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ABSTRACT

This paper discusses scme of the prcblems experienced by perational users in their

efforts to dotain maxdmum training benefit from Bdvanced Flight Simulators.

The major

chortcanings of simalation training identified here are not the result <f state-of-the-
art technology limitations. In fact, many of the training Tg difficulties encountered hy
similator users today may have Dren avoided if greater attention had been given to defining

Mission and Task Requirements dur.!.ng simulator design.

This suggested emphasis m Mission

indicates a dhange of mind-set is needed that focuses m explicit geratimal requirements

as well as the more cmventiomal tecdhnical appreadh.

After analysis of typical simalator

training preblems, it is cmcluded that simulation training could benefit substantially
through greater casidematio to front-end analysis during simulator design, and by pro-
viding training persamel with well designed instructional programs that includes an

dbjective Performance Measurement System.

INTRODUCTION

Training aircrews in such camplex tac—
tical mission areas as Air Conbat Maneuvering
(AM) has always been difficult at kest.

This is largely because of the dynamics and
complexity of these mission enviroments:
Multiple interrelatimships ammng nmumerous
systems mist be perceived and managed, plus
the need, during critical phases, to process
substantial informaticn and respand to mani-
fold task requirements.

Until recently, this "higher order”
training was oly possible during actual
aircraft cperations, with the built—in Limi~
tation of not keing able to adeguately inter-
ject scophisticated threat systems into
specific training missims, as well as the
lack of a means to repeatedly practice
complex misgion tasks.

Backgroamd and Discussion

Similators have been arcand for quite
sane time, and most of us {(military aircrews)
have leamed to fly utilizing a certain
amomt of gynthetic flight training. They
have witil very recently been designed pri-
marily for instruction in such areas as:

- Standar Operating Procedures {SOP)

~ Emergency and Irreqularity Procedures

~ Instnment Flight Procedures

- Weapms System Operatimal Procedures.

Procedures criented training was, there—
fore, about as mach as we could expect from
available similaticn design capability.

Hawever, the near revolutim in computer
technology has changed this.

Driven largely by advancements in infor—
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matical display tedhnologies, simlators are
now capable of providing for "Hidgher-order"
missic related training previcusly nct pos=~
sible.

In view of such advances we waild assume
that cpermtioal tmining persamel would be
welcaning these devices with cpen arms. Un-
fortunately, this is not the mse. Indeed,
many 'custamers' of these advanced training
devices hold them in low esteem. But, why
is this so? What exactly is the prdblem?
And what, if anything, can be dme to improve
this low custamer acceptability?

"Warious significant prablems in geerat—
ing this air conbat simulator have become
manifest. Ammg these include: inadequate
implementation of instruckional desion fea—
tures; poor design of the qeratim (fea—
tures) of demo and debrief eguipment and
procedures . . . .2nd demmstration creatiirx
process lengthy and difficult to perform.” )

The above statement was extracted fram a
formal qualitative review of a recently in—
trodueed Full Missia Flight Simulator de-—

signed to support Navy fidghter training. A

close lock at these and cther similar pro—
blems reveals that {1) they are endemic to
the rmecently introduced class of advanced
flight simulators designed to instruct in
caplex mission areas, and (2) these problems
are largely peratiaal, vice tedhmical in
nature.

In addressing these "cperational® diffi-
culties, this raper attempts to pinpcint sig—
nificant prcblem areas and their wnderlying
causal factors which are resulting in low
custaner acceptability. Additicnally, a new
ameeptual goproach for viewing advanced
simalation systems IS suggested, as well as a
discussion of the possible application of
this cmoeptual framework in subsecuent
desion and/or modificatins to thegse sophis—
ticated training systems.



It ghould e amphasized that it is not
the intention of this treatment of simalation
design to single cut and criticize any indi-
viduval group or place anyae in kad light. By
candidly discussing certain cpermtimal Jdif-
ficulties and suggesting a possible course of
acticn it 1s hoped that a dialogue can be
established between cpermtical users and the
siumlator design commnity in order to im-
prove overall mission perfommance of these
irmportant training systems.

