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FOREWORD

RN
%ﬁ The Army is committed to the use of flight simulators to augment the
%Q; training that Army helicopter pilots receive in the helicopter itself., The
Q%j most important reasons for this commitment are discussed in the main body of
&{? the report. For now, it is sufficient to say that the use of flight simulators
’ to augment alrcraft training is the only means, during peacetime, of achieving
. the level of operational readiness that is desired at an acceptable cost. Until
::a: now, nearly all the resources expended by the Army on its Synthetic Flight
gﬁ Training System (SFTS) program have been aimed at hardware development and
&ﬂ acquisition. The resources devoted to research on how best to us: flight simu-
ﬁﬁ lators is miniscule by comparison. Hence, it is not surprising that there are
S a large number of uncertainties about the specific role of flight simulators
" in the Army's aviator training program. It is worth noting that these uncer-
’QQ tainties are not unique to the Army; both the Air Force and Navy are faced
Qﬁ. with much the same problem.
!
uﬁ In preparing this document, the authors and contributors attempted to be
! thorough in identifying critical research issues. Also, to the extent possible
Rt with the time and resources available, an attempt was made to develop research
) plans that address the issues in a meaningful and practical way. We feel con=
ﬁ?: fident that the research issues identified are important and relevant. However,
ﬁﬁ we do not conslder the research plans presented in this document to be the
{?ﬁ only way or necessarily the best way to deal with the issues identified. When
ﬂ;‘ developing long~term research on a topic about which so little is known, it
" must be expected that the results of earlier research may drastically change
ﬁ* onae's early views about the best way to proceed. In short, the plans for later
o stages of the research must be considered tentative and subject to change,
k&f based upon the findings of earlier research.
0y
4" It can be argued that plans for research on such a difficult topic should
¥ proceed in a step-by-step fashion. Indeed, this approach is much less threaten-
) ing to the research planner who must formulate projects based on premises
| 9 several levels removed from any empirical data. Also, thils approach is less
) 2 likely to portray to decision makers a research requirement that initially
J\Q appears overwhelmingly complicated and costly., The disadvantages of the step-
o by-step approach, which we feel far offset the advantages, are twofold. First,
Yo a great deal of time and research continuity would be lost 1f efforts to obtain
) funding and administrative support fnr the next research stage were not com-
:jﬁ menced untll the results of the preceding stage have been fully analyzed and
e documented. A hiatus between each stage of research would probably serve to
)Q make a difficult job impossible. Second, a general notion of the scope of the
il research is needed to make sensible decisions about whether or not to embark
s on the research and, if an affirmative decision is made, to make sensible
:h* decisfons ehout how best to marshal the resources needed to continue the re-
o search until truly useful results are in hand. For these reasons, we have
-56} decided that relatively detailed long-term plans—--even imperfect ones--serve
_jl an important purpose.

The intent 1s that this document serve as a beginning of dlalogue among
the agencies and personnel who share responsibility for optimizing the benefits
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of the Army's SFIS program. It is hoped that this dialogue, in turn, will lead
b to the refinement of ideas, to the establishment of research priorities, and to
joint planning by all involved agencies. It 1s important that the reader keep
in mind that this is not & document being submitted for approval or digapproval,
in total or in part. For this reason, feedback from readers about fla.us ‘n the
premises and/or reasoning are welcomed. Comments should be sent to ''v. Charles
A. Galner at the following address:

S e e = e e

Chief

ARI Field Unit

Attn: PERI-IR (Mr. Charles A. Gainer)
Fort Rucker, AL 36362-~5354

' =, f

EDGAR M. JOHNSON
Technical Director
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AN ENUMERATION OF RESEARCH TO DETERMINE THE OPTIMAL DESIGN AND USE OF ARMY
FLIGHT TRAINING SIMULATORS

EXECUTIVE SUMMARY

The purpose of this document is to identify the types of research needed
to determine the optimal design and use of Army flight simulators. Two comple-
mentary lines of research are described and discussed. One line of research--
referred to as the "Long~Term Path"--focuses primarily on simulator design
issues. The primary focus of the second line of research--the "Short~Term
Path"-~-1s the determination of the best way to use the flight simulators that
have been or are soon to be acquired by the Army.

LONG-TERM PATH

The general objectives of the Long-Tarm Path--formulated by the Assistant
Secretary of the Army for Research, Development, and Acquisition--are as listed
below:

o design research that will yield the data needed to quantify the rela-
tionship between fidelity (in selected flight simulator decign param-
eters) and training transfer (for selected flying tasks),

o design research that will yleld the data neceded to defina the rela=-
tionship between flight simulator production costs and required
fidelity in the selected tlight simulator design parameters, and

o design research to define the type, cost, and effectiveness of alter-
nate training methods and media that could be used in lleu of flight
simulators to train one or more of the selected flying tasks.

In respouse to the general research objectives, requirements for research
were defined for five "primary" research aresas and nine "supportive" research
areas. The primary research areas are these:

fidelity requirements for visual system,

fidelity requirements for motion system,

fidelity requirements for simulator handling qualities,
fidelity requirements for cockpit displays and controls, and
requirements for simulator Instructional Support Features.

o 0 0O C o

The supportive research areas are topical areas in which there are prob-
lems or uncertainties that must be resolved in order to conduct effective re-
gearch in the primary research ureas. Supportive rescarch areas identified
and discussed include the following:

o flying task data base,
o team/combined-arms training methods,
o performance evaluation,
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alternative training media,

subsystem standardization/modularization,

regearch methodology,

skill decay/maintenance,

implementation/monitoring of simulator training, and
cost—effectiveness analysis models.

O 00 00O

The discussion of each of the above research areas includes a description
of the research issues and objectives, comments about relevant research that
has been reported in the literature, and a description of the research consid-
ered necessary to resolve the issues. The research plans vary widely in detail
and complexity.

SHORT-TERM PATH

The Short-Term Path is a program of research that 1s almed at evaluating
and optimizing the uge of the family of flight simulators that the Army already
has acquired or has contracted to purchase. Since the design of this family of
simulators 18 more or less fixed, the research is focused mainly on determining
how best to use the devices: Who should be trained? What tasks should be
trained? How much training should be administered? What training methods
should be employed for each training application? A secondary objective of
} the Short-Term Path is to identify design modifications (hardware and/or soft=-
ware) that will improve the training effectiveness of production simulators
without incurring excessive product improvement costs.

Three major research efforts are described. The objective of the first
research effort is to determine the optimal use of flight simulators in a
unit-training context. (Unit training refers to the training received by Army
aviators after they have completed institutional training and have been as-
signed to an operational unit.) The research is designed to assess the simu-
lator's utility for five different training applications: refresher training,
skill sustainment training, skill enrichment training, accldent prevention
training, and malntenance test-pilot training.

" The objective of the second research effort is to evaluate the simula-

b tor's utility for training beginning students in the fundamentals of helicop-
ter operation., A three-phase study that addresses both simulator design issues
and training methodology issues is described. 1If the early work supports the
feasibility of the concept, transfer-~of-training studies will be conducted to
determine the optimal mix of simulator training and alrcraft training.

The objective of the third research effort is to determine the extent to
which Night Vision Goggle training can be accomplished in a flight simulator
equipped with a visual system.
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AN ENUMERATION OF RESEARCH TO DETERMINE THE OPTIMAL DESIGN AND USE OF ARMY
FLIGHT TRAINING SIMULATORS

GLOSSARY OF ACRONYMS

ALA Army Audit Agency
AFHRL Alr Force Human Resources Laboratory
AGARD Advisory Group for Aerospace Research and Development
AGL Above Ground Level
AH Attack Helicopter
AHIP Army Helicopter Improvement Program
ANVIS Aviator's Night Vision Image System
ACI Area of Interest
AQC Aviation Qualification Course
ARI U«S. Army Research Institute for the Behavioral and Social
Sclences
ARL Aviator Readiness Level
ARTEP Army Training and Evaluation Program
AS1 Anacapa Sclences, Inc.
ASPT Advanced Simulator for Pilot Training
ATM Alrcrew Training Manual
BOIP Basis of Issue Plan
CAPTV Computer Animated Photographic Terrain View
CGS1 Computer~Generated/Synthesized Imagery
CH Cargo Helilcopter
CIG Computer-Image Generation
CMB Camera-Modelboard
CRT Cathode Ray Tube
CTEA Cost and Training Effectiveness Analysis
DARCOM Development and Readiness Command
DES Directorate of Evaluation and Standardization ,
DLS Digital Landmass System 8
DMA Defense Mapping Agency L‘
DOD Department of Defense §§
FLIR Forward-Looking Infrared [
FOV Field-of-View Ey
Fs Flight Simulator o
HUD Head-up Display o
Ic Initial Conditions o
LERW Initial Entry Rotary Wing ﬁb
IFR Instrument Flight Rules A
IGE In-Ground Effect
ILS Instrument Landing System QQ
IMC Instrument Meteorological Conditions .
Ip Instructor Pilot Qi
IPR In-Process Review -
IR Infrared o
IS¥ Instructional Support Features
LoD Level of Detall |
MASSTER Modern Army Selected System Test, Evaluation, and Review g;
x1 h?
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' MOPP - Mission Oriented Protective Posture

) MTFE - Maintenance Test Flight Evaluator
' MTP - Maintenance Test Pilot
, NBC -~ Nuclear, Biological, Chemical
) NOE - Nap of the Earth
NTEC -~ Naval Training Equipmenc Center
NVG - Night Vision Gogglies
OGE - Qut-of=-Ground Effect
PIC - Pilot in Command
: POI ~ Program of lustruction
b PMTRADE - Project Manager Training Devices
! RSIS - Rotorcraft System Integration Simulator
: SFTS - Synthetic Flight Training System
SME - Subject Matter Expert
STRES - Simulator Training Requirements and Effectiveness Study
1C - Training Cirrular
N TH - Training Helicopter :
) THIESIS =~ Training Helicopter Initial Entry Students in Simulators I\
, TOE ~ Tables of Organization and Equipment \;
‘ TRADOC = Training and Doctrine Command
UH ~ Utility Helicopter N

USAALS =~ U.S. Army Avlation Logistics School
USAAVNC =~ U.S. Army Aviation Center

VFR - Visual Flight Rules

VIRS - Visual Technology Research Simulator
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AN ENUMERATION OF RESEARCH TO DETERMINE THE OPTIMAL DESIGN
AND USE OF ARMY FLIGHT TRALNING SIMULATORS

SECTION I
INTRODUCTTION

BACKGROUND AND OVERVIEW

In June 1982, the Assistant Secretary of the Army for Research,
Development, and Acquisition requested that Commander, DARCOM, form a
Flight Simulator Steering Group that was to map out the paths future
Army flight simulator research and development should take, GCravely
concerned about the escalating complexity and cost of simulators, the
Assistant Secretary established as the paths' objectives the develop-
ment/acquisition of only such simulator training capabilities as are
absolutely essential and the consequent maximization of simulator

training utility.

The initial guidance to the CGroup was that it provide an appraisal
of requirements for determining three issues:

o How much 1is needed in simulation for effective training
tranafer?

e What path should development follow to optimize future flight
simulator development?

e What Army policies are needed to manage more effectively the
simulator program?

The Group's membership was drawn from DARCOM, TRADOC, and the Army
Research Institute (ARI) and has represented in it, from both the
training and materlel communities, researchers, developers, and
managers. Thig research plan outlines the researchers' and developers'
responses to the first two of the Assistant Secretary's issues., Manage-
ment policies are not directly addressed, but the basic input for policy
formulation 1s provided.

The research plan has three complementary sections: this intro-
duction (Section I) and two proposed integrated research plans (Section
II and Section III).

Following this overview, the Introduction operationally defines
key terms as they are used in the research plan and then details basic
assumptions and concepts that have had a major impact on the formulation
of the research plan. Current constraints on flight simulator research
and development are then ldentified and discussed. The introduction is
concluded with a statement of the rationale for the two paths of
research proposed in Sections IT and TII.
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The next two sections map out two paths of research: a Long-Term
Path (Section II) and a Short-Term Path (Section III)., The Long-Term
Path 1s aimed at providing comprehensive data for future requirements
and at utilizing future technology. Five research areas are identified
as the primary domain of the Long-Term Path: fidelity requirements for
visual aystems, fidelity requirements for motion &ystems, £fidelity
requirements for simulator displays and controls, fidelity requirements
for simulator handling qualities, and requirements for Instructional
Support Features, Secondary areas of required long~term supporting
research are also identified. The Short-Term Path is aimed at answering
questions about the optimal use of flight simulators that will have been
acquired by the Army before the long~term research on simulator fidelity
requirements has been completed.

DEFINITIONS

In preparing this research plan, it became readily evident that,
across and within different disciplines, a technical term may have
slightly or even greatly varying connotations or meanings. Thus, since
the research plan is intended for a multidisciplinary sudience, it was
deemed necessary to posit definitions of certain key terms that are used
throughout the research plan,

FIDELITY

' "Fidelity" 1s both the most critical single term in this research
plan and the most {ll~defined in the area of simulation, It is gener=-
ally understood and accepted that the term refers to the degree of
correspondence between some aspect of the simulator and some aspect of
the aircraft or environment, but the nature of the correspondence is at

best unclear.

Implicit Iin the term is the concept that to have full fidelity a
simulator must accurately reproduce its real-world counterpart both in
form and in function. This view of fidelity, which has been designated
"objective fidelity'" (AGARD, 1980), arises from the supposition that the
nost effective training device 1is the alrcraft itself and, thus, the
effectiveness of a simulator is a direct function of how well it dupli-~
cates the ailrcraft., This approach, which tacitly considers the simu-
lator a "tethered aircraft," very quickly leads to exorbitant simulator
design requirements: as simulator visual systems, motion systems, etc.,
approach an accurate replication of the real world, cost very rapidly
becomes prohibitive.

An alternate, and potentially more economical, view 1is that
fidelity be defined as the degree to which the student perceives the
simulator to replicate the aircraft. Termed '"perceptual fidelity"
(AGARD, 1980), this view arises from the supposition that only those
elements of the training environment that can be perceived by the
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student need be simulated and that the imperceptible elements may be
ignored.

But defining fidelity (and simulator design requirements) solely
in terms of elements critical to perception of the simulator as a
replication of the aircraft ignores another very important aspect of
flight training., A great deal of very effective initial training is
conducted in a training environment nmuch different from the operational
aireraft, For example, in training helicopter hovering operations, the
instructor may retain directional (pedal) control while allowing the
trainee altitude and attitude (collective and c¢yclic) control., Or, the
trainee may be instructed, by way of an analogy, to fly a maneuver fron
one point to another by following an imaginary aerial pathway connecting
the two points, Neither of these two examples is '"faithful" to the
real-vorld operational environment, yet both are highly effective
techniques for training. And both, in a sense, have high fidelity with
respect to the trainee's internalized schema or model of flying; that
is, they have what might be termed "training fidelity" since they are
applicable to the development or to the sustainment of aviators' inter-
nalized programs of flying. '

So, for purposes of this research plan, any simulator property
that is shown to be effective (as defined below) in developing or
maintaining Fflight skills will be operationally defined as having
fidelity. The primary research areas in the Long-Term Path of Section
II, address both "perceptual fidelity" and "training fidelity."

TRAINING EFFECTIVENESS

A simulator is characterized as being effective in the training of
some task or maneuver to the extent that tralning using the simulator
results in less training being required in the aircraft to attain or
maintain performance criteria. Obviously, a simulator 4s then ineffec-
tive 1f training in {t results in no change in or an increase in the
amount of subsequently required aircraft training. Notice that this
definition 1s silent concerning the amount of simulator training
required to realize the training effectiveness; that is, it does not
address the "training efficiency’ of the simulator.

COST EFFECTIVENESS

Closely associated with training effectiveness is the concept of
cost effectiveness, or the cost agsoclated with attaining training
effectiveness, Relative to some training alternative (usually the
ailrcraft alone), a simulator 1s considered more cost effective if 1t
allows achievement of the same training objective at a lower total cost,

In considering training-effectiveness and cost-effectiveness
interrelationships, one should bear in mind that it is entirely conceiv-
able that a simulator may exhibit training effectiveness but still be
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cost ineffective compared to training using the aircraft alone. Simu-
lator acquisition and/or operation cost may be so great as to offset the
benefits realized from simulator training, On tha other hand, a simu-
lator with low acquisition/operation cost may be so lacking in training
effectiveness that it also is not cost effective compared to other
alternatives. This research plan 1s especfally concerned with the
relative cost effectiveness of various simulator design options and, in
particular, with determination of the point or points at which the
payback in training effectiveness fails to keep pace with the cost of

increased fidelity.

BASIC ASSUMPTIONS AND CONCEPTS

All coherent programs of research, present effort included, must

be guided by an explicit consensual set of assumptions and concepts.

L Those assumptions and concepts that apply to this program are discussed

4 _ below. These have been derived from the literature review and form the
basis for the Section IT and the Section III research plans,

! TRAINING RESOURCES AND REQUIREMENTS

A fundamental premise underlying this effort is that simulation
will become an increasingly important tool in the Army aviation inven-
tory. The growing constraints on in-flight training are seen as the
primary driver for the increase. The litany of constraints includes

‘? increasing cost of aircraft operation, increasing cost of training
' ordnance, local limitations/prohibitions against terrain and night
flight, and lack of adequate gunnery ranges., It is assumed that, in
general, these constraints on training resources will grow more strin-

1 gent over time,

. Men

At the same time, it i1is clear that training requirements are
increasing., Aviation training must change its overall emphasis from
individual aircrew training to combined arms training. New systems,
such as the AHIP and AH-64, are being fielded with more and more complex
| subsystems which require mwore and more training. It must be assumed
R that, in general, the training requirements will continue to increase
over time, Simulation is seen as the primary tool available to recon-
cile shrinking training resources with expanding training requirements,

ROLE OF FLIGHT SIMULATION

As was implied above, flight simulation, in concept, 1is to be
' considered mevely as one of several alternative training media and not
' as an end unto itself. Flight simulation 1is only one of several methods
at the disposal of the training developer for meeting the requirements
of an integrated training system. However, in practice, the Army has in
its most recent flight simulator acquisitions pursued a goal of
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developing devices capable of training equally well the entire gamut of
flight tasks, The immediate result of this course of action has been a
low-density fielding of high-cost devices among a high-density trainee
population. The cost of the devices limits their proliferation, and the
slze of the trainee population these few devices must service severely
restricts the amount of simulator training time availlable to each
trainee, There are reasons to suspect that the methods presently used
to define training requirements (and consequently training systems)
either are inadequate or are not applied with sufficient discipline, or
both. The role of flight simulation is to fulfill specific training
needs that are systematically determined as part of development of an
integrated training system, but there is some question as to the
validity of the present processes of identifying and filling training
needs,

PURPOSES OF FLIGHT SIMULATION

In the broadest sense, flight simulation Iis an economy measure in
flight training., The supposition has always been that relatively
inexpensive simulator training can be used to replace some (preferably
large) fraction of relatively expensive alrcraft training in the attain-
ment of some set level of flight proficiency, To date, the Army has
used the principle of economy through simulator-for-aircraft substitu=-
tion in current flight training operations as the primary purpose and
justification for ite flight simulation program.

In addition to flight=hour substitution, there are at least two
other broad purposes for simulation. One 1s increased safety, not only
during training. but alsoc during operational flight subsequent to simu-
lator training on inherently dangerous tasks or maneuvers. The other
purpose i1s increased operational readiness vresulting from training
conducted in the simulator that cannot be conducted effectively in the
alreraft during peacetime, These two purposes are often ignored because
their cost effectiveness are difficult to quantify, But the fact
remains that increased safety and operational readiness are potentially
significant benefits of current and future simulators, and the need
remains to develop methods for quantifying the benefit derived from
simulators so dosigned.

AREAS OF APPLICATI(

In general, all Army aviation training requirements can be classi-
fied using two dichotomous dimensions: stage of training and level of
training participation. Stage of training can be categorized into skill
acquisition training and skill rustainment training. Level of training
participation can be categorized into individual training and collective
training, The individual versus collective training distinction 1is
fairly straightforward; the skill acquisition versus skill sustainment
training distinction can be alternately conceptualized as how-to-fly
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versus how-to-fight. Skill acquisition training refers to training that
is primarily institutional and concentrates on learning to operate the
alrcraft competently. Skill sustainment training refers to training
that is accomplished primarily in the field and (although it does not
neglect aircraft operation) concentrates on learning to employ the
alrcraft as a combat system. Although there is in practice some overlap
of training among the cells, this 2 x 2 categorization is useful in
examining the status of present flight simulation applications and the
directions future applications should follow,

Present Army £light simulators have all been designed with the
primary application in one area: initial individual training. Acquisi-
tion strategy has been to evaluate prototype simulators' effectiveness
for initial training of individual aviators in the institutional setting
and then to procure production simulators, still built to answer initial
individual training requirements, for sustainment of individual skills
in the field. Along with the short shrift, individual skill sustainment

¢ training has been given by Army simulation, an even greater vold exists
‘ in the srea of collective sustainment training., Even though there is a

congensus that collective sustainment training rejquirements are going
! largely unfilled, the Army has only recently begun efforts toward
developing simulaturs for collective or team training,

CONSTRAINTS ON SIMULATOR RESEARCH

) To develop a realistic research program dealing with simulator

[ . design, it is essential to consider the constraints that wake it

q difficult to design and conduct such research, Alchough a number of
major and minor constraints exist for any type research, there are four
constraints that have & major impact on the design and conduct of
research to define the effect of simulator design on training
effectiveness,

LACK OF RESEARCH EQUIPMENT

There 1s presently a lack of research equipment that would enable
y regsearchers to measure transfer-of-training as simulator design parame-
ters are systematically varied, This constraint is particularly detri-
mental for research ailmed at quantifying the training benefits realized
from different levels of fidelity, This constraint can be removed by
conducting some of the essential research using present simulators with
temporary modifications (via the Short-Term Path) and by developing a
research capability specifically for this application (via the Long-Term
Path). The 1issue of research-equipment requirements must be resolved
prior to undertaking any comprehensive program of research.
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LIMITED ACCESS' TO TEST POPULATION

Research on the uge of flight simulators for institutional
training disrupts the training process and may adversely affect the
students' chances of successfully completing the institutional program.
Similarly, research on the use of flight simulators for continuation
training in the field is certain to disrupt unit training activities
and, consequently, unit operational readiness. It 1is not surprising
that both institutional training wmanagers and unit commanders are
reluctant tc support such vresearch. Unfortunately, an acceptable
alternative to using aviators as subjects has not been found.

-
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PERFORMANCE MEASUREMENT

In principle, an output on nearly any control action and nearly
any flight parameter of interest can be obtained from current flight
ii simulators, Yet, a great deal remains to be learned about the set of
' parsmeters that constitute the most wvalid and reliable index of profi-
cliency on a given flight task or maneuver., Obtaining objective measures
of flight proficiency is an even greater problem in the aircraft because
both an ingtrumented aircraft and an ingtrumented range are required to
obtain acecurate measures of afrcraft attitude and pogition, Again,
relatively little is known about the get of measures that constitute the
most valid and reliable index of flight proficiency in the aireraft,
Although valid research is possible using instructer pilots' Jjudgments
of proficiency, more efficient research would be possible with an
o automated performance measurement capability in both the simulator and

) the aircraft,
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EFFECTIVENESS ASSESSMENT METHODOLOGILES

X

[X. . A
:i The 1literature contains well-defined methods and indices for ﬁ
! measuring the extent to which training in a training device transfers to h.
ﬂ performance in the alrcraft, However, these methods and indices apply Q
. nnly to the initial acquisition of flying skills, Far less has been .¢

: accomplished 1in developing methodologies appropriate for assessing the

\ utility of a training device for preventing the loss of flying skills ‘
- already acquired or for reacquiring skills that have degraded as a o9
' result of lack of practice. Such methodologies ara essential for b‘
¢ agsessing the utilicy of flight simulators for sustainment training and :’
) refresher training. 5
H i
f: PROPOSED PROGRAM OF RESEARCH: AN OVERVIEW Rv
L} N

The broad objective of the program of research is to compile data k‘

needed to specify, for individual flight tasks, the fidelity of each
simulator design parameter and training feature that will yield the most
cost-effective training. To accomplish this objective, regearch must be
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0
conducted to quantify the relationship between fidelity and training Sﬁ
‘ effectiveness; and training-cost data must be collected or extrapolated 4‘
| to determine relative cost effectiveness of training alternatives, il
; Specific research objectives that must be met by this program are as p&
~: follows: ’b
t
e Design and conduct research to obtain the data needed to 5?
quantify the relationship between training fidelity and training S
effectiveness. !’
) s Design and conduct research to obtain the data needed to define ;f
) the relationship between flight simulator life~cycle cost and i
| training fidelity, :g
e Design and conduct research to define the type, cost, and A
. training effectiveness of training methods and media that ) 4
f represent alternatives to simulator training. ns
f A
. A substantial amount of time and effort will be required to (a) ;ﬂ
ff complete the research needed to fully quantify the relationsghip between {Q
training fidelity and training effectiveness, and (b) apply the research D3]
- findings in developing new flight simulators and other training devices, 4’
; It 1is essential to recognize, however, that the aviator training %ﬂ
{ problems that exist today cannot simply be ignored until this research ‘Q
has been completed and the results applied, One solution to this »y
dilemma is to promulgate two complementary paths of research, as 1illus- :4
trated in Figure 1, '&
R The Long~Term Path, which 1is to commence simultaneously with the ﬁ:
3 Short~Term Path, 1is a program of primarily basic and exploratory - ;&
‘SO research concentrating on training fidelity requirements and on training ,5:
1 technique development, In this program, training and cost effectiveness ?ﬁ
| of various training fidelity profiles will be evaluated, and emerging/ v
. future training hardware capabilities will be exploited., Thus, the i‘
3 program must remain flexible in order to remain responsive to advances s
R in technology and also to changes in operational requirements. ks
h O
; The Short-Term Path 1s a program of research that 1s aimed at Qﬁ
) evaluating and optimizing the use of the family of flight simulators vy
that the Army already has acquired or has contracted to purchase. For !i

the most part, the design of this family of flight simulators is fixed 0

; or will have been fixed long before the research envisioned for the C'

Long-Term Path can be completed (Flight simulators in this family {
include: the UHLFS, the AHIFS, the CH47FS, the UH60FS, and the AH64FS,)
Thus, the fundamental objectives of the Short-Term Path research are (a)
to determine the best way to employ the family of flight simulators that
have been or are soon to be fielded, and (b) to identify design modifi-
cationg (hardware and/or software) that will improve the training
effectiveness of fielded simulators without incurring considerable
product improvemenc costs,
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LONG-TERM QRESEARCH PATH

BASIC CONCEPT/REQUIREMENTS RESEARCH

TECHNOLOGY TRANSFER AND USER SUPPORT

SHORT-TERM RESEALIZCHB PATH

RESEARCH TO OPTIMIZE DESIGN AND USE OF

PRODUCTION FLIGHT SIMULATORS

Figure 1, Long-Term and Short-Term Paths for Army f£light simulator
research,

The Short-Term Path research plan described in Section 1II focuses
primarily on the use of flight simulators for unit training-~that is,
the training of aviators who have completed institutional training and
have been assigned to an operational unit., The use of simulators in a
unit~training context includes but 4is by no means limited to, skill
sustainment training. As is discussed in Section IIYX, it seems highly
probable that flight simulators also will enable aviators to reacquire
skills more efficiently (refresher training) and to acquire a higher =
level of skill (enrichment training) on some taske than is possible
through aircraft training alone.

Although the Short-Term Path research plan focuses primarily on
the ugse of simulators for unit training, two other research projects are
included that deal with the use of flight simulators for institutiomnal
training. The purpose of one project is to assess the extent to which
contact flight training in a simulator equipped with an external visual
system transfers to a UH-IH ailrcraft for {nitial entry flight students,
This line of research has been given the acronym THIESIS (Training
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Helicopter Initial Entry Students in Simulators), The fundamental
question is whether a flight simulator can be used in lieu of the TH=55
aircraft to teach beginning flight students rudimentary flying skills,
The purpose of the second project is to determine the extent to which
Night Vision Goggle training can be accomplished in a flight simulator
equipped with a disual system.

It is important that the limited focus on institutional training
not be interpreted as an indication that there are no significant
requirements for research to evaluate and optimize the use of flight
simulators for institutional training. This 1is clearly not the case.
The heavy emphasis on unit training applications of flight simulators is
merely a matter of priorities, Many more simulators and many more
aviators are involved in unit training than institutional training at a
given point in time. Moreover, far less empirical data are available on
the use of flight simulators for unit training than for institutional
training., Considerable thought was given to proposing that a major
research effort on institutional~training applications of flight simu-
lators be conducted concurrently with the research on unit-training
applications, This approach was rejected because of limited research
resources and because of the high 1likelihood that the results of
research conducted "in the field-unit context will generalize to the
institutional~training context,

Although not discussed as & part of this research plan, it is
essential that a mechanism be establishied o ensure two-way communica-
tion between operational personnel and the personnel who are responsible
for managing the Long-Term Path and the Short~Term Path research. The
block in Figure 1, entitled "Technology Transfer and User Support,"
emphasizes this requirement. On the one hand, the research from both
paths should yileld findings that can immediataly be applied to
increasing the effectiveness of the Army's aviator training system. On
the othar hand, the research programs must remain responsive to the
changes that affect training--system requirements and constraints such
as: changes in the threat, changes in the Army's tactics and doctrina,
changes in the training population, changes in resource limitations, the
introduction of aircraft modifications, and the acquisition of new
alrcrafc and weapon systems,

The next two sections of this report discusgs the Long-Term Path
and the Short-Term Path research in detail.
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SECTION T1

BASIC CONCEPT/REQUIREMENT
RESEARCH (LONG-TERM PATH)

This section describes the basic concept/requirements research
proposed for the Long-Term Path, Although every research topic
discussed in this section addresses recognized problems asgsociated with
training Army helicopter aviators, many of the research toplcs are not
unique to Army aviator training. A substantial proportion of the topics
are presantly under investigation Ly one or more branches of the U.S.

| military or by private industry, Furthermore, plans to initlate
! research on other germane topics have already been made by the U,S. Army
(PM TRADE, 1982), by other branches of the U,S, military (AFHRL, 1983),

p and by industrial organizations.

So, the implementation of the proposed program will not neces-
sarily require the establishment of new research agencies or the
establishment of new work areas within existing research agencies, For
the most part, the activities required to implement the proposed program

f consist of (a) redirection, change in emphasis, or change in scope of
research that is presently underway or planned; and (b) establishment of
! a mechanism to ensure effective Interagency coordination. :

Because of the availability of research facilities and personnel,
it seems certain that research on many topics of interest can be
conducted at agencles such as the Ames Research Center, the ARI Fileld

Unit at Fort Rucker, ARI Headquarters, the Army Human Engineering

' Laboratory, the Air Force Human Resources Laboratory (AFHRL), and the
Naval Training Kquipment Center (NTEC). However, when research 1is
conducted at AFHRL or at NTEC, it is essential that Army representatives
be involved in the research design to ensure that the reaults can be
generalized to rotary-wing aircraft and to Army missions.

P

o Ta Ty

GENERAL, OBJECTIVES

>

The general objectives of the long~term line of research are fully
responsive to Secretary Scully's tasking of the Simulator Steering
! Group. They are as follows:

T

e to design and conduct research that will yield the data needed Y]
to quantify the relationship between Ffidelity (in selected '%
flight simulator design parameters) and training transfer (for b
selected flying tasks), |

]
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e to design and conduct research that will yield the data neaded $$

to define the relationship between flight simulator preoduction »

costs and required fidelity in the selected flight simulator K

design parameters, and f:‘;e

(S

¢ to design and conduct research to define the twpe, cnst, and .::ﬁ!
effectiveness of alternate training methods and media! that e

could be used in lieu of £light simulators to train one or more ﬁi

of the seleccted flylng tasks. N

\ s,
OVERVLIEW ' ,n'g

U

Figure 2 illustrates the main attributes of the long-term line of ,‘2"
research, First, the figure lists the areas in which some form of '
research must ba conducted in order to accomplish the general research N
objectives presented ahove, The primary reseaich ar2as are the first :'3
| ones Jlisted: "Fidelity Requirements" and "Instructional Support |°:;\
Features," The remaining research arcas are considered supportive in ' gﬁ;&'
the sense that problems or uncertainties in each of thesa areas must be By
resolved in order to conduct effective research in the primary research ‘@

areas. In this sense, the supportive research areas can be considered
no less essential to the success of the long~term research program than
the primary research areas.

Second, Figure 2 emphasizes that the long=term line of research
must not only be responsive to current operational requirements, but
must also be designed to recognize and accommodate (&) changes in

i operational requirements and (b) advances in training and training-
device technology., It is essential that every attempt be made to desiyn
the research in such a manner that the findings and conclusions are not
invalidated by changes in operational requirements or by tachnological
innovations.,

u
i
|

Finally, Figure 2 identifies the purposes served by the research
findings., As was indicated in Figure 1, the results of the loung-term
line of research will have a direct impact on the other elements of the
proponsed R&D program. Specifically, germane rescarch findings will be
employed to improve the design and use of fielded components’ of the

IThe term "training media" is used in its broadest sense throughouf'this
plan, The term encompasses sclf-study books and manvals, classroom
teaching aids and equipment, and equipment generally referred to as
training devices. Where more specificity 1is required, the spectific
media will be named. This usage corresponds to that recommended in

MIL-T-29053A(TD) (1979). o
’This assumes that some of the r iults of the .oug-term line of research 52'
will be available soon enough to have an impact on the short-term line ;-
of research. F“
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flight-training system (Technology Transfer and User Support). Addi-
tionally, the long-~term line of research should serve to (a) generate
new concepts in training methods and training media, and (b) highlight
areas in which there 1s an urgent need for innovation in training
methods and training medis technology.

Each of the research areas 1s discussed below, The primary
research areas--Fidelity Requirements and Instructional Support
Features--are discussed in considerably more detail than the supportive
research areas because, for the most part, they are more complex and of
more central importance. In every case, however, an attempt has been
made to explain why research in the area is needed and to describe, at
least in general terms, the type of research that is needed,

The main focus of the long~term line of research 1s clearly
"simulator fidelity requirements.' The objectives of research in this
area are precisely the same as those stated earlier. In order to
quantify the relationship between fidelity and training effectiveness,
the effect of fidelity on training must be investigated for at least
four components of a flight asimulator: the visual system, the motion
system, the handling qualities, and the simulator cockpit displays and
controls, A discussion of the research requirements for each of these
components is followed by a discussion of the research required in the
area of training techniques.

The term "Instructional Support Features" (ISF) is used in Figure

. 2; throughout this report, ISF refers to simulator hardware and software

L] capabilities that allow the instructor/operator to manipulate, supple-

ment, and otherwise control the learning experiences of the student to

maximize the rate and level of skill acquisition (Hughes, 1979).

Research on ISFs has been selected as a primary research area because

ISFs have the potential for having a major impact on both s{mulator cost

_ and training effectiveness. Caro (1977b) has argued convincingly that

B instructional methods used in flight simulator training may have as much

or more impact on training effectiveness as the training-equipment

design. Empirical support for Caro's argument is found in a study of

different levels of visual scene fidelity for a shiphandling/shipbridge

simulator (Hammell, Gynther, Grasso, & Gaffney, 198l), In that study,

instructional method differences were found to have several times as

much impact on training cffectivenes: as any of the fidelity of simula-

tion variables that were studied. Furthermore, there is considerable

anecdotal evidence and some empirical evidence that many of the capa-

bilities of contemporary Army flight simulators go unused because

effective training techniques have not yet been developed (Charles,
Willard, & Healey, 1976; Gray, Chun, Warner, & Eubanks, 1981),

The proposed long-term line of research is described under the six
major subsection titles listed below:

e Fidelity Requirements for Visual System,
o Fidelity Requirements for Motion System,
e Fidelity Requirements for Simulator Displays and Controls,

g 0 ¢
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e Fldelity Requirements for Simulator Handling Qualities,
o Requirements for Instructional Support Features, and
e Supportive Research areas.

If this program is approved in principle, it will be necessary for
members of the Army Flight Simulator Steering Group to meet with
representatives of selected Army agencies and with representatives of
other branches of the service to establish priorities for the research,
to decide which service/agency should assume primary responsibility for
each research area, to estimate the resources (personnel, equipment, and
funds) required, and to establish specific milestones,

FIDELITY REQUIREMENTS FOR VISUAL SYSTEM

The characteristics of a flight simulator's visual system have an
enormous Ilmpact on the range of flying tasks that can be taught in the
simulator and on the effectiveness with which they can be taught., The
characteristics of a simulator's visual system also have an enormous
impact on the simulator's procurement cost, operation costs, and mainte-
nance costs. For more than two decades, there has been a continuing
effort to produce visual systems with ever-increasing fidelity. Simu-
lator designers and users alike have assumed that higher fidelity visual
systems will result in more affective training, This assumption mnay
have been more or less valid until recently., Currently, howevar,
visual~gystem technology is advancing at such a rapid pace that manufac-
turers may be capable of producing more visual-system fidelity than the
Army needs or can afford, As a consequence, it is considered essential
that the Army initiate a long~term research effort aimed at quantifying
the relationship beiween training effectiveness and the fidelity of the
scene produced by the visual system.

KEY ASSUMPTIONS

Image Generation

The components of a flight simulatlon visval system can be classi-
fied into two broad categories: Image generation components and display
components, The focus and scope of the proposed research has been
influenced by assumptions that must be made about future technological
developments in both image generation and image display.

The image generators in current use are of two types: Camera-
Modelboard (CMB) systems and Computer Image Generation (CIG) systems.
Although C(MB systems have been used with considerable success 1in
training some types of flying tasks (AGARD, 1980; AGARD 1981), CMB {image
generators have a number of inherent shortcomings that limit their
utility, especially for use in training military flight maneuvers that
occur close to the ground. The various shortcomings of the CMB approach
toc image generation have been 1identified and discussed by Wekwerth
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(1978), Breglia (1980), and Gullen, Cattell, and Overton (1980), among
others. The shortcomings most commonly cited {include:

s inadequate depth-of-=field,

¢ inadequate image resolution and elarity,

e restricted roll and pitch,

e limited size of gaming area,

o high cost of modifying gantry, probe, and modelboard,
. unacceptablé mechanical lags and overshoots,

o inadequate position resolution,

o difficulty in producing desired special effects, such as weapons
effects and atmospheric attenuation,

e problems resulting from probe crash,

e inability to provide additional detail, beyond a certain point,
as camera closes on the modelboard,

¢ unacceptable distortion of imagery in the pariphery,

o difficulty in achieving a wide fileld-of-view while maintaining
adequate brightness and resolution,

e poor reliability and maintainability,

o difficulty in generating synthetic effects, such as alm points,
hit marks, and highways in the sky,

e large amount of space required to house modelboards, and

e extensive amount of energy required to power the large banks of
lights and the climate control equipment,

Although contemporary CIG systems also have a numbar of short-
comings (for example, see Gullen et al.,, 1980), CIG technology is
advancing at such a rapid pece that many of the shortcomings are almost
certain to be overcome in the short- to mid-term time frame. Based on
the information presently avallable, {t seems reasonable to assume that
the visual systems of future flight simulators will be built around a
CIG system, Other image generation techniques, such as videodisc, film
transparencles, or large-scale CMBs, may be used to supplement the
computer-generated imagery when the CIG cannot produce imagery that is
sufficlient to train some types of tasks. It follows from these assump~
tions that research to quantify the relationship between training
efficiency and visual-system fldelity wust focus mainly on computer-
generated imagery. 7'.Is conclusion has had a major i{mpact on the
direction of this research plan,

A factor constraining research on required fidelity of computer-
generated imagery 1s the availability of CIG systems with which to
investigate a wide range of variatiouns of the scene content and level of
abstraction. A substantial canability to {investigate the effect on
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f performance of computer-generated image fidelity is provided by (a) the
- Air Force's Advanced Simulator for Pilot Training (ASPT), located at the
! Alr Force Human Resources Laboratory, Williams Air Force Base, Arizona;

(b) the Navv's Vigual Technology Research Simulator (VIRS), located at
. the Naval Training Equipment Center, Orlando, Florida; and (c) an Evans
. and Southerland (CT-5) CIG now being procured by the Ames Research

Center for use on the Rotorcraft System Integration Simulator (RSIS).
X It would be premature to judge whether these CIG systems are capable of
generating, or could be modified to generate, the variations in scene
y content and level of abstraction that is necessary to investigate
fidelity requirements for the full range of helicopter flying tasks;
several of the proposed research tasks discussed later will have to be
completed before such a judgment can be made. In any avent, the
proposed research on visual~system fidelity requirements assumes that
4 suitable devices or methods for producing suitable computer-generated

imagery will be available when the time comes to initiate the research,
‘fﬁ I1f the CIG systems identified above luck the required capability, it is
g ¥ probable that new CIC devices now under development can bLe used to
generate, perhaps in non-real time, imagery that will be suitable for
research purposes (Csuri, Hackathorn, Parent, Carlson, & Howard, 1979;
Deel & Rue, 1980; Dichter, Doris, & Conkling, 1980; Spooner, Breglia, &
Patz, 1980; Schumaker, 1980).

>~

Image Display

-

y High quality computer-generated imagery yields no benefits if the
' visual display component of the visual system is incapable of presenting
the image to the viewer without degrading it significantly., Currently,
the visual display component i1s clearly a weak link in the visual
system. Contemporary display technology i1s incapable of presenting
: sufficiently high resolutfon and brightness while maintaining an
" adequately large field-of-view. In addition, visual display technology
' 1s limited in its ability to simultaneously provide relatively wide
field-of-view imagery to two or more crew members located several feet
apart without parallax or position errors (AGARD, 1981; Suminski &
Hulin, 1980), A substantial amount of work ig underway {n industry to
improve visual display capability. Promising devices that are now under
development or are being refined include:

e B

- o e s -
.o
rd

" ¢ CRT projectors,
¢ laser projectors,
o liquid-crystal light valves,
. o oil-film type light valves,
o titas lighr valves,
\ e high-resolution beam-penetration CRTs,
o full-color collographic displays,
e large slze CRTs, and
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e display optics (improved optical design and improved techniques
for producing both large refractive and reflective plastic

optics).

The plan for long-~term research on visual systems was written with
the assumption that, by the time the research is initiated, display
devices will be available that have the capability to produce a
sufficiently wide range of relevant design parameters including but not
necasgsarily limited to the following:

field-of-view (FOV),
viewing region,
resolution,
brightness,
distortion,
contrast,

color, and

tonal range.

