuits of these studies were directly
foldad into the training development process.

-The Joint STARS program had additional
information available for review since Joint STARS
evolved from the PAVEMOVER and I2 SOTAS programs.
Preliminary use tesk liste for the SOTAS Ground
Station operators yielded information concerning
the functional tasks required to operate the SOTAS
Ground Station egquipment in the operaticmnal
enviromment. Although the displays, comtrols,
hardware, and software characteristics of the Joint
STARS were substantially different from those of
the I2 SOTAS, many of the operational tasks (those
activities needed to perform missions and to carxy
out taskings) were identical.

Develop Total Task List - The result of the review
process was an inclusive list of tasks reguired of
system operators., This list encompassed tasks that
were both functiomal and operationsl in mature;
however, the list did not look at the eriticality
of the tasks, The task list did not include any
procedural narrative at this stage; rather, tasks
were defined at such a level that minimal narrative
was needed to describe actions associated with a
task., As a8 structural and developmental vehicle,
these tasks were formatted into a segquenced
training topic list for each operator of the Joint
STARS.

Develop Critical Task List — The total task list
was then subjected to determinations of each task's
criticality toward misasion success. The
determination of task criticality was based on a
modified Delphi technique using the Training and
Boctrine Command (TRADIC) Four-Factor Model.

People most knowledgeable about the subject matter
under evaluation were identified to evaluate each
area of the total task list using the Four-Facior
Model. Discrepancies among these experts were then
resclved through discusasions, resulting in the
compilation of a 1ist of the tasks considered most
critical to efficient and effective system
operation. These critical tasks to be traimed were
further categorized into functional and operational
tasks and sequenced for potential course conduct.

The critical task list produced by these
experts dlso provided the opportunity to evaluate
the most appropriate media with which to train the
critical rasks. This media selecticn process took
into account the tasks, the identified-operator
skills (skills defipmed by Military Occupational
Specialty) and potential-task familiarity
(prerequisite skills), the effectiveness of various
training methods given the defined tasks, and the
training media avsilable at the defined traiming
gite. With these considergtions, traiping media
were identified for the Joint STARS Operator's
Course,-

Develop Course Qutline ~ The informatiom necessary
to define a course sequence for system operators
resulted from the sequenced list of critical tasks
to be trained, After the categorization of tasks
into functional ard operatiomal groups, the course
flow established progressed from individual tasks
to team tasks to supertesm tasks,

Individual tasks evolved arcund the individeal
operator learning the functional aspects of the
system's hardware and how to manipulate the
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software efficiently and effectively. The tesm
tasks built on the individual and functional taska
learned by individual operators and combined those
skills with the operational aspects of working with
another operator inside the same GS5 or GSM, The
couxse sequence culminated in training the
superteam tasks. The superteas tasks traioed the
operators in the operational aspects of
coordination and comnumication with the outside
user community needed to result in successful
wission. completion.

Develop Lesson Plama ~ After course sequencing was
defiped, the parratives required to support the
teaching of critical tasks were developed. For the
Joint STARS program, lessem plan develcpment
culminated i 110 lesson plans, These lesson plans
each had up to three parts: a classroom ~—- :
conference, a self check test with answers, and a
hands~on simulator practice script.

The classroom conference repregented a clearly
stated and measurable task, condition, and
stendard. Many of the standards were easily
attaloable as a resuit of the work performed by the
human factors engineers’ throughput studies and the
threat scemario defiped by the mission analysts.

The self check test presented questions on the
more important peints covered in the conference.
An answer sheet was provided so arswers could be
checked immediately by the student. operators. The -
self checks alasc were uvaed by imstructors to
discover which procedures were found by students to
be confusing. This information was then folded
back into a revision of the course, or deocumented
for later course revisions.

The hands~on simulator. practice seript
reinforced. the task covered during the conference.
This hands-on time by the studewt operators allowed
for practice with equipment and conditions that
would be immediately transferable to the actual
Ground Station Module. The hands-on portiom of thke
training course comprised over 75% of the total
training time. For the individual and team
training portions of the course, the
student~to—instructor ratio in the simulator was
neot more than two students to one instructor,
During the superteam training the student~to—
ipstructor ratio in¢reased but was never more than
five to one.