Prciclem Statement

While it was orginally believed that
most simulator shortcarings were either the
result of tedmological limitations or to a
lesser extent funding cmstraints, a recent
prcblem analysis omducted by the author
revealed that many major systems deficiencies
fall substantially outside these categories.
Our major difficulties, it seems, do not stem
fraom these areas — cur technology is maturing
nicely and cansiderable funding appears to be
available for adequate design - but stems
largely from the absence of a cdherent "mis-—
sin legic" to drive the cognizant simalator
design. Moreover, since this cmventioal -
design process usually commences with design
specificatims which remain largely tech-—
nical, inadequate focus is provided for many
criticel mission mguirements. Cmsegquently,
important missicn eamsideratims during the
coneoeptual design phase are elther super-
ficially addressed or totally ignored.

A comprehensive analysis of sirmilator
prcblems broaght to light the following
fundamental areas where significant efforts
shauld ke directed.

o A change of mind-set appears to be
needed to move fram an exclusive tech—
niml focus to a braader view which
fully enbraces missio requirements and
instructicnal design requirements as -
well.

© A mechanism is needed to spotlight cri-
tical mission areas, thersby bringing to
bear apprepriate mesoarces so that
enhanced training cen be omducted to
improve perfontance in these critical
regims.

Althaugh many of oar advanced full mis-
sim simalators are experiencing certain
tecdhnical difficulties, most of these are
either being corrected ar corrective actim
is being omtemplated. On the other hand, -
the difficuliy of many of these same devices
to adequately instruct in important mission
areas for which they are designed, peoses a
more serious prcblem because it strikes at
the very heart of the conventiomal design
process. For example, a recently installed
full mission flight simalator for West Ccast
Navy fighter treining exhibits the folldwing
"missicn related" deficiencies which, it
appears, should have been addressed during
the original design process.

Missicn Area Deficiency

Cne vs. One a Only two models used for
Tactics Wide Angle Visual (WAVS)
(lvsl) presentaticn. Need addi-
. timal aircraft models to
similate full threat
spectm.
Missile ¢ Air-tc-air threat nissiles,
Envelope are nct similated. Need
reasaable inventory of
threat missile systems.
Missile © Missile firing light
source lacks accurate
fidelity. Need improved
visual presentaticn. :
SAM Defense 0 SAM dees not fly profile.

Also need an expanded
inventory of "real world"
SaM threat systems.

Advanced ACM o Capable of only lwsl.

Tactics Need expanded capability
to include lvs2, 2vsl at

Low 2ltitude Inadequate ground growth.

AM Need visual method to
determine altitude in

. similation of 'real world'
conditicns.

© System is locked into an
overwater node. Need both
land and water.

Overland ACM

Basic Prchlem < System unable to run de—

Scenarios sired soenarics due to
wnreliagkility and inade-'
quate design attentiem to .
this area.

O System mecord feature
limited to 1 hour. 3-
hour minimm needed to
cover all desired
scenarics. | oL

© Threat bogey cammot be
Gearetry scenaricized {(directed) to
Analysis demmstrate classical
adversary maneuvers. Need
capability to provide thig
important training xe-
quirement

Sortie Debrief o System employs wholly in—
adequate performance
measurement system.

A samewhat different system also
utilized for fighter tactics tzaining exhi-
bits similar shortcatings:

.0 Inadequate instructiconal Sesign
features, Demo and debrief
systems inadequately designed and
diffieult to use.



o Adaptive weneuver logic (of threat
aircraft) varies in performance.

© Demo create process involves a
lengthy procedure and is thuas dif- |
ficult to perform.

o Debrief printouts difficult to
understand and of limited use—
fulness.

It appears from the foregoing that al-
though technolegy plays a part, a significant
nutber of identified procblems clearly reside
in the ecategory of "insufficiently defined
missicn and training reguirements."

STRUCTURED APPROACH TO FORMULATING
SIMULATOR DESIGN CRITERIA

The means of translating appropriate
"mission logic" into full mission simulator
design features suffers from a clear, well
defined process. The need, for instance, of
having an unambiguous and comprehensive
understanding of the cognizant mission prior
to addressing conceptual design cptions is
self-evident. While it would be naive to
suggest that design teams & not design with
the overall mission in mind, experience has
shown that these same teams are mot provided
with, and thus 4o rot adequately address,
critical mission requirements as part of the
conceptual design process. Approaches have
been utilized in the past to attempt to
understand and document mission driven
training requirements, yet an acceptable
methodology unfortunately is not evident.
(The ISD model is a movement in this direc-—
tion but significant shortcomings exist for
many purposes beyond curriculum development,
due to its inability to adequately analyze
the cognizant mission: Most of the method-
ology is directed to specifying tasks and
behaviors.) One possible method, suggested
here, is presented in the interest of stimu-
lating dialogue with a goal of eventually
agtablishing a structured approach o
advanced sirulator design. This proposed
scheme, presented in the broadest of hrush
strokes, follows a straightforward logic pro-—
cess outlined kelow (and graphically dis-
played in Figure 1l). A more detailed des-
cription of each element of the scheme
follows in subsegquent paragraphs.