However, one cannot dismiss the possibility that technological
innovations may make it unnecessary to investigate the relationship
between performance and some of the design parameters. For instance,
the development of a method for producing a low-cost, high-brightness
display may make L1t unnecessary to investigate brightness as an

independent variable,

Fidelity/Task Interactions

There is ample evidence that skill on some relatively simple
flying tasks can be acquired effectively with a very simple and abstract
display format (Williams & Flexman, 1949; Flexman, Matheny, & Brown,
1950; Flexman, Townsend, and Ornstein, 1954; Creelman, 1959; Hennessy,
Lintern, & Collyer, 1981; among others). Effective training on other
more complex flying tasks probably will require more complex display
formats, although there are currently little empirical data either to
support or to refute this claim., As a consequence, it has been assumed
that a sufficiently comprehenslve research program must provide data on
the relationship between visual-system fidelity and training effective-
ness for each of a representative set of training tasks, It is further
assumed that visual-system research on a given task cannot necessarily
be generalized from fixed-wing to rotary-wing aircraft. For instance,
it cannot be assumed that a visual system that provides cost-effective
training on low-level flight in a fixed-wing afrcraft will provide cost-
affective training on NOE flight in a rotary-wing aircraft,

Research to optimize the design of complex systems is often
complicated by the sheer number of design parameters that must be
fnvestigated., Rescarch to define the most cost-effective level for
visual systems is no exception. All of the design parameters listed
above are potential independent variables. In addition, all the scene
clements that may influence the content and level of abstraction of a

|
g
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)

18

e CoL I et Y - o 7 ‘ . s e
OGN A . DA WM QU0 0 .. R ST " " .
REIOUNE e T  F L T T A O et RN P Ty




PRI RTINS . TRt o 2O A LA L A AP . N
Al el el A WG T P, T T Y S A J.O. » %] ‘l.."p.i WYy ". A N ."h‘?‘uh.\.l N * NN M “ :'n':' :‘ ot

computer-generated scene are potential independent variables. The

problem is complicated even further by the assumption that the level of J’
vigsual-system fidelity that yields the most rost-effective training is 4
certain to vary as a function of the type of flying task being trained :Q
and the specific training technique used. Considering the number of ﬁﬁ
parameters involved and the levels of each parameter that must be :ﬁ
investigated, it is clear that addressing all levels of all parameters o
in a single, complete-factorial study is out of the question., It has »
been assumed that analytical studies can be used to pare down the o
independent variables to a manageable number before empirical research »q&
is commenced. This i1s not to suggest, however, that behavioral @5
scientists are sufficiently knowledgeable about human perceptual o
processes to enable them to define visual-system design requirements e
through analytical considerations alone. ]l
R

Cost Data ::3'
)gu

Visual-system designers and users cannot make judicious decisions $§

about how much fidelity to buy without knowledge about the cost of the »
hardware, software, and data base needed to produce different levels of oy
visual~system fidelity, At the present time, such cost data are o
extremely difficult to obtain, It may be possible to derive reasonably ?@
accurate estimates of the cost of individual elements of the display ﬁm
component of the visual system, However, it 1s much more difficult to b
estimate the cost of CIG systems as a function of the level of fidelity 1i
of the imagery they can produce, One reason for this difficulty is that ey
vendors of CIG systems are understandably reluctant to releuse any cost f&
data or technical information that may benefit their competitors. A }ﬁ
second reason 1s that nelther CIGC vendors nor CIG users have conducted , o
the research needed to identify the CIG elements that are the main cost R
drivers. The failure to have identified cost drivers is due, in large i'
part, to the rapidly changing technology; a CIG feature that is an W
important cost driver in one prototype may be among the least important :Qi
cost drivers In the next prototype. (See Suminski & Hulin [1980] for a {4
more detailed discussion of the problems associated with developing an _&
effective costing model for CIG systems.,) The plan for long-term :ﬁ
research on visual systems assumes that it will be possible to compile 'i
the cost data needed to develop a reasonably accurate costing model by v
the time such data are needed to evaluate the research findings. e
l,}

RESEARCH OBJECTIVES kﬁ

The objective of the research on visual-system design is to \
compile the data that visual-system designers and users must have to N
answer the following sequence of questions for each candidate training N

task,

e What level of visual-system fidelity yilelds the most effective F‘
training on a given task? &
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e For the task undar investigation, are there alternative training
methods and media, including training in the aircraft itsgelf,

that yield more effective training? . N

e Are the training benefits of the most effective training method/ ﬁﬁ

media available (simulator or alternative techniques) great Qq

enough to offset the cost? KX

Three types of data are needed to answer such questions. First, g!

data are needed with which to quantify, for each candidate training &?

task, the relationship between visual-system fidelity and training 5£z

effectiveness, Second, data are needed with which to identify alternate oy

training techniques (including training in the alrcraft) and to assess ﬁ:

thelr training effectiveness, Third, data are needed with which to 8

assess (a) the cost of training the task in the flight simulator (for .0

each level of visual-system fidelity investigated) and (b) the cost of fﬁ

i training the task using each training technique determined to be a i
) viable alternative to simulator training, o,
N

i DESCRIPTION OF RESEARCH PLAN: VISUAL-SYSTEM FIDELITY REQUIRIMENTS }?
] .g .l
: A detailed description of the research plan designed to address gﬁ
visual~system fidelity requirements is presented in the following pages, !

It is important to note at the outset that the research plan was not ﬁ}

formulated with any preconceived notions about the tasks that should be ﬁ‘

or should not be trained in the simulator. In particular, it has not -

. been assumed that an essential goal is to field a "full combat-mission q:
i simulator” that can be used to train all or even a majority of the tasks w
that aviators must master in their quest for full operational readiness. )

Conversely, the research plan has been designed to cull out tasks that ?ﬁ

should not be trained in the simulator because (a) a more cost-effective i'

training method/media is available, (b) training the task in a flight
simulator would require an unacceptably large increase in the visual- ™
system's complexity and cost, or (c) training the task in a flight (
simulator would require a visual-system capability that exceeds the
existing and projected state-of~the-art,

S

Without question, the most important and most difffcult aspect of

! visual~system design is the task of defining the least costly CIGC scene F\
! ; content that will provide effective training on a given task., The iy
. importance stems from the fact that, in the final analysis, it is the W
! scene content? that dictates the design requirements for both the CIG v
and the display elements of the visual system. The difficulty stems :
"y
33cene content, as the term is used here, includes the full set of Sf
objects and features that may becowe visible during the performance of v
the flying task(s) under investigation. Only a portion of the %1
objects/features that comprise the scene content may be visible on the r”
) display at a given time. vy
‘ .l'
' %
] ht
:I::
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from the lack of objective techniques for bridging the gap between
training task descriptions and CIG scene content specifications,

Behavioral sclentists who are knowledgeable about flight simulator
visual systems generally agree that far too little is known about human
perceptual processes to enable one to logically derive the least costly
CIG scena content that would provide effective training on even the
simplest flight maneuvers (Hennessy, Sullivan, & Cooles, 1980; Richards
& Dismukes, 1982; Semple, Hennessy, Sanders, Cross, & McCauley, 198la;
Thorpe, 1978)., Although designers of contemporary visual systems have
made what appear to be reasonable guesses sbout CIG scene content, the
fact remains that the design decisions have been hased more on intuition
than known facts and principles about human perception in flight,
Hence, it seems clear that it is not now possible to define CIC scene
content through analytical procedures alone.

A purely empirical apprvach to defining CIG scene content is no
more feasible than a purely analytical approach., Scene content and thae
level of abstraction of a CIG display can be varied in such a large
number of different ways that it would be impossible to investigate the
training effectiveness of every display format, even with the efficient
multifactor designs currently available (see Simon [1973, 1977, 1981);
and Simon & Roscoe [198l] for discussions of the use of efficlent
multifactor designs in simulator research),

Although CIG sacene content 1s a c¢ritically important dissue,
research to define the fildelity requirements for visual systems must
also address the host of visual-system design parameters that influence
image quality (resolution, contrast, distortion, etc,) and the question
of field-of-view., .Howevar, research to define the most cost-effactive
scene quality and field-~of-view cannot be designed until one has a clear
notion of what is to be displayed and the tasks that are to be trained.
Once the tasks to be trained and display content are known, it is
possible that existing psychophysical data, such as that compiled by
Kraft, Anderson, and Elworth (1980), will be sufficient to make judicial
decisions about display quality and field-of-view.

The above considerations led to the formulation of a research plan
that employs both analytical studies and empirical research. The plan
is depicted schematically by the task-flow diagram shown in Figure 3,
Many of the tasks shown in Figure 3 overlap, wholly or in part, with one
or more of the nine supportive research areas listed in Figure 2. The
ellipses in Figure 3 serve to identify the end products generated by the

composite research effort,

Compile List of Training Taskas/Conditions

1t is essentfal that this research effort commence with a compre-
hensive listing of the tasks that Army aviators must learn and the full
set of conditions in which aviators must be able to perform each task.
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TRATNING TASKS/
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REQUIREMENTS/
SOURCES
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l
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(BY TASK/CONDITION|

COMPILE INVENTORY
OF SCENE ELEMENTS

1

OEVELOP CANDIDATE
C1G SCENE-ELEMENT
DESIGNS

F

DESIGN/CONDUCT
PSYCHOMETRIC
EXPERIMENTS

J

Y

UPDATE ASSESSMENT
OF C1G TECKNOLOGY

DEVELOP CANDIDATE
CIG SCENE MODELS

[

DEVELOP EFFICIENT
INSTRUCTIONAL
METHODS

DESIGN/CONDUCT
RESEARCH ON VISUAL~
SYSTEM
CONFIGURAT IONS
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FOR VISUAL~SYSTEM
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DEVELOP [MPROYED
COST-EFFECTIVENESS
ANALYSIS MOOELS

ASSESS EFFECTIVENESS/
COST OF OTHER

OF IN-A[RCRAFT =S COST-EFFECT VE
: ST-LPF GROUND-BASED TRAINING
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Figure 3. Task-flow diagram for long-term research on CIG-based visual

systems,
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The task 1list must include the full complement of tasks for every x
rotary-wing aircraft in the Army's inventory. At the beginning of the <3¥
effort, the list of tasks/conditions will.be used in performing an @k
information requirements analysis and will serve as & reference in Eﬂ
developing candidate scene-element designs, Subsequently, the list of ﬁ?
tasks/conditions will be used to formulate a specific plan to assess the o
relative utility of candidate visual-system configurations, ;;
¥R

A tentative task list has been compiled and 1s presented in %y
Appendix A, Appendix A lists 124 different tasks and shows the aircraft $ﬁ
types (TH~55, UH-1, OH~-58, CH=~47, UH-60, AH~1, AH-64, and AHIP Scout) in ;{
which each task is performed. Appendix B shows a tentative listing for {3
one aircraft type--the AHIP Scout--of the full set of conditions under pox]
which fully trained aviators must be able to perform each task. -
Appendix B shows that a CIG system for a full-uission simulator for the i
AHIP Scout aircraft must be capable of generacing (a) day scenes with Qg
various types and levels of atmospheric attenuation (haze, fog, smoke, *ﬁ
i dust, rain, and snow), (b) night scenes that vary in illumination from 14
full-moon to starlight conditions and various types/levels of atmos- Wy
pheriec attenuvation, and (e¢) the imagery produced by varilous types of ?
sensors (day TV, low=light-level TV, and infrared) and optical magnifi- ot
cation devices. It is obvious that the CIG systema that are capable of 3;
generating only clear, daytime scenes are able to provide training on 'M
only a small fraction of the visibility conditions that Army aviators éﬁ
can be expected to encounter in combat. Uied
N

, Identify Visual Information Requirements/Sources ﬁg
.

A fundamental assumption underlying this effort 1s that there is Sﬁ

no better way to formulate hypotheses about the CIG scene wontent that s,
is most suitable for training a given flying task than to examine the ’!
visual {nformation that experienced aviators“ employ when performing 0
! that task 1in the aircraft. Accordingly, the purpose of the task Y
described here 1s to (a) identify the visual 1information that $
experienced aviators employ to perform each task under each of the :f

relevant vi{sibility conditions, and (b) identify the one or more sources
of each tvpe of information employed.

W

As 1s discussed in more detall later (see page 95), it is proposed

‘ that date on visual information requirements/sources be compiled as a W'
part of a major effort to develop a flying-task data base. It is A
envisioned that these data would be more comprehensive and detailed than %
the training requirements data base that 1s routinely produced in

o

]

ﬂh

“It is not assumed that aviator trainees employ precisely the same $a
visual information as experienced aviators. However, it is assumed WY
that, for any flyfng task, the visual information employed by trainees §"
is a subset of the vigual informatlion that experts emplov. =
(L8
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conjunction with new Army weapons systems. The following discussioen
addresses the methods and procedures for compiling the data on visual
information requirements,

There are at least three methods for collecting data on visual
information requirements/sources: subjective assessments by experienced
aviators, eye-movement recordings, and experiments in which visual
information 1s systematically varied as an independent variable.
Because each of these methods has its own advantages and shortcomings,
it has been judged that all three are required to obtain the data that
are needed,

Aviator Agsessments

The view 1s common among simulation researchers that the subjec-
tive assessments of aviators are not a reliable guide to the visual
information required to perform a specific flying task. Other
researchers, such as Fender (1982), argue that a wealth of valuable
information resides with aviators and chat the reported unreliability of
aviators' judgments reflects inadequate methods for tapping this data
source, inadequate methods for analyzing the data, or true differences
in aviators' perceptual strateglies. The authors of this research plan
share Fender's views about the potential value of experienced aviators'
subjective assessments and believe that effective procedures can be
developed to obtain valid and useful data from them,

Much of the difficulty in obtaining valid information from
aviators stems from the aviators' lack of understanding of the complex
questions they are asked, the small amount of time they are typilcally
given to reflect on the questions, and the lack of the vocabulary and
the concepts needed to express their views concisely. To counter these
problems, it is proposed that a team of at least six experienced
helicopter aviators be assigned to this project full time for a perilod
of about six months and that the aviators be given training on at least
the following toplcs before they are asked to provide information about
information requirementy and sources:

e research objectives and plans,
e anatomy and functioning of the human eye,
¢ known principles of human perception in flight,

¢ known or probable variability among aviators in the
types/sources of visual information employed, and

e methods/principles of rating/scaling.

The first thing the aviators will be required to do after thelr
initial training 1s (a) to identify, for each task/condition, the
subtasks for which performance is dependent, wholly or in part, on
extra-cockpit wvisual {Information, and (b) to define performance
standards for each of the relevant subtasks., A group decision-making
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technique, such as the Consensual Decision-Making Technique (Delbecq,
Van de Van, & Rustafson, 1975), will be used to accomplish this task,
The "subtask'' will be the unit of further analyses. The performance
standards serve as an index of the precision with which vision-based

decisions must be made,

The next task that must be performed by the team of aviators is to
identify the type, source, and relative importance of visual information
used in accomplishing each subtask for which some amount of extra-
cockpit information is necessary. In order to accomplish the objectives
of this task, it will be necessary to develop and validate better
research methods than the ones that are presently available; the new
research methods must be more systematic and must be sgpecifically
tatlored to provide the type of information needed to formulate
hypotheses about CIG scene content. The development and validation of
suitable methods will require far more time than was available for
developing this research plan, However, some thought has been given to
the sghortecomings of existing methods and to the attributes of a more

suitable methodology.

Heretofore, visual information requirements typically have been
defined in terms of the critical flight parameters that must be judged
and in terms of the classical visual cues to depth and locomotion that
provide information about the momentary value, or change in value, of
the relevant flight parameters, (For examples of visual cue requirement
analyses or research, see Coward & Rupp, 1982; Eisele, Williges, &
Roscoe, 1976; Gibson, 1966, 1979; Gullen et al,, 1980; Harker & Jones,
1980; Ozkaptan, 1975; Roscoe, 1977; Rue, Cyrus, Garnett, Nachbar, Seery,
& Starr, 1980; and Stark, 1977.) While visual cue requirements studles
are not without value, the results lack the specificity needed to make
confident and specific judgments about the least costly CIG scene
content for each of a number of flying tasks, Furthermore, conclusiona
drawn from the analysis of visual cue requirements are sometimes
erroneous or misleading. For instance, Stevens (1980) has pointed out
the error in the intuitive conclusion drawn by some researchers (Gibson,
1950; Purdy, 1960) that texture densitv 1s a crucial depth cue. Stevens
explaing that since texture density 1s a joint function of viewing
distance and the slant of the viewed surface relative to the viewer, one
cannot separate the relative contributions to the texture density
gradient of foreshortening and distance, This ambiguity has been
demonstrated empirically by Newman (1972),

Described below are gome attributes that should be considered when
developing a methodology for obtaining useful information from the group
of experienced aviators concerning the type, source, and relative
importance of visual information. Most of these attributes are aimed at
providing structure and specificity to the difficult job of intro-
specting about how complex flving tasks are performed,

Small unit of analysis. One of the reasons that {t 1is difficult
to formulate accurate statements about extra-cockpit visual requirements
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is that the requirements vary greatly from one condition to another,
| This is why it is 8o important to use a small activity, such as a
! subtask, as the unit of analysis, In this sense, it would be ideal to
; define a subtask as a segment of a flying task or maneuver during which
{ vigsual information requirements (type/source/importance) remain
constant,

v Conceptual structure, There is a need for some type of cunceptual
gtructure that will aid aviators in considering the visual information
requirements/sources for each subtask/condition. For instance, Stevens
(1982) has suggested that (a) shape, orientation, and scale be regarded
as the three types of 3-D information that are necessary for flying
relative to the terrain and (b) all dlscussion about visual informatioen
requirements/sources be cast in terms of these three types of informa-
tion, without any attempt to determine what "depth cues" are employed,
In short, Stevens is suggesting that the rather simple notion of '"depth
cue" be abandoned in favor of three types of surface information. He
believes that shape, orlentation, and scale are terms that are under=-
stood by aviators and that the full range of visual information types
and sources would be revealed by considering in a sequential manner the
features in the real-world scene that are attended to in assessing one
of the three parameters. Although Stevens' structure may not ultimately

o,

o
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: prove to be the best one available, 1t exemplifies the type of structure
D) . needed to ensure that the aviators' considerations are systematic and
’ complete,

Alds to reecall. Even when focusing on performing a spacific

R subtask in a specific visual and topographic context, it may be
) difficult for aviators to recall enough about their past experiaences to
; describe accurately the visual information requirements., Photographs,

films, or video recordings of the visual scene during the performance of
‘ the subtask in question almost certainly would prove to be valuable aids
) to recall. In some instances, it may be cost effective to require the
! members of the pillot team to perform a subtask in flight, record their
' observations about visual iInformation requirements at that time, and
subsequently disciss thelr observations in a group setting.
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Appropriate parameters/metrics, It 18 dimportant that visual
information requirements be expressed in terms of parameters and metrics
that reflect the types of judgments that aviators must make in
d performing a task. Defining visual information requirements for HNOE
flight in terms of altitudc, altitude rate, forward velocity, etc. seems
sterile and miglending after hearing an experienced pilot describe NOE
flight in terms of skid clearance, main rotor clearance, tall rotor
Y zleavance, masking, unmasking, closing velocity, etc., For example, when
. MOE flight {s described {n such terms, it is apparent that an aviator's
) visual informatlon requirement is not altitude in feet ACL; rather, he
: needs to know whether the clearance between the lowest point on his

alrcraft and the tallest feature in his projected pach is sufficient to

avold a collision., Similarly, when operating in a confined area, the

! aviator's visual information requirements cannot be defined meaningfully e
%
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in terms of aircraft flight parameters and standard metrics; his actual
requirement 1is for the visual information he can use to judge the
present and projected distance between his aircraft's main/tail rotor
and obstacles in the immediate environment,

Judgment precision, An 1important aspect of visual information
requirements is the precision requirements for judgments that must be
based solely on extra-cockpit information, Without such information it
is easy to require more accurate information from a CIG display than can
be gleaned from the actual extra-cockpit scene, A cursory examination
of the visual requirements for performing a standard autorotation may
suggesc that aviators must be capable of extremely accurate judgments of
altitude throughout the maneuver. However, a careful examination of the
prescribed method for performing a standard autorotation indicates that
the nnly critical altitude judgments that must be based on the extra-
cockpit scene alone are (a) the judgment of when altitude has decreased

' to between 75 and 100 feet (introduce cyclic control to decrease speed)
3 and (b) the judgment of when altitude has decreased to between 10 and 15
feet (apply sufficient collective to minimize rate of descent and ground
] spaed)., Hence, there is nn need for great precision in judging altitude
! from extra-cockpit cues throughout the performance of a standard

autorotation.

Objective Research on Visual Information Requirements

Aviators' subjective assessments can be used to obtain visual
information requirements data on a great many different tasks and
conditions in & relatively short period of time and at relatively low
cost.. However, pilot judgments cannot be expected to yileld data that
are sufficiently comprehensive and detailed. For instance, it 1is
unlikely that aviators will be able to Introspect accurately about
:' (a) the information they obtain through peripheral vision, (b) the
length of time their eyes must remain fixated on relevant objects or
areas in the visual scene, or (¢) conditions in which the information
that can be gleaned from the extra-cockpit scene is inadequate and must
be supplemented by information from cockpit instruments. It is for this
reason that the aviator assessments must be supplemented by objective

research,
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A substantial amount of time and study will be needed to make
R final decisions about the objective research that must be performed to
supplement and validate aviators' judgments about visual information
; requirements. The four lines of research described below rcpresent a
: current "best guess' about the type of research that may prove fruitful.
All four lines of research are designed to yleld data on performance in
the oidrcraft. This reflects the general belief that investigating
in-aircraft performance wuminimizes the chances of drawing invalid
v conclusions about visual information requirements, This 15 not to say,
however, that research on some questions about visual 1information
R requiremencs wmight better be conducted in a laboratory setting.
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Investigation of eye movements/fixations. The premise underlying
the recording of aviators' eye movements is that data on aviators' scan
patterns and fixation points can be used to draw valid inferences about
the visual information requirements that can be fulfilled with foveal
vision, A brief review of the literature on eye-movement recording of
aviators precedes a description of the eye-movement research that is
proposed.

! In a comprehensive review of eye-movement recording methods, Young
and Sheena (1975) report that attempts to record eye movements date back
to the early 1920s. The earliest attempts to record aviators' eye
movements used filming techniques to record eye fixations on cockpit
instruments during both instrument and visual £light conditions (Fitts,
Jones, & Milton, 1950; Jones, Milton, & Fitts, 1950; Milton, Jones, &
Fitts, 1949, 1950; Milton, McIntosh, & Cole, 1951, 1952; McChee, 1943:
Milton & Wolfe, 1952),

The recording of extra-cockpit eye fixations had to awalt the
development of more sophisticated equipment. The corneal reflection
technique, ploneered by Mackworth and Thomas (1963), has been used to
develop eye-movement recording devices that generate films or video
recordings that show the scene being viewed and the point of instan-
taneous eye fixation in the scene,

YR

Such devices have been used successfully to record rotary-wing
' aviators' intra~ and extra-cockpit eye fixationg during flight. Barnes
| (1970, 1972) recorded rotary-wing aviators' eye fixations during a
“q 20-minute flight that involved 1l different maneuvers: takeoff, hover
(in-ground~effect), wvertical climb, cruilse, standard rate turn, non-
vertical climb, [80° turn, steep approach, hover (out~of-ground effect),
vertical descent, and landing. All maneuvers except takeoff, hover (in-
and out-of-ground-effect), and landing were performed with instruments
only. A Westgate Model EMC-2 Eye-Movement camera was used to perform

this research,.

o

More recently, a NAC I Mark Recorder and a Photo-Sconic high speed
motion picture camera have been used successfully by US Arm¢ Aeromedical
Research Laboratory personnel to study helicopter workload (Simmons,
Kimball, & Diaz, 1976), helicopter copilot worklecad (Cote, Krueger, &
Simmons, 1982), scanning techniques of Coast Guard helicopter lookouts
(Blackwell, Simmons, & Watson, 1982), and sources of visual £lighe
information (Harker & Jones, 1980).

Although the above referenced research clearly confirms the
feasibility and utility of eye-movement recording as a technique for
defining aviators' visual information requirements, the composite of
regsearch data on eye movements of helicopter crewmen cover only a
limited number of flying tasks and conditions. In short, the eye-
movement data presently available have little value for use in defining
CIC =scene content for an adequate range of flight tasks and conditions,
The equipment and procedures developed previously represent the main
henefit to he derived from previous research.
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The collection of eye-movement data for every flying task and
condition listed i1in Appendices A and B, respectively, is neither -5!
feasible nor necessary. Rather, it is envisioned that eye-movement data 2
would be collected on a small sample of flying tasks/conditions for one N
of three purposes. The first purpose 1is to provide a means for ]
validating aviators' subjective assessments of visual information 0}3
requirements. Once members of the team of aviators have completed their '|'“

assessment of the types and sources of information required to perform $M

several tasks, eye-movement recordings made during the performance of ey
those tasks would provide information with which to evaluate the &ﬁ
validity of the aviators' subjective assessments. Gross inconsistencies o
between eye~movement data and pilot assessments would signal a need to ﬁ§
reexamine (a) the procedures used to tap aviators' opinions about visual ]l
information requirements, (b) the assumption that pilot opinion is a s
valid and reliable source of data on visual information requirements, :ﬁ
and (¢) the assumption that eye movements and fixatlons conatitute a :ﬁ
valid and reliable source of data on visual information requirements. %:
! 9&4’
The second purpose to be served by eye~movement recordings is to o
obtain information on (a) tasks/conditions that aviators have s
experienced so infrequently that thoy have no strung opinions about wx
visual information requirements/sources, and (b) tasks/conditions that $y
are inherently difficult to evaluate through introspection, Within this o
context, examples of tasks/conditions that are likely to qualify for {*
eye-movement study are operations over snow, operations in heavy smoke, ‘ﬁi
operations in weather conditions that degrade visibility (fog, snow, low 'wf
cloud ceiling), daytime NOE navigation in a variety of topography, and 4‘3
nighttime NOE flight and navigation, Existing eye-movement recording £~
systems have been developed for use during conditions of relatively high Y
illumination., Hence, in order to investigate the tasks listed above, it :é‘

will be necessary to design devices that provide the capability to
record eye movements during darkness and other conditions of reduced

visibility. o
t
The third use of eye-movement recordings 1is to provide more :'::'
quantitative data than can be obtained from the subjectlive assessments %‘
of aviators., A need may arise for such data as fixation frequency and a'
duration for different classes of featureg, time spent searching the "
extra-cockpit scene, the frequency with which aviators fixate on objects *
in different segments of the field-of-view, and link values that depict ol
aviators' search patterns., Such data can be obtained only from the !
study of eye-movement recordings. i
Investigation of the role of peripheral vision. Helicopter avia- q

tors' use of peripheral vigsion has important implications for bLoth CIG )
design and the design of the display component of the visual system. :ﬂ
The aviator assessment data and the eye-movement data, together, should 3
provide a relatively clear notion of the visual information requirements sy
that ave fulfilled with foveal vision. However, these methods cannot be \

expected to provide data that are useful in drawing inferences about the

information requirements fulfilled through peripheral vision. bﬁ
o
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Data on aviators' use of peripheral vision during flight would be
of vulue in specifying the minimum fleld-of-view for flight simulators
and, perhaps, in specifying the characteristics of the scene to be
viewed peripherally, Such data would be of particular value in
clarifying the role of peripheral vision during darkness and other
conditions of reduced visibility.

It seems probable that useful insights about the function and
importance of peripheral vision can be obtained by examining aviators'
performance on selected flying tasks when different areas of the
aviator's filald-of-view have been occluded., One method developed to
occlude an aviator's field-of-view 1s to place on the inside of the
aircraft canopy an orange film that 4s transparent when viewed by the
naked eye, but opaque when viewed through a blue visor (Yeend & Carico,

! 1978; Yeend, Watkins, Carico, & Palmer, 1978). This technique enables
the safety pilot the full field-of-viaw while occluding portions of the
subject's fileld-of-view. This technique 1s not ideal for investigating
the importance of peripheral vision because there is no way to determine
the information within the reduced field-of-view that is being processed
peripherally. The fleld-of~view would have to be very small indeed to
. eliminate all indications of optic flow. In addition, it would be
difficult to eliminate variatione in visual iuformation resulting frow
aviators' head movements,

What appears to be a better technique 1s to develop contact lenses
that are opaque in the desired areas. With this technique, the portion
of the retina that 1s occluded would remain constant regardless of the

i aviator's head and eye movements. It is technically feasible and would
not be prohibitively costly to develop se:s of contact lenses to occlude
central vision and to occlude different amounts and locations of
peripheral vision.

Investigation of the impact of image quality. In the past, there

. has been a continuing effort to improve the Image quality of simulator
' visual systems--despite the fact that there 15 no body of data with
which te quantify the relationship between image quality and training

effectivenass. The tundency has been to establish requirements for

image quality by examining the one or two training tasks that require A
the highest quality image. For example, arguments for the need for a .
very high resolution visual svstem have been based on the resolution }
) needed to train such tasks as target detection and identification. In oy
4 addition, the quest for increased image quality undoubtedly has been MY
influenced by the pgeneralized desire for displays that are more ey
realistic and more esthetically pleasing. ;“
| |..
Controlled laboratory studies will be required to collect the type ﬂk
of data needed to establish the most coust-effective image quality for iy
the wvarious flying tasks that are to be tralned in the simulator, )
However, 1t 1s possible to paln useful insights about image quality ﬁ;

requirements through studles 1in the aireraft, A methodolougy for such k
h studies has been supgpested by a Working CGroup sponsored by the Flight kﬁ
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Mechanics Panel of AGARD (AGARD, 1981, p. 66). The idea set forth by
the Working Group is that information about the minimum image quality
can be obtained by measuring the effect on flying performance of special
eye glasses that degrade the real~world visual scene in various ways,
It would be a relatively simple mattar to produce sets of eye glasses
that could be used to systematically vary effactive brightness and
color,

It 1is proposed that such a <udy be designed and conducted.
lIdeally, thae study would investigate the effect of image quality on both
the parformance of skilled aviators and the rate of skill acquisition of
aviator trainees, Moreover, the study should investigate the effect of
image quality on a representative set of flying tasks that cover the
full range of complexity and visual information usage.

Investigation of the role of atereopsis, Meagures of stereo
aculty recorded in the literature varies from two seconds of arc (Berry,
1948) to 24 seconds of arc (Graham, Riggs, Mueller, & Solomon, 1949),
Using a stereo acuity value of 24 seconds, Stevens (1982) computed that
the eye 1s sensitive to retinal disparity out to roughly 1800 faet.
Most researchers have concluded that stereopsis does not contribute
signiffcantly to low-level £light in high-speed, fixed-wing aircraft
because of the small amount of time objects remain in the stereoscopic
zone (two seconds, assuming & speed of 500 knots, an altitude of 100
feet, and a stereo acuity of 12 seconds of arc).

However, this rationale cannot be used to dismiss stereopsis as an
important cue for helicopter operations, Most of the helicopter
maneuvers that are difficult to master occur at low speeds and at low
altitudes, Nap-of-the-earth flight represents the extreme case;
Ozkaptan (1975) reports that the aviator's maximum viewing range during
NOE flight seldom exceeds 3000 feet., Sinacori estimates that the
"Immediate radius of concern" to an NOE aviator extends only to about
550 feet at the highest expected NOE speed of 100 kts (Sinacori, 1983,
p. 66)., In many instances, the objects in the visual scene that are of
primary importance to the pilot are located within 100 feet of the
aviator's eye. Hence, there are reasons to believe that proficiency for
many flying tasks mavy be dependent an stereopsis, 10 performance on
some tasks in the alrcraft is ilmportantly influenced by stereopsis, it
is conceivable that training such tasks in a simulator without a
stereoscoplec displavy may result in negligible or, conceivably, negative
transfer-of-training to the aircraft. Cost considerations would
probably prevent the development and use of stereoscopic CIG displays.

SBased upon the composite information presently available, it seems
improbable that a stereoscoplc display is essential for simulator
training of any helicopter flying task. However, the data on this
issue are by no means conclusive, and there are some who believe that
resources should be expended to develop stercoscopie displays for
helicopter simulators.
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So, the only option would be to make no attempt to train, in a flight
simulator, tasks for which performance 18 heavily dependent wupon

stereopsis,

The impact of stereopsis on flying proficiency could be assessed
effectively and inexpenasively by comparing trained aviators' performance
on selected flying tasks under binocular and monocular viewing condi-
tions, Although more costly and difficult, other studies could be
conducted to assess the impact of stereopsis on rate of skill acquisi-
tion and transfer-of-training., Such studies would require that two
groups of student aviators be trained, one under monocular and the other
under binocular viewing conditions, If 1t is found that skill is
dcquired more slowly by the group initially trained under monocular
viewing conditions, this group could be switched to binocular viewing
conditions and data compiled on the amount of additional training
required to achieve the level of proficiency exhibited by the group
trained throughout under binocular viewing conditions. The data from
such experiments would serve to identify flying tasks for which
stereopsis is important (if any) and, thereby, flying tasks that may not
be amenable to training in a flight simulator that is not equipped with

a stereoscopic display.

Rate Skill Loadings by Task/Condition

It 1s convenlent to think of each flying task as having three
skill components: a perceptual component, a cognitive component, and a
motor (aircraft handling) component. Knowledge of the relative diffi-
culty of these three components is essential for the'design of effective
CIG display formats and effective instructional strategies, In rating
wvhat 1is referred to in Figure 3 as '"skill loadings," 1t is not
sufficient to consider only the inherent difficulty of the three task
components, In addition, the ratings must take into account the skills
that the student aviators possess at the time they commence receiving
Instruction on the task in question. This means that the relative
difficulty of the three skill components for a given task will vary as a
function of the sequence in which flving tasks are taught,

For instance, consider the relative skill loadings for the task
"hovering in -pround-effect (IGE)" and the task "hovering out-of-ground-
effect (OGE)." At the time a student first receives instruction on IGE
hover, he possesses all or most of the perceptual skills needed to
detect vertical and translational daeviations from the desired hover
position. However, a substantial amount of training is required for him
to dcquire the aircraft handling skills required to null the deviations.
After the student has mastered IGE hover, he is given training on OGE
hover. At the time the student commences his training on OCE hover, he
possesses the cognitive skills and the aircraft handling skills (motar
skills) he needs to perform this task but lacks the perceptual skills he
needs to detect, from a higher altitude, vertical and translational
deviations from the desired hover position.
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With such knowledge about relative skill loading on various flying A
tasks, it is easy to conceive of CIG display formats and instructional ;!
strategles that may facilitate the learning of the difffcult perceptual o
components, For inatance, the rate of skill acquisition might be !
increased by bypassing the ailrcraft equations of motion and providing ﬂﬁ
the student with a simple positional control with which to null a simple W,
forcing function that causes the aircraft to drift from the desired a
hover poaition. Under this condition, the student could focus all his o,
attention on the perceptual component of the task, 5:
0
The failure to consider the relative difficulty of skill compo=- i
nents in the manner described above can lead to erroneous conclusions o
about how best to train students to perform a given task., For instance, &
some simulator designers have examined the skills required to perform s
NOE flight and have concluded that this task represents the ultimate in o
perceptual and ailrcraft handling difficulty. Although NOE flight does I
indeed require a high level of perceptual and aircraft handling skill, {q
aviators possess a high level of such skills at the time they begin ;%
their training on NOE flight. Experienced aviators claim that naviga- »
tion, a cognitive skill, 18 the most difficult component of NOE W,
operations., If this is true, increased instruction on NOE navigation b
and decreased instruction on NOE flying (in a simulator or in an ﬁq
aircraft) may be called for, ,:;}
o':
The ratings of skill loadings should be performed by a team
compoged of highly experienced aviators and behavioral scilentists who g
are knowledgeable about helicopter flying operations, task/skill §%
k3 requirement analysis, and training. The team of aviators selected to Y
‘ define visual {nformation requirements and sources should be highly &g
qualified to make skill component ratings once they have completed their ai
deliberations on visual information requirements and scurces., However,
to ensure reliable ratings, the team should be supplemented by another iy,
gix to 10 aviators, 3
]
0‘?
Special Comment &
The ultimate aim of thwe four tasks that follow s to formulate ?
hypotheses about CIG display formats® that may prove effective in e
training helicopter aviators. The comments presented below discuss some \S
of the problemsvassoclated with specifying suitable display formats and :p
ways to deal with these problems. ﬁ
The literature contains little information of value in specifying -
the elements that should be present in a CIG scene for helicopter 'ﬁ
aviator training or the manner in which these clements should be Jﬂ
\]
6The term 'display format," as used hore, encompasses both the type of N
features that appear in the scene and the level of abstraction of the
feature's portrayal, X
o‘f:
1'.:,
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designed. The established principles of human perception are too
general to provide a basis for the analytical derivation of specifi-
cations for scene content and element design; and, the small amount of
research in which scene content and element degign have been investi-
guted as an independent variable has dealt with fixed-wing aircraft
flying tasks, such as carrier landings (Westra, 1982; Westra, Simon,
Collyer, & Chambers, 1982) and high-~spead terrain flight (Buckland,
1980). The extent to which the findings of such studies can be
genaralized to helicopter operations is questionable, at best, The net
result 1is that the design of dlsplay formats for use in training
helicopter aviators must start, very nearly, at square one,

Researchers who have considered CIG scene content agree that there
are no generally accepted procedures for defining optimal scene content
or the optimal design of scene elements (Hennessy et al, 1980; Semple et
al., 198la; Thorpe, 1978, among others). The procedures suggested below
are heavily dependent upon intultion and innovation to develop candidate
digplay format., Although the enormous number of combinations of display
elements and element designs necessitate the use of J{ntuition and
analytical study, no firm conclusions will be drawn until the candidate
display formats have been submitted to empirical tests.

Before any meaningful effort can be expended in developing
candidate scene designs and candidate scene-element designs, it will be
necessary to formulate specific assumptions about the capabilities of

the visual svstem to be used in evaluating the scene-element designs,
Specifically, it will be necessary to formulate assumptions about (a)
the design characteristics of the CIG system, (b) the content and format
nf the CIG data base, (¢) the methods and procedures by which the data
base 1s compiled, and (d) the characteristics of the display subsystem.
Together, these four Factors dictate the capabilities and constraints
for scene-element design,

Although the display subsystem is no less important than the other
portions of the visual system, display technology 1s changing less
rapidly and has less of an impact on visual-system costs than the
technology beaving on 010 desipgn and data-base generation methods. So,
it {8 anticipated that the greatest uncertainty and risk will be
associated with deciding upon the CIG and data-base capabilities that
are to be assumed,

The most modern CIC systems in the government's inventory are by
no means obuolete, but technology now under development promises
slgnificant advances in CIG technology within the next two to five
years, It {s altogether possible that by the time the research on
scene~content and scene-element designs 1s initiated, significant
technolopfcal breakthroughs will be imminent but not yet incorporated
into an operational device., Truly major technological advances 1in CIG
ar data-base technology may justify delaying the research until a
state-of-the-art CIC can be procured, Or, 1t may be possible to develop
techniques for producing, in non-real time, imagery that could be used
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to evaluate scene-content and scene-element designs that the new
technology will be capable of generating.

The primary goal of most of the recent advances in CIG technology
has been to increase the number of edges or polygons that are available
for use in creating scene elements, Increases in edge capacity have
been achieved through improved system architecture and through improved
microelectronic components that provide for greater computational speed
and better on-line and off-line memory utilization (see, for example,
Dichter, Doris, and Conkling, 1980; Schumaker, 1980; Spooner, Breglia,
and Patz, 1980). In 1979, Cohen (1979) predicted that CIG systems
capable of producing as many as 100,000 edges in real-time would be
available by the mid 80's, Cohen's prediction of large increases in
edge capacity has not yet been realized; contemporary CIC systems are
capable of producing only about 8,000 edges in real-time. Gullen and
his colleagues (Gullen et al.,, 1980) share the view that all contenpo-
rary CIG systems employ the same general design approach and that this
design approach has intrinsic limits te growth, They believe that
refinements could increase the edge capacity by a factor of two or
three, but that altogether new approaches will be required to achieve
larger increases in CIG capacity.

Since scene-elemant design 1s so heavily dependent upon CIC and
data-base characteristics, an attempt has been made to identify techno-
logical dnnovations that may have a major influence on the design of
future CIG systems. More information about the technologlcal innova-
tions can be found in the references cited in the following paragraphs.

Curvaed Surfaces as the Modeling Unit

Until recently, the basic modeling wunit has been edges or
polygons. Work now underway suggests that the curved surface is a far
more efficient modeling unit than the edge or polygon. Gardner and his
asgociates have developed an approach that uses quadratic surfaces as
the modeling upit along with up to six planar surfaces to bound a single
quadratic surface (Cardner, DBerlin, & Celman, 1981; CGardner &
Gorshowitz, 1982; Gardner & Gelman, 19823 Yan, 1980). A similar
approach reported by Soland, Voth, and harendrca (1981) employs the
“"bicubic patch'" as the basic modeling unit. Modeling both man-made and
cultural features with curved surfaces as the basic modeling unit 1s
much simpler than using edges because very few parameters are required
to define a curved surface., Moreover, a more faithful facsimile of manv
objects can be achieved with curved surfaces than with rectilinear
surfaces, This 48 a particulaily important advantage in modeling
terrain relief from the Defense Mapplng Agency (DMA) source data,
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Texture Generation

Texture generation 1s a technique for increasing scene detail
without resorting to ever increasing cdge, polygon, or curved surface
generation capacity; that 1s, a texture pattern can be mapped on a
surface at a computational cost far lower than that expected by
conventional modeling methods. Blin (1978) and Skolmoski and Fortin
(1982) describe tachniques for generating texture in an edge-based
system, Gardner and his assoclates (see Gardner & Gershowitz, 1982)
describe techniques for generating texture in a curved-surface-based
system, These techniques provide a highly efficient way to map texture
onto the ground plane (flat or curved) and the surfaces of any fixed ot
moving object. In addition, the technique allows an efficlient means of
modeling irregular features with dynamic capability, such as trees and
grass blown by rotor wash, moving clouds, and billowing dust or smoke,

Computer-Synthesaized Imagery

A recently developed technique for high fidelity scane generation
is referred to as the Computer Animated Photographic Terrain View
(CAPTV) concept (Hooks & Devarajan, 198l), The data base for this
technique is generated by a series of overlapping photographs taken with
an aerial camera that provides for 360° of azimuth coverage and 100° of
elevation, The cawara, attached to the underside of an aircraft, has
seven lengses and associated mirrors that cast the image onto nine~inch
color f1lm, Six lenses capture the oblique views and the central lens
covers the straight down vertical view., Photographs are taken at
regular intervals along straight and/or cross tracks,

A flying spot scanner 1s used to scan the nine-inch film to
provide a pixel tesolution of about 4,000 pixels in hoth horizontal sad
vertical directions, The resulting data base is stered on video discs
along with the eye point of every scene., As the simulated aircrafet
flies through the gaming area, the appropriate photographs are retrieved
From the storage device for display, The photographs nearest ths
eyepoint of tho aperator of the simulated aireraft ave "..,stretched,
skewed, rotated, and translated in a pilece-wise continucus mathematical
transformaticn sueh that the transformed phocro would overlay a different
photo taken from the opuratcs's eyepoint" (Hnoks & Devarajan, 198l. p.
47), TIn short, the CAPTV device 1s capable of synthesi~ing a high-
fidelity image of the ground ar seen from a point-of-regsvd different
from the point from which any photograph was takea.