Provide Leason Anslyses - The Joint STARS Ground
Statron Simulator was designed to collect E
information that allowed instructors to assess how
well students were performing functional tasks.
For example, keypress data were collected by the
system for each student and for each lesson run.
These data could then be anmalyzed to define the
keypress patterns used and the pumber of times
specific keys were pressed, Information of this
nature provided the opportumity for instructors to
detect and change ineffective and inefficient
keypress sequences. These data alse provided that
opportunity to eliminate scme of the "superstitious
behavior™ that can develop when learning on a
developmental system.

Iz addition, student performance in an
operational comntext was readily measurable as @
result of the baselines developed during the
throughput studies, and the trainers' knowledge of
the ground truth and tactical situsticn resulting
from mission analysis and scenaric development,
These .data about the functional and operationszl
gystem usage were useful not only to identify the



jmprovements needed for a particular training
session but also to identify improvements to be
folded intc the pext revision of the training
course.

Develop and Maintain Admipistrative Documentation -
One important aspect of the ISRM is the use of
avdit trails to document the results of informatiom
ascertained by each of the interdisciplinary

areas. Communication is critical wheno using the
ISDM so each area of exzpertise knows what the other
areas are working on and how information is being
implemented by other areas, Informal
communications worked well for the Joint STARS
program until a baseline hardwsre design, software
configuration, and training course had been
developsd. At that point, becsuse changes to the
herdware or software could directly affect the
development of the training course leeson plans, as
coeuld a change in the functional or operatiomal
requirements for the traiming course affect the
hardware or software design, a more formalized
documentation approach was reguired., This resulted
in the development of Programs of Instruction
{POIs) for the traiming of the main Joint STARS
operators, In addition, technical notes were
compiled to document specific aspects of hardware
design, software implementation, scemario changes
due to updated threat ipformatiom, and the resulte
of continuing human factors studies.

Summary

This paper has described how the disciplines
associated with Miseion Analysis, Human Factors,
and Training have been able to exercise their
specific sreas of expertise and influemce in 2
definitional model. The paper showed that each of
these domains contributed sigoificantly to the
overall success of the effort without compromising
a supporting area of the investigation. The
success of the ISIM application to the Joint STARS
program needs to be evaluated ageinst a standard of
measure which ie greater than the sum of the
parts. Because of the high level of communication
betwvean disciplipes, the defimitional and
developmental efforts of one disciplipe were
enhanced by the implementation, administration and
interdisciplinary interactions. Although the-
quantity and quality of the communicsticn is
difficult to measure, total ISDM products were
provided which contributed to the progress of the
Joint $TARS program. Among the numergus
deliverables were: the Functional and Operational
Specification, the build and delivery of a Joint
STARS gimulator; the development of a mine week
Joint STARS operator course of imstruction, and a
trained cadre of military Joinmt STARS inetructor
personnel, The ability of each discipline to
effectively contribute its expertiee to the total
effort was ephanced as a.result of the channels of
comnunication described within the ISIM.

The implementation of the ISIM at the
initiation of the validation phgse of the Life
Cycle System Management Model provided a mechani sm
which identified; defined, and described, in
quantitative terms, Functiomal and Operatiomal
tasks For the Joint STARS (Army)} system. The
description of operator tasks and system functions
has also served as the foundatiom for the nine week
Joint STARS (Army) Operator Course. This course
trains both Target Surveillance Supervisors (TSE)
and Search Track Operators .(S70) in the functiomal
tasking and operational skills necessary for GSM
operation. Becanse of the systematic procedure for
the ¢ourse development, changes and revisions made

12

to the GSM hardware/software configuration and
deployment concepts have been documented and
incorporated into the course lesson plans,
Currently it is anticipated that the nine week
Joint STARS (Army) course will be validated and
verified during Imstructor and Key Personnel
Training and Player Training for DT/OTII
evaluation.
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