Structured Approach to Simulation Design

o Conduct a formal Mission Analysis,
structuring the mission to include
functicnal sequencing, scenarios,
task requirements and performance
objectives.

o Perform an Instructicnal System
Recurirements Analysis in order to
select appropriate instructional
methods for selected mission dbjec-
tives.

o Utilizing a systematic approach,
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Figure 1

conduct a Priority Analysis by
assigning priorities to specific
mission and cperator task areas;
spotlighting candidate simulation
design features which will realize
the greatest training payoff.

Mission Analysis

4 selected gperational mission is for-
mally analyzed by following the logic process
depicted in Figure 2. Although space does
not permit a detailed examination of the
methodology, the following outlines the im-
portant steps. ’

o The process of amalyzing a cogni-
zant military mission commences
with a cdherent - albeit generic -
mission statement. A mission
statement describes, in broad
terms, the purpose of a warfare—
spacific operaticn.

¢ Functional mission hierarchies are
constructed next to identify mis—
sion elements, specifying broad
mission tasks, and depicting rela-
tionships.

o Overall mission cbjectives are then
specified for appropriate mission
elements identified in the step
above. Oojectives are needed to
understand broad performance re-
quirements of the scrutinized
mission.
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© Scenarices are developed to explors
threat—inpesed constraints, mission
profiles, tactics, critical missicn
segments and broad rescarce needs
to successfully carrxy cot the in-
tended cperation. Functimal
sequencing, scenaric tree analysis.
and By, {Probability of Xill) equa—
ticns are the three camen analyti—
cal tedhnicques utilized in this
step.

© Mission-task requirements, the last
step in the process, constructs task
hierarchies, specifies task dimen—
siong, identifies eritical decision
points and relative task icading,
and suggests task performance cri-
teria in an attempt to fully wnder—
stand detalled requirements of the
mission.

Instructional System Requirements
Analysis

An analysis of training requirements
driven by the previously outlined technique
for analyzing the missicn, is designed to
specify appropriate training tracks and
training dbjectives and relate these to can-
didate training methods. A convenient means
to conduct this analysis is to create a
matrix as shown in Figure 3. BAs indicated,
this rather straightforward analytical tech~
nique specifies mission cbjectives (derived
from the aforementioned mission analysis) on
the horizontal axis vs. candidate training
metheds along the vertical axis. MNote the

THREAT
ANALYSIS
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AM portion of the fighter mission, selected
for this example, is decomposed to a level
sufficient for analysis and is arranged in a
systematic sequence. Finally, for each mis~
sion cbjective, candidate methods of training
are identified by X—ing in appropriate boxes.
For this paper we are concerned primarily
with simulaticn, although this technique,
being generic, appears to be suitable for a
wide range of instructional needs.

Priority Analysis

After candidate training methods are
identified, determining candidate design
areas based won the examination of critical
mission requirements is considered the next
logical step. This suggested process or
methodology is autlined below.

o Select an appropriate mission
objective {or phase) where simula-
tor training is suggested fram the
aforementioned matrix.

o Determine relative importance of
this mission phase utilizing expert
interviews and conventional scaling
techniques (a scale
appears sppropriate).

o Decompose selected mission phase
into its component tasks {(task
hierarchy).

o Arrange related tasks inte groups
or modules.

o Examine overall difficulty of these
task modules by detemmining air-
crew task lecading during this phase
of the mission as follows:*

-Tasks performed individually in
sequence - low rating (1-3)

—Multiple tasks performed simul-
tanecusly umnder relaxed time
conditions — medium rating (4-6}

Multiple tasks performed simul-
tanecusly wnder increased time
canpression — high rating (7-10})

o Plot mission importance wg task
difficulty on conventicnal graph as
shown in Figqure 4.

o Superimpose demarcation lines on
the graph forming four equal
cquadrants.