A similar approach te computer-synthesized imagery is described by
Stickel (1982). He describes a method for aynthesizing imagery from
four types of componments: terrain image, target image, sight reticle
pattern, and weapon delivery effect, Graf and Baldwin (1982) describe a
hybrid techrifque in which high resolution photographs arc merged with a
computer-generated Image. This technique 1s referred to as Computer-
Generated/Synthesized Imagery (CGSL)., A scene is constructed by placing
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individual high-fidelity computer synthesized objects on a specified
computer-generated surface,

Improvements to Existing CIG Systems

There are a number of efforts underway that promise to increase
the realism of CIG scene elements and to 4increase the range of
tasks/conditions that CIGs can be used to train. Among the most
important of these are:

e fmproved capability to simulate sensor imagery (Hooks &
Devarajan, 1981; Faintish & Gough, 1981; Plerce, 1982),

improved capability to simulate atmospheric phenomena (Allsopp,
1978; Gardner & Gershowitz, 1982; Johngon, 1978; Stenger,
Zimmerlin, Thomas, & Braunstein, 1981),

improved anti~aliasing techniques (Bunker, 1982; Gardner &
Berlin, 19803 Gardner & Gershowitz, 1982),

improved special effects (Booker, Collery, Csuri, & Zeltzer,
1982; Gardner & Gershowitz, 1982),

improved level-of-detail (LOD) management (AGARD, 1981;  Mayer &
Cosman, 19823 Stenger et al., 1981l), and

improved CIG data base and data-base construction techniques
(Hughett, 1980; Beck & Nicol, 1980; Cunningham & Plcasso, 1980;
Pierce, 1982).

Developments in all of the above technological areas, and perhaps
others as well, may have a major influence on the development and
evaluation of candidate scene elements.

Compile Inventory of Candidate Scene Elements’

1t was judged that the most sensible way to commence formulating
hypotheses about vhat features ought to appear on a CIG display is to
examine the recal-world features that helicopter aviators refer to when
performing the wvarious flying tasks of interest under the various
conditions of irnterest, Accordingly, the purpose of the task discussed
her~ 1s to compile an {inventorv of the natural and cultural features
that helicopter pilots are known to refer to and to select from this
inventory a set of featnres that can be c¢onsidered as candidate
"alements" for use in constructing one or more CIG display scenes.

’Unless stated otherwise, the term 'scene" refers to all computer-
generated imagery that may become visible during the performance »of a
given flving task. So, not all elements of a scene will appear on the
display at any glven time. The term "scene element" i< used here in a
very general sense; the term encompasses diacrete ohjects, terrain
rellef, texturce elements, surface-texture elrments, and shadows.
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One of the main objectives of the second research task described '
above--Identify Information Requirements/Sources~-is to identify the J!
extra~cockpit Ffeatures that aviators look at in their attempts to obtain ¥
the visual information they need to perform a given flying task.. The 0
data yielded by this task will be used to construct a 'task-by-feature" %
matrix in which (a) tasks/conditions are listed along one axis of the "
matrix, (b) features are listed along the other axis of the matrix, and '
(e) cells within the matrix are checked to indicate the features that o
aviators sometimes or always refer to when perforuing the corresponding )
task. t: .

W

The initial listing will surely contain saveral hundred different ﬁk
features-~far more than could be or should be modeled and used as CIG -
scene elements, As a consequence, it will be necessary to reduce the foy
list to more closely approximate the smallest number of features that X
are necessary and sufficlent to perform the full range of flying tasks., ﬁﬂ

L This will be done by identifying features that are serving praecisely the ‘?
i’ same function and eliminating from further consideration all but two or &'
three features within such a set. The data from the information W
requirements analyses, described earlier, will be used to pare down the s
feature list to & manageable number, h.

For purposes of illustration, consider the task of flying traffic iy
patterns, When learning to fly VFR traffic patterns at any alrfield,

helicopter aviators select a feature on the ground to use as a referent ol
: In deciding when to {initiate the turn for each leg of the traffic !!
» pattern, Almost any small natural or cultural feature that 1s visible 'ﬁ'
j ™~ and identifiable serves this purpose equally well. So, in developing a Jﬁ
. display format suitable for training on flying traffic patterus, it is %}

B unnecessary te model (for CIG display) buildings, fence rows, ponds,
isolated trees, road intersections, and the scores of other features
that aviators sometimes use as referents in deciding when to initiate

traffic-pattern turns, Models of two or three unique, highly visible ak
features should be adequate for this purpose, ﬁﬁ
|.'.'.
W

Thers are gome Instances in which the nature or difficulty of a
task f{s influenced by the tvpe of feature used as a visual refarent in
performing the task. The task of masking and unmasking is an example;
the difficulty of the task varies greatly as a function of the type of

B feature being used as a masking object, Aviators report that
’ masking/unmasking behind a gently sloping ridge or hill is far more

; difficult than masking/unmasking behind a row of tall trees or behind a
building. The difference in diff{culty is the result of the proximity

of features that provide information about the alrcraft's deviation from

S8

s

the desired hover position when unmasked, Obviously, features used as a N
visual referent for the same task cannot be eliminated 1f they influence :‘
the nature or difficulty of the task in a manner such as that described -f
above, n
u‘.
There is considerable uncertainty about how to deal with features r
that serve as navigational checkpoints., One of the factors contributing %;
Iv
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to the difficulty of navigation is that a given map symbol is used to
symbolize real-world features whose appearance varies widely. This is

true for both natural and cultural features, The use of only one or two.

different CIG models for any class of feature, such as satreams, would
result in an unrealistic simplification of the navigation task., And
yet, attempting to model a set of features that approaches the range of
different appearances found in the real world would be ,prohibitively
costly unless greatly improved modeling techniques are developed.

The compilation of an inventory of candidate scene elements should
be performed by a team composed of (a) the experienced’ aviators who
supported the information requirements analysis, and (b) behavioral
sclentists who are thoroughly familiar with helicopter operations and
with the literature on human visual perceptions.

Develop Candidate Scene-Element Designs

The purpose of this task is to davelop candidate scene~element
designs for subsequent empirical evaluation. As was stated before, the
capabilities and constraints that dictate scene-element designs will
depend on the technological advancements that are made prior to the time
this task is begun., If future CILG systems remain nearly as edge limited
as contemporary CIG systems, the goal must be to produce scene-element
designs that can be modeled with as few edges as is possible and still
provide adequate wvisual information for effective training. Apparent
realism will be a secondary consideration. On the other hand, 1if
technological innovations result in orders of magnitude increases in
real-time image generation capacity and modeling efficiency, scene-
element realism can be made a more important criterion for evaluating
scene-element design.® However, it is unlikely that CIG capacity will
ever increase to the point that there will ba no requirement for
attempting to conserve basic modeling units--edges, polygons, quadratic
surfaces, or bilcubic patches-~in developing scene-element designs.

Since the literature contains insufficient data to enable one to
predict the relationship between level of reallsm and aviator judgment
accuracy, it will be necessary to develop and assess scene-element
designs that vary in thefir level of realism. One approach to designing
scene elements that vary in realism 1is to give several designers—-
working individually or as a team--different allotments of modeling
units (edges, curved surfaces, etec,) and instruct them to design a
specific element, say a tree, with the greatest realism possible without
exceeding the allotment of modeling units. Although this 1is considered
a workable approach, it must be acknowledged that the approach does not

8Training effectiveness is the ultimate criterion for evaluating design,
Edge requirements and apparent realism are criteria proposed to select
prototype models that subsequently will be evaluated in terms of
training effectiveness,
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ensure that realism will vary as a direct function of the modeling-unit
allotment, Indead, 1t 1s to be expected that the innovative use of
modeling units could more than offset the differences in the allotment
of modeling units. It is also to be expected that, beyond a given
point, increased realism of an object simply cannot be achieved by using
a greater number of modeling units,

In addition to differences in the allotment of basic modeling
units, the model designers should be given different combinations of
other capabilities, such as:

o texturing functions--functions that enable the modeler to assign
texture to surfaces and to vary the statistical properties of
the texture,

e surface reflection functions~-functions that enable the modeler
to assign diffuse and specular reflectance properties to =a
surface,

e color functions-~functioe: ~ that enable the modeler to assign
color to surfaces/objects or portions of surfaces/objects, and

e translucency functions--functions that enable the modeler to
vary the translucency of 3-D object boundaries, 2-D object/area
boundaries, and boundaries at which level~of-detail changes.

The capabilities and constraints imposed on the model builder
should be formulated through the study of the capabilities and
constraints of operational and prototype CIG systems, Considaeration
should be given tce CIG systems in the conceptual design stage only {if
methods ave available to generate dynamic images of the element designs
that the new CIG will be capable of producing. In short, there is no
reason to develop element designs that cannot be evaluated under dynamic
conditions,

There is no one discipline that uniquely qualifies an individual
to develop scene desaigns, Psychologists knowledgeable about human
visual perception and computer scientists knowledgeahle about CIC
functioning certainly should be represented on the design team., In
addition, It nseens likely that artists and anlmators could bring
valuable knowledge and skills to a desdgn team that most psychologlsts
and computer scientists do not possess,

"

The following subsection discusses [actors that nust be consildered
in wmodeling CIC features thnt must be refevenced to a map, such as
features that are used as checkpoints for NOE navigation. The remaining
subsections discuss varlous issues agsoclated with modeling terrain
relfef, surface texture, two-~ and three-dimensional objects, and special
effects,
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Modeling Generic and Map-Referenced Features

There are some flying tasks that cannot be performed without
referring to a map.9 Nap~of~the~earth navigatlon, directing artillery
fire, and aerial reconnaissance are examples of tasks for which map
referencing 1s essential, Topographic maps also are essential to the
planning and coordination of virtually all combat operations. If a CIG
system is to be used to train tasks that require aviators to associlate
map features with their real-world counterpart, the features in the CIG
gaming area must be modeled in a manner that engbles such associlations
to take place. Specifically, the features in the CIG gaming area must
e modeled such that the relationship between CIGC features and the map
is the same as the relationship between real-world features and the map.

The map of an area is not designed to be a falthful facsimile of
the real-world features that appear in that area, Limitations and
constraints imposed by map scale makes 1t impossible to produce a
faithful facsimile at a 1:50,000 scale. Just as the map 1is not a
faithful facsimile of the real world, the CIG gaming area cannot be made
to be a falthful facsimile of the map, To do so would simplify
map-referencing tasks to such an extent that practice with the CIG
system would be of no value. 1Indeed, reinforcing the fallacious
expectations of a one~to-one correspondence hetween map features and
rerl~-world features would almost surely lead to negative transfer-of-
training.

As a consequence, when modeling what is referrad to here as
"map-referenced" features, a modeler must be thoroughly knowledgeable
abnut the rules and conventlons that cartographers follow in compiling
1:50,000~-scale topographic maps. For example, modelers must know that:

e only a fraction of the topographic features in the real world
are selected for portrayal on the map,

g

o the rules and conventions used in selecting features for map
portrayal vary from one geographical area to another,

o the features that are selected for portraval are represented on
the map with point or linear symbols that may be generalized in
shape, exaggerated 1in scale, or displaced 1in postition iIn
accordance with formal rules and informal conventions that
govern map compilation,

9Helicopter training operations within the U.S. are almost always
performed with a 1:50,000-scale topographic map produced by Defense
Mapping Agency (DMA) cartugraphers. Combat and training operations
outside the U.S. may be performed with topographic maps compiled by !
foreign cartographers. The design similarity of forelgn maps to maps

compiled by DMA personnel varies greatly from one country to another,

The differences of primary concern are differences in the selection and
classificatinn of features for map portraval,
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e a cluster of, say, three standard buflding symbols (solid black
square) may be used to depict a cluster of, say, seven
real-world structures that are spaced so closely that they
cannot be portrayed individually without overlapping the

) symbols,

e small bends in roads and stream beds cannot be portrayed because
of limitations imposed by scale, and

e the sgame s8olid blue line is used to portray all perennial
gtreams with a bank-to-bank width less than 25 metars,

The above represent just a fraction of the systematic differences
between mapped features and thelr real-world counterpart, In order to
model a C1GC gaming area that will prave effective in training map-
referencing tasks, the modeler must pr-lice the same systematic
differences between the map and CIC features,

Terrain Relief Modeling

Many of the tasks listed in Appendix A can be trained effectively
with no elevated landforms whatsoever, For example, a flat textured
ground plane should be adequate for training such basic tasks as takeoff
to a hover, hovering turns, climbs and descents, traffic pattern flight,
approaches, landings, and perhaps others as well., For tasks such as
these, the only utility of terrain relief would be to '"decorate" the
gcene or to eliminate an unrealistically clear horizon line.

.
e L
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Other tasks require terrain relief but can be trained effectively
with "generic" terrain relief; that is, displayed terrain relief does
not have to be associated with terrain relief portrayed on a map.
! Examples of tasks that clearly could be trained with generic terrain
'h relief are pinnacle operations, ridgeline operations, slope operations,
: and NOF decelerations, Most CIG system vendors have assumed that

effective training on contour and NOE flight can be accomplished with

generic terrain rellef. This assumption is probably valid for aviators

of high-speed fised-wing afreraft but 1is questionable for helicopter
* aviators. As was stated carlier, helicopter aviators have acquirad a
high level of perceptual and alrcraft-handling skills prior to the time
! they commence training on contour flight and NOE flight. The extent to
i which aviators' perceptual and alrcraft-handling skills would be further
» enhanced by practicing contour and NOE flight with generic terrain
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relief 1s not known. Anecdotal evidence from discussions with
: expericenced aviators indicates that the most critical deficiency at this
X stage of training is in the cognitive skills required to navigate
! acrurately during contour and NOE flight.

There are a substantial number of tasks that clearly cannot be
trained using generic tervain relief. Training on NOE navigation is a
critically important skill that requires the modeling of map-referenced
terrain relilef, Other tasks requiring map-referenced terrain relief
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include target handoff, the direction of artillery fire, aerial

reconnaissance, and combat engagements by a multiple aircraft team. The L
decision to train such tasks using a CIG system imposec severe require- ﬁ
ments for modeling terrain relief. First it will be necessary to use 03
the DMA Digital Landmass System (DLS) data base or anothar data base to h
model ta2rrain relief. The DMA data base i1s the only source of data on O
terrvain relief for which topographic maps are available. ;

Second, the terrain ralief must be modaled such that relatfvely W

small attributes of landforms can Le perceived in the CIG image. To &

o

maintain accurate geographic orientation at low altitudes, the hali-
copter crewmen must be able to associate small terrain features to their
counterpart on the map., Small draws, small spurs, small saddles, the
gsteepnegs and shape of slopes, and smzll stream beds are examples of
features that aviators must be capable of assoclating wirh the map in

oy
a
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order to navigate accurataely at NOE altitudes., Clearly, it {s not N
; enough to display large landforms, such as wide valleys and large "
V ridgelines, in the CIG scene. .
E Finally, i1t will be necessary to model several different types of Q
A terrain relief, Traiiilag in one type of terrain does not fully prepare d
; an aviator to pevrform map-referenced tausks in a different ctype of ?
' terrain., For instance, navigation training in an area with low rolling 4 /
! hills doas not fully prepara an aviator to navigate? in mountainous 0 /
! terrain, s
{ gl
: _.%/
X Texture Modeling "
» f 4
In the past, ctexturing of surfaces in a CIG scene has been ?!
accomplished by modeling two-dimensional objecte (a wuniform grid, X
irregularly shaped polygons, etc.,) and mapping them onto the surface of
5 the ground plane or the surface of three-dimensional objects appearing ”
!i in the scene. Texturing of the ground plane also has been accomplished ),
" by modeling three-dimensional objects, such as trees or structures, and N
F mapping them onto the surface of the ground plane. These techniques are v
E costlv in terms of both modeling time and CIGC computational capacity, I
. For example, Sinacori has calculated that about 17 million discrete
. texture elements (Sinacori used trees as texture elements in his .
t computations) would be contained within a c¢ircle one mile in radius if }
3 the texture elements were separated by an average of 15 feet, q
W
!
ﬁ The next generation of CIG systems almost certainly will provide 3
" modelers with far more efficient techniques for mapping texture onto the
v surface of the ground plane and the surfaces of both stationary or &
. moving objects, The most advanced texturing techniques developed to t
p] date employ mathematical functions to modulate the shading intensicy of )
R a surface, For detailed discussions of these techniques, see Gardner i
f and Gershowitz (1982) and Skolmoski and Fortin (1982). Such techniques ?
C will enable CIG scene modelers to generate a wide varlety of textures
} varying from the regular texture pattern of a brick wall to the highly byt
irrepular texture pattern formed by the leaves of a tree, $
"
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It seems probable that mapping texture onto CIG surfaces will
serve to increase the veridicality of judgments of surface slant/
curvature, distance, and relative velocity, However, the current
perception literature lacks the information that i1s needed to specify
the characteristics of an effective texturing function or to estimate
the benefits that would result from texturing surfaces that appear in a

T T R A "
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dynamic CIGC scene. Based upon a comprehengive review of the perception i

N literature, Stenger and his associates summarize the germane literature ey
3 as follows: %
i 0.(
e Research on static texture has generally found that while ﬁ
regular textures are effective in conveying surface slant j

to observers, irregular textures are definitely less -
K affective and sometimes completely ineffective (Degelman & L“
! Rosinski, 1976; Gibson, 1950 Gibson & Gibson, 1957; Levine W
X & Rosinski, 1976; Newman, 1972; Newman, Whinham, & MacRae, ﬁz
K 1973; Rosinski & levine, 1976). Although vresearch with o8
s random textures in dynamic scenes has shown good correspon~ k
dence (usually with some underestimation) between displayed P

. and judged slants (Gibson, Gibson, Smith, & Floeck, 1959), .?
f this accuracy appears to be based on the veiocity gradient b
B information carried by the texture rather than on the b
v texture gradlent per se (Braunstein, 1968)., Farber and b
, McConkie (1979) suggest that the velocity gradient may M:
reveal degree of slant range while the texture gradient ‘ ib

' reveals direction, but this hypothesis remains to be v
J tested, This issue is part of an unanswered guestion that uﬁ‘
- is important to the design of CIG displays: Is texture oy
; effective primarily (or exclusively) as a carrier of ':
. velocity information, or does the texture gradient itself , i

' provide information that reduces the ambiguity of surface :
definition? (Stenger et al., 198L, p. 75) o

. U v
! An extensive psychophysical research program 1{s needed to %
3: determine how best to use two-~dimensjonal texturing on CIC surfaces, q
- Also, research is needed to determine the effects of three~dimensional Wy

texture-~-singly and 1in combhination with two-dimensional texture--on
& judgments of surface slant/curvature, distance, and relative velocity,

Y A detalled discussion of the requirements for resenurch on surface %:

N texturing is presented in the following section. fﬁ

' 4

t

Object Modeling b

$ The term "object" 18 used here to refer to auy two-diwensional or 5}

¢ three=-dimensional form other than terrein relief, surface~texture 4

: elements, and shadows.!® The modeling of candidate objects wmust E'
R

' »
10As was stated fn footnote 7, the term '"scene elements" encompasses

K "objects" as well as terrain relief, surface~texture elements, and "

. shadows. o
)
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commence with a study of the function served by each item listed on the
object inventory compiled during the information requirements analysis,
The function served by an object may be any one. or more of the
following:

e scene decoration--an object that contributes to scene realism
but has no direct impact on perceptual judgments made as a
result of viewing the scene,

e position referent--a stationary object that an aviator uses as a
referent in positioning his aircraft in the x, y, and z axes
(airfield, confined area, traffic pattern referents),

e perceptual calibration referent--an object of known size that
aviators use to establish the scale of a CIG scene,

o perceptual learning refarent--an object that must be present in
the sceae in order for requisite perceptual learning to take
placa,

e generic target for weapons tralning--a statlonary or wmoving
object, not referenced on a map, that serves as a targat for
waapons training,

e map-referenced target for weapons training--a stationary object
that serves as a target for weapons training and that must be
referaenced to a standard topographic map,

e generic target for target detection/identification training--~4
non-map~referenced object, stationary or moving, that 1s used in
training aviators to detect and/or identify targets,

e map-referenced target for target detection/identification
training-~a map-refenced, stationary object that is used to
train aviators to detect and/or identify tirgats, and

e navigation checkpoint--an object, which may or may not be
portrayed on the map, that serves as a potential navigation
checkpoint,

The func:lons served by an object have a major impact on the
manner in whicl, the object must be modeled., For example, consider the
modeling of a man-made structure. A structure that serves only as scene
decoration or as a position referent can be nearly any size and shape.
If it serves 18 a position referent, 1t need only he unique enough to
enable aviatovs to distinguish it from other structures in the CIG data
base, If the structure serves as a perceptual calibration referent, the
aviator must be able to associate it with a real-world structure whose
size 1s knouwn; or, the aviator must be instructed on the exact
dimensions ¢f the structure. A structure that serves as a perceptual
learning referent must be modeled such that the perceptual learning
resulting from practicing with the CIG structure will generalize to
gimilar real-world structures. Establishing what features a CIG object
must have to ensure paerceptual learning, of course, is one of the most
critical ard Lllusive tasks in this program of research.

" o
A DAl W ; \..‘ ,...“.,\

o I oA ‘-f” o
W

YT N T
; LN D)
-FA.I-"‘.-I. ) Y Wi Ll 1)




Nearly any type of structure can serve as a generic target for
weapons training. However, if the structure is one that must be related
to its map portrayal, the shape and size of the object will be dictated,
to some degree, by the symbol used to depict the object on the map. For
instance, if the structure is portrayed with a standard building symbol,
it must be a permanent dwelling or a commercial building whose largest
dimension does not exceed about 25 meters, If the structure is por-
trayed to scale on the map, the corresponding structure modeled for CIG
display must have the same dimensions and outline-shape as the symbol.
A structure that serves as a navigation checkpoint must be modeled in
the same mannar as a structure that serves as a map~referenced target,

Probably the most stringent modeling requirements are those of
objects that serve as a target for target detection and/or identifi-
cation training. For target detection training, the modeler must design
the object and the background against which it is viewed in a manner

‘ that presents the aviator with a realistically difficult discrimination

; tagsk, This will require careful modeling of the brightness contrast,
color contrast, reflectance, and image complexity of both the object and
its background. An object that serves as a target for target identifi~
cation training must be modeled in sufficient detail to (a) anable the
aviator to differentiate the object from other CIG objects of the same
rlass, and (b) ensure that the target identification training will
generalize to real-world situations,

The required sgpecifications for an object model include: the
equations that determine the geometric shape of the surfaces, parameters
that determine the reflective properties of each surface (total reflec-
tance and fraction of diffuse and specular reflectance), parameters that
dictate the color (hue and saturation) of each surface, and modulation
functions that determine the texturing of each of the object's surfaces.

. Such specifications must be developed for both direct view and one
¢ or more sensor views of the object., Low-light-level TV is so similar to
the direct view that additional parameters need not be added to the data
base; the elimination of color and the reduction of resolution should be
the only requirements for modifying the basic direct-view model of an
object. However, the Forward-Looking Infrared (FLIR) image of an objact
can be and usually is markedly different from the direct-view image of
the same object, Gardner and Gershowitz discuss one approach to
generating FLIR images of objects "(Gardner & GCershowitz, 1982, pp.
193-197), They identify the global Infrared (IR) parameters that must
be specified for each object and presents equations for computing
intensity for (a) IR day images of passively emitting objects, (b) IR
day 1images of actively emitting surfaces, (c) IR night {mages of
passively emitting objects, and (d) IR night images of actively emitting
surfaces,

An altogether different approach to producing FLIR {magery has
been developed by Hooks and Devarajan (1981). This approach employs
monochrome infrared aevial photographs stored in a larye random-access
video data base. The data in the video data base are procossed by a
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computer to generate the imagery from any point of regard., 1If this
approach 1is employed, there would be no need to model FLIR imagery from
a numerical data base such as the DMA Digital Data Rase,

Special Effects Madeling

Consideration must be given to the modeling of at least four
classes of special effects: shadows, atmospheric phenomena, weapons
] effects, and lights. The following paragraphs comment briefly on the
relevance of each of these classes of gpecilal effects for a CIG designed
solely for training helicopter aviators,

For centuries, artists have recognized the role of shadows in
producing the illusion of depth on a two-dimensional surface., Yet, not
a single study has been located in the literature that has been designed
to assess the impact of shadows on the veridicality of perception of a
) 5 computer-generated image. Even the classical perceptual literature on
the role of shadows is extremely limited, The few studies in which
| shadows were investigated as an independent variable used eimple
; photographs or drawings as stimull (Cross & Cross, 1969; Hess, 1961;

Yonas, Goldsmith, & Hallstrom, 1978). Although these studies confirmed
| that shadows have a major impact on perception, they provide insuffi-
! clent information to draw any inferences about the importance of shadows

in & dynamic CIG scene.,

. In the real world, shadows may provide or obscure significant
| cues, The detection and identification of objects may become far more
difficult when they appear in the shadow of another object--especlally
at low sun angles and during periods of darkness when moonlight isn't
intense enough to create shadows. On the other hand, shadows may aid
the detection of moving targets and may facilitate the perception of the
shape of complex landforms, There 18 anecdotal evidence that shadows in
Y a CIC scene are sometimes required to avold perceiving three-dimensional

objects as "floating'" above the ground plane on which they are located.

The muthod used to generate shadows is certain te have a major

impact on CIG costs, Storing of objects as shadows would nearly double X
the size of the CIC system data base, since everv three-dimensional %
object casts @ shadow. Conversely, gencrating shadows on-line would ‘¢
nearly double the computational load of the CIG system. If these two ]
techniques were the only ones available, it 18 doubtful that the k&
benefits realized from shadow generation would offset the cost. 8o, Al
there 18 a critical need to develep more efficlent techniques for b
modeling and genetating shadows, Gardner and Gershowitz discuss the N
problem of shadow generation and describes several techniques for ﬁ

repregsenting the essence of shadows with the least pousible ovarhead in :
data storage and computational load (Cardner & Gershowitz, 1982, pp. i
54-76); Gardner and Gershowltz consider at least two of these techniques A

to be cost effective, The development of highly cost-effective shadow- )
! peneration techniques could he a difficult and time-consuming job, so “3
°
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the military should continue to support efforts to develop efficient

R P N YT

u methods for generating shadows in CIC scenes.
§ .
5 The second class of special effects--atmospheric phenomena--is
b important for two reasons. First, atmospheric phenomena must be modeled
b in order to create aerial parspective-~an often cited cue to distance Q
whose role in perception has yet¢ to be determined, Secondly, atmos~ i
D pheriec phencmena must be generated in order to use CIG systems to frain M
3§ aviators to fly during periods of degraded visibility., Atmospheric it
K phenomena that must be generated to cover the full range of visibility $
a conditions in which helicopter aviators must be able to operate include: ?
" o haze, o
‘ e fog (solid and broken), i
S o clouds (cloud layers and 3~D clouds), h
N o dust, N
' $ ¢ smoke, ﬁ
B o vain, and h
Mg e snow, §
I' m
X The models used to generate atmospheric phenomena can vary N
s considerably in thelr complexity and, therefore, thelr cost in o
" computational time (see Allsopp, 1978; Gardner & Gershowitz, 1982 )
" Stenger et al., 198l). However, no empirical data are available on the i
by relationship betwaen training effectiveness and the complexity k
é (fidelity) of these models. Thus, there is a nead to develop models .-
" that vary systematically in their fidelity and to asgess the W
| relationship between model fidelity and training effectiveness. s
b ' . 0
; Weapons effects are a third type of speclal effects that must @
! receive attention, The most dimportant function served by weapons Oy

effects 1s to provide feedback to crew members about the accuracy and

the result nf theilr weapons firings. Feedback on the destructive force .
of the weapon and the proximity of the hit may be provided in the form :
of target-structure alteration, charring, fire, smoke, or numerical 2
scores, Special effects alro can be used to deplet weapon trajectory. )
Highly realistic weapons effects, such as altering the structure of a 0
target, may contribute to greater user acceptance, but 1t iy unlikelw
that they willl result in move ctfective training than less realistic
effecta., tHence, 1t is expected that the degree of realism that praves
most suitable will depend primarily on the modeling and computational )
costs assoclated with the weapons effects generation. )

-

The final class of potentifally relevant special effects is lights, ;
Designers of CIG systems have considered the modeling of both natural 5
light sources (sun, moon, and stars) and cultural light sources M)
{(omnidirectional, unidirectional, rotating, and flashing). The modeling N
of cultural light sources has received considerable attention in the ﬁ
development of CIC systems for use in training commercial airline )
aviators, The resulting CIGC scenes have proved to be highly effective -
for training on night landings. Cultural lights are less important for b2
training helicopter aviators because, 1in combat conditions, cultural y

J
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lights cannot be expected to be available 1in takeoff and landing areas
and cannot be expected to serve as rteliable checkpoints for night

navigation,

The visual information requirements sanalysis of night operations
should provide at least praliminary information about the need for the
generation of light sources, Once decisions have been made about the
tvpes of light sources that need to be generated, additional rasearch
will be required to determine the characteristiecs and geographical
placement of each type light source to be generated,

In addition to the generation of continuous 1light sources,
attentlon must be given to the need for generating momentary light
gources required to simulate muzzle flashes of ernemy weapons during both
daytime and nighttime combat operations,

Design and Conduct Psychophysical Experiments

The purpose of this task 1s to evaluate emplrically the relative
effectiveness of the candidate scere-slement designs developed during
the course of the preceding task. It 1s expected that the findings of
the psychophysical research will provide inaights about how to further
improve the design of some scene elem¢nts, In fact, it may be necessary
to itarate through the design and evaluation research process several
times before near optimal designs are produced.

General Research Approach

In the final analysis, training effectiveness is the only true
measure of the effectiveness of the scene content of a CIG display.
However, at the outset of this research, there is such & large number of
design options that it would be an enormously expensive undervtaking to
evaluate every option through transfer-of-training experiments. An
alternate approach 1s to conduct psychophysical studies to assess the
relative effectiveness of alternate scene-element designs and, subse-
quently, to conduct transfer-of-trainiay studies to determine whether
the scene-element designs that proved best in the psychophysical studies
result in effective training transfer. This approach assumes only that
psychophysical procedures can be used to assess the relative effective~
ness of scene-element designs for training; no conclusions about
absolute training effectiveness are made until the transfer-of-training

experiments have been completed,

Recommended Research Procerdures

The types of judgments that helicopter aviators must make varies
so greatly from one task to another that there 1s no single psycho-
physical vresearch procedure that 1s suftable for assessing judgment
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accuracy for the full range of flying tasks. A study of the tasks
ligted in Appendix A led to the conclusion that helicopter flying tasks
can be classified into three categories with respect to the types of
Judgments that are most critical to the successful performance of the
tasks, A different research procedure is required for each of the three
categories of tasks.

All of the research described below assumes the availability of a
CIG system that is capable of generating the full range of scene-element
designs. I1f some scene-element designs exceed the capability of the CIG
system used to conduct the research, it may be possible to develop
alternate ways to produce the stimulus material needed to evaluate the
designs, One potentially feasible technique is to generate the required
imagery in non-real-time and use the imagery to produce a motion picture
or video tape that would simulate real-time conditions., Animation Lis
another potentially feasible approach, Even gtill photographs have been
used successfully to investigate scene content requirements (deGroot,
L 1981 DeMaio & Brooks, 1982; Eisele et al., 1976; Roscoe, 1977).

Judgment of flight paramaeters, One category of tasks requires
aviators to use information gleaned from a dynamic, extra-cockpit scene
to make judgments about one or more of the following:

e alrcraft position (vertical, lateral, and longitudinal) relative
to one or more extra-cockpit referents,

) # rate of change of ailrcraft position,

o alrcraft attitude (roll, pitch, and yaw) relative to one or more
extra~cockpit referents, and

o rate of change of alrcraft attitude.

A suitable research procedure for this category of tasks must provide
valid and sensitive measures of the accuracy of position and attitude
judgments as scene-element design is varied systematically. To ensure
maximum validity, subjects must be required to make their judgments with
a dvnamic rather than a static display, To e¢nsure maximum sensitivity,
the subjects' judgments should not be confeunded with non-visual skills,

» such as aircraft handling skills and cognitive skills, The procedure

\ that 1s recommended is similar to the classical psychophysical method

{ sometimes referred to as Method of Adjustment (Edwards, 1950) and
sometimes referred to as Method of Average Error (Guilford, 1954). The "
procedure requires that the subject be given direct and independent
control of each of the three position parameters and each of the three
attitude parameters. The subject would use the controls to (a) adjust
parameters to a prescribed value, (b) maintain pavameters at a fixed o

: value 1n the face of a realistic foreing function, (c) adjust rate of N
1 change of parameters to a prescribed value, or (d) maintain parameters' k.
rate of change in the face of a reallstic forcing function, Eﬁ
"h
."-l.
c."f
) ]
';:.
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O‘Q_.
Each task classified into the first category must be analyzed to %f
determine the critical parameters that must be judged, the "standard" g!
) (command value) for each parametcr, and the size of the error tolerance b
{ for each type of judgment. For example, an analysis of the task ﬁ% i
"Takeoff to a Hover" shows that an aviator must be capable of the ;bw'
following perceptual judgments: (a) judge when altitude is at a value ﬁ
of four feet (skid height), (b) detect deviations of one foot or more '@
- from an altitude of four feet, (c) detect deviations of five degrees or oy
. more from a prescribed heading, and (d) detect forward or lateral }{
f deviations from a fixed position that exceed two feet, This suggests _n:'}
; the need for psychophysical studies to assess the effact of scene- :n;
element design on a subject's ability to adjust altitude to a value of o)
four feet, null a forcing function as necessary to maintain an altitude i,
i of four feet, null a forcing function as needed to maintain heading at a oo
. prescribed value, and null forcing functions as necessary to maintain a %q
' fixed lateral and longitudinal position, aL
" 'eg*
.; Once all the tasks in the first category have been analyzed in :::‘1
. this manner, it will be possible to develop, for each parameter, a table -
! that lists the values of standards (positions and/or rates) to be gy
| judged, the errvor tolerance for each standard, and the type of judgment Al
X required for each standard (adjust parameter to standard or detect a::‘,
deviation from & standard). Together, such tables would specify the ::n*
full range of judgments that may be influenced by the scene content of a u,‘::
C1G display. 1In designing the psychophysical experiments, it will be fﬁ
§ necessary to select a small, representative aample of flight parameter by
judgments to usa in assessing the relative effectiveness of alternate ::}
' é scene-element designs. o,
1
éxtra=cockpit feature detection/identification, The  critical ':',A
element of a second category of tasks i1is the detection and/or N
{dentificaclon of extra-cockpit features, Some tasks in this category
require only that the aviator recognize a clearly visible object as %;0
: bring e of a given class or one that has been seen before and adupted N
i as a position referent. These tagks are rvuferred to as short-range ﬂ&
. object recognition tasks., Research is required to evaluate alternate 2
desipns for objects that are to be used to provide training on .
short-range object recognition, The procedure recomnended for this .
y research 1is a simple one!: measure object recognition accuracy and 8
. response latency as a function of point-of-regard viewing range and b;
y object background. '

Other important tasks included in the gecond categorv are lang-
\ range target detection and identification. It seems highly likely that

{ nothing short of high-fidelity CIC scenr elements would result in \
4 effective training on target detection and identification. Although it :a
would be possible to develop realistically difficult target detection N
_ and idencification tasks using abstract targets and backgrounds, it C{‘
! scems unlikely that training with abgstract scene elements would transfer {"
positively to a real-world setting, In f{act, training with abstran«t
scene wvlements may very well result in perceptual sets that are i)
2
"
|
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counterproductive. However, these views are based on suppositions and
empirical research is required to resolve the issue.

It seems probable that much could be learned about the
relationship between scene-element design and both short-range object
recognition and long~range target detection and identification from
studies using stimull produced from photographs and artists' drawings of
selected scene elements, It 18 recommended that the feasibility of such
research be evaluated and, if feasible, pursued until a suitable CIC

systen becomes available,

Map/real-world feature association. The critical aspect of the
third category of tasks 1s that of assoclating extra-cockpit features
with their counterpart on a topographic map, The criterion for
evaluating the design of all scene elements other than terrain relief is
the ease and accuracy with which a trained aviator can identify the map
symbol that would be used to portray the object on a standard 1:50,000-
- scale topographic map. Accordingly, the evaluation of alternate scene-
element designs for the third category of tasks can be accomplished by
merely displaying each candidate scene-element design and requesting
trained aviators to examine the feature and indicate on a map legend the
symbol that most likely would be used to depict that feature on a map.

* The technique used to display terrain relief must be evaluated by
determining the ease and accuracy with which trained aviators can
assoclate landforms appearing on the CIG display with their counterpart
on the map. To accomplish such an evaluation, it is necessary to have
an accurate CIG data base for a geographic area that has been mapped at
a scale of 1:50,000, One procedure for evaluating altevnate techniques
for displaying terrain relief is to require experienced aviators to
examine terrain relief appearing on a CIG display and select from four
or five alternatives the location on the map from which the displayed
terrain is visible, A second technique is to assess the accuracy with
which trained aviators can maintain geographic orieuntation using only
the CIG displayed terrain relief and a map. With this procedure, the
gimulated aircraft would be flown along a pre-selected route and the
subject would be required to draw the flight path on the nmap.

Develop Candidate CIG Scene Models

The purpose of this task 1s to apply the insights and data
accumulated to this point in the program in developing a set of CIG
rcene models for subsequent empirical evaluation. The specification for
each scene model must define at least the following:

e the size of the area covered by the model,

e the elevation of terrain relic¢f at each point throughout the
model,

¢ the types and locations of the topographic features that appear
on the terrain surface,
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¢ the number of levels-of-detall and the slant range at which each
level-of-detail appears/disappears,

» the types of texturing that appear on each ground plane area,
and

e the exact design parameters for each three-dimensional
topographic feature (including the texturing of object
surfaces).

XN

Scene models that have been developed for training fixed-wing
alrcraft aviators have had several 'levels-of-detail," That is, the
scene content varies as a function of viewing range. As viewing range
to an area increases, the elements that comprise the scene tend to
become larger, less detailed, and less dense, Conservation of computer
computational capacity is one reason for designing CIG imagery with
different levels-of-detail, Another reason is that a high level-of=-
detail simply cannot be perceived from large distances. More than one
Vel level-of-detail will be required for CIG imagery developed for

Cn w2

“,
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. helicopter operationa. However, because most helicopter flight occurs o
o at low altitudes, fewer levels-of-detail will be required than for f
B fixed-wing operations. Once the raquired number of levels-of~detail has ~?
" been determined, it will be necessary to develop scene models for each o
" level~of-detail, ﬂ

s

ko

=~ i

The end product of this task 1s a set of scene models that vary
W along a dimenston of training capability. The 4initial step 1in
K accomplishing this task 1s to define what is judged to be the least
"y costly scene model that would have a significant training benefit. The
4 next step is to define a second scene model that has a training
3 capability that 1s judgad to be significantly greater than the base
model. This procedure will be repeated--with each new scene model
' having an incrementally greater training capacity than the preceding
scene model--until a scene model is developed that has the greatest
training capability that the CIG technology will allow. It 1s expected
that between six and 12 scene models will be required to cover the full
continuum of training capability,

Y

P ™

At this point in the project, little will be known about training
effectiveness as such., So, judgments about the training capability of a
given scene model will have to be based more on predictions about number
of different tasks that can be trained with the scene wmodel thantpredic-
tions about the effectiveness with which a given task can be trained.
Without question, considerable subjectivity will enter into the judg-
ments. lowever, the previous tasks should yield a considerable amount
of information and performance data that will bring some degree of
objectivity to the judgwents. First, much will be known about the
information that aviators must extract from the extra-cockpit scene in
J order to perform each training task, Secondly, the psychophysical
' experiments will serve to identi{fy scene-element designs that enabloe
v aviators to make germane perceptual judgments and will provide in~depth
o knowledge about the accuracy with which the perceptual judgments can be .
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made. Finally, an updated assessment of CIG technology will provide the -
information needed to make judgments about the feasibility of y
generating, in real time, the scene elements that comprise a gilven scene ”‘al,'
model, ::;2:
0

¢

Once the candidate scene models have been developed, each member :?::*

of a team of subject matter experts will be required to identify, for 2
each training task, the least complex/costly scene model that will O
provide effective training, The subject matter experts also will be '.*o::;
required to identify tasks that, in their opinion, cannot be trained ::g«:
with each scene model, p.:l’:v
o

Identify Critical Parameters of Display Subsystem H
I

It 1s generally recognized that the effectiveness of an entire CIG :::':‘

. system can be influenced by qualities of the display subsystem, such as: "',Vv
2 field-of-view, resolution, brightness, contrast, distortion, tonal A n,,;:’
range, and color rendition. It would be of academic interest Lo . *
investigate the rulationship between each display quality and training
effectiveness, but to investigate display qualities as independent M.
variables, along with scene mndels, would greatly increase the cost of :ﬂv‘,';
this program of research, 1¢ neems likaly that cost vonsiderations will 14,
dictate that the research be limited to display subsystem components ":::
that have a significant impact on total system cost. This assumption is
explained more fully below. w“:
LW

M There have been continuing efforts to develop display components "‘{.,:
that improve the quality of the image, and there is no reason to believe ~ :H\n
that such efforts will cease in the foreseeable future, It can be "l“
expected that, in some ins:ances, improvements in image quality can be "'ﬁ
achieved with new hardware components that cost little more than the iy
older components. 1In such instances, no research is required to Megs
determine that the new component is more cost effective than the old :':::
one, It is only when new components cost appreciably more than the ‘a:.:v
older ones that research 1s required to determine whether the added '..o
training benefits of the new component outweighs its added costs, -
Thus, the purpose of this task is to identify digplay compunents '.:,‘.

| whose cost effectiveness cannot be assessed without data on  the '.:u':f
component's trairing effectivenass. It this research propgram was 'cs‘l
initiated at the time of this writing, it probably would be necessary to ’):&
collect training-effectiveness data to assess the cost effectiveness of "
such components as 1light valve projectors, Area-uf-Interest (AOIL) L. ns
display systems, and large field-of-view optics. By the time this .".
research program 1is initiated, however, the production cost of these :\l.:(
components may be so small that no research will be required to "
egtablish their cost effectiveness. ;:E.{
LY

LA KRNI TN Jad o e DT T ST A




Develop Rfficient Instructional Methods

The various visuval-system configurations must be evaluated in
terms of training effectiveness, so it is necessary to develop methods
to use in training the individuals who serve as subjects in this
research, [t 1s essential that training methods be used that are known
to be effactive; otherwise, the deleterious effects of ineffective
training methods could totally mask important differences between
visual-system configurations., A literature search revealed only u few
studies aimed at the developmeat and/or evaluation of flight simulator
training methods, Even fewer studies were located that addressed the
question of training effectiveness for simulators eauipped with a CIG
display. The few studies that have addressed training methodr in flight
simulators have limited value for present purposes because they dealt
with fixed-wing aircraft,

Since little is known about how best to train Army aviators iu
o Elight simulators equipped with a CIG system, it 18 recommended that »
systematic program of research on this important topic be initjiated ds
soon as possible, The recommended research program is described in
detail later in this section. It is assumed that much of the research
on instructional methods must be completed before it will be possible to
‘ritiate research to evaluate the training effectiveness of alternate
visual systems,

Design/Conduct Experiments on Visual-System Configurations

It ic impoasible tc specify at this time the design of the
specific experiments that will be required to assess the candidate
visual-systea configurations. However, 1t 1is possible to discuss
critical requirements that must be met by the research and to discuss
« some of the factors that make it difficult to design and conduct
- 1 research that will fulfill these requirements.