Mission cbjective/task modules plots
vwhich fall in the upper right quadrant repre—
sent the highest priority areas vhere des:.gn
efforts should ke focused and vhere maximmm

*The previous mission analysis, having iden-
tified oritical decision points and task
loading will aid this analysis considerably.
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mission effectiveness will most likely be

achieved.

Conversely, plots which fall in

the lower left quadrant represent the lowest
priority rating suggesting mot more than a
modest investment in resources is heeded.

An example
follows.

to illustrate the sbove scheme

From the Instructional Reguirements
analysis matrix (created in part from the
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previous mission analysis): {1) it is deter—
mined that the mission dojective "Determine
Attack Plan" is a candidate for advanced
simalation training; and (2} from expert in-
terviews it is then decided that this miseion
dbjective's relative importance rating is 8.
This mmber is plotted along the Y axis of
the graph (Figure 4)}. (3) The nmission rhase
is then decomposed into its component tasks
and a tagk module Determine riate 1V1
Tactics to Achieve Advantage Is identified

(Figure 5). (4) Determining the Qifficulty
of this task module is then attempted by ex—

amining task Icading for this mission phase-

In this hypothetical case multiple tasks
need to be performed but wnder relaxed time
conditions (largely kecause this dbjective
ccours prior to engagement); thus a dif-
ficulty rating of € is assigned. This muber
is then plotted along the X-axis (see Figure
4). Where these itwo mumbers intersect repre—
sents the relative desirability rating of
providing instruction for this mission—
related task module utilizing advanced simu-
lation technology. Note in this exanple it
is omsidered "highly desirable" to utilize
advanced simmlation systems to train in this
area.

The foregoing structured approach is in-
tended to provide a convenient means of .
specifying and selecting areas where con-
centrated efforts can achieve the greatest




TASK MODULE
SELECTION

DETERMINE
ATTACK
PLAN

SELECT
1Vv32

SELECT
V1

TACTICS i TACTICS
« DETEAMINE INITIAL [
ENGAGEMENT I
MANEUVER TASK MODULE:

£—— "DETERMINE APPROPRIATE
® SELECT S5AME CIRCLE/ l T V1 TACTICS TO ACHIEVE

TWQ CIRCLE TACTICS ADVANTAGE"

Figure 5

training return-on-investment. In other
words, of z2ll of the mission areas that are
possible to simulate teday, where should we
be directing our attention? Clearly, our
attention, followed by cur resources, should
first be directed at the most Qifficult/most
important mission areas. In this way, train-
ing systems can be designed that speak
directly to critical cperational needs.
Finally, it is the author's cpinion that as
our high-technology training systems begin to
focus on critical cperational needs, their
acceptability as well as their utilization
rates will show substantial improvements.*®

INSTRUCTIONAL CESIGN FEATURES

The most cbvious instructional design
feature an advanced simulator could possess
is a formal curriculum designed to achieve
specific training dbjectives vwhile utilizing
the subject device. Unfortunately, this is
so covious that, paradoxically, it has been
often overlocked. Numercus instances can be
cited where expensive, advanced flight simu-
lators were delivered to the fleet without a
supporting syllabi. Fortunately, steps are
being taken to rectify this situation and it
appears now that most cognizant individuals
agree on a need for a supportive instruc—
tional program complete with performance
feedback for these modern training devices.

*It is reccgnized that ultimetely this
priorization analysis mmst find a logical
resting place, such as a direct aid to
selecting generic design features of the
systam under analysis. Additional work is
needed in this area and formal support for
this and similarx efforts is strongly
encouraged.
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Significant difficulties, however, remain in
deciding who should be respmsible for curri—
culum develcpment: prime contractors, sgquad-
ran persanel (i.e., users) or tralning
specialists. These questims becare moot
when these devices are viewed fram a systems
perspective. This view holds that conplete
instructical systems are needed in this age
of camplex missicm requirements driven by
high technclegy.

For advanced simulators this "training
system" could include such cperational items
as:

= Conventional system hardware and
supporting computer software

= Operational training curriculum
— Performance measurement system
— Training meanagement system.

Thers remains an unfortunate tendency —
possibly due to a less than clear view of the
"systems approach" - to treat only the first
step as sufficiently worthy of the design
team's attention. If we can at least ten-—
tatively agree that as sophisticated instruc—
ticnal devices, full mission simulators ought
to come equipped with a structured training
program, (which has the added benefit of
requiring contractors to more fully considex
operational training problems ard require—
ments) then an important related condition
presents itself. How can critical mission
cbjectives be translated into formal corricu—
lum designed to erhance training effec—
tiveness in today's complex mission areas?

To answer this question we mst first
briefly outline the ISD process and then show
how the previous priority scheme can be uti—
lized for the design of erhanced training
programs.

Curriculum Development

Develcpment of a training program for
adgvanced flight similators should c¢learly
follow the ISD (Instructional System De—
velopment) process, which provides a systema—
tic and scientific methedology for

o Identifying tasks that {operators)
must perform

© Specifying the hierarchy of
training dhjectives

0 Developing procedures and schedules
for training in the performance of
identified tasks.

The ISD model, although providing for
improved professionalism in instructional
system design, lacks a mechanism specifically
deslgned to spotlicht critical mission areas
and concomitant priority training require—
ments. Thus, such critical areas as cperator



decisimn—task requirements are hrgely neg-
lected in present ISD treatments.

Mechanism to Aid in Develcpment of Frhanced
Training Products

To aid in the development of enmhanced
training products, a mission—-focused priority
scheme for identifying critical mission areas
and thus important training reguirements is
considered essential. The previously out-
lined "structured approach" is considered a
candidate means to acconplish this task.

The process of focusing in @n critical
migssion and training needs commences as be-—
fore with a formal analysis (Figure 2) of the
cognizant mission. The Instructional System
Requirement Analysis matrix (Figure 3) then
provides a convenient means to identify can—
didate instructional methods appropriate to
the specified mission cbjectives. From this
matrix, we can see for instance, that the
mission dbjective "determine threat capebiii-
ties" can be addressed by utilizing any or
all of the following training methods:

- Part task trainer

- CAX

- Stand-alone tape/slide/video
- Programmed text

= Platform.

A possible way to determine the most
appropriate instructional strategy is to con-—
duct a Priority Analysis to detexmine rela-
tive importance of this mission area. This
analysis, explained in detail in the previous
section, examines sppropriate mission cbjec-
tives and its component tasks from the stand-
point of importance and task &ifficulty.

Wnen plotted an the Priority Analysis
Graph (Figure 4), Mission Objective/Task
Modules which fall in the high priority
quadrant should drive the development of an
instructioral system commensurate with this
priority. High priority areas may, there—
fore, require the development of a composite
training system embracing the following
arsass:

o Ailrcraft operations conplete with
detajiled scenarios

o Simulation training events designed
t£o prepare for specific aircraft
cperation scenarios.

o Part—~task trainer designed to in-
struct in critical decision-~task
areas.

o Computer—aided instruction designed
to develop requisite background
information.

Thus the composite training system con—
cept extending beyond the compartmentalized
view of stand-alone training systems, pro—
poses, utilizing the "Structured Appro
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to (1} focus on critical mission areas, and
(2) integrate various instructional devices
(and instrumented ranges) and curriculum into
a ocherent, goal criented process whereby
erihanced t.raunmg mdeed becomes a reality.

SUMMARY

It appears self-evident that a clear
view of mission objectives, tasks, and can-
didate training methods coupled with a
priority scheme is needed in any successful
design effort for advanced simalation
systems. Indeed, these concepts are finding
favor among more and more individusls such as
Cream( who encourages a task rating system
for use in selecting actual smtulator design
features.

Whatever priority or rating system is
adopted, providing design teams with appro—
priate "mission logic" coupled with a mecha-—
nism to focus attention and resources on’
those areas prdmising the greatest training
return-on-investment appears to he the criti-
cal task at hand. No longer <an we afford to
build high technology systems exclusively
from a technical specification document.
Technical know-how mist be translated into

mission capability by making technology

respond specifically to critical mission
needs. Otherwise we will remain in cur
current predicament of fielding technical
systems that at best only achieve sub-optimm

levels of mission performance throughout the .

system's life-cycle. Thus future distress
calls from the operational community will
beccme an increasingly regular and tragic
COCUrYence.
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