A kev requirement 1s that the research be designed to provide the

. transfer-of-training daca and the continuation-training effectiveness
d data that are needed to make a quantitative assessment of the cost
effectiveness of alternore visual-system configurations. As has been

stated earlier, traasfer-cof-traiuing experiments disrupt the training

* gys.em and are hoth costly and time-consuming to conduct. FResearch tu

assess the utility of simulators for maintaining the skills of trained

aviators may hre even more disruptive and costly than transfer-of-

training recearch. The reason is that a valid assessment of the utfility

of simulators for skill maintenance 1is not possible without restricting

or curtailing, for che duration of the research, the aircraft flying

time of the aviators who serve as subjects. For obvious reasons,

command personnel at all levels are reluctant to support such reseatrch,

Because of the extremely high cost of transfer-of-training and
continuation-training effectiveness research, every attempt must be made

to reduce the numher of cunditions that must be invastipated with these

methods.,
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A second important requirement of this research 1s that training
transfer and continuation-training effectiveness be examined on a tasgk-
by-task basis, There are two reasons for this requirement. First,
there is certain to be a powerful interactlion between tasks and visual-
system configurations. The visual systems will vary in the number of
tasks for which training can even be attempted., By design, the lower
cost CIG scene models will lack the scene elements needad to train some
tasks. The visual systems also way vary in the relative effectivercss
with which a given task can be trained. That is, for tasks that can be
trained on two or more of the visual~system configurations, the rate of
skill acquisition may vary widely from one configuration to another,

It is essential that task-bv-configuration interactions be taken
into account when assessing the cost effectiveness of alternate visual-
system configurations, Computations of the cost effectiveness of a
glven visual-system configuration should be based only on the tasks that
can be trained vreasonably effectively with that configuration,
Otherwise, 1t 18 predetermined that the lower cost configurations will
be less cost effective than the higher cost configurations, Ideally,
training-effectiveness data would be available to calculate the cost
effactiveness of a visual-system configuration assuming training on
differant combinations of tasks.

k A second reason for the need to examine training effectiveness on
a task-by-task basis stems from the fact that the effectiveness of
training on any given flving task may be influenced greatly by the types
of tasks trained previously and the effectiveness with which these tasks
have been trained. Helicopter flying tasks are trained in a £fixed
sequence because it is assumed that gkills on some tasks cannot be
! acquired effectively until other, more basic, tasks have been mastered.
If an adequate level of a basic skill is not acquired, the training on
! more advanced tasks, which are dependent on that basic skill, will
' appear ineffactive, For example, training on hovering turns would
appear ineffective 1f the ctudent has had inadequate training on
stationary hover, A failure to consider the interdependencies amurg
tasks could result in serious misinterpretations of the data which, in
turn, would lead to erronecus conclusions about the cost effectlveness
of alternate visual-system configurations,

The considerations discussed above suggest a need to conduct at
’ least two differunt types of studies at this stage in the research
) program,

In-Simulator Skill Acquisition Studies

The objective of the first tvpe of study 1s to examine the rate
and  level of skill acquisition in the simulator. although skill
acquisiticen in the simulator does not necessarily mean that an aviator
tralnee 1s acquiring transferable skills, 1t appears reasonable to
assume that a lack of improvement of performance in the simulator is an

R AT AL A~ DS ENTRNA

56

:. " i -~ WM oy %
i e e ‘.n BQUOER |‘ i l'n Ui b .."-.\'..l -.n‘cft?t'nfh‘ N '-.t‘.:.".ﬁ‘ O n.' () ":!’ ' o"'n"'; .

s, l'u.l‘-‘l




indication cthat the aviator traoinee 1is not acquiring transferable

skills, If this assumption is valid, task-by-task data on the rate and oo
level of skill acquisition in the simulator should serve to identify (a) .ﬁ
tasks that cannot be trained effectively with a given visual-system ﬁf
configuration, (b) instances in which the simulator training time p}
allocated to a given task 1ls not great enough to permit the aviator N
trainee to become fully proficient at that task, and (c¢) training that “g
| 18 ineffective because the aviator trainee failed to acquire important o
' prerequisite skills. Data of potential value include: Eﬂ
e the rate of sgkill acquisition in the simulator relative to the ﬁﬁ
rate at which the same skill is acquired in the aircraft, gq
e the level of skill achieved by aviator trainees relative to the A
simulator performance level of fully trained aviators, and [
'-4
e the extent to which training on lower fidelity visual-system ﬂ%
) configurations transfer to performance with the highest fidelity : ﬂa
H visual-system configuration investigated (see Westra, 1982, for Sk O
* a discussion of in-simulator transfer-of=-training). gl
]
o
Transfer-of~Training Studies :::,
Rl
) As indicated earlier, the objective of the second type of study is &ﬁ
to measure the extent to which training in the siwmulator transfers to il
the alrcraft., There 1s a need to measure the transfer of both skill yl
; acquisition and skill maintenance training., The methodology used in &ﬁ
) traditional transfer-of-tralning research 1is discussed in detail by w¢
N Roscoe and his associates (Roscoe, 1980). However, there are two )
important issues that are not addressed either by Roscoe or other H%
regearchers. The first issue is the measurement of training tranafer on ‘%
a task-by-task basis, Casual consideration suggests that the relative ;
task-by-task transfer effectiveness of different visual-system aF
configurations could be measured by first training an aviator to Y
| cviterion in the simulator and then determining the number of practice .:::
] Literations 1In the aircraft the aviator requires to reach a criterion ?ﬁ
level of performance in the aircraft, Upon closer inspection, however, o
it becomes apparent that this approach has numerous methodological and .
ptactical problems that must be overcome before it can be recommended,!! 5‘
i
; The second 1ssue concerns the methodology for assessing the k&
: nffectiveness of simulator training for skill maintenance. Not one {:
\ study was located 1In the 1literature that sheds light on the L-:st b“
) methodology for assessing the continuation-training effectiveness of ’
! simulatocs., The development of a suitable methodology is complicated by "
tha general lack of knowledge about the rate at which different types of Pt
flying skills decay 1f not practiced. It seems reasonable to assume o
Hgee page 61 for a detailed discussion of the problems associated with S
| measuring training transfer on a task-by-task basis, A
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that a suitahle methodology will require that experimental groups be 5
T employed as necessary to measure the main effects and interactions of at i,

' least the Following variables: h

: J

b o the initial skill level of the aviator, H

XY e the length of the no-practice period, and 3

R o the type and amount of simulator practice the aviator receives, .

$ Before research 1s initiated to measure the effects of visual-systen W

' configuration on continuation-training effectiveness, it will be 5

o necessary to conduct preliminary research to establish appropriate : &_

& values for the length of the no-practice period(s) to be investigated B

i and the amount of simulator training to be administered at the end of ¥

: the no-practice pericd. Obviously, the relative effectiveness of L]

43 different visual~gystem configurations could not be assessed adequately Y

! if aviators did not refrain from practice long enough for their flying i,

e . skills to decay appreciably, Similarly, the effectiveness would be ;

b reduced if aviators received too much or too little simulator training %

b at the end of the no-practice period. A

4 &,

4 Identify Most Cost-Effective Media Mix %

»" A

5 Once the research to assess the training effectiveness of ﬁ

* alternative visual-~system configurations has been completed, it 1is 0

recommended that the research results and other riquired data be used in »

W an analysis to 1dentify the most cost-effective mix of training devices g

N for accomplishing skill acquisition training (IERW and transition) and @

L) continuation training. A less complicated and less costly analysis "

could be conducted to determine only the relative cost effectiveness of g

- b alternative visual-system configurations, However, limiting the cost- N
effectiveness analysis to visual-system configurations almost surely . W

N would lead to erroneous decisions about the optimal allocation of 0

; { training rescurces~-particularly with respect to part-task training ﬁ

o devices,

Y By

I, Pyt

! Even now, 1t 1s possible to conceptualize low-cost, part-tase "

training devices that may be effective for rraining some of the flving '

3 tasks that {mpose the greatest demands on a CIG-based visual system, i
" Target detection/identificatii + and NOE navigation are the two prime g

" examples. As the research on visual systems 4is conducted, the ¢

i researchers undoubtedly will conceptualize other potentially effective N

training alternatives. :

a Figure 3 shows that four other tasks must be accomplished in order '

to compile the data and refine the methodology for optimal mix analysges. v

I t

.D W

P Compile Visual-System Cost Data nd

¥ Flrst, 41t is necessary to compile accurate cost data for cach X

: visual-syatem configuration. These data must include, for each visual- ¥

L g
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system configuration, both the life-cycle coat of the hardware and the
coat of ccmpiling the data base required to support each visual-system
configuratfon, The types of ccst data that must be compiled (s
deacribed in the Department of Defense Life Cycle Costing Guide (DoD,
1973). Generally, the requirements include "initial" costs (procurement
costs) and "consequential" costs (cost of ownership, support costs, or
operations and maintenance costs)., Cost data for individual components
of the display subsystem, the image generator subsystem, and the data-
base subsystem would be useful for identifying cost drivers, but
component costs are not essential for performing the recommended
cost~effectiveness analyaer.

It is expected that the most difficult part of compiling visual=-
system coat data will be that of estimating the cost of a CIG that is
spacifically designed to generate the inagery for one or a set of
prescribed scene models. It is extremely unlikely that any CIG avail-
able on the market at the time the research 1is completed will be found
to be suitable. Even though an existing CIG may be capable of
generating the required scene content, it is probable that the device
would have unneaded capabilities and capacity that the Army would be
reluctant to pay for. If this expectation proves valid, it will be
necessary to estimate the cost of a CIG that has not yet been designed.
No easy solution to this problem is apparent at this time, In the
absence of historical data, the only alternative may be to contract with
CIG vendors to produce & preliminary design in sufflcient detail to
enable estimates to be made of the life-cycle costs,

Develop Improved Cost Models

Second, it will be necessary to develop improved models for
assessing cost effectiveness. The primary need 1s for cost-
effectiveness analysis models that (a) take into account certain costs
and benefits not considered by existing models, and (b) identify the
nost cost-effective mix of training media (including the aircrafc,
simulators, procedures trainers, part-task trainers, and classroom
instruction) for alrcrew training on specific tasks. This need is
discussed in detail in a later subsection of Section II (entitled Cost-

Fffectiveness Analysis Models). The only point that needs to be made at

this point is that substantial progress has been made in developing
linear optimization models for use"in evaluating flight-training systems
(Marcus, Patterson, Bennett, & Gersham, 1980). Linear programming
techniques are ideally suited to the problem of evaluating the cost
effectiveness of all permutations of large numbers of training media
options, each of which has different training capabilities and costs,

Compile Data on Costs of Training in the Aircraft

Third, {t will be necessary to compile up-to-date data on the cost
of training each task in the aircraft, Presumably, the Army maintains
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accurate data on flying-hour costs for each ailrecraft type, but it will
be necessary to conduct additional research to derive accurate estimates
of the amount of flying time the average student raquires to learn each
training task.

Compile Data on Training Effectiveness and Cost of Altermate
Training Methods/Media

Finally, 1t will be necessary to compile data with which to
estimate the training effectiveness and the cost of ground-based
training methods and media other than CIG based flight simulators.
Again, cost~ and training-effectiveness data must be derived for
individual flying tasks, Data for exilsting components of the training
system can be derived by analyzing historical cost data; transfer-of-
training research will be required to assess the training effectivenass
of existing components of the training system. It will be more diffi-
cult to estimate the costs and training effectiveness of potentially
_ useful alternatives to aircraft or simulator training that have been
{ conceptualized but not yet developed, In such cases, it will be
4 necessary to either develop and evaluate prototypes of candidate devices

or to use the best information available to darive cost~ and training-
effectiveness estimates,

Summary

Foa

In summary, the analysis to identify the most cost-effective media
mix requires inputs from the tasks listed below and shown schematically
in Figure 3:

o Design/conduct research on visual-system configurations.

e Compile cost data for visual-~system components.

v o Assess cost of in-aireraft training.
o Develop improved cost-effectiveness analysis models,

e Assess effectiveness/cost of other ground-based training
methods/media,

The primary benefit of this analysis is the quantification of the
cost effectiveness of each media mix that is capable of accomplishing
the full set of training objectives, In addition, the analytic results
will be useful for identifying the components of the visual system that
have the greatest impact on training-system cost. When it 1is not
possible to derive accurate estimates of the cost and/or training
effectiveness of training-system components that have not yet been
designed, this technique can be used to conduct sensitivity analyses to
determine the sensitivity of total system cost to varfations in the cost
and training effectiveness of training-system components,
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PRODUCTS OF RESEARCH ON VISUAL SYSTEMS

Figure 3 shows that the results of the research described above
will enable Army personnel to formulate detailed design requirements for
CIG-based visual systems, specify the requirements for in-aireraft
training, and speclfy requirements for other ground-based training. In
addition, the research findings will enable researchers to identify
necessary training that cannot he accomplished effectively either in the
aircraft or in a simulator equipped with the visual system that is
recommended, The unfulfilled training requirements will, in turn, serve
to ldentify requirements for technological innovation,

FIDELLITY REQUIREMENTS FOR MOTION SYSTEM
INTRODUCTORY COMMENTS

The Problem

All the flight simulators in the Army's Synthetic Flight Training
System (SFTS) inventory are equipped with a platform motion system.
Moreover, the design requirements for the AH-64 simulator call for a
full six degrees-of=-freedom motion platform that is capable of providing
cues of motion and vibration associlated with both normal conditions and
the onset of emergency conditions for the helicopter (Department of the
Army, TDR 0027, 1981),  Despite the Army's implicit endorsement of
motion systems, there ave no empirical data that clearly establish the
cost effectiveness of platform motion systems for any Army £light
simulator, In fact, the results of recent research provide reasons to
doubt the cost effectiveness of equipping helicopter flight simulators
with platform motion systems.

Numerous studies have been conducted to assess the training
benefits of platform motion. An excellent review and critique of the
literature on motion systems has been conducted by Semple et al,
(198la). Research conducted since Semple and his colleagues published
their work was reviewed prior to preparing this plan., The results nf
most research conducted to date, especlally transfer-of-trailning
research, indicate that little training benefit results from platform
motion. Although these findings constitute sufficient justification for
questioning the cost effectiveness of platform motion on Army flight
simulators, the findings are not sufficiently conclusive to justify the
conclugion that the Army should eliminate the use of motion systems on
existing and future flight simulators. Listed below are reasons why the
current body of research findings does not Justify definitive
concluslions about the need for motion systems on helicopter flight
simulators:

e Nearly all the research on the training benefits of simulator
motion has been conducted in fixed-wing aircraft simulators.

:
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e Much of the motion system research has deal¢ only with skill
acquisition in the simulator,

e The lack of evidence that notion systems increase
transfer~of~training may be due to unacceptably large lags in
the motion systems, problems in the drive algorithms, the use of
insensitive performance measures, or some combination of these

factors.

o The transfer-of-training research investigated only tasks in
which motion feedback is the direct result of pilot control
inputs; no tasks were investigated for which simulator motlon 1s
a joint function of control inputs and disturbances outside the
pllot=aircraft control loop,

So, the problem is this, There is compelling evidence that it may
not be cost effective to equip helicopter simulators with platform
motion systems., And yet, the case against platform motion 1s not strong
enough to justify a decision to discontinue the use of platform motion
systems for existing and future flight simulators. A systematic program
of research on motion systems is required to resolve this issue.

Types of Motion Cues

Gundry (1976) has distinguished between two types of motion cues
that may have an altogether different effect on skill acquisition in a
flight simulator, He defined maneuver motion as the motion that arises
within tha control loop., Maneuver motlon 1is the direct result of
control inputs the pilot iIntroduces to change alrcraft attitude,
position, or velocity. The feedback provided by maneuver motion is
predictable and fully expected by the aviator, so d2es not necessarily
convey new information to the aviator. The sccond type of motion which
Gundry (1976) refers to as disturbance motion results from Cforces
arising outside the control loop and, therefore, is unexpected by the

aviator,

Carce (1979) distinguishes between rtwo types of disturbance motion:
correlated and uncorrelated disturbance moticn, Correlated disturbance
motion is motion that results from aircraft equipment malfunctions or
fallures, Examples of correlated disturbrnce motion for hellcopters ave
(a) the marked increase' in vertical airfi.me vibration associated with
the main rotor being out-of-track, (b) the sudden yaw to the left
associated with a partfal or complete loss of power, (c) the high
frequency airframe vibration associated with an out-of-halance tail
rotor, and (d) the violent pitch down, yaw right, and roll left
assoclated with the loss of taill rotor components, When such maltunc-
tions occur, aviators must learn to dlagnose correlated motion quickly
and to initiate the appropriate control actions promptly i1 they are to
be succeasful in avoiding a serious accildent,
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. Uncorrelated disturbance motion 1s motion that 4s uncorrelated
?S with both aviator control inputs and aircraft malfunctions. Turbulence
jﬁz is the most common source of uncorrelated disturbance motion. But
s8] uncorrelated disturbance motion also results from vehicle instability,
Eﬁ normal engine vibrations, and normal airframe oscillations. Disturbance
e motion cues provide information to the aviator that may or may not be
. redundant with information available in the visual scene.
g

q
E:g Hypothesized Training Benefits of Motion
l.
S The identification of potential training benefits of motion is a
. necessary first gtep in designing research to assess tha cost effective-
ﬁﬁ ness of motion systems., Hypothesized benefits are expressed below in
}ﬂ the form of questions., The questions posed below represent theoreti-
‘t« cally possible but not necessarily probable training benefits of motion,
RS Indeed, although the research findings presently available are by no
b means conclusive, they make it difficult to be optimistic that motion
b: will result in any significant benefit for either skill acquisition or
}a skill sustainment training.
&
ia 1. Does maneuver motion in a rotury-wing flight simulator enhance
4 learning of the fundamental relationships between control inputs and
ot aircraft responses? As was stated above, most of the research that has
. baen designed and conducted to assess the effects of motion on skill
N\ acquisition in the simulator and training transfer from the simulator
%N has dealt mainly or exclusively with maneuver motion. There have been
\L I no instances in which maneuver motion has been shown to enhance skill
.& acquisition 1in or training transfer from a fixed-wing aircraft

simulator. The presence of maneuver motlion has failed to enhance the
transfer of simulator training on (a) aerobatics (Martin & Waag, 1978a),
(b) spin, stall, and recovery from unusual attitudes (Ince, Williges, &
Roscoe, 1975), (e¢) air-to~air weapons delivery (Gray & Fuller, 1977),
(d) terrain following and avoidance (Parrish, Houck, & Martin, 1977),
(e) alr-to-air combat (Pohlmann & Reed, 1978), (e) basic contact
approaches and landings (Martin & Waap, 1978b), and (f) formation flight
(Woodruff, Smith, Fuller, & Wever, 1976),

P22 L LAY
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;& Only two studies have been Jlocated that were designed to assess
X the extent to which motion benefits performance in a rotary-wing flight
L' simulator. A study by Fedderson (1962) showed that motion rasulted in &'
W, small but statistically reliable Increase in both rate of skill scquisi-
' tion 1In the simulator and transfer-of-training to the aircraft.
o Fedderson's research, however, was limited to a single flying task:
:i hovering., The sgecond study, conducted recently by Ricard and his
\ associates (Ricard, Parrish, Ashworth, & Wells, 1981), was designed to
“‘ assers the effects of both platform motion and (G-seat motion on
{ﬁ experienced aviators' ability to maintain a fixed hover position above a
simulated ship, It was found that performance was better with platform
o motion than with G-seat motion, and that performance with G-seat motion
Y was better than performance with no motion,
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The two studies cited above suggest that performance in a rotary-
wing flight simulator is affected differently by motion than performance
in fixed-wing flight simulators, However, there are at least three
explanations for this difference. First, and most relevant to the
hypothesis discussed here, it is possible that maneuver motion cues are
more beneficial for training in a rotary-wing than in a fixed-wing
flight simulator, Second, the difference may result from the presance
of disturbance motion stemming from helicopter instability during hover
flight, This explanation is compatible with the thesis that disturbance
motion cues are important for simulator training, but that maneuver
motion cues are not. A third explanation for the differences is that
the visual cues available in the fixed-wing simulators were more
adequate for the task at hand than wete the visual cues in the rotary-
wing simulators. Ricard et al. (198l) used a display with a 4o’
horizontal by 36° vertical fileld-of-view, The absence of a wide field-
of-view visual display made the determination of the altitude and
fora/aft translation so difficult that it was necassary to add a head-up
display (HUD) to supply position information., Fedderson (1962) employed
a rudimentary contact analog display that had a field-of-view of 37° by
37°. TFedderson also found it necessary to supplement the basic display
with a hovering altimeter, This interpretation is compatible with the
thesis that motion cues are not necessary for training i1f adequate
visual cues are available (Cyrus, 1978), and that motion cues may help
£111 the information gap if the visual cues are inadequate for the
flying task at hand (Irish, Grunzke, Gray, & Waters, 1977).

Based upon the research findings available at this time, a best
guess is that maneuver motion does not enhance training in rotary-wing
flight simulators~-especially a flight simulator equipped with a wide
field-of-view visual system. However, it will be necessary to conduct
further research before it 1is possible to confidently reject the null
hypothesis that maneuver motion in a rotary-wing flight simulator
enhances learning of the basic relationships between control inputs and
alrcraft response. In order to test this hypothesis, it will be
necessary to 1investigate aircraft types and tasks for which aircraft
instability is at a minimum, Otherwise, the maneuver motion wil]l be
confounded with the disturbance motion that results from alrcraft
instability,

2, Does the presence of maneuver motion and/or disturbance moticn
early in training interfere with skill acquisition in the simulator?
Anecdotal evidence provided by experienced IPs indicates that the use of
platform motion early {in training may actually interfere with skill
acquisition in the simulator, The IP8 report that, early in training,
the maneuver motlon resulting from unskilled students' control inputs
tend to be so severe that the resulting platform motion often |is
distracting. For instance, pilot induced oscillations severe enough to
produce violent platform motion reportedly are encountered frequently
when training students in a simulator. No research bearing on this
hypothesis has been located.
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3. Does the presence of uncorrelated disturbance motion in a
rotary-wing simulator increase significantly the rate at which trainees
learn to cope with turbulence in the aircraft? Turbulent conditions
increase the difficulty of the alrcraft control task and increase the
information processing load on the operator particularly when flying at
low altitude, when operating in cqonfined areas, or both, It seems
probable that simulator training under conditions of rturbulance would
increase trainees' ability to cope with turbulence in the aireraft, but
it 18 by no means certain that the presence of disturbance motion cues
would enable trainees to acquire such skills more quickly or to acquire
a higher level of such skills than would be possible with visual cues
alone, No data to support or refutas tliis hypothesis have been located.
An empirical test of this hypothesis will require the measurement of
training transfer from the simulator to atrcraft flight in turbulent
conditions, Because of the requirement to fly in turbulent conditions,
such a study would be difficult and hazardous to perform.

4, Does the presence of uncorrelated discurbénce mobion in &

rotary-wing simulator increage significanctly aviators' ability to use

aivcraft motion as &n alerting cue? Semple et -al. (198la) report
anecdotal evidence that motion:cueing may be necessary for .simularor.
training on tasks -and conditionma that require aviators to maintain .

control of the aircraft while performing other tasks. The thesis is:
when the aviator i1s attending to tasks other than aireraft control,
motion cues alert him to the reed to attend to the central function and
to make corrective control inputs, This alevting function of motion 1s
presumed to be especially important when aviators must maintain aircraft
control while performing tasks that require them to viaw cockplt
displays and controls, It 1is conceivable that the alerting function of
motion may be iwportant for simulator training of both contact and
ingtrument flight.

5. Douvs training in a simulutor equipped with a moticn asystem

increase aviators' abllitv to diagnose and raespond to aircraft fallures

and malfunctions that are signalled by unusual alrframe motion? C(Caro

(1979), among others, has suggested that a simulator capable of
generating correlated disturbance motion can ba used to train aviators
to correctly diagnose and respond to the rypes of airvevafe failures and
malfunctions that are signalled by sudden airframe movements, the onset
of airframe vibration, or both, The underlying assumption 1is that
aviators ‘trained to use motion cues can diagnose fallures more
accurately and can i{nitiate appropriate control inputs more qulckly than
would be passihle with visual cues aton:.

Although the potential payoff nf training on cmergency maneuvers
is great, it will be difficult to make an objective asseesment of the
benefite of such training. One source of difficulty stems from problems

assaciated with measuring training transfer to the airveratfe, Tne
measurement of training transfer requlres that aviators' responses co
gselected malfunctions be measurced in the alrerafe. Here lies the

problem. Snme types of malfunctlons simply cannot be simulated {n the
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aircraft by temporarily disabling an aircraft component; other malfunc-
tions can be simulated in the aircraft by temporarily disabling an
alrcraft component, but it 1s excessively hazardous to do so., A second
source of difficulty stems from problems in assessing the benefits that
result from effective training on emergency maneuvers, Ultimately, the
only benefits that result from such training are reductions in the
incidence and consequences of accidents. Bacause accident frequency is
so low, several years would be required to accumulate sufficieant aceci-
dent data to assess the dimpact of emergency procedures training on
accident frequency and severity; this is true even if the training on
emergency procedures were conducted Armywide,

6. Does training in a simulator equipped with a platform motion
system effeet the Jlikelihood that aviators will become disoriented
during contact and/or instrument flight in the aircraft? All arguments
that favor the use of motion systems are based on the fundamental belief
that aircraft motion conveys information that enables experienced
aviators to perform better on some tasks than would be possible by
attending only to visual cues. In a word, the argument 1s that motion
in the simulator teaches aviators to better use motion cues in the
aircraft, This argument seems to be in direct conflict with the
practice of teaching all Army aviator trainees that motion cues may lead
to serious spatial disorientation during flight (see TC 1-20). The
implication of this training 1s that aviators must learn to disregard
motion cues, especially when visual cues are degraded by darkness or
atmospheric attenuation, Because of aviators' susceptibility to motion
1llusions (leans, Corielis illusions, and proprioceptive illusions!?),
one cannot discount the possibility that training aviators to take full
advantage of the information conveyed by motion cues in the simulator
may increase the incidence of disorientation in flight. On the other
hand, one cannot discount the possibility that simulators designed to
teach aviators how and when to use motion cues may decrease aviators'
susceptibility to disorientation induced by motion illusions.

7. To what extent can the cues provided by platform motion be
produced bv force cueinpg devices? This question 1s relevant only if
platform motion is found to enhance training transfer to the alrcraft,
Ricard ev al, (1941) found that skill acquisition 1in the ailrcraft is
enhanced bv G-seat motion, but not to the extent that skill acquisition
is enhanced by platform motion. Although this research was limited to a
single task--hovering--and utilized u display with a relatively narrow
field-of-view, the findings navertheless support the hypothesis that
fcrce cueing devices convey some ugeful information to the aviator,
Additional research 13 needed to assess the relative benefits of
platform motion and force cueing for a wider range of tasks and a wider
range of force cueing devices.

12800 TC 1-20 for the definition of leans, Coriolis {llusions, and
proprioceptive 1llusions.
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4
8. Is simulator sickness influenced by maneuver motion, distur- o
bance motion, or both? Heretofore, it has been assumed that simulator :g’
sickness occurs rarely and that individuals who experience simulator ﬂ{ﬂ
sickness quickly adapt to the simulator., The results of recent research ?};“
indicate that motion sickness is more prevalent and more severe than has Xl
previously been supposed. Incidents of simulator sickness have been :ﬁ
reported recently in fighter aircraft simulators (McGuiness, Bouwman, & ' 4
Forbes, 1981), patrol aircraft simulators (Crosby & Kennedy, 1982), and o,
helicopter simulators (Frank & Crosby, 1982), Moreover, there have been I
reports of simulator sickness in both {ixed-base and moving-base )
simulators (Frank, Kellogg, Kennedy, & McCauley, 1983)., Symptoms of br
motion sickness have occurred not only during the simulator flight but, It
in some cases, have lasted several hours past exposure, Some alrcrews B
have reported the onset of symptoms as much us eight hours after ot
terminating the simulator flight (Kellogg, Castore, & Coward, 1980). E:,
"‘o‘
Although a great deal 1s known about motion sickness, current H&‘
knowledge is insufficient ro predict the influence of platform motion on ﬁ#t
the incidence and severity of simulator motion. Further research 1is AL
required to determine whether the presence of platform motion effects .
motion sickness and, 1if 80, to determine the relationship batween the o,
characteristics of motion and motion sickness. This regearch must W@-
address maneuver motion and disturbance motion separately and 1in V%‘
combination, oos
I:.-‘.D
PROPOSED RESEARCH PLAN: MOTION-SYSTEM FIDELITY 4?
_ )
The proposed research plan 1s illustrated schematically in Figure ﬁ&‘
4, It should be noted that the research plan contains three decision ::,',
points at which the findings of the previous research tasks dictate what '
tasks are to be accomplished subsequently. Initfally, a series of :ai
. studies will be designed and conducted to assess the effect of motion on }H'

! skill acquisition in the simulator. If no evidence is found that motion
enhances skill acquisition in the simulator, the research will be termi-
nated and a recommendation will be made to discontinue the procurement
of motion systems for rotary-wing simulators,

The second dernislon point occurs after the rcompletion of a series
of transfer-of-training studles. 1f the resecarch findings show that
transfer-of-training is enhanced by motion, the cost effectiveness of
candidate motion systems will be assessed; otherwise, the research will
he terminated at this point with the conclusion that uorion systems

cannot be cost effartive, o~
{
The final decision polnt occurs after cost-effectiveness analyses t;-
have been completed. 1If none of the candidate motion systems prove cost POy
effective, there obviously i{s no need to proceced further., However, 1if b
the cost~effectiveness data show one or more motfon systems to be cost R&
effective, research on motinn sickness will be revicwed (uor conducted,

if necessary) and design requirewments for the most cost-efliective "
svstem(s) will be developed.,
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The research wag designed in this manner to avoid the high cost of
conducting transfer-of-training research if there 1s no necessity to do
go. Obviously, the most critical assumption underlying this research
plan is that a lack of evidence that motion enhances skill acquiaition
in the simulator is sufficient justification to couclude that motion
will not enhance training transfer from the simulator to the aircraft,
Although this assumption cannot be questioned on logical grounds, there
i9 a risk that, in practice, scme form of useful learning could occur in
the simulator that is not reflacred in the performance measures that are
employed, Every attempt must be made to minimize this risk through the
careful consideration and selection of performance measures .and,
perhaps, through the conduct of preliminary research to validate the set
of performance measures that are adopted.

Fach of the proposed rescarch tasks is described Ln the following
paragraphs,

Select Sample of Motion Syatems

Ideally. the in-simulator research would be conducted to assess

N the benefits of both platform motion systems and the full range of force
cueing devices that might replace or augment platform motion systems.

Many of the existing force cueing devices evolved as a vesult of

attempts to simulate G«force cues present in high performance, fixed-

wing alreraft, Examples of such devices 1include G-suits, G-seats, W
helmet-loaders, arm-loaders, and visual grayout/blackout capabilities. QJ
d Since G-forces exceeding one-G are seldom expevienced in helicopters, gﬁ'
the use of force cueing devicas for the sole purpose of G-force cueing ﬂ?
; makes little sense for helicopter .simulation. Of the force cucing %@
devices rhat have been developed, only the seat shaker, the G~-geat, and il
the st+.k shecker promigse to provide cues that may replace or augment the j?
cues generated by a platform motion system. The G-seat {3 the only ore Sﬁ
of the force cueing devices that is capable of producing cues to high %gf
amplitude, low frequency motion; so, the C-seat is the only force cueing ﬂﬁ
dovice that has significant potential for veplacing platform wotion ;%
cues, Stick shakers and seat shakers have the potential for simulating ol
cues agssoclared with low amplitude mot.on resulting from airfrare ¥
vibration, For the most part, these high frequency, low amplitude cues :o:..
are beyond the capability of platform moticn systems and G-seats--at {Q
least as they are presently configured, “ 4%
O\

Based upon the information In hand, {t appeatrs that the in- "‘_
simulator research should investigate the benefits of platform motion P
and at least three force cueing devices: G-seat, stick shaker, and seat ?@
shaker, S
e
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Optimize Driving Algorithms

ARG
. e A

. Non-optimal algorithms for driving the motion systems investigated

could invalidate the motion system research, so it is essential that
. effort be expended at the outset to ensure that the driving algorithms
' are as effective as they can be made. Algorithms must be evaluatad in
terms of (a) the delay between control inputs and the onset of motion,
(b) the synchronization of visual and motion system movements, and (c¢)
the extent to which the motion generated by the algorithm elicits the
y appropriate perceptions of motion. :
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Research on fixod-wing aircraft simulators has shown that exces-
sive delays in the platform motion system and excessive asychronization
of the platform motion system and the visual system may degrade perfor-
mance in the simulator and may cause disorientation and simulator
sickness (Ricard & Puig, 1977; Puig, Harris, & Ricard, 1978). Howevar,

y considerable uncartainty exists about what 1is '"excessive," Ricard and
“ Puig (1977) concluded that simulation system delays (motion and visual)
should not exceaed 125 milliseconds, but Riley and Miller (1978) report
that delays of as much as 250 milliseconds can be tolerated in some
instances, Apparently, these differences stem wholly or in part from
‘differences in the flying tasks investigated, Semple st al. (1981a)
X recommended that the delay between visual and motion cues should not
{ exceed 50 milliseconds for highly dynamic maneuvering and 150 milli-
seconds for less dynamic maneuvering., However, this recommendation was
aimed specifically at fixed-wing aircraft maneuvering and, furthermore,
was based upon "informed opinion" rather than empirical data.

The research data on maximum tolerable motion delays and maximum
tolerable visunal/motion asychronization are sketchy and the generaliz-
ability of the data to helicopter simulators is questionable. Woreover,
it is not known whethar the conclusions drawn from rescarch on platform
motion are valid for force cueing devices, Becauss of the lack of
relevant data, it may be necessary to conduct preliminary research to
ensure that the shortest delays and the greatest visual/motion synchro-
nization obtainable with the research equipment available are near
cptimal, Stated diffe-ently, it {8 essential that the {in-simulator
research to assess skill acquisition on various tasxs not he invalidated
by a motion driving algrrithm that generates excessively long lags and
excessive visual/motion asychronization,

P S
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The necessary reseéarch would require that skill acquisition be
measured for the shortest delay achievable and for several progressively
longer delays., It could »e concluded that the shortest delay achievable
is near optimal 1if the gkill acquisition rate reaches an asymptotic
level at a delay longer than the shortest delay achievable with the
equipment., For instance, suppose the shortest delay achievable is 50
milliseconds and that skill acquisition rate 1is investigated for 50
milliseconds, 100 milliseconds, 150 milliseconda, and 200 milliseconds.
If skill acquisition rate increases as delay decreases to an asymptotic
level at 100 milliseconds, it can be concluded that use of a 50 milli-
second delay 18 near optimal and that valid research on motion can be
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conducted with an algnrithm that generates a delay of 50 milliseconds.
Preliminary research should be conductad to assess delays (both the
delay between control input and motion onset and the delay between
visual and non-visual motion) for platform motion and each force cueing
device selected for study.

No empirical reseerch has been located that assessss that extent
to which motion driving algoricthms developed for helicopter simulators,
in fact, generate motions that alicit the appropriate perceptions.
Perceptions are appropriate if the motion enables the individual
experiencing the simulator motion to make valid inferences about the
motion of the simulated aircraft, Heretofore, algorithms for platform
motion have been '"tweeked" until experienced aviators judge that the
"feel" is about right, However, anecdotal aevidence from experienced
Army aviators indicate that aviators seldom agrae on what "feels' about
right. No easy solution to this problem can be offered at thiu time,
Research to optimize driving algorithms with respect to the percaptions
they generate probably will involve both engineering and psychophysical
studies, Engineering studies are required to ensure that the driving
algorithm i1s producing the desired amplitudes, accelerations, and
frequencies, Paychophysical studies are required to enpure that the
physical motion {s genarating the appropriate perceptions,

Select Sample of Training Tasks

As shown in Figure 4, the saelection of training tasks must be
accomplished concurrently with the design of specific in-simulator
studies, The objective is to select a sample of training tasks that,
together, cover (a) the full range of tasks for which training may be
facilitated by the prasence of motion cues, and (b) the full range of
motion types encountered in helicopters,

Develop Instructional Methods

Ineffective Instructional methods can easily mask cthe effects of
any independent variable investigated in a skill acquisition study. As
a counsequence, it is essential that instructional methods be developed,
pretested, and refined prioer to the initiation of the in-simulator
research, Specific instructional procedures for each training task
investigated must be developed for both the experimental group(s) and
control group(s).

Design/Conduct In~Simulator Studies

Skill acquisition is the main dependent variable for all of the
in-simulator research, Both skill acquisition rate and asymptotic skill
level are of interest, Incidences of aviator disorientation and simu-
lator sickness should be recorded, but research specifically derigned to
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assess the effects of motion on aviator disorientation and simulator
sickness is considered beyond the scope of the present study. The
independent variables that must be inves<igated include but are not
necessarily limited to the following:

o type of motion (maneuver motion, correlated disturbance motion,
and uncorrelated disturbanca motion),

e motion-generation method (platform motion, (;~seat, seat shaker,
stick shaker),

o sircraft stability (varied by selecting tasks for which aireraft
stabilicy differs),

e stability augmentation (varied by systematically disabling
parameters of the stability augmentation system),

o stage of s8kill acquisition at which motion cues are first
3 introduced,

<>

M o aviator task-loading/time~sharing requirements, and
o type of aircraft malfunction,

Motion is the primary indepandent variable; the other independent
variables listed above are sacondary in the sense that they are
variables that may influence the magnitude of motion's effect on skill
acquisition,

It will not be possible to formulate specific experimental designs

until final decisions are made about the hypotheses to be tested. The

 » hypotheses discussed in the iIntroduction of this subsectior are

illustrative but should not be considered comprehensive, Although

experimental designs cannot be specified at this time, the development

of suitable designs for this research is not viewed as a difficult task.

The main consideration in formulating experimental designs is to ensure

that the design includes a (no-motion) control group against which
performance of each experimental group can be compared.

It is expected that several pilot studies will be required to
develop suitable procedures for this research. In principal, the
general procedure 1s simple and straightforward: train all members of
the experimental (motion) groups and control (no-motion) group(s) to an
asymptotic level on selected flying tasks. One problem in implementing
thig procedure is that of defining when performance reaches an
asymptotic level, Although this problem i1is by no means unusual,
preliminary research will be necessary to get a general idea of the rate
at which skill on each task iz acquired and to develop specific criteria
for judging when performance on successive practice trials has become
sufficiently stable to be considered asymptotie.

N A second procedural problem i{s that of ensuring that subjects have
the prerequisite skills needed to learn a given flying task effectively,
Subjects with no prior flying experience whatsoever would make little
progress in learning & difficult task such as an autorotation. It is
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certain that some amount of preliminary training will be necessary to
accurately asgess the effect of motion on the learning of the more
difficult flying tasks. One solution to this problem, and possibly the
best one, is to develop a comprehensiva program of instruction that
commences with the easiest flying tusks and progresses to the more
difficult tasks, training each task to an asymptotic level before
proceeding to the next task, Asseesing the effects of motion on
egssentially all the tasks that can be trained in the simulator would be

) time~consuming, but would provide the data needed to assess both (a) the

\ effects of motion on individual tasks and (b) the accumulated effects of
motion throughout the program of instruction.

The third dimportant procedural problem i1s that of defining
effective performance measures for each flying task 1investigated,
Obviously, it is essentiaml that the performance measures provide a
reliable and a sensitive index of the rate and level of skill
acquisition. A less obviocus requirement 1is for performance measures
f that have value in diagnosing differences in skill acquisition.

Decision Point One

Once the in-simulator research has been completed, it will be
necegsary to decide whether further research should be conducted.
Specifically, the composite findings of the in-simulator research must
be assepsed to datermine whether the beneficial affect of motion on
skill acquisition is sufficiently large to justify the design and
conduct of transfer-of-training research. Such an assessment must be
made for the platform motion system, each of the four cueing devices,
and each combination of motion-generation devices that is investigated,

A decision to terminate the research at this point will be a
aimple matter i1if no evidence 1s found that motien enhances skill
acquisition in the simulator or, conversely, the evidence indicates that

. motion benefits in-simulator skill acquisition significantly and
! uniformly-~across tasks and motion-generation devices. The deciaion
will be a difffcult one to make 1in the more likely event ¢that the
findings are mixed: mntion from some of the motion-gencration devices

is found to benefit skill acquisition on some flying tasks, 1In the :3';
event of mixed findings, there 1s no alternative to the use of informed $§
judgment in deciding whether or not to proceed with the transfer-of- ‘Q
training research, It is recommended that the decision to continue or ?h
tarminate the research on motion at this point be made by a teanm Lﬁ
composed of a multi-diseiplinary team of subject matter experts after a
comprehensive review and discussion of the research findings, ﬂﬁ
3
.‘\f,'
Design/Cenduct Transfer-of-Training Research kg
oy
The objective of the transfer-of-training research 1s not merely
to determine whether the benefits of simulator motien transfer te the o
(!
&
o:l(:
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aircraft. Rather, the objective is to collect the data needed to
determine whether the increase in training transfer attributable to
simulator motion 1s great enocugh to offset the cost of providing motion
cues during simulator training. A separate transfer-of=-training study
must be conducted for each motion-generation device, or combination of
devices, found to snhance in-simulator training to a significant degree,

A fully comprehensive cost-effectiveness asgsessment of motion-
generation daevices requires that transfer-of-training be neasured for
IERW training, transition training, and continuation training. Although
all IERW training is presently conducted in an aircraft, plans have been
made to conduct research to determine the amount of IERW training that
can be accomplished in a flight simulator. If simulator training proves
to be effective, the transfer-of-training studies proposed here
definitely should include IERW training; otherwise, the studies should
be limited to transition and continuation training., Because of the
difficulties associated with assessing the effectiveness of continuation
training, it is recommended that studies first be performad to assess
the extent to which motion benefits the simulator training of IERW and
transition~training tasks. It is possible that the results of these
studies will be adequate to make a decision concerning the cost
affectiveness of some or all of the motion~generation devices for use in
continuation training.

The traditional paradigm for measuring the transfer of simulator
training consists of (a) training a control group to criterion
exclusively in the aircraft, and (b) training an experimental group
firet in the simulator and then to criterion in the aircraft. The
paradigm appropriate for measuring the effect of motion on the transfer
of simulator training differs from the traditional paradigm only in
terms of the control group; the control group receives simulator
training with no motion and then is trained to criterion in the
aireraft, The use of a control group trained to criterion exclusively
in the aircraft is considered essential only if the effectiveness of the
simulator training has not been validated,

A key issue in designing the transfer-of-training studies is the
selection of the tasks that are to be trained in the simulator. The
tasks of interest are the ones for which skill acquisition was enhanced
by the presence of motion., However, because of the interdependencies
amorlg flying tasks, 1t 1s unlikely that the simulator training can be
limited to tasks that are found to benefit from simulator motion., As
was stated earlier, effective training on sgome flying tasks is not
possible until the trainee has acquired certain prerequisite skills. As
a consequence, the simulator training must include both the tasks that
are known to benefit from the presence of motion and tasks that enable
subjects to acquire prerequisite skills., Preliminary research
definitely will be required to identify prerequisite skills and the
tasks thar must be trained in the simulator to ensure that the subjects
possess the prerequisite sxkills.
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The design of research to assess the extent to which motion
increases the utility of flight simulators for accomplishing continua-
tion training is complicated by the lack of data on skill decay. The
, benefits of using a flight simulator for continuation training cannot be
N measured unless the relevant flying skills are permitted to decay. And
1 yet, no data are available to use in estimating performance degradation
on various flying tasks as a function of variables such as aviator
{ experience (total flying hours) and the amount of flying an aviator has
! experienced since his last successful proficlency checkride. Until such
1 data are available, it will not be possible to design efficient and
[y meaningful rasearch to determine the impact of motion on continuation
! training and flight simulators,
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! A final important research design issue concerns the assessment of
5 motion's effect on the simulator training of responses to certain
' alrcraft malfunctions, Responges to gome malfunctions cannot be
! practiced or assessed in the ailrcraft--efther because the malfunction
]

g cannot be simulated in the aircraft or because it is too dangerous to do
’ so, Obviocusly, it 1s not possible to measure training transfer from the
A simulator to the aireraft if it is not possible to measure performance
i in the aircraft. No solution to this problem is apparent at this time,
?
" Decision Point Two
g If the research findings indicate that training transfer is
3. increased by a motion~generation device, a declsion will be made to
b - proceed with a detailed analysis to assess the cost effectiveness of
: that device, It will be recommended that the Army discontinue
» procurament/use of motion-generation devices found to have a negligible

effect on training transfer,

f : Assess Cost Effectiveness of Candidate Motion=-Ceneration Devices
A
; The objective of this task is teo determine 1f the savings in
training costs realized from the use of motion during simulator training
a is great enouph to offset the life-cycle costs of the motion=-generation b
3 device, Training-cost savings will be estimated for each motion- E
generation device that is found to enhance training transfer. In %
! concept, calculating the training-cost savings attributable to motion is @
\ accomplishad merely by subtracting the total costs of training with
motion from the total costs of training without motion., To estinate
5 total training costs, it is necessary to complle accurate direct and s
| indirect cost data for both the simulator and the aircraft training. Q
) '.
3 The maethods for calculating training costs are discussed fn detail g
L elsewhere (DOD, 1973; Orlanski & String, 1977; Marcus et al., 1980; ﬁ
) Mayer, 198l). However, one problem that is unique to this research mus. N
he acknowledged, There are certain indirect costs assoclated with ;
platform motion that are difficult to estimate. It 1s difficult to ;h
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estimate the added cost of producing visual systems that are compact
Y enough to he mounted on a motion platform and yet rugged enough to
*} tolerate the physical stress of movement in six degrees of freedom, It
;@2 also is difficult to estimate the added costs of building, heating/
q@ cooling, and maintaining a structure that is much larger than would be
N required to house a simulator without a platform motion system.
, Clearly, careful study will be required to derive accurate estimates of
i@ such costs.
&
czg,:
0 Decision Point Three
no'g
The effort will be terminated at this point 1if the cost=
o effectiveness analysis shows that negligible training=-cost savings are
?i' realized from the use of motion during simulator training.
¥,
ol
a0
o Formulate Recommandations
g':’ If the training-cost savings are of practical importance, it will
ﬁ:' be recommended that the cost-affective motion davice(s) be employed on
%' present and future helicopter simulators. The composite research
UL findings will be used to formulate functional design requirements for
o the motion-generation device(s) recommended for use,
P -
;3.. HANDLING-QUALITIES FIDELITY REQUIREMENTS
K . '
ﬁﬁ‘ Handling-qualities fidelity is the extent tn which the simulated
oYy aircraft responds to control inputs and environmental forces in the same

manner as the aircraft being simulated. Ulcimately, handling qualities
must be defined in behavioral rather than engineering terms., Measurable
differences between the handling qualities of the saimulator and the

. aircraft are significant only to the extent that they influence user
acceptance  and training effectiveness, Differences that are
diseriminable by experienced aviators may influence user acceptance but
may or may not influence training effectiveness, Conversely, it is
concelvable that differences that cannot consclously be discriminated by
experienced aviators could adversely affect training effectiveness.
Hence, discriminability of differences is important to the extent that
user acceptance is affected. Otherwise, training effectiveness 1s the
main criterion that must be considered in establishing requirements for
handling-qualities fidelity,

The fidelity of a simulator's handling qualities is determined by \
the characteristics of three math modela: the control system model, the a
environment model, and the aerodynamic model. A great deal cf time and
resources have baen expended by the Army and Army contractors in
attempts to increase the validity and efficiency of the models used for
rotorcraft simulation, Much of this work, however, has been motivated
by the necd to develop effective design simulators rather than the neced
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to develop effective training simulators, It is probable that the bl
highly sophisticated models developed to aid in the design of advanced _!!
rotorcraft may be far more complex than are needed for training ?;
simulators (R, K., Heffley, Manudyne Systems, Inc,, personal 5‘
communication, 1985). F$
|.A‘f
Consideration of the state of knowledge on handling-qualities N
fidelity has led to the conclusion that two related lines of research .!
' are required. The objective of one line of research--principally but §§
not exclusively behavioral research--is to compile data with which to Q&
plot the relationship between handling-qualities fidelity level and §§
training effectiveness. The objective of the second line of research-- g&
principally engineering research--~is to develop more cost-effective ways g
to achieve adequate levels of handling-qualities fidelity. The second ;‘
line of research must address the design of the math modela used in e
training simulators and the hardware and software used to lmplement the o
. math models, Given the rapid growth in related technology, it is highly b
b probable that new techniques and/or equipment could effect a drastic v
reduction in the cost of producing a high level of handling-qualitias BN
fidelity, Cost reduction, in turn, has an important influence on tha »
level of handling-qualities fidelity that is moat cost effectiva. gﬁ
[ N (18
The remainder of this subsection focuses on the first line of ﬁﬂ
research mentioned above. There are two main iasues that must be dealt o
with before it will be possible to devalop a detailed design of research b
to dafine handling~qualities fidelity requirements. These issues are !P
! discussed below, ﬁg
" -ﬁ
QUANTIFYING LEVEL OF HANDLING-QUALITIES FIDELITY 45
R,
In order to dafine the optimal level of £idelity for any ivi
| simulator-design parameter, 1Lt 18 necessary to measure training d@
) - effectiveness as the fidelity of the parameter is varied systematically e
from some relatively low level to some relatively high level. At b
present, a study of handling qualities is complicated by the fact that :ﬂ

there are no acceptable methods for quantifying the similarity between
{ the .andling qualities of the simulator and the handling qualities of
the simulated aircraft. Previcus attempts to use experienced aviators
to subjectively assess the handling qualities of simulators have not
" proved highly successful.

e

Efforts are being made to decrease the subjectivity of handling-
quolities asgessment by using more E£light-test data and by using
specially trained engineering test pilots (Woomer & Carico, 1977).
: However, the value of even speciully trained engineering test pilots for
: quantifying handling-=qualities fidelity must be considered questionable
because of the rapidity with which aviators accommodate to the handling
qualities of s particular simulator, In this regard, Semple and his
colleagues state:
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Evidence has heen cited... that pilots will accommodate to
air tralning device cues and responses after as short a
period in the air training device as 30 minutes (Eddowes,
1977; Harris, 1977; Woomer & Carico, 1977; and Rust, 1975).
Beyond this time, even... evaluation by specially trained
acceptance test pilots can be inaccurate (Semple et al.,
1981a, p. 108),

The best way to proceed in resolving this important problem is not
apparent at this time, Two divergent approachaes should be investigated.
One approach would begin with an analytical atudy to define the
behavioral dimensions of handling qualities. Thact 1s, given a known
control input or environmental disturbance, what is it that the aviator
perceives that differentiates the handling qualities of one aircraft
from the handling qualities of another? Once the fundamental dimensions
have been hypothesized, it would be necessary to develop math models
that would enable the researcher to vary the value of each dimension in

i a systematic way, and to conduct studies to "scale" each dimansion. A
multidimensional scaling technique probably would be most appropriate
for this purpose,

A second approach, quite different from the first, 8 to
operationally define handling-qualities fidelity {in terma of the
characteristics of the math models used to drive the flight simulator.
The most relevant characteristics are those that have the most signifi-
cant influence on the cost of implementing the math models. The concept
of this approach is to commence with a very simple model and to assess

y the impact on handling qualities as the complexity of the model is
systematically Increased. The feasibility of this approach is dependent
on the development of an effective way to measure the similarity betwaen
the handling qualities of the simulator and the aircraft as the models'
characteristics are varied. As has been sgtated above, the use of

. subjective judgments of aviators for this purpose is not promising.

! Hence, the use of this approach is probably contingent on the develop-
ment of an objective method for measuring both the simulator's and the
aireraft's response to known control inputs and environmental distur-
bances, Assuming this poal can be achieved, the interim product would
be a set of data that quantify the relationship between math wodel
complexity and measured differences in handling qualities, Behavioral
research then would be required to determine the relationship between
training effectiveness and the measured differences in the handling
qualities of the simulator and aircraft.

VARIABLE HANDLING~QUALITIES FIDELITY REQUIREMENTS

Research to define the most cost-effective level of handling-
qualities fidelity 1is complicated greatly by the high likelihood that
the minimum acceptable fidelity level differs for different training
applications. Based on a thorough review of the literature and informa-
tion gained from visits to simulator training facilities, Semplu sets
forth the supposition that:
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The requirement for (handling-qualities) fidelity 1is
diminished for trained taskas which are in the middle of the
performance envelope of the pilot and aircraft systam. As
the trained tasks increase in difficulty and approach the
performance limits of the pilot and aircraft combination,
the requirement for high levels of (handling-qualities)
fidelity iIncreased accordingly (Semple et al., 198la, p.
116).

If Semple's supposition 18 correct, it follows that there is no
single level of handling-qualities fidelity that is ideal for training
all tasks and all aviators. Furthermore, it follows that handling-
qualities fidelity requirements vary as a function of the proficiency
level desired on the first aircraft following simulator training
(first-flight proficiency level). Semple'a rationale clearly is
sufficiontly compelling to justify further research on this potentially
important issue, $pecifically, aviator skill level, task difficulty,
snd '"first-flight" proficiency level should be treated as independent
variables in the research to define handling-qualicies fidelity
requirements, Specific research questions include but area necessarily
limited to those discussed below,

e To what extent do handling-qualities fidelity requirements vary
as a function of stage of training?

e At each stage of training, to what extant can low levels of
handling-qualities fidelity be compensated for by experienced
instructor pilots?

e Does & high level of handling-qualities fidelity inhibit
learning in the beginning student? '

e To what extent do handling-qualities fidelity Eequiremen:a
differ for skill acquisition training and skill sustainment
training?

e Given that han- ling=-qualities fidelity requirements vary as a
function of task difficulty, is {1t cost effective to estahblish
handling qualities for the worst case condition, L.e., the most
difficult task and the least skilled aviator encountered at the
training stagu for which the simulator is to be used?

¢ If handling-qualities fidelity requirements differ for different
training stages, 1s it toechnically feasible and cost aeffective
to make handling qualities easily adjustable so that the same
simulator can he used to train students at different stages of
training? If handling qualities were changed 1in different
training stages, what would be the effect on training transfer
as students transition from one training stage to another?

e Given that handling=-qualities fidelity requivements vary as a
Function of "firast-flight" proficiency level denired, what level
of fidelity is requived to achieve near perfect first-flight
execution of tasks that are dangerous teo practice {in the
afreraft, CuBuy emergency touchdown procedures, pinnacle
landings under heavy wind conditions?
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e Can handling-qualities fidelity raquirements be accurately
predicted from a atudy of the consideration of the akill !
components of a task, .e,g,, procedural vs. psychomotor,
ballistic vs. continuous-adjustment control inputs?

FIDELITY REQUIREMENTS FOR COCKPIT DISPLAYS/CONTROLS

With few exceptions, the external appearance of the displays and
controls in contemporary Army flight simulators is the same as those
found in the aircraft. Typically, off-the-ghelf displays and controls
usad in the aircraft itself are purchasad and modified as necessary by
the simulator manufacturer. The modifications required to adapt the
off-the-shelf iInstruments for simulator use are oftan major and,
therefore, costly, Some off-the-shelf displays, for instance, require
altogether new internal drive mechanisms., Simulator manufacturers are
., also careful to reproduce realistic display and control reaponse
| characteristics (e.g., altimeter response lag and cyelic control
! loading) and to configure the simulator displays and controls in the

same way that they are configured in the aircraft. In short, the Army's
flight simulator cockpits have a very high level of fidelity,

There has been no systematic research conducted to define
alternatives to the high-fidelity cockpit instruments found in most
military flight simulators or tc assaess the training effectiveness of
lower fidelity alternatives, Such research is clearly needed,

A study of fidelity requirements for cockpit displays and controls
should commence with a technology survey to identify the full range of
alternatives to the displays and controls presently beilng wused.
Certainly, consideration should be given to the utility of dynanic,
computer-generated images of conventional dials, gauges, and stetus
displays. Consideration should also be glven to the utility of

! touch-sensitive panele as replacements for conventional switches,
thumbwheels, and knobs, Once the alternatives have been identified, a
preliminary cost  analysis should be conducted to Jdentify the
alternatives thst promise to he less costly than the conventienal
display/econtrol that would be replaced. Further effort would be
justified only 1f the cost of one c¢r more of the alternatives 1s found
to be clearly less than the cost of the conventional counterpart,

1f less costly alternatives are found, as is almost cartain to be
the case, the next step would be the conduct of empirical research to
agssess the training effectiveness of each alternative. If the training
effectiveness of the alternative(s) is found to equal or exceod that for

its conventional counterpart, the issue 18 resolved: it must be "
concluded that the alternative is more cost effective. However, if both o
the cost and the training effectiveness of the alternatlve is less, a '

cost-effectivenesy analysls would be required to determine whether the
cost savings arce large enough to offsot the loss in training effective-
ness, Although difficult to quantify, user acceptance should not by
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ignored in drawing final conclusions about the suiltabiliey of
alternative displays/controls.

It would be premature to propose a raesearch design to assess
fidelity requiremeats for simulator displays/controls until altarnatives
have been {dentified and their cost estimated, However, it seems
unlikely that the research would be particularly difficult to design,

REQUIREMENTS FOR INSTRUCTIONAL SUPPORT FEATURES

Hughes (1979) defines 1SFs as simulator hardware and software that
allow the instructor/operator to manipulate, supplement and otherwise
control the learning experience of the student to maximize the rate and
level of skill acquisition. Examples of ISFs available on existing Army
helicopter simulators {include Problem Freeze, Record and Playback,
Automated Checkride, Instructor/Operator Console Displays, and Automated
Parformance Measurement, Although all simulators in the SFTS8 are
squipped with some combination of ISFs, little is presently known about
how ISFs should be used or the axtent to which properly used ISFs
increase training effectiveness, The rasearch described in this sub-
section of the research plan has been designed to resolve uncertainties
about the proper use and training effectiveness of ISFs. Specifically,
the objectives ara!

e to define potentislly effective 1S8Fs,
e to define the optimal use of potentially effective ISFs, and

e to assess empirically the cost effectiveness of ISFs, individ-
ually and collectively,

INTRODUCTORY COMMENTS

The following pavagraphs briefly describe several observations and
conclusions, drawn from a review of the literature on ISF design and
use, that have had an important impact on the proposed research,

ISF Contribution to Simulator Cost and Training Effectiveness

Empirical evaluation of the utility of ISFs has not been conducted
to provide input into the zoncept development and design phases of the
simulator hardware and software acquisition process. Rather, it appears
that ISFs have been incorporated into existing flight simulators based
solely on logical and analytical consideration of thelr potential
utility,

The Cost and Training Fffectiveness Analyses (CTFAs) that are
conducted on new tlight simulators are designed to determine the
training effectiveness of the sinulator relative to the training effec-
tiveness of the target alrcraft, The statistical and methodological
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requiremants of the CTEA are such that aircraft training and simulator
truining are conducted in as similar a fashion as possible, Thus, the
CTEA process 1s not designaed to yield informatinn about the cost and
training effectiveness of particular ISFs or about theilr applications.
Moreover, the Operational Tests I and Il conducted by the Army have
provided no information about ISF's contribution to the overall cost and
“training affectiveness of the davice,

ISF Training Effectivenass

Only a few exparimental studies have been conductad to assess the
training effectivaness of ISFs. All the studies located during the
literature review were conducted either by the Air Force Human Raesources
Laboratory (AFHRL) or the Naval Training Equipment Center (NTEC). Tha -
AFHRlL, research has been conducted with the Air Force's Advanced
Simulator Ffor Pilot Training (ASPT)., The NTEC research hag been
conducted with the Navy's Visual Technology nResearch Simulator (VTRS),
Both of these flight simulators are for fixed-wing aircraft, which have
very different missions than those of tha Army's rotary-wing cargo,
utilicy, observation, and attack aircraft. The generality of findings
from the studies discussed below to ISF use on the Army's SFTS is not
now known,

Py
-

Hughes, Hannan, &and Jones (1979) compared the benefits of
instructional use of the Autonated Demonstration ISF and the Record and
Replay ISF with the benefit realized from performing one additional
training 1iteration of a cloverleaf maneuver, While use of the Racord
and Recplay ISF was found to be superior to the use of the Automated
Demonstration, the performance of a single extra training trial in the
gimulator produced better pilot performance than the use of either ISF,
In this instance, this particular inatructional use of the ISFs made no
significant contribution to the training effectiveness of the ASPT for
o that maneuver,

Tn another relevant investipation, Hughes, Lintern, Wightman,
Brooks, and Stnpleton 71982) studied twe applicatfons of the Problem
Freere TSF, In the "Freeze/Reset" application, the simulator was placed

on Freezu when an ervor was detected; once the error was explained, the ﬁﬁ
simulated aircrvaft was placed in the appropriate position, and the a@
student continued the task from the "corrected" position. 1In the other ﬁa
application called '"Freeze/Flyout," the actions during the Freeze were %ﬂ
the game as during the Freeze/Reset condition, except the student &;‘
continued the task from the exact point ar which the simulator was By
froren. Finally, in a third condition, students learned the task QQ{
without the use of the Freeze ISF. ?E
)

»

The results of this study indicated no differcnces in performance ?E
hetween the two 13F applications and the condition in which the Freere J“

IS was not used. The pilots repurted that they were more motivated by

“"truing to avoid the 'Freeze' than bv trying to fly the task correctly.” R
|'::|’
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Pilots also rvteported that trying to regain control of the simulator
following a '"Freeze" significantly increased the difficulty of the task.
Again, empirical testing of a particular instructional use of I1SFs
revealed no significant advantages,

One study was found chat demonstrated a significant training
benafit attributable to an ISF application, Bailey, Hughes, and Jones
(1980) studied an instructional use of the Initial Conditions (IC) set
with a dive-bombing task in the ASPT, These investigators divided tha
entire task into seven segments: crosswind, downwind, base leg, roll
in, final dive, end release point. Using a procedure called "backward
chaining," the student was placed at the end of final dive with the IC
set and then learned the release point segment to ¢riterion. Then the
naxt=-to~last segment-~the final dive-~was added to the relcase point
segment and the student learned the combined segments to criterion.
This "chaining'" of one task segment to an earlier one was continued,
using the IC set at each phase, until the student learned to perform the
task to criterion in its entirety,

. am

The performance of subjects in this backward chaining condition
was then compared to the performance of subjects who learned the task in
the traditional manner in the simulator, The results showed a statisti-
cally significant and practical advantage to the use of the IC set ISF
with the backward chaining procedure, The subjects performed better and
reached criterion faster than the traditionally trained subjects, This
use of tha IC set ISF produced better performance while also producing a
savings in training time.

Instructor/Operator Training

While a programmatic research affort will identify cost-effective

applications of ISFs, this information will be of little benefit without §w
a cadre of well-trained simulator instructor/operators. Review of the {ﬁ
relevant literature reveals a consensus that simulator {nstructor/ Ko
operators are insufficiently trained for their complex and critical 45
role. Tn addition, as a research 1issue, Army simulator instructor/ ht
operator training has received no attention, -
0

Hammell (in Ricard, Crosby, & Lambert, 1982) provides clear e
evidence of the criticality of the simulator instructor/operator, 1In a %
study of the training effectiveness of several different levels of §i°
\]

fidelity in a shiphandling/shipbridge simulator, the effects attribu-
table to different instructors were found to be several times larger

than the effects attributable to fidelity levels. The magnitude of ﬂﬁ
iustructor differences is surprising in that the fidelity levels studied “&
were specifically selected for their presumed impact on training lﬁk
effectiveness. N
N,
Charles, Willard, and Healy (1976) and uray et al, (1981) con- -

ducted surveys of simulator instructor/operator training in the Navy, o
;Q
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and the Air Force, respectively., The results of these surveys indicate
that some ISFs are frequently not utilized at all, while other ISFs are
used primarily for management rather than instructional purposes,
Similarly, reports by Caro (1977a) and Semple, Cotton, and Sullivan
(1981b) indicate that simulator instructor/operators are often unaware
of the operation and capabilities of the ISFs in the simulators with
which they regularly train students. While the generality of these
findings to Army SFTS instructor/operators is unknown, the need to
examine and, if necessary, to augment their training seems apparent.

PROPOSED RESEARCH PLAN: INSTRUCTIONAL SUPPORT FEATURES

The review of available literature on ISF utilization indicates
that additional, operationally orlented research is needed to determine
the optimal uses of ISFs in simulation training., This section describes
a four-phase research program that has the terminal objective of
providing task~level empirical data that are needed to identify the most
cost-effactive application of ISFs in the Army's SFTS.

Figure 5 1s a flow diagram of the tasks that must be accomplished
to meeat the tarminal objective of the research, Phase One tasks are
designed to define the training tasks, the level of ISF sutomation, and
the measurement and evaluation methodologies to be used in this
research, Phase Two consists of both analytical and empirical tasks
that are designed to identify potentially cost-effective applications of
ISFs. Phase Three has the purpose of identifying training—effective

i applications of the ISFs identified in Phase Two. The objective of
Phase Four is to davelop and evaluate a prototype Program of Instruction
(POI) for both student and instructor/operators that incorporates the
composite findings of the first three phasem. A detailed description of
each of the research phases 1s presented in the sections that follow.

Phase One

The first phase of the research consists of four "up-front"
analytical tasks. The tasks are designed to define (a) target training
tasks and phases, (b) desired Llevel of automation, (c) performance
measurement requirements and capabilities, and (d) research methudology.

" The products of each of the Phase One analytical tusks will serve as
inputy for the remaining phases of the research program.

The four tasks addressed in Phase One are highly interrelated in
the sense that decisions made about one task have a major impact on the
others. For instance, decisions about the degree to which simulator
training is automated will have a major impact on the performance
measurement capability that {8 required. Conversely, costs and techno-
logical constraints may place limitations on performance measurement
that, in turn, may make it impossible to achieve the desired level of
training automation. Because of such interdependencies, there 1is no
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logical order in which to conduct the Phase One tasks. They must be
conducted concurrently and, in all probability, several analytical
iterations will be required before final decisions can be made. Data
provided by this task will be used as input to each of the remaining
three phases of the research program,

Define Target Training Tasks

The objective of this task is to compile a comprehensive inventory
of simulator training tasks for which skill acquisition may be
facilitated by the use of ISFs, These tasks are referred to hereafter
as "target'" training tasks. An inventory of target training tasks will
be compiled for IERW training, transition training, instrument training,
and continuation tralning.

Define Desired Level of Automation

The purpose of the second task in Phase One i3 to define the
desired level of training feature automation. A necessary first step in
achieving this objective is to make decisions about whether the simula-
tion training is best accomplished with an instructor pilot, a simulator
operator, a completely self-instructional capability, or some combina-
tion of these training management approaches, Factors that must be
considered along with the training management approach include: avail-
able technology, cost, device quantities, and student throughput,

Define Performance Measurement Requirements

The third task in Phase One i1s the definition of performance
measurement system requirements, As indicated above, the level of
instructional automation judged optimal will influence performance
measurement requirements.

Define Research Methodology

The objective of the fourth and final task in Phase One 1is to
develop the research methodology to be used during Phase Two, A
suitable research methodology must yield data with which to make
decigions about the cost effectiveness of potentially effective 1SFs,
individually and collectively., Equally important, a suiltable research
methodology must enable the requisite data to be collected at a
reasonable cost. Ordinarily, transfer-of-training data are essential
for assessing the cost effectiveness of simulators or simulator
components, Although transfer-of-training studies certainly would
provide the data needed to assess the cost effectiveness of ISFs, such
studies are so costly and difficult to accomplish that every attempt
must be made to develop a sultable alternative research approach,




Because this issue 1s so critical, alternatives to transfer-of-
training research were carefully considered in developing the research
plan for ISFs. The main idea that emerged from these considerations is
that most or all of the benefits of ISFs will be manifest in a reduction
in simulater training time rather than a reduction iIin subsequent
aircraft training time. Stated differently, effective ISFs should
decrease the amount of time that an aviator needs to reach & given level
of proficiency in the simulator; but, there is no reason to believe that
an aviator trained with ISFs would require less subsequent aircraft
training than another aviator trained t. the same level of proficiency
in a simulator without the benefit of ISFs, If this hypothesis is
valid, the cost effectiveness of ISFs could be assessed by comparing the
life=cycle costs of the IS8Fs with the dollar value of the simulator
training-time savings attributable to the use of ISFs. In short, all
the data needed to assess the cost effectiveness of 1SFs could be
collected in a simulator known to yleld training transfer,

The remainder of the discussion of ISF research assumes that the
only benefits of ISFs are ones that result from an increase in the
efficiency with which simulator training can be accomplished. However,
it will be necessary to validate this assumption before research on ISF

utility 1s initiated.

Phase Two

The second phase of the research program 1is composed of three
major tasks: (a) development of an inventory of potentially effective
ISFs and their applications, (b) development of an optimal sequence of
ISF applications, and (¢) definition of cost-effective applications of
ISFs. A detailed description of each of these tasks is presented below,

Derive Potentlally Effective Instructional Feature Applications

The first task in Phase Two 1s the development of an inventory of
potentially effective IS5Fs and applications of those instructional
features, All devices in the Army's SFTS will be examined and all 1SFs
incorporated in these devices and their potential training applications
will be identified and described. A review of U.5. and foreign military
and commercilal flight simulators will be conducted to identify ISFs not
presently used in the Army SFTS. Potentilal applications of these ISFs
will be specified. Finally, simulation experts and other subject-matter
experts (8MEs) will be questioned about their ideas regarding training
concepts for which ISF applications could be developed. The product of
this task will be a comprehensive inventory of potentially effective ISF

applications,
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Define Optimal Instructional Sequence

The next task in Phase Two is a definition of an optimal instruc=-
tional sequence. This task is included in Phase Two because of its
potential contribution to the empirical research to be conducted within
this phase. Three types of effort are needed to meet the objectives of
the task.

The first effort will be an attempt to analyze the tasks identi-
fied in Phase One as targets for training., Th- objectives ot the effort
are (a) to identify common task 'types" or groupings so that the number
of research tasks may be reduced, and (b) to permit logical, analytical
decisions regarding the optimal order in which tasks should ba trained.
To achieve these objectives, an analysis of enabling task components
such as that conducted by Meyer, Laveson, FPape, and Edwards (1978) is
proposed,

Given an identification of optimal task order for tralning, the
second effort is to conduct comparisons between the analytically derived
task order and the operational task order(s). The extent of the
disparity between the two task orders will, in large part, determinae
whether there is a need to empirically compare these two task orders,
The greater the discrepancy that exists baetween the task orders, the
greater will be the need for empirical evaluation.

The third effort required to determine an optimal instructional
sequence 1s the identification of the optimal order in which simulator
training and aircraft training 1s conducted. In the only relevant
investigation found in the literature, Ryan, Scott, and Browning (1979)
found that a blocked simulation training group required significantly
fewer trials to criterion (17) than either an interspersaed simulator/
aircraft group (28) or an aircraft-only trained group (50), The large
and operationally significant differences obtained in this study, while
accepted with caution, suggest the possible importance of determining
optimal sequences of simulator and aircraft training.

In designing research to determine optimal sequences of simulator
and aircraft training, several factors must be considered. First, it
will be necessary to conduct the research in the context of both initial
skill acquisition and sustainment training. Second, the effects of
interspersed training might be expected to be madiated by skill level.
Thus. it will be necessary to vary the point at which students who are
trained initially in the simulator begin training in the aircraft, and
vice versa., Finally, the frequency with which subjects switch from the
simulator to the ailrcraft 1is important and must be wvaried experi-
mentally. The product of this task will be the definition of an optimal
training sequence,
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Define Cost-Effective Instructional Support Feature Applications :Eﬂ;

The final task in Phase Two is to defina cust-effective applica- .;*
tions of instructional support features., Pnth analytical work and «::,
empirical work will be performed to identify “.¢ applications that are pox
cost effective. The analytical components of the task arve designed to 0
reduce the number of ISF applications for which empirical data are ,::s'l
needed to make decisions based upon cost effectiveness. ‘
Figure 6 1s a diagram of the steps to be accomplished and the :::;‘_
decisions that will be made to accomplish the final task in Phase Two, Qf."r
Products of each of the earlier tasks will be used as dinput to il“,;‘
accomplish the task objectiva. ::ns
Step One of the task consists of the development of a Target ‘
Training Task by ISF Application Matrix. Target training tasks and o
phases were identified in the first task of Phase One; potentially ;::
effective applications of 15Fs were identified in the firat task of o
Phase Two. The matrix will show all possible applications of the ISFs :.*:‘
identified in Phase Two to each of the training tasks identified in f‘
Phase One, 0
-'l"v

In Step Two of this task, the known and the assumed capabilities f:if

and limitations of each ISF application in the matrix will be defined, ::e'.'.
SMEs will be consulted as necessary during the developmant of the :.:»‘
definitions, g
B

The use of SME Jjudgmeuts assumes that decisions about the cost :E::
effectiveness of some ISFs can be based solely upon analytical consider- :.-2
ations, For example, it is likely that the Initial Conditions Set ISF ::1
would be judged cost effective by most SMEs. The capability to position ,'ﬁ:
the alrcraft at any position over the available terrain aliminates the g
time required to fly to that position. That application alone is likely el
to make the Initial Conditions Set ISF a costreffective one, Given the ?:':
Initial Conditions Set ISF, a Problem Fr eze ISF would likely be judged :‘::
cost effective in that it enables the instructor/operator to stop the .';::
training at any point and utilize the Initial Conditions Set ISF to ':'.:
change position or other relevant environmental conditions. These tvpes ‘i
of decisions about the cost effectiveness of perticular ISF applications e
can be made without extensive empirical effort, ':::j
oy

A more empirical approach is required for ISFs whose cost cffec- ::::
tiveness is less obvious, As the above example illustrates, certain u'::.
I8Fs are interrelated. Decisions about the cost effectiveness of a 9"
single ISF application must, thevefore, be made in the context of other B
1SFs that support or supplement its utility. a::;
.l"

A series of steps will be followed in the empirical phase of data ..c‘
collection, First, research scilentists, simulator dunstructprs/ B
operators, and other SMEs will be educated about the known and assumed “"‘
capabilities and limitations of each ISF application. The SMEs will g
then be asked to judge the potential training utility of each ISF e
'I‘|
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application on a task-by-task basis. If an application is judged to
clearly have training utility for & number of tasks, the application
will be selected for incorporation into a prototype POl for instructors/
operators, If an application 1is judged to have no potential training
utility, the application of the ISF will either be rejected or a recom-
mendation will be made to study the application furthar within a longer~
term research program, The ISF applications that remain will be those
for which the potential training utility is uncertain. These applica-
tions are considered to be the best candidates for further empirical
evaluation,

The inventory of potentially effective ISF applications is likely
to contain several ISFs and ISF applications that are beyond the
hardware and the software capabilities of the axisting devices in the
SFTS. Investigation of the training utility of those ISFs will be
recommended as part of the longer-term research program mentioned
previoualy,

The next step in the task is to design and conduet enmpirical
evaluations of the cost effectiveness of the ISF applications that are
within the capabilities of the devices in the SFIS., Using the general
research methodology defined in Phase One, each ISF application will be
evaluated in termg of its cost effectiveness when compared to approp-
riate control groups., The specific ressarch designs and the measurement
approaches to be used will be determined by the nature of the ISF
application tn be evaluated and the resources available for that effort,
Applications that are found to be cost effective will be incorporated

¢ into the prototype instructor/operator POI. Applications that are found
not to bm cost effective will be either eliminated from further consid-
eration or recommended for further study in a longer-term research
program.

In summary, the analytical and empirical analyses in this task
will provide information that can be used to make decisions about the
outcomes of ISF applications. Specifically, the task results will be
used to determine whether a particular TSF application will be (a)
included in a prototype instructor/operater POI, (b) recommanded for
further study in a longer-term research program, or (c) eliminated from
further consideration.

ISF applications will be included 1in the prototype instructor/
operator POI when either of the following conditions is met:

o The ISF application 1s judged by SMEs to have training utilicty
for a number of tasks.

o The ISF application is within the capabilities of the existing
SFTS and 1s determined by empivical methods to be cost
effective,

I8F applications may be recommended for further study in a
longer-term research program when any of the following conditions are
met:

9] b
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e The ISF application 1is judged by SMEs to have no potential
training utility,

e The training utility of the ISF application 1s judged by SMEs to
be uncertain and the application is bayond the capabilities of
the existing SFTS,

e The ISF application 1is beyond the capabilities of the existing
SFTS and is judged by SMEs to have potential training utility,

ISF applications may be eliminated from further consideration
when:

e The ISF application is judged to have no potential training
utility.

o The ISF application is within the capabilities of the existing

SFTS and is judged by SMEs to have potential training utility,

! but is determined in empirical evaluations not to be cost
b effective,

Phase Three

The objective of Phase Three ls to define near-optimal instructor/
vperator training techniques. The training techniques of concern here
are those techniques that are mediated by the instructor/operatnr and
are used either alone or in conjunction with ISF applications. Examples
of such instructor/operator training techniques include the type and
frequency of verbal prompting, briefing and debriefing atrategies, and
the type and frequency of corrective and evaluative feedback., The

' product of this phase will be a list of instructor/oparator mediated
training techniques., This list of training techniques will then be
incorporated into the prototype POI to be developed 1in the fourth and
final phase of this research.

-I Data Collection Techniques

Two sources of informacion will be used to define near-optimal
instructor/operator mediated training techniques, The first source of
information is a review of the training literature, This review will
focus upon training principles and procedures appropriate for training "
particular kinds of tasks, For example, research will be reviewed on
prompting and fading, discrimination and generalization, practice, :
overlearning, intrinsic and extrinsic feedback, and the relation between E;

these principles and transfer. Attempts will be made to relate each
principle to specific tasks and/or task types. One product of this
review will be an instructional program for simulator instructors/
operators, utilizing relevant flight tasks as examples of how to use
these principles {in tralning.
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The second, and most important, source of relevant information is
the expert and successful simulator instructor/operator. It is presumed
that there are simulator instructors/operators who are successful in
utilizing a device to train students. It is also presumed that there
are methods for identifying these individuals. Given the existence of
expert and successful simulator instructors/operators, and the apparent
lack of knowledge concerning that expertise in the simulation and
training communitias, it remains for researchers to observe the behavior
of these instructors/operators. Accurate and detalled records of their
activity would produce information most useful to the design of a POIL
for other simulator instructors/operators.

Provisions for direct observation of these instructors/operators
during normal training periods would be required, An unobtrusive

observer with visual and auditory access to the instructor, the student, X
and to relevant aspects of the device would be required. A carefully -
prepared and pretested behavior checklist would enable the observer to e
i record, on a task-by-task basis, the training activities of the ,
{nstructors/operators, 1
The products of this task will be: ;$§

L

ea list of relevant training principles and procedures Sﬂ
appropriate to specific tasks, task types, or both, gﬁf

e an instructional program on the use of training principles and fﬁ
procedures with flight tasks, and e

e a description of the ' instructional activities of expert )
‘ instructors/operators on a task~by-task basis. aﬁi
o

The condensation of this information should, in large part, yileld bﬁ
the data necessary to define optimal instructor/operator training 'ji
techniques, o
ot

ﬂy

Phase Four 'g
» .i'

The objective of the fourth and final phase of this research s u

the development and evaluation of a prototype POI for simulator X
instructors/operators, The products of each of the previous phases of _,é'
research will be incorporated into the design of the prototype POI. é‘é
:‘-:
Development of the Prototype POI .

¢ "‘

Current simulator instructor/operator training will be analyzed. B
The analysis will focus upon the specific syllabi, the academic B
training, and the simulator training conducted Ffor instructors/
operators. Program hours and formats will be examined to form a base- X
line for the prototype POI,
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The prototype POI will be constructed as described in the third v
task of Phase Two, and submitted for SME review. Revisions will be made .-S,‘FJ
based upon the results of that review. The prototype POI will then be ':'ui
submitted to empirical evaluation, ';a\;;
M
Evaluation of the Prototype POI 5&
-
Several alternative strategles are avallable to empirically "z:aﬁ
evaluate the prototype POl. Decisions abmut the evaluation strategy, or .'ez-
strategies, tn be employed will be made based upon the content and ;:ﬁd‘
structure of the draft POL and the resources available to conduct the u:li
evaluation. One alternative is to move directly to an evaluation of the "
effect thar the draft POI has on instructor/operator and subsequent ;‘
student hehavior. With this approach, the draft POI itself would serve R
as the independent variable. A two-group comparison between a POI- ".:a
trajned group and a current program-trained group would be conducted. :;u:
2 Measures of both dinstructor behavior and student behavior in the s:.;s
simulator would be obtained, ‘;
A second, and perhaps more desirable, alternative is to derive ::0,
testable hypotheses from the results of Phase Three. By relating the :.:s
observaticnal records of expert instructors/operators to specific ',1:52
training principles and procedures, several questions will arise con- '}.:h
cerning the efficacy of certain training priuciples and procedures, It 4
should be posgible to resolve a number of these questions analytically, ’E'
The remaining questions would be stated in testable iorm. These ques- $::e
W tions would form the basis of a programmatic series of investigations of W
ingtructional variables. The results of the programmatic training 13.5:
research would serve as empirical bases for the content of the draft ,:,:,.»
POI. This POI could then be evaluated with the two-group comparison -
described above, -
':;:"
. A third approach to the evaluation of the draft POI is to directly :‘:vﬁ
test the components of the drafcv POT. A component analysis would allow ":'ﬂ
separate determination tv be made of the effects of independent segments Sy
of the POT. FEmphasis here would be placed on instructor/operator ','
behavior as the primary dependent measure. The specific constitution of »*»
the POT will determine the manner in which it is to be segmented. For l::o
example, feedback components of the POl could be introduced in one :l“g
segment followed by a prompting segment and a fading segment. v‘:’:
s
Measures of feedback, prompting, and fading behaviors would be ,'h'
obtained throughout the evaluation procedure, 1Inferences about the
effects of each component would be drawn by a comparison of the relevant
measure prior to and following the introduction of the corresponding oy
component of the POT, The draft POT constructed through the empirical A
evaluation of 4its various components could then be compared to the .;
current iInstructor/operator training program in terms of its effect on Y
instructor/operator behavior and on student performance in the ﬁ
simulator, :::i:
b
::l';
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SECONDARY RESEARCH AREAS

The remaining portion of this section discusses nine '"secondary"
research areas. As was stated earlier, th. - are problems and uncer-
talnties in each of these secondary areas tl . must be resolved in order
to conduct effective research in the areas o. primary concern: simula-
tor fidelity and {inscructional support features, The discussion of each
| of the secondary research areas i3 asimed at defining the nature of the

. problems; no attempt has been made to formulate a research plan to
- investigate each of the problems,

HELICOPTER FLYING~TASK!3 DATA BASE

o ; There 1s a great need within Army aviation to develop a compre-
X hensive data base on the tasks that helicopter aviators must be able to
3 -  perform in order to achieve full operational-ready status. Within the

present context, the need for such & data base centars on the develop-
ment and assessment of training methods and media. However, a compre-
hensive flying~task data base is also needed for:

- e the development and wvalidation of improved aviator selection
tests;

p e the development and validation of Jimproved proficlency assess-
ment measures for individual aviators, ailrcraft crews, mulciple~-
alecraft teams, and combined-arms teams;

.
[

human factors design of new aircrafi and new equipment developed
' for use in existing aireraft; and

e

o the development or refinement of operational procedures and
tactics.

The flying-task data requirements for each of the applications

:: mentioned above have some unique elements, but there are a great many
. data requirements that are common to two or more of the applications.
Due to the commonality in task data requirements, there has been an
enormous amount of duplication of effort in the compilation of flying-
task dacta by different Armv and industrial organizations. In addition
to the problem of duplication of effort, there have been problems with
data quality and data standardization. Because of the limited
f resources-~time, funds, and personnel expertise-~that any one organiza- ‘
? tion can bring to bear in compiling flying-task data, there have been :{
instances {in which the resulting data have not been as complete and y
valid as the user needs to do the jobh. Lack of standardization in the
task analysis methods employed, the type of task data compiled, and the 45
3 descriptors wused to characterize flying tasks have resulted in :ﬂ
I
\ 13The term "flying tasks," as used here, encompasses all preflight ¢
planning tasks performed on the ground as well as all tasks performed
. in the air, whether or not rthe tasks involve control of the aircraft, ﬂ:
k:,
‘!
4
)
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inefficiency and miscommunication when the data have been used by -
organizations other than the one that developed the data, ,&“",’
LA

. “",

The requirements and problems discussed above point to the need .::::

for a comprehensive, standardized data base on helicopter flying tasks. ::s.:fe
The development and maintenance of such a data base would be costly. e
However, in the long run, such a data base would surely result in cost B
savings through eliminating duplication of effort and increasing bl
effectiveness in performing jobs that require flying-task data. :,"
. '0‘7

Numecrous technical problems must be overcome in developing a l‘.:ﬁi
flying-task data base,!“ Probably the most difficult problem is that of i

creating a meaningful conceptual structure for organizing the data, B
Other difficult, but less formidable problems, include: oy
‘ "

o identifying the potential users of the data base and specifying ::‘;::

the needs of each user; ;.':,:a:

et

', e specifying the composite set of data items needed to satisfy the ::a::
! requirements of each user;

e developing standardized data-collection methods, especially ;:i;::‘.
methods for conducting task analyses for new aircraft and new .o}:u:‘
systems to be installed in operational airframes; :::..:,

LX)

e developing standardized descriptors for wuse in defining :::kf’
missions, mission segments, functions, flying tasks, operator "f"
tasks, operator subtasks, operator actions, etc.; and e

)

e specifying the manner in which the data are to be formatted, ::‘::

assessed, and updated. Knad

I. o

N

!3:"

Identify Data-Base Users/Needs ‘;
iR

LC AN

An effort to develop a flying-task data base must commence with :::‘:_

the identification of the Army organizations that must employ such data «:.:i:
in accomplistiing their Jjob, Then, it will be necessary to survey :::a::
representatives of each organization, using questlonnaires and/or X
interviews, to identify the types of jobs for which flying-task data are B .
required and the specific data items needed to accomplish that job. The ooy
composite findings of the user survey will serve as the basis for '.'.:
formulating a set of general data-base requirements. ;.{3
. 0
R

14%Many of the research problems and issues discussed by Hays (1981) and ‘*
by Hays and Singer (1983) are germane to the development of a 0:::::
helicopter flying-task data base, Thelr writings have had a major bty
influence on the ideas presented in this subsection, .'n.:j
O
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Define Data-Base Structure

In developing a data-base structure, it must be kept. in mind that
there is no single set of data items and no single data-base organiza-
tion that will be satisfactory for all users. As a consequence, it is
esgential that the flying-task data base be computerized and that the
computerized data be formatted in a way that will enable users to
organize the data in a manner that best suits their needs, Although the

data will be organized and processed in various ways by various users, gﬂ
it is necessary to develop a conceptual structure that will (a) provide ;ﬁﬂ
guidance in making decisions about data formatting and data accession n
methods, and (b) enable users to conceptualize the contents of the data %ﬁ
base and how to go about organizing 1t to meet their needs. The B
comments presented below reflect only preliminary thoughts about a j‘
data-base structura, e
3 As presently conceived, the mainstay of the data-base structure ﬁﬁ{
ﬁ would be a fully comprehensive listing of mutually exclusive flying e
tasks.!® Some flying tasks would be defined in terms of aircraft ey
actions, such as: ground taxi, takeoff to a hover, steep approach, e
circling approach, autorotation, etc. Other flying tasks would be {ﬁé
defined in terms of discrete tasks an aviator must accomplish on the s
ground (plan an IFR flight, prepare performance planning card, etc.) or &y
in the air (perform emergency procedure for emergency landing, fire &%{
2.75-inch FFAR rocket launcher, etc.), The concept is to define flying '@%'
tasks such that they can be used as discrete '"building blocks" in ﬂ'
describing operational missions or training sessions, To be acceptably %ﬁi
X comprehensive, the flying-task listing must contain the flying tasks ﬁé
- needed to describe any operational mission or training session for any eﬁﬁ
alrcraft flying under any condition in which Army helicopters might be Nq
required to operate, In short, the flying-task listing must encompass aiily
the full range of missions (including training), aircraft types, topog- )
raphy, weather conditions, lighting conditions, and battlefield- Qﬂ
b generated visual obscurants. :::2;
iy
a An essential requirement of the training-task listing is that the gpf
o training tasks he defined at a common and useful level of specificity. e

The enormous variation in task specificity is one of the reasons it is

difficult to use ATM tasks in designing training system research., Some 'f.

X t:

: 4

!5This effort 1s similar but not identical to the development of a RO

flying=-task taxonomy. The ideal flying-task data base would enable ’§&
different users to develop taxonomies specifically tailored to their P

needs., That is, the fundamental tasks and assoclated data listed in Q}ﬁ

the data base could be organized and classified in terms of a variety \{}

of different behavioral or nonbehavioral criteria. The work of Meyer gki

and his assoclates illustrates the types and uses of taxonomies that }k}

could be daveloped from the envisioned f{lying-task data base (Meyer, ff{
Laveson, & Weissman, 1974; Meyer, Laveson, Welssman, & Eddowes, 1974 )

Meyer, Laveson, Pape, & Edwards, 1978). lﬁb

o

N

o,l

I'.'l”

vty O 0 s
R OSSN S DA D SR DL D e S




ATM tasks, such as "hovering turns,” are defined at such a high degree
of specificity that 4t facilitates specific thought about methods and
madia that would promote training on the task. Other ATM tasks, such as
"route reconnaissance,”" are defined at a level of specificity that is
far too general to be of use for most analytical purposes. A route
reconnalssance subsumes numerous other ATM tasks that differ greatly in
the knowledge .and skills required to master them, Such tasks must be
subdivided 1into finer units to promote more detailed and systematic
consideration of training methods and media. Variation in the level of
specificity of flying-task definitions probably would create similar
problema for data~base applications other than training rescarch.

The data-base structure envisioned would consist of a very large
three-dimensional matrix with flying tasks listed along one axis,
aircraft types listed along & second axis, and flying conditinns listed
along a third axis, Each cell in the matrix would contain data elements
germane to the corresponding flying task, aircraft type, and flying

i condition. The data items stored within each cell of the matrix are
discussad in the following subsection.

Specify Data Items

X Initially, the data items to be included in the data base will be
gpecified through an analysis of the information generated by the user
survey, Subsequently, user feedback will be used to expand and/or

. refine the population of deta items, Two classes of data items are

%] needed: £flying-task descriptors and operator-task descriptors. Flying-

task doscriptors should include at least the following:

| ‘e a general description of the flying task for the aircraft/
condition(s) in question;

¥ e ldentificatfon of all personnel who are directly or f{adirectly
K ‘ involved 1in performing the flying task, including crews of othar
: airceraft and ground personnel;

! e specific performance criteria and standards for the flying task;

and .
: e enabling flying tasks--the flying tasks that must be mastered -
: before effective traitiing on the task in question is possible. };
# n 1) '
The data items referred to as ‘'operator-task descriptors" by
correspond closely with traditional task-analysis data. As the term \Q
implies, all operator-task descriptors are aimed at characterizing what !
the operator must do to accomplish a specific flving task, While by no 3!
means complete, the following list exemplifies the types of operator=- yﬁ
task descriptors that should be included in the data base; such data Ve
will be required for each individual who participates in the flying task ’?
1in question: [hes
W
ii
)
"
o
o
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¢ verbal description of each function, task, and subtask that musgt
be performed to accomplish the flying task in question!S;

o the exact sequence in which the functions, tasks, and subtasks
must be performed, if applicable;

e the operator knowledge/skill requirements for each operator
task/subtask;

o the displays that must be referred to and the controls that must
be manipulated to accomplish each operator task/subtask;

o the extra=cockpit visual information required to accomplish each
task/subtask;

e the nonvisual cues required to accomplish each task/subtask;

o the type and source of other information required to perform
each task/subtask;

o ratings of task/subtask difficulty (to learn and to perform by
trained aviators);

o ratinga of task/subtask criticality (safety and mission
guccess);

e time reduirad to perform task/subtask (average time, maximum
time, and minimum time);

o rating of task/subtask in terms of tolerance for wvoluntarily
delaying the task/subtask when workload is high; and

o task/subtask class (control, information processing, decision
making, etc.),

Not all of the data listed above are presently available; much of
the duta would be difficult to acquire., However, all of the data f{tems
listed are beliaved to be needed by one or more Army organizations,
And, as was suggested earlier, there undoubtedly are other data needed
that are not included in the above list.

Develop Methods for Formatting, Accessing, and Updating Data Base

Little can be sald at this point about the development of methods
for formatting, accessing, and updating the data except that these,
methods must be spacifically tailored to the needs and capabilities of
the users., At this point, it seems clear that the system must be
designed for individuals who are relatively unsophisticated in computer
operations and infrequent users of the data base. It also seems clear
that the system must be designed in such a manner that enables users to
easily sgelect from the composite data base data items that are of
interest and to organize the data in a way that best suits their needs,

16A standardized set of verbs (acquire, control, check, engage, etc,)
should be used {n drafting the task/subtask descriptions.
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TEAM/COMBINED=-ARMS TRAINING

Current Army doctrine dictates that, when engaged in combat
operations, a helicoptar crew nearly always oparates as part of a larger
team, The team may conaist of the crews of two or more helicopters, a
helicopter crew and division artillery parsonnel, a helicopter crew and
a forward air controller, a helicoptar crew and the crew of a closs alr
support aircraft, a helicopter crew and air traffic control personnel, a
helicopter crew and a ground-unit commander at almost any level of
command, and so on. Thaere {3 considerable concern in the Army that tha
effectiveness of combat operations may be compromised by the lack of
training on team tasks.

This subsection addresses the need for research to (a) determine
the specific requirements for team/combined-arms training within Army
aviation, and (b) spaecify the role of flight simulators in providing
such training.

Background

In 1976, the Defense Scienca Board acknowledged the need for
greater emphasis on the training of crews, groups, teams, and units
throughout all branches of the armed services (Defense Sciance Board,
1976), The Defense Science board also acknowledged that the accompligh-
ment of this objective will raquire extensive resesrch on the ngture of
team performance, the methods for defining and measuring team perfor-

) mance, the methods for defining team training requirements, and the
methods and devices that will yleld effaective team training. The
Defense Science Board's racommendations are based on the fundamental
premigses that training on individual skills slone is inadequate to meet
the requirements of peacetime readiness and wartime deployment, and that
there are some essential skill elements--above and beyond individual
gkillg~=that can be acquired only through training and practice as a
team. There is some research evidence that supports these premises (see
references cited in the following paragraph). Moreover, the belief in
the necessity of team training is reflected in hoth past and present
military training practices; military training nearly always culminates
in some form of multi-individual or team training.

Since the Defense Science Board published their recommendations,
geveral Department of Defense agencies have funded efforts to review the
team~training literature and to identify research that will eventuallv
lead to improved team-training principles and practices (Denson, 1981;
Dyer, Tremble, & Finley, 1980; Prophet, Shelnutt, & Spears, 1981}
Thorndyke & Weilner, 1980; Wagner, Hibbits, Rosenblatt, & Schulz, 1977),
These documents and others have been reviawed in an attempt to extract
general observations and conclusions that have a bearing on Army aviator
team training and the potential role of flight simulators in accom-
plishing this training, The conclusions c¢onsidered relevant are
summarized below,
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Value of prior research. The team~training research literature is
neither extensive nor current, and no research was located that deals
directly with the team training of Army aviators. Although some of the
prior research is of considerable theoretical interest, the results are
of marginal value in answering specific questions about the types of
team skills that Army aviators must possess in order to parform
effectively in combat or the best way to train such skills, Hance,
there is a definite need for further research in this area.

Dafinition of a tean. The definition of what constitutes a team
and the specification of the attributes that differentiate a team from a
small group has received considerable attention, Thorough discussions
of various definitions of a team are presented by Denson (1981), Hall
and Rizzo (1975), Meister (1976), and Wagner et al. (1977). Resesarchers
differ in their conceptual definition of a team, and those whe have
reviewad theses definitions generally agree that thare is no definition
that 1is suitable for all circumstances. Even so, there ssems to be a
general consensus that the minimum charactaristics for a team include:

e a goal or mission orientation,

¢ a formal structure,

e usaigned roles, and ‘

¢ a requirement for interaction between members (Hall & Rizzo,

1975).

Other factors that may prove important in dariving a suitable
dafinition of a team include number of individuals, dagree of interac-
tion/communication, physical proximity during team activity, and the
interrelationship among equipment under the control of individuals.

It should be noted that most of the contemporary definitions of a
team were derived from definitions originally formulated by dindividuals
working at the American Institutes for Research Team Training Laboratory
(see Klaus & Glaser, 1968),

Established vs, emergent situations. A point on which there is
uniform agreement is that the context in which team behavior occurs has
a major impact on the type of team training that is appropriate and
beneficial, This context 1is viewed as a continuum that varies from a
totally "established" situation to a totally "emergent'" situation.
Boguslaw and Pprter (1962) describe these situations in the following

Mmanner.,

o Established Situation--one in which (a) all action-relevant
environmuntal conditions are specifiable and predictable, (b)
all action-relevant rntates of the aystem ave specifiable and
predictable, and (c) available research technology or records
are adeaquate to provide statements about the probable
consequences of altarnative actions,
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e Emergent Situation--one in whieh (a) .all action-relevant
environmental conditions have not been specified, (b) the state
of the system does not correspond to relied-upon predictions,
and (c) analytic solutions are not available, given the current
state of analytic tachnology.

In principle, team performance in a purely established situation
is solely a function of the individual skills of the team members; team
training would not be expected to benefit team performance in a purely
established situation, Conversely, team performance in a purely
emergent situation 1s & function of both individual skills and team
skills; the maximum benefits achievable from team training would be
expectmad in a purely emergent situation. No team function that an Army
aviator may be required to perform ia likely to be purely established or
purely emergent, Nevartheless, a&an examination of where a team function
lies along the established/emergent continuum should be useful in
estimating the relative henefits likely to be reslized £from team
training on that function,

LS

Inmediate vs. extended teams. Meister (1976) has made a distine-
tion between ''immediate" teams and "extended" teums that is useful in
charactarizing the teams in which Army aviators may ba members., The
fundamental concept is that "immediate" teams are relatively small teaus
that are emhedded in larger "extended" teams, The Army's AirlLand Battle
doctrine (see U.S. Army FM 100-5, 1982) defines & hierarchy of teans
that will function on the modern battlefield; helicopter crews and

. multi=helicopter teams are smbedded in "extended" teams at nearly avery
") level of the hierarchy,

Importance of individual proficiency. Ie is clear from the team
training research litaratura that individual proficiency 1s & prarequi-
gite for effective team training, regardless of whathar the team is

operating in a predominately established situation or a predouminately gq
energent situation (Kanarick, Alden, & Daniels, 197!; Klaus & Glaser, ?;
1968; Wagner et al.,, 1977). Moreover, Horrocks and his colleagues have ﬁﬁ
shown that an emphasis on ccordination early in training actually ﬁ}
interferes with the acquisition of individual proficiency (Horrocks, gq
Krug, and Heermann, 1960; Horrvocks, Heermann, & Krug, 1961)., In shor:, ‘.
it can be concluded that (a) team members should be highly trained on 3
their individual tasks prior to the onset of team training, and (b) team &§
training should not be used as & means to eliminate individual skill ot
deficiencies, It follows that, when identifying requirements for team H$
training, extreme care should be taken to determine whether deficilencies "
in the performance of a team are the result of individual skill -
deficiencies or team skill deficiencies. W
o

Defirition of team skills, There has been little progress made in ﬁ%
defining what skills are acquired from team training that exceed the o
composite skills of the team members. Meister (1976) states that it is )
this difficulty that accounts for the fact that teamwork 1is not often ]i
taught in terms of skille and behaviors, but by providing a context %
sl

&
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X within which the 1individual practices with others. The terms most
o commonly cited in defining team skills include: cooperation, coordina-
e tion, cohesion, team awareness, interaction, and communication.
:ﬁ Federman and Siegel (1965), among others, have acknowledged that these
;ﬁ tarms are highly ambiguous and difficult to define operationally,
a0
) The authorse of the present report have reviewed the various
- definitions of team skills and have compiled a listing of the specific
o knowledge and skill elements referred to in the dofinitions. This
Q} compilation was derived from the works of Alexander and Cooperband
0 (1965); Buguslaw and Porter (1962); Collins (1977); Hood, Krumnm,
LS 0'Sullivan, Buckout, Cane, Cotterman, and Rockway (1960); Kanarick et
' al., (1971); and McRae (1966)., The specific team knowledge and skill
» elements identified are as follows:
&E e knowledge of strengths and weaknesses of team members;
;lﬂ
ﬁgif o knowladge of when other team mambers want/need help;

' ‘v
§:&' e ability to pace one's actions to fit the needs of all;
ié e ability to behave in an unambiguous manner;
;ft e abllity to synchronize actions with others, within a time scheme
Qf or cycle;

L
Q: e ability to participate effectively in solving problems for which
B a stock answer is not available to the taam;
s e inclination to cooperate;
i}
;%’“ e knowledge of team's goals;
gg e knowledge of the purpose and organization of the total system;

4
o e knowladge of the relationship of one's task to the tasks of each
i team member;

X3
R o e understanding of the characteristics and functioning of the
ﬁf ' environment and the relative importance of various events;
'ﬁa e ability to be innovative in better organizing team activities;
KA

) o knowledge of communication mode that {s best for the task at
:;0. hand;

L
$i e ability to differentiate between relevant and non-relevant
QR communication;
@f e knowledge of best communication structure and pattern;
i;, ¢ knowledga of relevant, unambiguous vocabulary;

s
f' e ability to recognize one's own arrors soc as to initiate
;Q corractive actions;
ﬁb o ability to recognize existing or imminent overload of self and
Tl other team members; and
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e knowledge of methods for adjusting to overloads and contin-
gencies, such as: cueing, the omission of some inputs,
permitting certain errors, filtering, approximation, increasing
the work flow channels, chunking information, or abandoning a
hopeless situation,

Performance feadback and performance assessment. There 1is no
question that performance feedback is as essential for effective team
training as it is for effective individual training. As a result of a
review of the literature on performance feedback, Kanarick et al. (1971)
conclude that '"performance faeedback 18 unquestionably the single nost
critical parameter in team or individual training."” Performance feed-
back hus been investigated as an independent variable in several team
training studies (see reviews by Denson [1981]) and by Wagner et al.
(1977]). Of the conclusions drawn from these studies, the ones most
relevant to the present effort are (a) team performance improves more
rapidly with performance feedback, (b) feedback only on the performance
ﬁ of the team as a whole is generally effective, but, in some circum-
h stances, may foster inappropriate reasponses that result in a decrement
in team performance, and (c¢) performance feedback on both individual and
tean performance is generally more effective than faedback on only one
or the othar,

Although the value of performance feedback is well established,
there are many problems and uncertainties associated with providing
optimal feedback for military teams, especially military teams being
field trained in an emargent situation, Performance measurement 1is
clearly the most critical problem, Effective performance feadback is
not possible without valid and accurate measures of both individual and
team performance, And yet, relatively little  is known about the
definition of team performance objectives, the establishment of tean
performance standards, and the selection and weighting of team perfor~
mance criteria, The performance assessment problem i1is particularly
difficult 4in emergent situations in which two or more acceptable solu-
tions to a problem are possible, A second problem is that, given
adequate performance measures, little Is known about optimal methods for
conveving performance feedback to team members. Post~flight debriefings
and discussions {s the method most commonly used at prasent. It seems
certain that the technology presently available could be exploited to
produce far more effective methods for providing performance feedback on

team performance. "

b

The Research Requirement

The immediate requirement 1s for research that serves to clarify
the potential role of flight simulators in training the team skills that
Army aviators must possess to perform effectively in combat., This
research should provide data with which to (a) assess the utility of
. production simulators for training team skills, and (b) specify the
' types of design modifications that would significantly increase the
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effectiveness of production simulators for training team skills,
Unfortunataly, it 1s not possible to design and conduct research that
meets the immediate requirement until far more 18 known about the
composition, structure, and functions of the teams in which Army

) aviators participate as team members. In other words, considerable

. preliminary research on team training must be conducted before it will
be possible to evaluate flight simulators' role in team training. It
should be noted, however, that the results of the preliminary research
should be of great valus to the Army, regardless of whether team
training in flight simulators proves feasible., Indeed, the preliminary
research, as outlined below, is nothing more than is needed to address
the team training research issues spelled out by the Defense Science
Board nearly ten years ago (Defensa Science Board, 1976).

' 2 An Overriding Issue

A factor that may be more important than any other in determining
optimal team training methods is the. turnover in team membership that
, can be expected in a combat sicuation, If teams cthat are trained
h togethar can be expected to fight together in combat, it may be
' practical to provide the typs of training that enables team wmambers to

tailor operating procedures and communication techniques to the unique
| skills, abilities, and pergonality traits of the team members. However,
' if the personnel that comprise a team can be expected to change
frequently because of combat casualties or scheduling expediencies,
i training that results in team-specific operating procedures and
communication techniques would be ineffective and probably counter=-
) productive, A high or even moderate rate of turnover in team membership
| during combat dictates that personnel be trained to function in a team
' context rather than be tralned to function as a member of a specific
1 team. In such situations, the main team skill to be learned may be the
capacity to accommodate quickly to different team members who possess
K different skills, abilities, and personality traits, The acquisgition of
| such skill may require a procedure whereby an individual being trained
X to occupy a given team position is trained each day with a different set
of team members,

- s

The expected rate of turnover also has important implications for
) the need to develop highly standardized operating procedures and a
/ standardized vocabulary; the higher the rate of turnover, the greater:
* the need for standardization,

X Research Approach )

The following paragraphs outline in very general terms the tasks !
that arve considered necessary to fulf{ll the research requirement cited A
above. [,
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Compile inventory of teams and team characteristics. The purpose
of this task is to compile a comprehensive inventory of the full rangea
of teams for which an Army aviator may participate as a team member, and
to compile data on the characteristics of each team. This task should
commence with a careful review of data compiled by Dyer et al. (1980),
who recently conducted an Army-wide survey to identify Army teams and to
define their characteristics, The data compiled by Dyer et al, will be
augmented, as necessary, with reviews of the most current documents on
Army organization and tactical doctrine, and by interviews with selected
personnel in Army aviation units. Although teams that include heli-
copter aviators are of primary interest, the survey to identify teams
will encompass all types of alrcraft and all types of aviation units,
Moreover, the survey will be designed to identify boch 'formal" teams,
identified in the official Tables of Organization and Equipment (TOE),
and "ad hoc'" teams that form frequently although taemporarily on the
battlefield.

i For each team identified, data will be compiled to characterize
the function, structure, personnel composition, operating procedures,
and tralning of the team,

Classify teams into types. The objective of this task is to
develop a scheme for clustering teams with similar attributes, Although
the attributes to be used in classifying teams cannot be fully specified
at this time, it 1s probable that at least the following attributes will
be considered: team size, number of positions, ranks of team members,
team function, requirement for synchrony in team members' actions,
requirement for coordination, command structure, role flexibility,
location of the team on the established/emargent continuum, location of
the team in the combined~arms team hierarchy, expected turnover of team
members during peacetime readiness training and during combat, whether
the team {8 formal or ad hoc, and whether the team is an immediate or an
extended team.

Sclect target teams, Once the population of teams hag been
identified and classified into team types, a sample of target teams will
be selected ror further study. The objective 1s to select a small set
of teams that, together, cover the full range of team types and aircraft
types.

Identify/analyze team tasks, For each target team, a misasion/task
analysis will be conducted to identify the full range of team tasks that
must be performed by the team and the full range of conditions in which
it may be necessary to perform the team tasks. The results of the task
analysis must identify task elements, the sequence in which the task
elements wust be performed (if any), the team member who {s respensible
for performing the task element, and the equipment that must be employed
to accomplish the task element.

P e e KR Y N F I A K A A A R T

106

OO XA 1 A 0\ y . 2O . 0 AR, A ’ . ; n . .y b
A AD *'v'."'u%’-'ﬁ‘!!' fi‘k'v'.ﬂ”.’n""N\."‘n‘!‘a*’-'&'.,'a""u’i \n‘i’:'i-'..i’\ 1""1\,""ﬁ'-.-'_‘:'l'a'-.':"‘!"' -!‘a“'." (LE N ATy l‘.u"!e'ﬁnc’i,e’%v'tm‘lo"n h,t‘ﬁ » ',n’iivk‘u'l., iqo":s"."k M,
wee A ) i




bt
o
W
w’a'
Identify types/causes of team performance problems. A critical o
step in this research is to identify the types and causes of problems Al
that target teams encounter in performing team functions. The ultimate . 2,0y
question i1s: What are the problem types/causes that target teams are ﬁk
likely to encounter in combat? There are at least three useful sources ﬁﬂ
of information about team performance problems: s%
o interviews with members of the target teamsa and their unit 'ﬁi
commanders, o
o observation of team training operations, including training $&
operations held at the National Training Center, and $ﬁ
e review of data compiled during recent combat operations, such ay ﬁﬁ
the invasion of Granada. j
-
The vresults of the mission/task analysecs will be wused in g&
conducting struct:red interviews with experienced aviators. Aviators mﬁ
o and other ind viduals who comprise the team under study will be %ﬁ
¥ instructed to review systematically the products of the mission/task :mﬁ
analyses and will be questioned about (a) the validity of the analyses, 1 ﬁ‘
(b) team performance problems frequantly encountered and the causes of myk
the problems, (c) the need for team training, (d) team training Wﬁ
requirements that cannot be met given the existing constraints on ?3
training, and (e) recommended solutions to team performance problems, .fﬁ
Xt
Ideally, the information compiled from the aviator interviews 5%&
would be augmented with systematic observations of team training W
. operationa. Such observations could be made during routine unit- Ay
> , training operations and during training operations conducted at the '$:
KX

National Training Center at Fort Irwin, California. Finally, as ctated
above, a careful review of the data compiled during recent combat
operations, such as the Granada invasion, should yield useful informa-

tion about the types/causes of team performance problems. '?6
. N,
j List problems caused by team training deficiencies. The purpose F%
of this task is to list the team performance problems that are caused, i
wholely or in part, by team training deficiencies. It is expected that e
many of the team performance problems commenly attributed to team M
training deficiencies are, in fact, caused by other factors, such as: o
individual 8kill deficiencies, ineffective operating procedures, 5ﬂ%
equipment , limitations, and vague team objectives. Analytic study, ¢
follow-up interviews, and perhaps othar technlques will be used to Q@
select, from the total population of team performance problems, those Nﬁ

that stem from inadequate team training.

Formulate team training objectives., The results of the mission/ %ﬁ
task analyses and the results of the team performance problem analyses ﬁf
will be used to compile a listing of specific team skills on which Army f$
aviators must be trained in order to ensure effective team performance, P
In principle, the mission/task analyses will yield a comprehensive list :
of the team skills that must be acquired during training; the problem O
analyses will yield the information needed to order the team skills in ?ﬁ

0':':
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terms of the c¢riticality of the skill and the relative need for addi- ot

tional team training on that skill, All training objectives must be .

considered in evaluating the utility of £flight simulators for team ,go:

training, but team training that cannot be conducted effectively in the s

aircraft is obviously of special interest, B

By

Agsess faasibility/benefits of flight simulator training. The L2

final task--assassing the feusibility/benefits of team training in i

flight simulators-~is both difficult and complex. To accomplish thin i}:,_

task, 1t will be necessary to compile data with which to answer the ';.‘

following questions: ¢§

e What team training can be accomplished using a single produztion gf%‘f,

simulator? ‘ ‘

e Tn vhat ways can a production gimulator be modified to increase :;e'.'

its effectiveness for team training? Is it likely that the ok

" training benefits realized from the modifications will offset ::u“
¥ their cost? X
. ()

e Can team skills be taught to an individual team member using ";

"surrogate" team members (instructional personnel or a v

computer)? !

i3

o What team training can be a¢complished in an integrated set of ;::f_

two or more production simulators that cannot be accomplished by 'i'i

using the simulators independently? ';

e In what ways can an integrated set of production simulators bhe n

. mcdified to increase training effectiveness? Is it likely that Co,
,‘ the benefits realized from the modifications will offsst their ,::a
! cost? ‘ J$

. 3

Answers to the above questions should initially be sought through

! analytic study. A team composed of SMEs in the fields of training B
L technology, flight simulator design, and military operations and tactics :X:::
N ¥ should be able to identify the team training that clearly cannot be Ay
3 accomplished in each of the simulator configurations listed above. That ‘é.

4

is, knowledge of the veam task requirements and knowledge of the design i\
capabilities the simulactors (production and modified) should enable the

SMEs to accurately judge when a team task simply cannot be simulated ve

: with reasonable fidelity., However, given that a team task can be I::.
( simulated, SME judgments are not adequate to assess the benefits of ::oj'
simulator training on that task; empirical research will be required to u:..}

assess the cost effectiveness of simulator training on that team task. :-::

A judicial decision about whether or not to embark on an extensive ~

program of rasearch to assess the cost/training effectiveness of team e

training in flight simulators must be based on (a) the type and number |":.

of team tasks that SMEs judge can be simulated, (b) the estimated ‘:::

benefits of the training, and (c¢) the estimated cost of the training, |;:.

including the cost of anv aimulator modifications considered necessary, W

Fvan with the best of analytical data, such & decision will be difficult oy

N to make, N
i .':i'
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PERFORMANCE EVALUATION

The literature is replete with reports and articles that acknowl-
edge that performance measurement is a major problem for both research
on aviator training systems and on conduct of the training itself, Con-
temporary experts in performance measurement seem to agree on two
important points. First, they agree that sutomated performance measure-
ment 8ystems in both simulators and training adrcraft represent the
ideal solution to the performance measurement problem, Second, they
agree that the performance measures that the automated systems produce
must be derived empirically by:

o defining an initial set of potentially useful measures,

e collecting performance data using groups of aviators, with known
differences in flying proficiency for the task(s) in questionm,

e using multivariate statistical techniques to select the
smallest, weighted combination of measures that does a good job
in differentiating among the differently skilled groups, and

o validate the measures.

The methods and computer precgrams used to derive performance
measures are available now, but they have been applied in only a few
instances, The studies reported in the literature have investigated
only a few flying tasks--all in fixed-wing afrcraft. Furthermore, the
tasks Iinvestigated to date have been ones in which it is relatively easy
to define the command position and attitude of the aircraft throughout
the task (maneuver) and, therefore, relatively easy to dafine and
measure - performance error (carrier landings and Instrument Landing
System (ILS) approaches are examples).

Mixon and Moroney (1982) reviewed literature published between
1962 and 1981 to compile an inventory of the performance measures that
have been used in research on air systems and aviator training systems.
They compiled a list of 182 different performance measures that have
been used in one or more research efforts. The state-of-the-art does
not enable experts to identify the measures on this list that are needed
to assess proficiency on a given task or the differential weights that
should be assigned to each measure, and it will be necussary to complete
a monumental amount of research in order to specify the types and
weights of measures that provide the best index of proficiency on a
given task. Herein lies the problem., Sensitive and valid performance
measures are required to accomplish research on the design anu use of
the Army's flight simulators, and yet, this research simply cannot awalt
the development of effective automated performance measurement systems
for simulators and aircraft,

Long-term research gcals should be established to conduct the
baasic research needed to develop automated performance syvstems, but the
short-term research on performance measures should be aimed at making
better use of SMEs in assessing flying proficiency. There is ample




evidence that SMEs are capable of assessing flying proficiency, but
there are no data to use in estimating just how reliable and valid SME
ratings can be if they are (a) given extensive training on porformance
ascessment, (b) provided with clear-cut performance criteria and
standards, and (c) provided with continuous records of aircraft
positions and attitude throughout the task or maneuver being conducted.

ALTERNATE TRAINING DEVICES/METHODS

In the past, alternate training devices have not received the
attention they deserve. Too ofter, flight simulators have been designed
to provide training on the greatest number of flying tasks that is
technically feasible; the tendency has been to consider the use of
alternate training devices only when it is found that a given training
requirement simply cannot be met in the simulator. When the training

_ capability of a flight simulator is forced in this manner, the likely

i result is that simulator training on some tasks will be ineffective
relative to training in an alternate device designed specifically to
provide training on one or a small number of tasks,

The net result of the emphasis placed on large, all-purpose flight
simulators is that little effort has been expended in attempting to
define the tasks that might better be trained in alternate devices and
attempting to apply the most current technology in designing alternate
devices, Tt 1is for this reason that a recommendation is made to
establish a research area that focuses on alternate training devices.
The broad objective of this research area is to design and conduct
research aimed at (a) identifying potentially effective applications of
alternate training devices, and (b) developing potentially effective
design cuncepts for alternate training devices.

Y

r Another objective of this research area is to provide estimates of
; the cost and training effectiveness of alternate training devices., As
has been stated previously, the cost effectiveness of training in a

flight simulator cannot be evaluated fullv without considering the cost

and training effectiveness of alternate devices, Although essential for

the success of this program, the task of estimating the cost and

tralning effectiveness of alternate training devices is a difficult one.

Such estimates are particularly difficult when the alternate training

" device being considered is one that has not yet been developed and

tested. In such cases, the only apparent ways to formulate cost- and
training-effectiveness estimates are to depend upon the judgment of SMEs

or to construct a prototype device and test it, The first approach is

subject to large errurs and the second 1s both costly and time W
consuming. So, a second important objective of this research area is to T
design and conduct the research needed to develop more effective methods ﬂb}
for estimating the cost and training effectiveness of alternate training 5%
devices prior to their development and empirical evaluation. %::
e
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SUBSYSTEM STANDARDIZATION/MODULARIZATION 'f’

There are many ways to achieve cost savings in the design of 'e}

flight simulators. For the most part, this research program is aimed at ',f.

achieving cost savings by identifying and ¢liminating unnecessary i

fidelity in simulator components. A complementary approach to cost &'..Z.

savings is the modularization and standardizationm of hardware and g

softwara components that are common to all or most flight simulators. ;)

e

At present, the design costs of many types of hardware and ft}

software are being reduced by utilizing, when possible, standardized ke

components that are readily available on the market., It seems probable iﬁt

that similarly great savings can be realized if standardized components Sy

are developed and used in producing new flight simulators. This would 2

require that effort be expended in subdividing a flight simulator into i

functional modules and in designing standardized modules that could be o

' used as building blocks in developing new flight simulator systems, ;;«*
% Examples of flight simulater components that might be designad as :5:.
i} standardized modules include: computers, power systems, motion systems, o
o external visual displays, cockpit superstructure, selected cockpit B
B displays, aerodynamic modules, and instructional support features, ::-9
i "ﬂ;‘
i Use of standardized modules in producing new flight simulators has oy
the potential for reducing both the cost of initial devalopment and the _ :::Z

cost of operational support. Moreovver, the standardization of interface %
connectors, signal communication protocols, and certain physical .

L attributes of modules would facilitate the flight simulator modifica- o
i tions needed to track modifications of the operational aircraft. ‘;:.
; o | 8
;c RESEARCH METHODOLOGY %
o The discussion of the long-term research plan frequently points to A
;i the need for improved research methodology. This subsection consoli~ ‘,o',t
! dates and, in some cases, expands on earlier comments about the need for ?,:':
i more efficient and more effective research methodology. ,::“
n&

: Alternatives to Transfer-of-Training Methodology ‘s
. ".
E The requirement for more efficient research methodology stems “;
mainly from the fact that transfer-of-training research 1is often too l;:

costly, too time consuming, and too difficult (administratively) to

justify its use. This is particularly true when research is required to ]

q evaluate hardware design options, instructional design options, or both, :;u;.
\ When the number of options to be considered is large--as is the case y
" with the research proposed in the long-term research plan--it may be ..‘f'
‘ prohibitively expensive to evaluate every option using a series of ¥y
transfer-of-training experiments. And yet, proven alternative method- '

ologies are not available. i

|::t

L

I "
L

Ul A mh i i Al Al A B By Tt Tt bt e A AT AT K e L e e R e Tk A B N LA A AL T L e R M e A I UK LA RPN TN L




o

As a consequence, there is an urgent need for the Army to initiate
an effort aimed at developing and validating more efficient mathod-
ologles designed specifically to reduce design options to a number that
can ba evaluated with transfer-of-~training research without the expendi-
ture of excessive resources. It is important to emphasize that it is
not being suggested that methodologies can be devaloped that would
eliminate the ultimate need to conduct transfer-of-training research to
asgess the cost effectiveness of one or more alternative devices/
methods., Rather, it is being suggested that more eafficient method~
ologies can be develuped that would enable researchers to make valid
judgments about which design options should be included in the transfer=
of-training ressarch,

Listed below are alternative methodolegies that thave been
mentioned in other subsections of the long-term research plan or else-
where (sea, for example: Caro [1977b]; Caro, Shelnute, & Spears [1981);
and Hays & Singer [1983)). This list is meant to be illustrative rather

than comprehensive,

o Device-to~device transfer--using aviator trainees as subjects,
measure training transfer from the device/condition under
investigation to a device/condicion in which training is known
to transfer to the aircrafe,

e Backward transfer--using experienced aviators as asubjects,
measura the relationship between parformance in the aircraft and
performance in the device under iluvestigation.:

o Similarity of response charactaeristics/strategles--using experi-
enced aviators as subjects, compare response characteristics/
strategies in the device under investigation with the response
characteristics/strategies in the ailreraft,

® Skill acquisition in device--using aviator trainees as subjects,
measure the rate and amount of skill acquisition that ocecurs as
a function of training/practice in the device under

investigation.

Caro {1977b) and Hays and Singer (1983) have discussed the short-
comings of the above methodologles and others as well. They share the
view that the above methodologies have low validity when used as the
sole means for evaluating the training effectiveness of a device,
However, the risk associated with the above methodologles, or any other,
depends upon how the resultant data are interpreted. There is no
question that the risk of drawing invalid conclusions is excessive if
data indicating 'good" performance (high rate of skill acquisition, high
level of backward transfer, etc.) in a training device is taken as proof
of the device's training effectiveness. For instance, evidence of skill
acquisition in a flight simulator does not necessarily mean that the
aviator trainee is acquiring skills that will transfer positively to the
aircraft, On the other hand, the risk of drawing invalid conclusions is
much lower if data indicating ''poor" performance is taken as evidence
that the dev!. lacks training effectiveness, cither because of the
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device's design or because of the manner in which it was used, For
instance, if performance in a flight simulator fails to improve signifi-
cantly with practice, it is difficult to imagine that the trainea. is
acquiring skills that would transfer positively to the aircraft,

An effort to devalop improved methodologies should commence with a
literature review and a survey of SMEs to identify potantially useful
methodologies., Then, empirical research should be conducted to deter=-
mine the validity of the methodologies for various uses--particularly
for use in the preliminary screening of options for training devices and

training methods,

Improved Transfer-cf-Training Research Designs

Regardless of the types of research that ars conducted in
designing a flight simulator, final decisions about the relative and
gbsolute utility of alternative designs must be based on their cost
effactiveness, As is well known, cost effectiveness is a function of
() the costs of training in the simulator and the aircraft, and (b) the
extent to which simulator training transfers to the aircraft. This
subsection is focused on research designs that yield the requisite
transfer-of-training data.

The design of a transfer-of-training study is a simple matter if
the intent is merely to measure training transfer from a prescribed
simulator-training curricula to the aircraft. Howevar, the classical
transfer-of-training paradigm (see Appendix E) is appropriate only when
the simulator~treining curricula. is known to be near optimal., This is
saldom - the case., When designing transfer-of-training research to
evaluate new simulator designs, a researcher cannot be expected to
possess the information needed to develop curricula that takes full
edvantage of the simulator characteristics., The researcher cannot
ignore the problem because a poorly designed training curricula can
degrade training transfer to such an extent that even major differences
in the training effectliveness of alternate designe would be masked.
Furthermore, estimates of cost savings resulting from simulator training
would be totally fnvalid if an ineffactive curricula were employed.

So, when designing research to assess the transfer-of-training of
ohe or more new simulator designs, the rasearcher is forced to consider
such questions as:

s What tasks must be trained in the simulator?
e In what sequence should the tasks be trained?

¢ How much and what type of training should be given for each
task?

e Should &ll gimulator training be completed before the trainee
receives any training in the aircraft, or should simulator
training and aireraft training be alternated? If simulator/
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aircraft alternation is beneficial, what is the best alternation
schedule?

¢ What is the optimal way to use the simulator when there is
insufficient time during the training day to provide every
trainee with an optimal amount nf training on every task?

The above questions must be considered for each type of training that
may be conducted in the simulator: initial acquisition of flying
skills, maintenance of flying skills, and relearning of flying akills.

It can be arguad that the above mentionad questions should be
answered through a series of analytic or transfer-of-training studiea
prior to conducting a transfer-of-training study to make a final
assessment of the simulator's cost effectiveness, However, it can also
be argued that more sophisticated transfer-of-training designs can be
developed that would provide the data needed to devaelop predictive
models. These models, in turn, could be used to predict cost and
training effectiveness for a variety of training curricula. The Army
has made some prograss in developing this type of training-device
evaluation methodology (Bicklay, 1980a). However, there is a pressing
need for the Army to expand upon this work.

Before concluding thia asubsection, it is important to emphasize

the need to develop ressarch methodologleos for assessing the utility of -

simulators for maintaining flying skills (continuation training). The
bulk of Army flight time is devoted to skill maintenance rather than
initial ski)l acquisition, so the use of simulators for continuation
training has the potentisl for ylelding great savings. And yet, little
effort has been expended by the Army to davelop effective research
designas for assessing the cost #&ffectiveness of asimulators used for
continuation training,

SKILL DECAY/MAINTENANCE

Along with all other DoD agencies, the Army 1s faced with two
competing objectives: maintain combat readiness and minimize operating
costs., In Army aviation, the problem 1¢ acute in that individual combat
readiness is presently being muintained through a program of "continua-
tion" flight training conducted in aircraft that have unavoidably high
operating costs.

The bulk of Army flight time is devoted not to initial acquisition
of flying skills but to the maintenance of these gkills. As a conse-
quence, the use of flight simulators for maintaining the individual
flying skills of unit aviators promises to yield subatantial dividends.
The potential dividends of incorporating simulator training into the
Army's continuation training program are of three types:

e reducing total training costs by replacing aircraft training
hourg with simulator training hours,
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e increasing individual skills by enabling unit commanders to
allocate the flying hours saved by simulator use to training on
individual flying skills that are better trained and maintained

in the aircraft, and

o increasing overall unit readiness by enabling unit commanders to
allocate the flying hours saved by simulator use to training on
requisite combat skilla, such as team operations, that presently
are deficlent or are not addressed in the program.

If training managers are to make judicious dacisions about the usae
of simulators for continuation training, they must have a clesr
knowledge of (a) the rate at which individual f£lying skills decay whaen
not practiced, and (b) the amount and type of training required to
prevent skill decay or te raefresh skills that have been permitted to
decay. Although a substantial amount of raesearch on skill decay and
maintenance is reported in the psychological literature, the tasks
invastigated are not sufficiently germane to helicopter flying tasks to
enable training managers to use the data to establish a continuation
training program that makes optimal use of & simulator. Thia subsaction
argues the need for the Army to establish a research program to
eliminate this critically important knowledge deficlency.

Skill Decay

There is a consensus among aviators that flying skills decay, but
which skills decay and the course of that decay remain open questions.
In an extensive review of research conducted in the general area of
flight skill retention, Prophet (1976) concluded that, in general, basic
psychomotor flight skills show little if any decrement over extensive
periods of nonflying. However, flight tasks with a significant
procedural component (such as instrument flight) suffer an appreciable
decremant in as little time as three months,

Several factors were identified 4in mediating skill decay,
Probably one of the most significant is initial skill level. That is,
all other things considered, the higher an aviator's skill level prior
to a period of no flying, the higher it will be at the end of that
period. This has since been indirectly borne out in work dinvolving
retraining reserve Army aviators. In retraining Army aviators who had
not flown for two to nine years, Allnutt and Everhart (1980) found that
flight hours required to retrain were a function of total flight hours
accumulated prior to layoff from flying. Total flight hours in this
case was consldered an indicant of skill level achieved prior to onset

of the period of no flying.

Use of a gross measure such as total flight hours as an indicant
of 8kill level 18 typlcal of work done in this area., Although the
principle that overtraining improves retention 1s easily derived from
laboratory studies of human learning and memory, what constitutes
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overlearning of flight skills is unclear., There are several models of
the development of sgkilled behavior (e.g., Fitts, 1962; McRuer &
Krendel, 1974); most of them postulate various qualitative 'stagas'" of
learning. Each of the stages is characterized not so much by "what' the
learner does as by '"how" he does it. The highest stage is usually
characterized by skilled, sutomatic behavior requiring a minimum of
conscious attention; lower atages are characterized by conscious
attention to performance. Most independent variables, such as career
£light hours, and most dependent variables, such as trials or time to
proficiency, would be insensitive to differences or changes in "how"
some behavior, such as a normal approach, ia performed. Thus, as
Prophet (1976) implies, a skill may decay differentially over time,
depending upon the stage to which the learner had progressed prior to
layoff.

Duration of the layoff period (period of no flying) is another
mediating factor discussed by Prophet (1976), For Army aviation, the
critical issue is the effect of varied periods of layoff on skill loss
or, in other words, the rate at which skills decay ao a function of time
without practice. As indicated above, skills in continuous control
tasks are lost much more slowly than are skills in procedural tasks,
But at pregent, the Army has no empirical data base on decay rates for
either type of skill. The only work in this area is a study by Ruffnar
and Bickley (1983), which is now being prepared for publication. 1In
this study, a group of active Army aviators was restricted from flying
for periods varying from two to 8ix months, For the set of basic
maneuvers examined, this study will give indications of the degree of
oparationally relevant s8kill decay to be expected of qualified Army
aviators, at least for periods of no flying up to six months in
duraction,

However, because of the limited scope of Ruffner and Bickley's
(1983) study, the Army still will lack data on decay rates for (a)
instrument flight tasks, which are primarily procedural; (b) special
tasks, such as weapuus delivery; (c) spenial conditions, such as aided
or unaided night flight; and (d) all flying tasks for layoff periods
that exceed six months, It will be difficult to conduct the research
rneeded to compile the additional data on s8kill decay. As has been
discussed earlier, in order to assess sklll loss, {t must be allowed to
oceur, However, allowing skill loss to occur in active Army unics is in
direct conflict with the Army's higher mission of maintaining combat
readiness., Commanders are understandably reluctant to participate in
studies of this type.

Skill Maintenance

Quantification of skill decay rates is but half the problem. Once
the decay-rate data are in hand, the most effective means of maintaining
the requisite 8kill levels, which would otherwise decline, must be
determined. Again, therec is no empirically determined data base to use
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in addressing this problem, The present Aircrew Training Manual (ATM)
" (Department of the Army, 1980) specifies, for each aircraft task, the
N number of iterations recommended per six-month peried to maintain
¥ proficiency. However, these recommendations are based on the consensual
estimates of training experts. The results of the Ruffner and Bickley
v (1983) research should provide a starting point for this work, since it

systematically varied the amount of training aviators received over a

K six-month period.
i )
a: :‘
% ' Research Requirements v
*
\ [y
B It seems safe to conclude that, although probably the most -
. lucrative target for simulator training, the area of skill maintenance E
g through simulator training has been largely neglected. There is & clear g
- and pressing need for research to (a) identify the flying skills that N
o are subject to decay over time, (b) quantify the rate at which skill on .
?5 each task decays as a function of mediating factors such as initial ¢
B s8kill level and length of the no-practice period, (c) identify the ;
ol optimal use of simulators, aircraft, and other training media in ?
W preventing skill decay and in refreshing skills when decay is ¥
?\' unavoidable. q
°. ) \‘_
ﬁ" The first task that needs to be completed is to aexamine all E
N existing data and summarize the conclugsions that can confidently be "
o E drawn from the data, Due to Prophet's excellent review published in .
| 1976 and the paucity of research conducted since that time, the review "
i « and synthesis of the relevant literature is not considered & major i
'51 undertaking. i
._!l ' . |'\
'8 A second task is to survey the research designs that have been s
" used to assess the decay/maintenance of flying skills of experienced S
M o aviators and to identify or, if necessary, develop research designs that ]
ﬁ; are suitrble for c¢onducting research on skill dacay and maintenance in W
'K experienced Army aviators. Various methodologies have been proffered %
el for assessing the effectiveness of simulation for sustaining skills H
A | (e.g., Lockwood and Craddock, 1982; McMullen, 1983). Most of them are ¥
3 some variation of a regression analysis predicting proficiency as a K
u Joint function of aircraft and simulator training, but all are expensive Q
% in terms of time, number of test participants, and impact on combat 0
y readineas. " ’5
N
s A third task is to formulate specific recommendations about the v
) research on skill decay/maintenance that needs to be conducted within .
a the context of this research program and apart from it. It is essential M
W that these recommendations take into account both the methodological and )
Y administrative problems that must be overcome in order to accomplish the 3
b research, Careful study will be required to develop a research plan h
» that (a) 18 methodologically sound, (b) yields the full complement of "
- data that are required, and (¢) 18 acceptable to the Army officials who
s must provide the requisite resources, Y,
9 «
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IMPLEMENTATION/MONITORING OF SIMULATOR TRAINING

Research is needed to develop better methods and procedures for
; introducing new flight simulators into the Army's aviator training
: system and for ensuring that the simulator continues to be usad properly
' throughout its lifetime, Improved methods and procedures mnust be
developed to ensure that simulator procurement, development, avaluation,
9 and fielding proceads on a timely schedule that matches the training
A need. In addition, improved methods and procedures are needed to ensure
that (a) optimal training techniques are defined prior to placing the
simulator in the hands of the operational user, (b) operational users
do, in fact, adopt the recommended training techniques, and (c)
operational users continue to employ the recommended training technique
throughout the life of the flight simulator.

DI

o~

K. COST-EFFECTIVENESS ASSESSMENT SYSTEM

) In the past, most of the cost-effectiveness analyses performed
! within the context of the Army's aviator training system hava been
designed to assess the cost effectiveness of a single component of the
training system--in isolation from the remaining components of the
system, This 1s particularly true for flight simulators. Although
there 18 no question that the results of these analyses have yielded
data that have been useful to training managers, there are a number of
shortcomings inherent in this approach. The shortcomings stem wmainly
b from the fact that the components of the training syatem are inter-
& dependent. That 1s, modifying oune component of the training system has
the potential for affecting the training effectiveness, and thaereby the
i cost effectiveness, of other components of the system. In such a
3 situation, e device that subsumes the training function of one or more
of the other components of the training system may appear highly cost
i effective when evaluated in isoclation, And yet, the devica may actually
M decrease the cost effectiveness of the training system as a whole.

“am o <»

Another shortcoming of single-component analyses is that ancillary

costs are likely to be overlooked in estimating the cost of the compo-

' nent. Ancillary costs likely to be overlooked in single-component

analyses are those associated with any change in the training system,

‘ Examples of such costs are: the cost of modifying computer software,

: the cost of retraining maintenance personnel, the cost of retraining a

cadre of instructors, and the cost of redesigning POIs., Clearly, the

failure to consider such ancillary costs could result in erroneous

y conclusions about the cost effectiveness of a component of the aviator
training systenm.

\ A final shortcoming of single-~component analyses i1s that the
b approach does nothing to promote the i1dentification of the optimal
) media-mix. Although research methods and analytic techniques have been
developed to define the optimal mix of simulator tralning and aircraft
training (Bickley, 1980b), the Army has made ro attempt to develop
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N methods for defining the optimal mix of all components of the aviator
gk training system. !
%y .

’ ﬁk Tha above considerations point to the need for a cost-
e effectiveness assessment system that takes into account all components
e of the Army's aviator training system. The aussessments of the benafits
" of new components (devices) is certainly one important function of the
*ﬁ envisioned cost-effectiveness assessment system, but there are a host of
ﬁq other benefits of such a system. The following paragraphs discuss (a) ,
N the most important functions that would be served by a cost-effective-
;#; ness assessment system, (b) the availability of techniques for ‘
e devaloping a ¢ost-effectivenm=ss asgessment systam, and (c) the generic ‘
. tasks required to create and implement such a system,
¢ !‘l
e
r,ﬂ'l
ﬁ? Function of the System
o4
“ﬂ‘ﬁ The general function of a cost~effectiveness assessment system ig ;

.v;: to provide training managers with the information they need to make
gﬁi decisions about the cost effectiveness of proposed new training
‘{5 components or proposed modifications of tha design or use of existing
N} components, In addition, the assessment system must provide information
ﬁq‘ with which to continnously monitor the aviator training system and to
W, identify problems that affect training costs. Examples of such problems
o include, but are not limited to, changes in the abilities of training
ﬁ personnel, changes in the effectiveness with which the training devices
ﬂp.; are actually employad, and changes in the procurement costs or
ﬁﬁr i maintenance costs of devices, The system also must enable training
LA managers to anticipate problems that might arise in the future, given
LA specific assumptions about factors such as mission, tactics, and the
) slze of the force.

i

}ﬁﬁ : The cost-effectiveness assessment system should yleld bottom line

ﬁf ? answers based on the actual amount of training produced per dollar of

g@ expenditure. These answers should be derived from an assessment of how

s the entire system will be affected by a proposed addition or
modification,

8%

:'v"l '

%" Need for Sequential Refinement and Continuous System Monitoring

il

sﬁ: The system wust be designed such that it "learns'" as data are

- accumulated, This design feature, sometimes referred to as "artificilal

\l' "

AN,

S

§§ 17The Air Force has recently funded research aimed at developing linear

ﬁ W optimization models for use in evaluating an entire training sgystem,

bk including defining the optimal mix of all components of the training

Qﬁ gystem (see Marcus et al,, 1980),

)
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intelligence" or "heuristic programming,"'® is a refinement of an old

.ﬂ: technique called sequential analysis, However, there 1s an important
ﬁﬂ difference in the function served by the two techniques., The base
o function of sequential analysis 1s hypothesie testing; data are input
ot until an hypothesis or alternata hypothesis is rejected. The function

oy of heuristic programming is to refine a model or to derive more accurate
estimates of key parameters of a model. As in sequential analysis, the

§§ heuristic program does not replace old data when new data are input:
D the program continues to use all available data.

X

R

oot Availability of Necessary Theory and Mathematical Techniques

o The mathematical techniques needed to design and implement the
ﬁn cost~effectiveness assessment system are avallable and are well known to
, the operations-research community.l® The techniques include, but are
Y | not limited to, the following:

K

g | o linear and non-linear programming,

R e linear and non-linear goal programming,

Ma o dynamic programming,

5&' e network models, and

o o forecasting.

All of the techniques are sclentific preduction methods, Since the Army
ol is in the production business~-~the production of training--sclentific
K production methods are entirely appropriate. A brief description of
{i each of the above techniques will serve to illuminate the need for
! - scientific production methods,

Linear and non-linear programming. Linear and non~linear
programming techniques are designed to optimize an objective function

(XN

ﬁ{, subject to specified constraints, Cost data for each variable of
D ) interest are entered into the function and the function 1s either
ﬁsf maximized (amount of training) or minimized (training costs), subject to
) the specified constraints, The most common constraints stem from

reyource limitations. Constraints are stated in the form of equalities
or inequalities such as the following:

D)

ff 184 heuristic program is a program that learns as it is used, ‘The usual

3& procedure is to input historical data, let the program generate
solutions, then d1input the actual solutions. At this point, the

o program makes adjustmenta to the variables and parameters which it
" uses so that 1t gives better solutions in the future. This cycle
(input data - generate solutions -~ input actual solutions - adjuste-

1,
,ﬁ, ments) continues during the life of the program,
f{ 198eaders interested in a more detailed discussion of these tachniques
’ are referred to the textbook by Wagner (1975) and to the extensive
e bibliography presented on pages 998-1026 of his book,
NN
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¢ total=hours~of=training-per~month = 3000, or
¢ available~hoursg-of-1P-time S 3300, or
e training-hours-per=student & 100

The 1inequalities are changed to equalities by the introduction of
"slack" or "surplus" variables and the resulting set of simultaneous
linear equations are solved such that the objective function is
optimized. In other worde, the objective function is optimized subject
to the availability of resources,

In linear programming, the objective function and each conatraint
must be linear. Exponents and cross-products are excluded in the
problem statement, Non-linear programming is not restricted by the
requirement for linearity.

Goal programming. Goal programming is essentially an extension of
linear and non-linear programming methodology. The technique enables

{ the user to specify multiple goals (objective functions) and to assign
priorities to each goal, Within the presant context, goals for a goal
programming analysis might include minimizing costs, minimizing training .@
time, and minimizing fuel usage, In goal programming, each goal ia KA
assigned weights or priorities such that the optimization of all goals ﬁ
(weighted accordingly) is achieved as nearly as possible, subject to the X
constraints. iyt
"
Network models, Network models are designed to yileld solutions to SE
; problems such as finding the shortest path, the least costly path, or s
) the shortest duration path from an origin node to a terminal node., The i
network consists of a set of nodes, pairs of which are connected by ;%
directed arcs. The mathematical solution to the problem is a special Qf
case of an assignment model, %&
’ Within the context of the Army aviator training system, network k(
} models might be employed to identify the most cost-effective path from &}
the origin (a class of untrained student pilots) to the terminal (a M-
graduating class of trained pillots). In other words, network models nﬁ

might be used to define the training sequence that utilizes the class-
room instruction, flight simulator tralning, aircraft training, and

training on other devices in the most cost-effective manner. The N
objectiva of such an analysis is to define the order of the various Rf
training tasks that optimizes the cost effectivenass of the overall Com N

training program.

; Dynamic programming. Dynami¢ programming is an extension of  .
! network modeling. The technique adds another dimension«-time--to the '$
network model, Dynamic programming problems are solved by the same .

: methods employed to find solutions to network problems. The difference 1@7
) between the two techniques is that dynamic programming problems are N
i characterized in a way that clarifies their dynamic (time-related) fﬁ
| properties, o
: o
} )
» :

| Jf:
| o
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To illustrate how dynamic programming might be used, suppose that h

. a proposal is made to add a visual component to a flight simulator and "
; that the visual system has been shown to contribute positively to the %
) cost effectiveness of the system as a whole, Dynamic programming could s,
then be used to schedule the vatious tasks required to bring the visual .

component on-line in the most cost-effective manner., This technique .

could be used in scheduling such tasks as reprogramming the computer, ™

(' training maintenance personnel on the visual component, and revising the .
N POI. !Q
: X
f Forecasting. Forecasting, a common technique, 18 & necesaary ﬂ
function of a cost~effectiveness assessment system that 1s to be used to ﬁ

monitor and predict the final output of the training system (training b

per dollar), Continuous data input 18 critically important because o

moving average, weighted moving avarage, exponential smoothing, and -?

linear/non~linear regression are statistical techniques that wuse N

; sequential data input to improve forecasting, N
‘ N

T -

Overview of Requisite Tasks

F50 ok >

~

Conduct user survey. An esgential first step in developing a

S

cost-effectiveness assessment system is to survey individuals within the [

Army who would be expected to use such a system. The main objective of ey

the user survey is to identify the full range of decisions that might be ﬂk

made more objectively or on a more timely basis with the aid of a o

. cogt~effactiveness assessment system, 1y

)‘ . [

: Define system functions. The user survey will provide the basic @

information needed to define the functions to be searved by the systenm, w

Generic functions of the system that can be identified at this time Q&

include: ",

| o define the impact on training costs of proposed changes to the Q.

~ aviator training system, .";Z

»

e define the optim 1 mix of a specific set of training media, ﬁ

e ldentify the principle cost drivers within the aviator training ii

gsystem, ﬁ

()

e continuously monitor the aviator training system for the purpose E

. N of detecting unexpected changes that influence the costs and/or 'f

effectiveness of changes, ;

e develop optimal methods for implementing desired changes to the ’i

X aviator training system, and i%

: ¢ forecast future training costs based upon assumed changes in 'a

'g training requirements and/or assumed changes in personnel and ’.:‘

L materiel costs, "
2 Develop preliminary model. The next subtask to be accomplished is

. the development of a preliminary model, The intent 18 to dafine an ?ﬁ
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idealized model in the form of a function-flow diagram. The function~
flow diagram must be defined in sufficient detail to (a) identify the
type of data/infurmation required to implement the model, (b) define the
data processing and analysis requirements, and (c) define the type and
form of the model's outputs,

Determine type, form, and accessibility of existing data. A
survey of Army agencies will be conducted to determine the type, form,
and accessibility of the data needed to implement the cost-effectivenass
assessment system. The problems associated with obtailning accurate cost
data from training-equipment contractors must be addressed at this
point. For some applications, 1t will be necessary to obtain from
contractors data on the cost of training devices or individual compo-
nents of training devices. Obtaining such data 1is complicated by the
fact that contractors are understandably reluctant to reveal information
that could benefit their competitors. Hence, considerable thought must

. be given to methods for deriving accurate equipment cost data,

ﬁ especlally for equipment in the conceptual stage of development. The

) product of this task 1is a listing of the requisite data that arve
presently available and a listing of the requisite data that ave not
presently available. For data that are available, the 1ldistcing will
specify the source of the data and the suitability of the form cf the
data,

Define data compilation methods. The purpose of this task is to
formulate methods for compiling the data required to implement and
malntain the cost-effectiveness assessment system, 0f particular
importance is the identification of the changes in the Army's existing
record keeping systems that are required to provide the type of data
that are needed in a form that is needed.

P e

N e

Develop detailed model. Work on the development of a detalled
model will be commenced only if the results of the previous subtasks
indicate that the data needed to exercise the model can be compiled at
an acceptable cost, Otherwise, further work should either be terminated
or delayed until data support becomes feasible. It would be premature
to define the specific modeling techniques that should be employed. It
is likely, however, that some of the techniques described in the sub-
section entitled "Availability of Necessary Theory and Mathematical
Techniques' will be used.

(53 4

Validate and refine model, It is important to keep in mind that
the model will be dynamic in nature: changes and addltions must be made
routinely, Once the bacic model 1s in place, an initial wvalidation
phase will be implemented. Historical data will be used to validate the
integrity of the model and to point out faults and omissions. The
validation and refinement must be an ongoing process. The heuristic
qualities of the model, along with sequential data input, will help to
ensure better solutions as time passes. The type of information needed
by system managers for decision making should also be constantly
monitored to ensure that the model will be responsive to the needs of
the decisfon makers,
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SECTION T1I1

RESEARCH TO OPTIMIZE DESIGN
AND USE OF PRODUCTION
SITMULATORS (SHORT=-TERM PATH)

As was stated in Section I, the Short-Term Path is a program of
research that is aimed at evaluating and optimizing the use of the
family of flight simulators that the Army already has acquired or has

a contracted to purchase, Since the design of this family of simulators
‘ {§ more or less fixed, the research is focused mainly on ascertaining
how best to use the devices: who should be trained, what tasks should
be trained, how much training should be aduninistered, and what training
mathods should be employed for each training application, This does not
N mean that design issues will be ignored altogether. Indead, an
important secondary objective of the Short-Term Path 1s to identify
design modifications (hardware and/or software) that will improve the
training effectiveness of production simulators without incurring
excessive product improvement costs. .

5 : This section begins with a description of research degigned to
' determine the optimal use of flight simulators in & unit«-training
context. Unit training refers to the training received by Army aviators
after they have completed institutional training and have been assigned
to an operational unit., Unit training includes, but by no means is
limited to skill-sustainment training.

R . B

The next major subsection described a program of research that
focuses on the use of flight simulators to train contact flight skills
to beginning flight students. The final stibsection describes a program
of research whose purpose is to determine the extent to which Night
Vision Goggle training can be accomplished in a flight simulator
equipped with a visual system. Although the Night Vision Goggle
research is to be conducted in an institutional training context, the
results should be useful in determining how best to use simulators to
train Night Vision tasks in a unit-training context.
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RESEARCH TO ASSESS APPLICATIONS/BENEFITS OF AH~1 FLIGHT SIMULATORS
FOR OPERATIONAL~READINESS TRAINING

INTRODUCTION

This document describes a plan of rasearch that has as its genaral
objective the assessment of the benefits reslizad from using flight
simulators to train field-unit aviators. This introductory subsection
discusses the background and focus of this research, the assumed role of
flight simulators in & unit-training environment, and potential applica=-
tions of flight simulators in accomplishing unit training. The
following subsection describes an interrelated saries of analytical
gtudies and empirical experiments that, together, will fulfill the
objectives of this project,

Background

The Army's Synthetic Flight Training System (SFTS) has been
audited by the Army Audit Agency (AAA) on two occasions: firat in 1981
and again in 1984, The results of the first audit are described in AAA
Audit Report SO 82«6, (U.S. Army Audit Agency, 1982); the results of the
second audit are summarized in a letter from the Southern Region U.S,
AAA to the Agsistant Sacretary of the Army for Ressarch, Devalopment,
and Acquisition (27 August 1984),

The overriding issua in both audit reports wag the number of
flight simulators that are required to support _the training of
field-unit aviators, Specifically, the AAA concluded that the
unit~training requirement can be met with fewar flight simulators than
are specified in the Army's Basis of Issue Plans (BOIPs). In their
audit reports, the AAA has satrongly emphasized that both the BOIP and
the AAA analyses of flight simulator requirements are based on only the
most vague information about the roles that f£light simulators are to
play in unit training. As a consequence, the AAA has strongly urged the
Army to undertake the regsearch needed to quantify the return on the
Army's f{nvestment in flight simulators that are to be used solely to
train field-unit aviators.?

It is generally recognized that five factors must be considered in
asfessing the return on the investment in flight simulators:

o the cost of acquiring, housing, operating, and maintaining the
flight simulators;

o the cost of transporting unit aviators to the flight simulator;
e the number of aviators to be trained in the flight simulator;

20The return on investment in flight simulators used for institutional
training was not questioned by AAA and, therefore, is not among the
1sgues addressed in this research plan.
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o the amount of flight simulator training each aviator will
receive; and

o the benefits of the flight simulator training.

Information on the first three factors is available or can easily be
obtained, However, little information is available on the last two
factors: the amount of flight simulator training unit aviators should
receive, and the benafits of the flight simulator training. It is these
two factors that are tha primary concern of this research, Specifi-
cally, the resesarch has been designed to generate data with which to
specify the type and amount of training that unit aviators should
recelive in flight simulators, and, to the axteant possible, quantify the
banefits of this training.

Focus of Research

Early in the research planning procass, it was concludad that the
initial research should focus on a single £light simulator, and that the
AHIFS in more sultable for this research than any othar flight simulator
now fielded (UHIFS and CH4’FS) or soon tuv be fielded (UH6OFS)., The
reasons for focusing on a single flight simulator are twofold. First,
conducting research on two or more simulators concurreutly would require

more research personnel than can easily be mustered, Sacond, conducting °

research on two or more flight simulators concurrently would result in
unnecessary duplication of effort, That is, it is believed that much of
what is learned from the initial research on the AHIFS can be general=-
ized to other rotary-wing flight simulators of similar design that are
to be used for unit training,

Factors considered in selecting the single most suitable flight
simulator include: the number of unit aviators available to participate
in the research, the number of simulators available at f£ield-unit
locations, and the range of tasks that are potentially trainable in the
flight simulator. On all three counts, the AHIFS was judged more
suitable than the CHA7FS, or the UH60FS., The UHIFS does not qualify as
a candidate, wmainly because UHIFSs are not equipped with a wviaual
gystem.

Role of Fiight Simulator Trainiug

The research proposed herein is based on the fundamental premise
that the role of the flight simulator is to augment rather than replace
alrcraft training. At the time the Army's SFTS was conceived, it was
assumed that the use of flight simulators would reduce the aircraft
hours and the munitions required for unit training. Since that time,
however, there has been a steady decrease in the flying hours and
munitions allotted to unit training and a dramatic increase in the leve)
of skill required to function effectively on the modern battlefield.
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_ Consaquently, it 1is unrealistic to expect that the use of flight
:{E simulators will result in a further reduction in either the aircraft
e hours or the munitions that are needed for unit training.

!:g: i

QH This premise has two important implications. Firat, the benefits

" Fa of flight simulators must be measured in terms of increased aviator

o proficiency rather than reduced training costs. Second, it will be

g{-' necegsary to estaklish the value of incressed aviator proficieancy in

:g& order to determine che return on the investment in flight simulators,

a'd .

ol

ﬁ“‘ 4 5

) Potential Applications

3&} A necessary first step in designing research to assess the

iy training effectiveness of the AHIFS is to identify the full range of

;ﬁf potential training applications in the unit-training context. The

e . following paragraphs describe the potential applications that are

el apparent at this time, The research has been designed to assess thae 1

. training effectiveness of the AHLFS for sach of these applications. 7

8

Evl'\ f

b, Refresher Training

:‘,h

Y Every aviation-unit commander is responsible for the development

. and implementation of a unit refrosher-training program. Thls progranm

e is designed to assist ARL3 (Aviator Readinass Level-3) aviators to

FQ} regain their proficlency on the base taaks dasignated by the unit

2*7* commander. Refresher training is mandatory for aviators returning to

:f" operational flying after having beean prohibited or excused from flying

Ay duties for more than 180 days. Also, the unit commander has the option
' of requiring refresher training for aviators with fewer than 180 days of

‘5@ . non-flight duties. It is estimated that between 15 and 25 AH-1 aviators

Qb-. in an alr cavalry attack brigade will require refregher training each

@g 4 year, and that between five and 15 aircraft hours per aviator will be

N& required to accomplish the refresher training.

)

. Although flight simulators seem 1ideally suited to refresher
W training, there are no data with which to estimate the effectiveness of
@: any Army flight simulator for refreshing Army aviators' flying skills,
:Q As a consequence, this research has been designed to determine in what
\Ql way, and to what extent, the AH-l flight eimulator can be used to
~&@ fulfill the refresher training requirements.

;‘i.;\
gﬁ Sustainment Training
L
ot
ﬁk It is generally recognized that sustainment training is a poten-
%h tially beneficial application of flight simulators. However, the manner
B in which £light simulators are used to sustain flying proficiency is
el greatly influenced by the Army's training policy. Under the current
" training concept, unit commanders are encouraged to develop training

;
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scenarios for mission-support flights that will ensure that aviators
practice as many tasks as possible during routine mission support

flights,

If unit commanders adhere strictly to this policy, the practice
performed during mission-support £lights in the aircraft should be
sufficient to sustain akills on many flying tasks. However, there are
some tasks for which skills simply cannot be sustained during mission-
support flight, regardless of the scenario adopted. One axample is
touchdown emergancy procedures. Under current policy, unit aviators are
prohibited £from performing touchdown emergency procedures during
training. Operation of weapons systems is another exampls of tasks for
which skills cannot be sustained during mission-support flying, Suffi-
: cient practice on weapona systems is pravented by constraints such as
y . limited supply of munitions for training and, for some units, limited
' accaas to suitable firing ranges,

{ The above considerations make it apparent that, if f£light
' simulators are to be used effectively for sustaining skills, flight
simulator training must focus only on the aubset of tasks for which
gkills ara not maintainaed during routine mission-support flights.

- e

Thera is a great deal of anecdotal evidence that the amount of
training required to sustain flying skills varies as a function of an
aviator's prior flying experience and the aviator's aptitude, So, these
| factors have been taken into account in designing research to assess the
. benefits of using flight simulators to sustain the skills of unit

s aviators,

Enrichment Training

‘ Enrichment training is another potential application of flight
:5 gimulators in a unit=training context, As the term 1s used here,
y enrichment training refers to simulator training that accomplishes one
or more of the following:

¢ increases the rate at which skills are acquired through aircraft
training alone,

; e increases the level of skill achievable through aircraft

] ! training alone,

' e provides training on taskas that are not currently trained in the
aircraft, and

: e provides training on tasks that cannot be trained in the
aircraft.

The type and amount of enrichment training an aviator needs is largely
dependent upon the aviator's level of experience; so, the enrichment
training needs of low-time aviators and of medium/high-time aviators are

p discussed separately, )
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Low~time aviators. It is widely recognized that aviators who have
receantly graduated from an Aircraft Qualification Course (AQC) lack the
level of flying skills needed to fly safely and to perform effectively
in combat, Although there are no empirical data that can be used to
specify the type and extent of low-time aviators' skill deficiencies,
the training practices of unic commanders leave no doubt that such skill
deficiencies exist, For instance, some unit commanders require all new
AQC graduates to complete the unit's refresher training program before
being assigned a position in the unit, Furthermore, there is anecdotal
evidence that aviators are not permitted to fly as Pilot in Command
(PIC) until they have accumulated about 200 hours flying as copilot, and
have demonstrated to the unit commander that they possess the necessary
lavel of skill and judgment to assume the responsibilicles of PIC,

Although most low-time aviators eventually acquire the nacessary
level of skill through aircraft training alone, it seems highly probable
. that the desired lavel of gkill could be achieved much more quickly if a
ﬁ low=time aviator's normal flying activities were augmented with training
in & flight simulator. As is discussed later, the proposed research has
been designed to determine the extent to which flight=simulator training
decresases the amount of time that a low-time aviator requires to achieve
the skills necessary to assume the responsibility of PIC,

At this point, it should be mentioned that a fundamental objective
of the enrichment training program is to aid low=-time aviators in
reaching the "autonomous phase" of learning for both procedural and

. psychomotor tasks. During this phase of askill learning, task perfor-
X} mance becomes increasingly autonomous, less subject to cognitive
control, and less subject to interference from othar ongoing activities
or environmental distractions. Once aviators have reached the autono-
mous phase of learning, flying tasks can be performad while new learning
is in progress or while an individual is engaged in other perceptual and
cognitive activities,

© anaaw

Medium=- and high-time aviators. Enrichment training in a flight
gimulator also has considerable potential for increasing the combat
skills of medium- and high-time aviators., Because of various con=-
straints on training in the ailrcraft, even the most experienced aviators
may lack the skill needed to perform effectively under some of the
adverse conditions that almost certainly will be encountered in combat,
Accordingly, as it 1s presently conceived, enrichment training for
medium=~ and high~time aviators would be designed to accomplish the
following:

o train aviators to perform selected flying tasks under adverse
visibility conditions, such as darkness, fog, rain, snow, smoke,
and dust;

e train aviators to perform selected flying tasks with night-
vigion goggles (NVGs) and mission-oriented protective posture
(MOPP) pgear;
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e train aviators to perform effectively during periods of heavy
: cognitive and perceptual motor workload;

:ﬂ' ' e train aviators to perform effectively under high affective

o loading (stress, fear);

‘g

{@ . e train aviators to recognize the limits of the ailrcraft's flight
envelope;

€§ e train aviators on the techniques of air-to-air combat, including

T} how to fly near but not exceed the parformance envelope of the

S aircrafe;

L% e train aviators to perform evasive actions for the full range of

enemy threat weapons, including: enemy aircraft, air defense
missiles, and small arms fira; and

ﬁ; o train aviators to make valid judgments under varying levals of
¢§ _ information uncertainty, cognitive complexity, time constraints,
o ¥ and stress,

"t o

b With minor modifications of the AH-l flight simulator, it may also
ﬂn be possible to design simulator training to increase aviators' tactical
ﬁ: ' decision-making skills.

i'n“‘ B

)? It is axpected that most of the enrichment training for medium-
e and high-time aviators will take the form of complex mission scenarios.
i

;%f* Safety Enhancemant Training

nt

ig' A third potential application of flight simulators is to provide
Y. training that i1s specifically designed to reduce the incidence of
N accidents. Although any training that serves to increase the flying
5& skills of Army aviators will likely contribute to aviation safety, the
»n ? flight simulator training proposed here will be designed specifically to
ﬂ? reduce the incidence of specific types of aircraft accidents. The four
Vol types of accldent reduction training that appear most promising are

a discugsed below,

{{ Accident scenario training. The Ffirst type, accident scenario
ph training, involves the use of a flight simulator to reenact, as
!?. faithfully as possible, all the conditions and actions t' 1t have been
K shown to contribute (directly or indirectly) to a frequently occurring
o type of acecident, In principle, the accident scenario training will
- teach aviators to recognize hazard cues and teach them to recover the
;g . aircraft safely when the accident-producing situation is encountered,
k Personnel from the U.S., Army Safety Center will be responsible for

providing information about frequently occurring accidents and the
factors that contribute to such accidents,

v Flight envelope training. A second type of simulator training
AN that may enhance safety is referred to here as flight envelope training.
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Some aircraft accidents occur when an aviator deliberately or inadver- e
tently flies an aircraft to the extremes of the flight envelope and is ’,,;‘ i
unabla to control the aircraft in that situation. Safety considerations ,vg:f;
prevent JPs from exposing trainees to the handling qualities of the f,’:»--
helicopter when flying near the extremes of 1its £light envelope. :;*v:;_
Consequently, the trainee may be unpreparad to control the alrcraft when :.:»;
such situations are encountered. It saems probable that this skill o
deficiancy could be eliminated through training in a flight simulator. ,*
This type of training differs from advanced enrichment training in that i:‘;al
it focuses only on the extremes that are known to contribute to oy
frequently occurring accidents, ::Z’L
O
Extreme conditions training. A third type of safety enhancement s
training, extreme conditions training, is also driven by data on Army ]
aireraft accidents. The cbjective ig to identify the typas of extreme AW
environmental conditions that frequantly contribute to aircraft *:0:\
accidents and to use the simulator to train aviators to maintain control :‘-:\r:
of the aircraft when such situations cannot be avoided. ;:':v‘;‘-
Alrcrew judgment training, The £inal type of safety enhancement k.
training, aircraw judgment training, is aimed at reducing Army aircraft ,:‘.‘e:
accidents that are caused wholely or in part by by poor judgment. To "ﬁ;‘
accomplish such training, it will be necessary to simulate as closely as ,ﬁv’;
possible the conditions that contribute to accident-producing judgments. 'a::‘
These conditions include, but are not necessarily limited to the o
following: »
o information uncertainty, ;E:::
o time constraints, - ':-:‘Z
» cognitive complaxity of judgment, ot
e gtress, :',"-‘
o the flight problem, and/or %
e the background problem. it
:}'g
o
Maintenance Test Pilot (MIP) Training .":ﬁ
i’..:
although the training of MIPs does not constitute a major training »
burden, it is nevertheless a potential training application of flight vy
simulators that should not be overlooked., Glven the capabllity to x)
program malfunctions and given adequate fidelity of the simulator's '~':::
response characteristics, MTPs could acquire considerable knowledge in u ?:c:
flight simulator about malfunction detection and diagnosis. §
KA
RESEARCH PLAN \‘3
This section describes a plan of research thar has been designed ;{‘ :
to provide data with which to assess the benefits and limitations of 3
employing flight simulators to train field-unit aviators. Although this ’
research was designed specifically tc evaluate the AHIFS, the general vy
approach is considered suitable for assessing the unit-training benefits o:':
and limitations of any Army flight simulator, ,:::
o
XY
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The task-flow diagram in Figure 7 shows the research tasks to be
accomplished and shows the interrelationship among the tasks. Each of
the tasks shown in Figure 7 {8 discussed below in the order in which
they are to be accomplished,

Conduct Analytical Studies

This project will commence with two analytical studies, The
product of the first study will be a training-task tasonomy; the product
of the second study will be a listing of target training tasks and
conditions,

Develop training-task taxonomy. An  important part of this
research i1s the development of a comprahensive training-task taxonomy,
An gcceptable taxonomy must list the full set of flying tasks that AH=l
aviators muat be capable of performing, and the full range of conditions
in which aviators muat Le capable of performing each task., The Aircrvew
Training Manual (ATM) task list rapresents a good point of departure,
but cannot be used in its present form for two reasons. First, the ATM
tasks differ greatly in their level of specificity; some tasks, such as
Hovaring Turn, are vary specific; other tasks, such as Navigation by
Dead Rackoning, are very general., Sacond, the ATM tasks are not
mutually exclusive; that is, some ATM tasks are composites of several

other ATM tasks.

The final product will be o task-by-condition matrix that shows,
for each task, the conditions under which a&an AH-l aviator may be
required to perform that task, The training task taxonomy will be

. developud and evaluated by knowledgeable aviators and training experts.

The training task taxonomy will be continuously retined until 1t is
possible to define any training scenario by linking together task/
condition combinations represented by cells in the matrix.

Identify target trainiug tasks/conditions. ‘lhe purpose of this
analytical effort is to examine each cell in the task/condition matrix,
2ad to identify the tasks/conditions for which flight simulator training
is possible and probably beneficial, A thorough study of the design
characteristics of the AH-1 flight simulator will be required to deter-
mine whether or not it is possivle to simulate a given task/condition.
When it is clear"that a task/condition combination cunnot be simulated,
an attempt will he made to determine whetner or not a lew-cort dasign
modification would make it possible to simulate the task/condition in
quegtion., If sc¢, the simulator design modification will be recommended.
If not, the task/condition will be eliminated frem further

consideration.

Each of the task/condition combinations that remain in the matr'x
will then be examined and a judgment made as to whether or not benefits
would result from training that task in the AH-! flight simulator. This
analytic judgment will be made with respect to three target groups:
aviators who require refresher training, low~time unit aviators, and
medium- and high-time unit aviators.
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The most critical and most difficult part of this effort will be
to judge whether or not an adequate level of gkill on a given task/
condition can be acquired and sustained during routine mission-support
flying. Obviously, simulator training makes no sense 1f aviators can
easily acquire and sustain skill on a task during routine mission-
support flying. In order to make such judgments, it will be necessary
to conduct structured interviews with seleacted field-unit aviators and,
poassibly, selected DES personnel as well,

The tasks/conditions remaining in the matrix constitute the target
tasks/conditions that are to be dinvestigated during the empirical
research.

Before proceading, it should be stated that judgments about
whether simulator training is possible and beneficlal will be
congervative., That i1s, no task/condition will be eliminated from the
matrix if there is a reasonable chance that simulator training on that
task/condition would be poasible and beneficial. :

Review/Reanalyze Existing Data

The objectives of this analytical effort are (a) to review and,
when necessary, reanalyze existing data bearing on the use and benefits
of flight simulator training, and (b) use the composite data to draw
inferences about the design of the empirical research to be conducted
subsequently,

Conduct Backward Transfer Studies

Research requirement., A "backward transfer study" i1s one that is
designed to meusurs the degree to which actual flying skills transfer to
a flight simulator, Only highly experienced aviators are used as
subjects in a backward transfer study, The procedure is simple: an
experienced aviator is placed in the flight simulator and instructed to
perform the task of intereat without the benefit of practice. If the
aviator is able to perform the task to criterion, backward transfer is
sald to have occurred. The presence of backward transfer indicates that
transfer from the flight simulator to the aircraft i1s likely to be
positive, but provides no infurmation with which to estimate the magni-
tude of the positive transfer.

More important for purposes of this research is the lack of a high
degree of backward transfer, The inability of experienced aviators to
perform a task to criterion in the flight eimulator must be taken as
evidence oi a problem with either the design or the functioning of the
flight simulator. Hence, the absence of a high degree of backward
transfer signals the need for further study of the flight simulator's
characteristics to determine the reasons for the low backward transfer,
It is essential that such problems be resolved before proceeding to the
more costly training effectivencss studies,
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A variation of the backward transfer study i1s to train the
experienced aviators in the simulator until their performance reaches an
asymptotic level. This variation, of course, is appropriate only when
there 18 a low degree of backward transfer. The nature of the learning
curve In asueh cases provides wuseful diagnostic information., For
instance, if the learning curve asymptotes below the criterion level of
performance, it must be concluded that the flight simulator is either
not providing the necessary cues or 1s incapable of processing control
inputs -correetly. Conversely, 1f the learning asymptotes at the
criterion level after only a few practice trisls, it can be concluded
that the lack of high backward transfer is probably the result of minor
differences between the stimull and/or handling qualities of the
simulator and thosea of the aircraft,

A gacond variation of the backward transfer study is to interview
the subjects a second time after thelr first aircraft flight following
gimulator training. These interviews, like the earlier ones, would be
aimed at identifying (a) differences between the handling qualities of
the simulator and the aircraft, and (b) differences between the cues
avallable in the simulator and the aircraft in flighe,

Research objectives. The backward transfer-of-training studiass
have the following objectives:

o validate the results of the analytic study (can task be par-
formed in the flight simulator?),

e validate simulator functioning,

o ldentify low-cost simulator design modifications that would
increase the degree of backward transfar, '

e establish upper limit of performance in the flight simulator,
and

e determine the amount of flight simulator-unique learning that is
required to perform to criterion level in the simulator,

Research approach, Twentv-Cive AH-1 ingtructor pilots (IPs) who
have had no prior experienca in the AH~] Flight simulator will serve as
subjects in the study. Each subject will be required to perform each
one of a selected sample of tasks/conditions, The sample of tasks/
conditions will be selected to cover the full range of target tasks/
conditions didentified during the preceding analytic study., Each
subject's performance will be measured on three consecutive trials., If
performance has not reached criterion by the third trial, the subject
will continue until performance reaches an asymptotic level,

After completing each task/condition, the subjects will be
required to complete a rating form designed to identify the type and
magnitude of differences between the aircraft and the flight simulator,
with respect to the task/condition just performed. If deemed
beneficial, the subjects will be required to complete gimilar rating
forms after thelr first aircraft flight following simulator training.
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The performance measures to be employed include: proficieucy
ratings by a trained observer, self ratings of proficiency by the IP whe
is serving as a subject in the experiment, and objective measures of
selected flight parameters extracted from the flight simulator,

Reseurch products, The specific products expectead from the
backward transfer studies include the following:

e a listing of the potentially trainsble tasks/conditions;

e an indication of the best performance achievable in the flight
simulator, by task and condition;

o a listing of the tasks/conditicns that are not trainable in the
flight simulator, and an d4ndication of why these tasks/
conditions are not trainabla;

e a listing of low-cost simulator modifications that &should
increase the degree of backward transfer; and

o & listing of alternative methods or devices that would be more
suitable for tralning tasks/conditions for which backward
transfer is found to be low,

Resource requirements, Twenty-five exparienced AH-1 IPs will be
required to serve as subjects in this experiment. Another two AH-]
aviators who are thoroughly familiar with the AH-l simulator will be
required to operate the flight simulator and rate the subjacts' perfor-
mance, It is estimated that each subject will be required to spend
approximately 5 hours in the flight simulator and that about 25 hours of
flight simulator time will be required to develop the data collection
procedures,

Conduct In-Simulator Skill Acquisition/Reacquisition Studies

Research requirement., The training effectiveness of any training
device 1is largely determined by the manner in which it is used, This 1is
particularly true for flight simulators. And yet, there is little
empirical data that can be used to didentify near-optimal training
methods and procedures. Hence, before research Ly conducted to assess
the training effectiveness of the AH-l flight simulator, it 1ls essential
that research be conducted to assess the relative effectiveness of
alternative simulatnr-training methods and procedures. This research
nust address the following training-program design issues and perhaps
others as well:

e the order in which tasks are trained;

¢ the amount of training on each task/condition (fixed number of
practice iteraticns vs, training to criterion);

o type of practice (repeated iterations on individual tasks vs, a
training scenarin);
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e training schedule, including duration of flight simulator
t training and the interval between sustainment/enrichment

training sessions;
o the type of feedback provided to the trainee; snd

-

e the use of the instructional support features available on the
AH~1 flight simulator.

Regssarch objectives. The objectives of this research are to

N develop and evaluate the relative effectiveness of alternative training
-y methods for each type of flight simulator training application,
i including:

refresher training,
basic enrichment training,
advanced sustainment/enrichment training,
K safety enhancement training,
B --accident scenario training,

| ~waxtreme conditions trainiug,

--flight envelope training,

! ~~judgment training, and
' ¢ maintenance test pilot training.

-
® ® s @

j Research approach. A critcical premise underlying this research is
n that valid decisions about training wmethods can be made £from in-

simulator performance data., Hence, the general research approach to be
! employed consists of examining in-simulator skill acquisition a8 a
» function of training method. The independent variables to be invsesti-
| b : gated include:

o training application (refresher, enrichment, etc.),
¢ training methods and procedures, and
e the sequence in which the tasks are trained,

A The dependent variables for this research include:

o iterations to asymptotic performance,

o training time to asymptotic performance,
o highest level of skill achieved, and

o performance variability.

X Research products. This research will yield the data needed to
N define a near-optimal training method for each simulator training
application identified above.

Resource requirements. It is estimated that six separate studies
will ba conducted, and that each study will require a total of twelve
AH-1 aviators to serve as subjects, The characteristics of the aviators

; required for the study are as follows:
o refresher training study--AH-1 qualified but not current;
v basic enrichment training--All-! qualified, current, and low-
¥ time;
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e advanced sustainment/enrichment--AH-1 qualified, current, and g

medium-time; e

&

e safety enhancement ) :;:::

~=accident scenario training--AH-l qualified, current, and :‘.{v

wedium—time; by,

~-extrema conditions training-~AH-l qualified, current, and i

medium=time; 5
--flight envelope training--AH-1 qualified, current, and ::t _

madium-cime; ':'

~-judgment training--AH-1 qualified, current, and medium-time; i‘%ﬁ

and pit

"\ul'

¢ maintenance test pilot training--AH-1 qualified, current, and a

, medium-time, o
) . B"l
In additlon to aviat.:3 to serve as subjects, two experienced IPs :2f

will be needed to operate the simulator and evaluate the subjects' #

| performance. ,:.'g‘
It is estimated that from 300 to 600 houra of simulator time will ‘?

be required to develop the research procedures and to conduct the ",f

research, o

"oq'

) ]
b ﬂ:a‘
‘ Develop Training Methods/Procedures “"
, The composite results of the analyticel studies, the backward :‘.;::
: transfer studies, and the in-simulator skill acquisition/reacquisition ey
studies will be used to develop training methods/procedures for each of q:"\

the following types of flight simulator training: ':“:,

ATy

o refresher training, »

e basic enrichment training, n;:L

e sustainment and sdvanced enrichment training, i

e safety enhancement a:

~-accident scenario training, ’:‘,:j

~--extreme conditions training, .-

~~flight envelope training,

~-judgmaent training, and W,

e maintenance test pilot training. :;:

Q0

" S

The training methods and procedures will be developed by a team .::

composed of experienced AH~1 aviators, psychologists, trailning teclinolo- .':‘,
glats, and experts in simulator design. i

e,

Z;".”:'

Evaluate Refresher Training Program :.::

b 8%

Research requirement, Some portion of a unit commander's annual [

flight hour program 1s devoted to the use of AH~1 aircraft time for ;

refresher training., The commander's guide to the aircrew training N

manual (FC-1-210) defines refresher training as training for av.ators "|

Lo

&

'

)
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"prohibited or excused from flying duties for more than 180 days" (p.
2«34), Anecdotal evidence suggests that between 5 and 15 AH-l aircraft
hours are required to 'refresh'" the skills of ARL3 aviators, It is
possible that a significant portion of the refresher training curreatly
being conducted in the AH-l aircraft could be accomplished in the AHIFS.
Thus, a raquirement exists to detzrmine in what way, and to what. extent,
the AHIFS can be usad to fulfill these refrasher training requiraments,

Rasearch cbjective, The objective of this research is to obtain
data with which to evaluate the effectiveness of the AHLFS for accom-
plishing refresher training of ARL] aviators.

Resaarch approach, The research will utilize a modified version
of the transfer-of-training paradigm, Thirty-six AH-1 aviators who have
not flown for at least 180 days will be matched demographically and
divided into three groups, One group of 12 aviators will receive
refrosher training in the AH~1 aircraft (aircraft training control
i group), A second group of 12 aviators will uadergo 12 hours of mental
rehearsal of all relevant tasks under the supervision of a trained AH-1
IP before heing trained to criterion in the AH-=1 airceraft (mental
' practice control group). The third group of 12 aviators will receive
: AHIFS training until proficient on all relevant tasks and, subsequently,

will be trained to criterion in the aivcraft (experimental group).

The effectiveness of the AHIFS for refresher training will be
evaluatad using the following performance measures:

v e the number of AH~1 aircraft hours required for training,

o the number of iterations to criteria in the AH=l aircraft (by
T task),

s the number of iterations per alrcraft hour (collapsed across
tasks),

e IP profiriency ratings in the aircraft (by task), and
e SIP checkride ratings in the aircraft (by task),.

Research products, The specific products expacted from the
refresher tralning research include:

o the data with which to assess the feasibility and benefits of
refresher training in the AHIFS, &nd

e a refresher training program of instruction.

Resource requirements. Thirty-gsix ARL3 AH~] aviators will be
required to conduct this research, Additional resource requirements
depend on the site at which the research is conducted and the ability to
incorporate the research into existing training programs.
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Bagsic Enrichment Training

Research requirement. A8 emphasized earlier in this report,
increased operaticnral effectiveness is the ultimate criterion for
evaluating the utility of the AHLIFS for unit training., The assumption
has been made that if the AHLFS can be used to increase the proficiency
of the AH-1 aviators assigned to the unit, the AHLFS will have made a
major contribution toward increasing operational effactiveness., A
second assumption made here is that the training requirements for
increasing the proficiency of low time aviators are markedly different
from the training requirements for increasing the proficiency of medium-
and high-time aviators. Thus, two different tralning programs--basic
enrichment training and sustainment and advanced enrichment training--
have besn recommended as viable training programs for utilizing the
AHIFS at the operational units,

Basic enrichment training focuses on skill enhancement for low=
time aviators who have recently completed the AH-1 AQC. The primary

goal of basic enrichment training 1s to decrease the amount of tinme

required to develop the level of rkill and confidence needed to assume
the responsibilities of PIC. Unit commanders realize that the opera=
tional effectiveness of their unit depends, to soma extent, on how
quickly new aviators can develop and solidify their basic skills «ad
assume mission responsibilities once held by vacating aviators.

Thus, a research requirement exists to evaluate the extent to
which basie enrichment training in the AKIFS increases the proficiency
and confidencea of low-time Al-1 aviators.

Research objective, The objective of this research is to obtain
data with which to asaess the effectivenass of the AﬁlFS for increasing
the level of flying skills and confidence of low-time aAH-l aviaters.

Research approach., Forty-eight recent AH-1 AQC graduates will
receive a modified commander's checkride upon arrival at the unit., The
modified commander's checkride will include mission and tactical ATM
tasks that the aviator will be required to perform routinelv, Aviators
will be assigned to one of Ffour groups based on the results of the
checkride by the unit IP. The assignment will be made to equate initial
proficiency level of the four groups of aviators, Based on a coordi-
nated effort with the unit commander and unit training personnel, each
aviator will fly approximately 2b aircraft hours during each quarter (3
months) for a period of one year, One group of 12 aviators will receive
no basic enrichment training in the AHIFS (control group). The other
three groups of 12 aviators will receive 6, 12, and 18 hours, respec-
tively, of basie enrichment training in the AHIFS each quarter for a
period of one year, The gimulator training is in addition to the 25
hours of afrcraft training that aviators in all four groups will receive
each quarter,

140

T e e I Ryl a0 S e Ty ot ol ‘ P TR vk ; X OO0 L 1 LN
e e TN e T O ol ot S e N e R e S T S ) Rl e ey !

T AT R




i

At the end of each quarter, each aviator will complete a modified
commander's evaluation checkride. These data will be used to assess the
relative level of proficiency of aviators as a function of amount of
simulator training. In addition, peer evaluations and aviator's
self-ratings will be collected. These data will provide additional
insight into the competence and confidence of the aviators and will
allow for meaningful analysis of the overall affectivensss of the basic
enrichment training.

Ressarch produc:i. The specific products expected from the
regearch on basic enrichment training include:

o datu with which to plot the relationship betweean amount of basic
enrichment training in the simulator and proficiency level,

o data to 'me in conjunction with cost data to define the most
cost-effactive amount of basic enrichment training, and

o & basic enrichment-training program of instruction,

= T

Resource requirements. Forty-elght low-tima Ali=l aviators will be
required to conduct this ressarch. Four experianced AH~1 IPs will be
required to develop data collection procedures and to conduct the AHLFS
training, About 2,000 AHIFS hours will be required to conduct the
training and evaluations,

Sustainment and Advanced Enrichment Training

v : Ressarch requirement. Exparienced aviators requirs training to
ensure that skills to parform relevant flight tasks ar¢ maintained and
that these skille are not seriously degraded by environmental or
situational constrainte, 1In atteupting to delineate the types of AHLFS
training that would increase the operational readineus of experianced

'3 aviators, requirements for two types of training emerged,

First, great benefits would be realized if experienced aviators
could use the AHIFS to maintain proficiency on tasks for which skills
are not maintained during routine mission-support flying, Currently,
All=]l aviators must utilize alrcraft time to practice some tasks. Should
it be demonstrated that the AHLFS can be used for skill sustainment,
| . valuable aircraft hours could be davoted to training tasks for which
! skills are deficient and aircraft training is the only viable option.
i It should be noted that there are four categories of tasks for which
skills are not maintained during routine mission-support flying:

i ) tnq%s that can be trained in the alrcraft but are not ordinarily
pertormed during routine mission-support flying,

! e tasks that cannot be trained easily in the ailrcraft (e.g., IMC

! flight), .
e tasks that are not currently being trained in the aircraft

(e.g., touchdown emergency maneuvers), and A
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e tasks that are more effectively trained in the AHIFS (e.g.,
gunnery tasks).

Teken together, these repraesent a formidable array of tasks for which
, skills could decay without sustainment training in the aircraft or the
f AHLFS,

¢ The second typa of AHLFS training that could be benaficial for

expearienced aviators i1is skill aenrichment, 1In the basic enrichment

training program discussed earlier, low-time aviators are provided with

[ AHIFS training on all ATM tasks under daytime and nighttime conditions;

: basic enrichment training focuses on akill solidification, increased
competancy, and increased confidence for low-time aviators. For
experienced aviators, it is possible to concontrate on a very similar
task list, but increase the complexity of the tasks by requiring the
aviators to paerform the tasks under adverse conditions, such as the
following:

K o wearing night vision goggles,

e wearing mission oriented protective posture (MOPP) gear,
e visual obscurants (rain, snow, fog, smoke), and

o wind (guats, wind shear),

Anecdotal evidence suggests that concern for safety prevents or
severely limits the axtant to which aviators are permitted to practice
under these conditions, And yet, military doctrine suggests that,
should a military engagement occur, it is highly probahle that there
would be a requirement to conduct military operations under low
illumination levels, adverse weather, and/or in nuclear, biological, or
chemical (NBC) conditions., Therafors, this type of enrichment training
in flight simulatore could clearly increasa the operational resdiness of
the unita.

P O N S

@ -

For the most part, rotary wing training programs assume that by
demonstrating skill proficlency on ATM tasks, the aviator will be
effective when required to perform combinations of those tasks under
wartime conditions, Although ARTEP training provides the aviator with
valuable insight into the battlefield experience, ARTEP training focuses
largely on coordination and cooperation among various battle elements,
Because of safety constraints, it is difficult, 1f not impossiblae, to
"load the aviator up'" with multiple tasks requiring rapid decision
! making and effactive time-sharing techniques., However, this type of
) training is faeasible using the AHIFS, For this reason, it appears

highly desirable to include in advanced enrichment training a set of
; misslon scenarios that are designed to increase aviators' ability to
perform effectively during pericds of heavy cognitive and perceptual~
motor workload.

g _ =

In addition to the above, advanced enrichment training should
include training in air~to-alr combat and training in evasive actions
for other threat weapons, including air defense weapons and small arms
fire,

e
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Taken together, these types of training for experlenced aviators,
subsumad under sustainment and advanced enrichment training, represent
an attempt to formulate an effective training strategy for not enly
sustaining but also increasing proficiency, thareby improving the
operational effectiveness of the units.

Reasearch objectives, The specific objectives of the research on
sustainment and advanced enrichment training are to obtain data with
which to assess the effectiveness of the AHIFS for each of the

following:

o facilitating skill sustainment on those taaks not performed
during routine mission flying,

o facilitating skill acquisition and sustainment for a variety of
ATM tasks under a varlety of adverse conditions (NVG, MOPP gear,
visual obscurants, wind),

! & e increasing proficiency under high workload conditions,
e increasing air-to-air combat proficiency,

x e increasing proficiency in performing the full range of evasive
i actions, and

o increasing aviator judgment ability under a wide range of
conditions,

B Resaarch approach, Forty-eight experienced AH-l aviators will be
divided into four groups. Assignment procedures will be daveloped to
" ensure that the four groups are matched in terms of initial proficiency
' lavel and flying experience, Scores on a commander's checkride, £light
hours logged in the AH~l aircraft, hours logged in other aircraft. types,
and perhaps other demographic variables will be used in assigning
aviators to the four groups, One group of 12 aviators will perform
. their normal flight routine within the unit (contrel group). Each of
i the three other groups of 12 aviators will receive 6, 12, or 18 hours,
regpectively, of AHIFS training per quarter for a period of one year.
The AHIFS training will include both sustainment training and advanced
enrichment training, PRased on a cooperative effort with unit commanders
and unit training pecsonnel, each aviator will fly approximately 25
hours per quarter and will be limited to the types of tasks they can

perform,

At the end of each quarter, each aviator will receive a profi-
clency chackride (in an aircraft)., Although this checkride will include
as many tasks as possible, a chaeckride on some of the tasks/conditions

. trained in the AHIFS will probably not be possibla without incurring an
- unacceptable level of risk., In additien to IP ratings, each aviator in
j the experimental groups will be asked to provide assessments of the
effectiveness of the training programs. These types of data will be
collected each quarter for a period of one year, At the end of one
year, the data will be analyzed to determine (a) the effectiveness of
the AHLFS for each type of trnining, and (b) the optimal number of hours
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in the AHIFS to facilitate skill proficiency. Together, these data will
provide the basis for an overall evaluation of the effectiveness of the
AHIFS for training experienced aviators, .

Research products. The vresearch products expectad £from the
sustainment and advanced enrichment training research include:

e data with which to plot the relationship between proficiancy
level and amount of sustainment and advanced enrichment

tralning,

o data to use in conjunction with cost data to specify the moat
cost-gffective amount of sustainment and advanced enrichument
training, and

e a sustainment and advanced enrichment training program of

ingtruction.
.i Regource requirements, Forty-eight experienced AH-l aviators will
i be required to conduct this research, Four experienced AH=~l IPs will be

., required to conduct the AHIFS training. About 2,000 AHLFS hours will be
requirad to develop duta collaction proceduces and to conduct the
treining and evaluations,

Safety Enhancement Training

This subsection describes research to evaluste the effactivenaess
- of the AHLFS in conducting four diffaerent types of safety enhancement
A training.

Accident Scenario Training

| « Research requirement, Although some aiveraft training is wimed
! specifically at countering accidents, aircraft training in potential
accident-producing situations necessarily involves some risk of causing
the very type of accident the training 1s designed to counter, This
risk would be eliminated if Army aviators could acquire the necessary
accident avoidance skills iIn a flight simulator rather than in an
aircraft. In addition ¢to risk reduction during training, it is
altogether possible that aviators could acquire a highar level of
accident avoidance skills in the flight simulator than in aen aircrafe,
In a flight simulator, it is possible to expose the trainee to all
events up to and lncluding the crash itself. Such exposure, of course,
is not possible in the aircraft,

Accident scenario training is one type of training that promises
to reduce the incidence of frequently occurring accident types. As was
stated earlier, accident scenario training involves the use of a flight
simulator to re-enact, as faithfully as possible, all the counditions and
actions that have been shown to contribute (directly or indlrectly) to a
frequently occurring type of accident.,
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The accident typee to be investigated during this research will be
gelected with the assistance of personnel from the U, §. Army Safety
Center, Howevers, hasad upon the information presently available, it
appears likaely that the following accident types will be among the ones
salected for study:

e brown-out by blowing duat,

e dynomie roll-over,

¢ loss of tail rotor effectiveness, and
¢ sattling with power,

Descriptions of the above accident types can be found in TM 55-1520~
21C=10 and M 1-51,

Research objectiva, The objective of this vesearch is to assess
the effactiveness of the AH-1 flight simulator for training aviators to
avoid and/or recover from known accident-producing situations.

Research appruvach. The most valid data on the effectiveness of
accident scenario training would come from a longitudinal study in whieh
accident involvement of aviators who received the accident scenarzio
training is compared with accident involvement of aviators who did not
recaive the trainlag, Howevaer, bacause of the low incidence of
accidents, a longitudinal study would require the training of large
numbers of aviators and the monitoring 'of accident reccrds for an
extended pariod of time. For this reason, a longitudinal study is
considered unfeasible at this time,

The research approach that appears most feasidble is an in- .

simulator study in which the measure of training effectiveness is the
degree to which simulator training under one set of conditlicns transfers
to in-simulator performance under a different set of conditions., Two
groups of 15 AH-1 aviators will be matched on selected demographic
variables, One group of 15 AH-l aviators, the experimental group, will
firat be tested and then traired on each accident type under one set of
conditlons. Following the training, the conditions for each accident
type will be changed and the experimental group aviators will be
retested on the same accident types but under different conditions. A
second group of 15 of AH-1 aviators, the control group, will be
preteated and poattested in the same manner as the experimental gzroup
aviators. The differgnce between the two groups 1ia that, rather than
simulator training, the control group will receive only academic
instruction on the nature of the accident types and the techniques for
avolding them,

Two types of performance measures will be used: in-simulator
recovery rates, and in-simulator proficiency ratings by experienced IP,

Research products, The research products expected from the
accidant scenario training include:
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o data with which to assess the feasibility of accident scenario
training, and

e an accident scenario training program of instruction.

It should be noted that the resaarch proposed above will not
provide the data needed to define the most cost-effective amount of
simulator training. If the concept proves feasible (a substantial
amount of in-simulator transfer is found), additional research will be
required to obtain the data needed to define the most cost-effective
amount of accident scenario training in the AHLFS,

Resource requirements. Thirty AH-l aviators who are current in
the AH-1 aircraft will be required to accomplish this research, It 1is
estimated that a total of 200 simulator hours will be required to (a)
develop the testing and training procedures, and (b) conduect the
training and the evaluations., In addition, two experienced AH~-1 1IPs
will be required to operate tha flight simulator and to evaluate the
performance of the experimental-group and control-group aviators.

Extreme Conditions Training

Research requirement, Bacause of a unit commander's concern for
safety, most aircraft training 1ls conducted whan environmental condi-
tions are optimal or near-optimal. Although aircraft training during
adverse environmental conditions would increase aviators' combat capa-
bilities, such training is certain to increase the incidence of training
accidents, It seems reasonable to hypothesize that flight simulator
training undar adverse conditione would decrease accident Llikelihood,
especially under combat conditions where frequent exposure to adverse
conditions {8 to be expected,

Regearch objective. The objective of this research is to assess
the effectiveness of the AH~1 flight simulatoyr for training aviators to
operate the aircraft in extreme environmental conditions.

Research approach. A conventional transfer-of-training paradignm
would yield the most valid assessment of the effectiveness of the flight
simulator for training aviators to operate effectively under extreme
conditions. However, measuring performance in the aircraft under
extreme conditions almost certainly will involve an unacceptably high
accident risk. The next best option is &n {in-simulator transfer
paradigm of the ¢type described above in connection with accident
scenario training.

Further analytiec study is required to make final decisions about
the type and range of extreme conditions that should be investigated and
to define the task(s) to be trained under each set of extreme condi-
tions. The development of a detailed research approach 18 not possible
until this analytic study has heen completed,
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Research products, The rusearch products axpected from the
research on extreme conditions training include:

o data with which to assess the feasibility of extreme conditions
training, and

e an extreme condition® training program of instruction.

It should be noted that the research proposed above will not
provide the data needed to define the most cost-effactive amount of
simulator training. 1If the concept proves feasible (a substantial
amount of in-gimulator transfer is found), additional research will be
required to obtain the data needed to defina the most cost-effective
amount of extreme conditions training in the AHLFS,

Resource requiremants, A reasonably precise estimate of the
resource requirements is not possible until the extreme conditions to be
investigated have been determined. For present purposes, it is esti-
matad that the resource requirements for this study will be the same as
those for the accident scenario training research; 30 AH-l aviators,
about 200 hours of AH-1 £light simulator time, and two experienced AH=l
IPe for the duration of data collection.

Flight Envelope Training

Research requirement, Safety considerations prevent IPs from
exposing traineass to the handling qualities of the helicopter when
flying near. the extremes of the flight envelopa, Consequently, aviators
may be unprepared to control the aircraft when the situatlon vrequires
them to fly at or near the extremes of the helicopter's flight envelopa.
If true, accident likelihvod ceould be reduced by using the AHIFS to
train aviators to operate at or near the limits of the AH=l aircraft.
The reduction in accident likelihood could be of critical importance in
combat, where extreme maneuvers may be essential for survival. The
intent is to search the accident files of the U,8. Army Safety Center
for accidents that have resulted from aviator inability to control the
aircraft at the extremes of the flight envelope, This type of accident
prevention training would focus on these uccildents.

Research objective, The objective of this research fs tu obtaln
data with which to evaluate the effectiveness of the AHLFS for training
aviators to fly at or near the extremes of the All~-l flight envelope.

Measuring performance in the afrcraft while flying at the extremes
of the alrcraft's performance envelope almost cecrtainly would involve an
excessive degree of risk, Hence, it is unlikely that a conventional
transfer-of-training paradigm could be used to measure the effectiveness
of the simulator training., As was true for both flight scenaric
training and extreme conditions training, an in-gimulator transfer
paradigm probably raepresents the only feasible approach to assess the
effectiveness of flight envulope traiuing in the flight simulator.
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Further analytic study is required to identify the specific
objectives of the flight envelope training., The development of a
detailed research approach is not possible until this analytic study has
been completed,

Research products. The research products expacted from the
regsearch on flight envelope training include:

o data with which to assess the feasibilicy of f£flight envelope
training, and

o a flight envelope training program of instruction,

It should be noted that the rasearch proposed above will uot
provide the data needed to define the most cost~effactive amount of
simulator training, If the concept proves feasible (& substantiul
amount of in-simulator transfer is found), additional ressarch will be

N . required to obtain the data needed to define the most cost~effective
Ny amount of flight envaelope training in the AHIFS,

Resourcea raquirements, A reasonably precise estimate of the
resource requirements ic not possible until the fiight envelope training
requirements have been defined and a detailed research dusign has been
developed., For present purposes, it is estimated that the resource
requirements for this study will be the same as those for the accident
scenario training research: 30 AH-1 aviators, about 200 hours of AH-I
flight simulator time, and two experienced AH-1 IPs for the duratiou of
the data collection,

Judgment Training

Research requirement. There is clear evidence that poor judgment
is a frequent contributor to botn civil and military alrcraft accidents
(Lindsey, Ricketson, Reeder, & Smith, 1983; Jensen & Benel, 1977), and
there ig growing evidence that judgment training has the potential for
reducing the 1ncidence of such accidents (Berlin, Gruber, Holmes,
! Jensen, Lau, Mills, & O'Kane, 1982; Brecke, 1982; Jensen ¢ Benal, 1977).

Preliminary study indicates that judgment training on some Jjudgment-
related accildents could best be conducted in a flight simulator,

——

ReBoarch objective. The objective of this research is to obtain
data with which to evaluate the effectiveness of the AHIFS for providing
training that reduces potentially accident~producing judgment errors.

Research approach. The judgment training discussed here differs
from the judgment training discussed in connection with advanced
enrichment training in that the present training will focus only on
judgment errors that have been showa to to accident producing. Once
such Jjudgment errors have been identified by the U.S. Army Safety
Center, simulator training to curtail the key judgment errors will be
developed and aduinistered to a group of 15 qualified AH-1 aviators
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(experimental group). An equivalent amount of academic instruction on
the key decision errors will be administered to a demographically
matched group of 15 AH-l aviators (control group). Both the experi-
mental group aviators and the control group aviators will be pretested
and posttested in the simulator on flight scenarios that require judg-
ments of the type under investigation. The two groups will be compared
in terms of the fraquency with which the correct judgments are made and,
if appropriate. the time raquired to make the judgment,

Research products. The research products expected from the
resaarch on judgment training include:

e data with which to assess the feasibility of judgment training,
and

¢ a judgment training program of instruction,

It should be noted that the resesrch proposed above will not
provide the data needed to define the most cost-effective amount of
simulator training, If the concept provea faasible (a substantial
amount of in-gimulator transfer is found), additional research will be
required to obtain the data needed to define the most cost-effective
amount of judgment training in the AHIFS,

Resource requirements, The resource requirements are the sama as
those estimated for the axtreme conditions training study.

Maintenance Test Pilot Training

Research requirement, Maintenance Test Filots (MTPs) ordinarily
become qualified by completing a course of inastruction at the United
States Army Aviation Logistics School (USAALS). Aviators may also
receive MTP qualification by successfully completing an MIP equivalency
examination edministered by a USAALS Maintenance Test Flight Evaluator
(MTFE)., In either case, MIPs must learn to perform a variety of
inflight maneuvers to assess the functioning of the aireraft and to
correctly diagnose malfunctions when they are present, Like other unit
aviators, MTPs have continuation training requirements they must fulfill
(see FM 55-44), Many of the maneuvers that MTPs must perform during
training and during maintenance check flights are violent and
potentially hazardous, "

Initial training and continuation training of MITPs is a poten=-
tially beneficlal application of the AHLFS. However, the benefit of
such training will depend upon the extent to which aircraft malfunctions
can be programmed and the fidelity of the simulator's response to the
programmed malfunctions, Research to eassess the benefits of MIP
training 1in the AHIFS will be conducted if the preliminary research
shows that a sufficlent number of malfunctlons can be programmed and the
simulator's response to the malfunctions is acceptable,
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Research objective, The objentive of this research is to assess
the tffectivqpess of the AHLFS for training MIPs.

Rcsearﬁh approach, A traditional transfer-of-training paradigm
will be employed to assess the training effectiveness of the AHL¥S for
MTP training, One group of ten medium-time AH=l aviators~=the
experimental group~-will receive training in the AHLFS and then will be
irained to criterion in the airecraft. A matched group of ten AH=-]
aviators~~the control group~~will receive no training beiore baing
trained to criterion in tha aircraft. The effectiveness of the
simulator training will be assessed by comparing the two groups in terms
of (a) the flight hours required to reach criterion in the aircraft, and
(b) the proficiency ratings received on the final checkride,

Ressarch products., The ressarch products expected from the
o rasearch on MTP training include:

fh Ji o data with which to assess the feasibility of MTP training, and
' e an MTP training program of instruction.

, It should be noted that the research proposead above will not

' provide the data needed to define the most cost-sffective amount of
simulator training., If the concept proves feasible (a substantial
amount of in-simulator transfer is found), additional research will be
required to obtain the data needed to define the most cost-effective
amount of MTP training in the AHLIFS,

d i Resource requirements, Twenty qualified, medium~-time avistors
will be required to serve as subjects in this researzh, Two qualified
MI¥Es will be required to conduct the training in the AHL¥FS., The
alrcraft training and in-aircraft checkrides will be conductad in the
same manner and by the same personnel as are used to trair other MIPs.

AN ASSESSMENT OF THE EFFECTIVENESS OF TRAINING HELICOPTER
INITIAL ENTRY STUDENTS IN SIMULATORS

INTRODUCTION

The research described in this subsection-~Training Helicopter
Initial Entry Students in Simulators (THIESIS)-~is the only research
discussed in Section III that is specifically aimed at the use and
benaefits of flight simulators for institutional training.

Background

Students entaering the Army's IERW course learn their basic contact
flying skills in the TH-55 aircraft--a small two-place helicopter the
Army uses exclusively for training., After 50 hours’ of in~flight
training in the TH-55, IERW students receive 125 hours of training in
the UH~1H aircraft. To achleve instrument qualification, students must
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complete 40 hours of instruction in the UH-l flight simulator. After
becoming qualified i{n the UH-1 aircraft, students may join an opera-
tional unit as a UH-l aviator or enter qualification training in another
aircraft type.

There is a clear and pressing need to consider alternatives to
training basic flight skills in the TH-55 helicopter. The reasons for
this need are explained below.

Cost/availability of training alrcraft. The TH-55 is the only
helicopter in the Army's inventory that requires high octane aviation
fuel. In the event of & major fuel shortage, high octane fuel could
become costly enough or scarce etiough to disrupt the Army's IERW
training program. Furthermore, maintaining & separate fleet of aviation
fuel trucks and an aviation fuel contract is buthersome and expansive.

: A more important concern is the impending end of the useful life
,; of the TH=55. At present, no new TH-55 aircraft ar. being acquired to
' replace those in the aging fleet, A phase-out of the TH=-55 would
require the Army to select from among three training options: the
- acquisition of a new training aireraft to replace the TH-35, the conduct
: of primary flight t=aining in an aireraft that is now in the Army
' inventory, or trainiang helicopter initial entry students in simulators

' (THIESIS). \

It seems unlikely that a decision will bc wade to purchase a new
A training helicopter, The Department of Defense has ressistad proposals
0 to develop and produce aircraft that are to be used solely for training.
: Furthermcre, the Army has a 'strong desire to channel all available
resources into operational equipment (Roscoe, 1980).

The replacement of training in the TH=35 with training in an
operational helicopter is not a promising option because most opera-
tional Army helicopters are far more costly and consume considerably
more fuel tlian the TH-35 (Grice & Morresette, 1982). usased upon initial
cost and fuel consumption alone, it appears that the OH-58 is the only
helicopter in the Army inventory that 1s even marginally suitable for
use in conducting primary training.

B TR

Availlability »f other training resources. Because of limited

" training resources at Fort Rucker, the Army 1is unable to accoumodate a
large and sudden surge in the training load. During the mobilization of

Arwy aviation for the Vietnan War, IERW graduates exceedad 5,000 per
year., During this period, primary training in the TH-55 was conducted

at Fort Wolters, Texas; only the advanced phases of IERW were conducted

at Fort Rucker. When the Army phased down pilet truining, all IERW

o training was consolidated at Fort Rucker, and the number of IERW
] graduates was reduced to fewer than 1,000 per year, The current IERW
rraining load--about 2,000 students per year--geverely taxes the usable
airspace and physical facilities at the USAAVNG., In the event of
another major mobilizacion, USAAVNC would be hard pressed to increase
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the number of graduates to that of the Vietnam era without exceeding the ol
' capacity of existing airspace, stagefields, and other physical ;‘ .
N facilities at Fort Rucker. The reactivation of Fort Wolters is a 5t
v feagible option, but a very costly one., It 1s possible that a more ’:':'
, cost~effective option 18 to increase the training capability of Fort :;« ,
: Rucker by increasing the amount of training that is conducted in £light N
simulators. :
¥ *
: THIESIS feasibility study. The accomplishment of THIESIS research }::
A is complicated by the lack of a UHLIFS equipped with a visual systen, o
E Before racommending the devalopment of such a device for use in :*{
' conducting comprehensive THIESIS rasearch, it was deemed essential to o,
conduct a preliminary study to evaluate the feasibility of the THIESIS W
) concept, Such a study was recently completed at the Aviation Ccnter, *
¥ The THIESIS training was conducted in an AHIFS: a highly complex flight K
b simulator that i1s equipped with a wuotion platform and a camera- :s:
' modelboard visual system. The loading and balance of the AHIFS were :;
R | adjusted such that the handling qualities of the AHLF!S were as similar W,
' as possible to those of the UH-l aircraft, “i
3 b
. A group of ten student aviators were trained on hasic flight tasks :'.5
. in the AH-l eimulator (experimental group). A matchad group of ten n
student aviators received conventional training in the TH-=55 aircraft ‘;ﬁ‘j
) (control group). Once the Primary Phase of IERW training had been v,
completed, members of both the experimental group and the control group L
q progressed through the same training sequence throughcut the remainder ?
) of IERW training, which is conducted in the UH-1 aircraft. Data on i
W academic grades, flight grades, flight hours, and setbacks ware recorded N
i for both groups throughout training, In addition, questionnaire data ;:cf
! were collected from both students and IPs at critical points throughout W
training. 3
5 Only two students failed to complete the IERW training program ':;‘{
i eatisfactorily, One member of the experimental group voluntarily i,
; withdrew from the program, and one member of the control group was e
! involuntarily removed from the program due to lack of satisfactory i,::
progress., Although data analyses are still underway, it is clear that ft
i receiving primary training in the AHIFS did not significantly handicap 1
N members of the experimental group during the stages of IERW training K
. that follow the Primary Phase. The few problemg that the experimental :"5
¥ yroup subjects encountered in transitioning: from the simulator to the I
Y aircraft appear to be due to (a) differences in the handling qualities ‘:‘
of the AHIFS and the UH-l aircraft, and (b) shortcomings in the visual ‘:
’ system, Both problems manifest themselves in poor initial performance .
i on hovering tasks. These problems should not be encountered i1f a UHIFS -
; equipped with a suitable visual system was used for THIESIS training. l::
L
' Althiough detailed conclusions cannot be drawn until the data R
L analyses have been completed, it is clear that the outcome of the §
feasibility study is sufficiently promising to justify further research
: in this important area. :«:
: u
"
) e
"
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Development of UH~l training-research simulator. In order ¢to
proceed further with the THIESIS research, it is necessary to develop a
UH-1 training research simulator., A research simulator suitable for
this research must be equipped with a visual system and must have
reasonably high fidelity handling qualities throughout the range of the
Flight envelope (UH-1 aircraft) typically encountered in performing the
tasks taught during the Primary Phase of IERW training., The Army has
recently contracted with personnel from the University of Alabama to
design and davelop a UH-! training-research simulator that will be used
to conduct further THIESIS research and perhaps other research as well,
An existing Singer-Link 2B-24 UHIFS 1is being equipped with a Digital
Image Genarator (DIG) visual system (front and sida window) and improved
equations of motion.

Research Objectivaes

A three-phase line of research is envisioned. The objectives of
each of the threa phases are listed below!:

o Phase I objectives (Transfer Study)
~-Evaluate cost effectiveness of using a UHIFS equipped with a
visual display for Primary Phase training
=-Determine training transfer functions to UH~l afrcraft
--Davelop optimal THIESIS program of instruction from transfer

data
--Determine the contribution of platform motion to training
effectiveness

e Phase II objectives (Integration Study)
--Determine the optimum integration of simulator and hellcopter
training to complete the Primary Phase training objectives
--Evaluate the TH-55 and UH~-1 helicopters for integration with &
visual simulator for Primary Phase training
--Evaluate visual display technologies for cost and training
effectivenass

e Phase III objectives (Complexity Study)
~-Determine the relationship between simulator complexity
(visual system, motlon system, cockpit displays/controls, and
handling qualities) and Primary Phase training effectiveness
--Determine the most cost-effective level of complexity for each
simulator design parameter

RESEARCH APPROACH

Detailed plans for the THIESIS research cannot be formulated until
the UH-1 training-research simulator has been designed, delivered, and
evaluated and preliminary research has been completed. Consequently, it
is possible to describe ounly the general research approaches to be
employed during each phase of the research at this time,
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Phase I: Transfer Study

A series of conventional transfer-of-training experiments will be
conducted ucing Primary Phase students as subjects., Independent
variables to be investigated include at least the following:

o tasks trained in the simulatoer,

e amount of simulator training received (training time and number
of practice jterations),

e scene content of visual display system, and
e simulator instructional method/procedures.

All experiments will employ one or more control groups that
receive training different from the sgimulator-trained exparimental
group(s). At least one control group will raceive no simulator training

R whatsoever, Following the completion of Primary Phase training,

! subjects in all groups will be trained to ecriterion in the UH-lH
airvcraft. The game training methods and procedures will be used to
train all subjects in the UH~l aircraft,

" The dependent variables will include performance measures and
ratings in both the simulator (experimental groups) and the aircraft
. (experimental and control groups). Although a complete listing of
dependent variables cannot be formulated at this time, it seems certain
that the final list will include at least the following:

e practice time and iterations to criterion (by task),
} e task ratings by IPs,
e daily grades by IPs,
o checkride scores, and
e measures of selected flight parameters (simulator only).

- .y e .

Phase II: Integration Study

The fundamental premise underlying the Phase 11 research 1s that
interspersing simulator training and alrcraft training will result in
greater training effectiveness than completing all simulator training
prior to exposi.g students to the aircraft for the first time. To fully
assess the merits of this concept, it 1is necessary to determine the
relationship between training cost (total cost of training to a
prescribed level of proficiency in the UH-1 aircraft) and four
independent variables: training mode (TH-55 aircraft, UHIFS, and UH-l
alrcraft), amount of training for each mode, tasks trained with each
mode, and the sequence of training by mode (the manner in which the
modes are interspersed). It is clear that 1s would be excessively
costly to employ a complate factorial design with four variables and
several levels of each variable. However, a suitable alternative design
has not yet been formulated, It is pnsgsible that a design based on
response—surface methodology will prove feasible, Otherwisze, it will be
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necessary to address this issue through a series of analytical and ;3

empirical studies that may not provide the data needed to define the b

single, most cost-effactive mix of training modas. v

;

",

Phase III: Complexity Study ﬁ

The Phase III ressarch assumes the developmant of the capabllity ,?

to vary the complexity (or fidelity) of selected simulator design K3

parameters, It is not possible to formulate a meaningful approach for g

Phase III research until detailed information is available on the N

A gf;

capability to wvary complexity, specifically, the parameters whose
complexity can be varied and the extent to which the complaxity of each
parameter can be varied,

=
o~

e {g

. RESEARCH PRODUCTS 4
A v
The products expected from the THIESIS research are listed balow ;

; by research phase: e
i ¥.
o Phase I: h,

~~data describing transfer of training functions for transfer y

from the UHIFS to UH-1l aireraft, “

-~goneclugions about the training effectiveness of motion, and y

--conclusions about the training effectiveness of computer |

graphics visual system. E

f L)

3 e Phase II: :q
o ~-~data with which to define optimal integration of simulator and "

' aircraft training for Primary Phasa training, %
-~recommendation of most training/cost-effective visual display e

technology, and }?

.y -~recommendation of most training/cost-effective computer "
N | technolcgy. 0
P .u':
\ " e Phase IIT: i
' --data with which to define the most cost/training-effective oy

! level of complexity for simulator design parameters db
v investigated, v
i --recommendation of optimal hardware configuration for low-cost, a
F high-reliability THIESIS training, and o
b --a program of instruction for Primary Phase training. ‘ '%.
| L
' RESOURCE REQUIREMENTS o,
A b
As was stated earlier, further progreas on the THIESIS research is Q

not possible until a UH-1 training research simulator is available, Any b

attempt to specify other resource requirements would be premature until N

the precise capabilities of the training research simulator are known [

: and preliminary research has been completed. Only then will it be 3
P possible to develop detailed research designs, which, in turn, dictate #f
the resources required to accomplish the THIESIS research. q'

!

] h
i
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INVESTIGATING THE FEASIBILITY OF USING VISUAL FLIGHT SIMULATORS
';d;; FOR NIGHT VISION GOGGLE TRAINING
-
X INTRODUCTION
,Ql—,.l .
:ﬂﬁ The purpose of the research discussed in this subsection is to
assess the feasibility of using a UH6OFS for night vision goggle (NVG)
L training. Although NVG training in simulators is an important topic for
sg the AHIFS research discussed in the previous subsection, the Army's nead
e for data with which to assess the UH6OFS's utility for NVG training is
oﬁ so pressing that it cannot awalt the completion of tha AHIFS research,
AKX as outlined in the pravious subsection., Hence, it is recommended that
the following research be initiated as soon as possible sven though some
e duplication of effort may result from this strategy.
e
G:C:o .
Sy Background

During the past two decades, there has been a major re-svaluation

N 5 of traditional military strategies involving Army aviation. Specifi-
bﬁ cally, recent military experience indicates that technological advances
ﬁﬁ‘ in airecraft dataection and ground-to~-air weaponry raquires Army aviators
'ﬂa to (a) employ low=-altitude tactics, including NOE flight, as an integral
B part of thelr offensive and defensive strategles, and (b) expand their
. operational capabilities to include nighttime and adverse weather
M conditions., The combination of these two requirements=-the performance
2@; of low-altitude tactics under low levels of i{llumination--may represent
g;j the greatest challenge to face Army aviation in its history,
Pl & ’
ﬁﬁ" The ability of Army aviators to perform terrain flight maneuvers
. and to navigate in unfamiliar environments at night using uunaided
o scotoplic vision is limited by the availability of ambient light,
Qﬂ% Without sufficient ambfent light, the aviator simply cannot see the
yﬁ‘ terrain clearly enough to fly safely or to navigaute effectively. For
ﬂﬁ ) more than a decade, the Department of the Army has sponsored research
Qg' and development (R&D) aimed at producing a night vision device that
o facilitates the performance of terrain flight tactics under low levels
i of 1illumination.
S
Q@ The R&D effort began during the latter part of the Vietnam war
3 ﬁ. when it became obvious that Army aviatora must be capable of performing
gd terrain-flight tactics during the day and at night in order to survive
"3 mid-intensity warfare, Based on a recommendation from a Modern Army
R Selected System Test, Evaluation. and Review (MASSTER), un IPR committee
$§~ directed that a low=-cost night vision goggle (NVG) device, originally
ey developed for use by ground personnel (Johnson, Tipton, Newman, Wood, &
o Intano, 1972), be adopted as an interim solution to terrain f£light under
g low levels of illumination. Thus, the Army Navy/Pilot Visual System

4 (AN/PVS-5) NVG was procured and a Required Operational Capability (ROC)
was issued without formal developmental testing or operational testing.
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The standard AN/PVS~5 NVG is a binocular device with unity
magnification, It is approximately 6k inches aquara, weighs 28 ounces,
and provides a 40° field-of~view with a visual acuity of approximately
20/50, The device contains two electro-optical systems designed to
perform optimally under low levels of illumination, Each elactro~
optical system contains an image intensifier tube that increases the
number of ambient light particles and utilizes fiber optics to project a
visual image onto a grean phosphorous plata,

The IPR committee accepted the AN/PVS-5 NVG as an "intarim
solution' to tha requirament for a night vision devica to facilitata
parformance of Army aviators. The committes members knew from the
outset that the AN/PVS-=5 NVG was not ideally designed for use in an
alrecraft cockpit, Therafore, it was not surprising that subsequent
resaarch and experience demonstrated that the standard AN/PVS-5 NVG is
only a marginally acceptable night vision device (see Gunning, 1983),
However, the problems revealed by the research and experience have

| guided the modifications of the standard AN/PVS-3 (McLean, 1982) as well
' as the design of the newest night vision device, the Aviator Night
Vision Image System (ANVIS) (Richardson & Crew, 1981).

Nesd/Problem

Purauant to the inatructions of the IPR Committee ROC, NVG
training requirements were established and detailed in the ATM for each
Army ajrcraft, Each ATM specifies the prerequisites for NVG training,
as well as the academic and flight training requirements for NVG quali-
fication training, NVG continuation training, and NVG6 refresher
training, For example, to become NVG qualified, an aviator must:

¢ receive 10.5 hours of academic instruction in night (unaided)
flight and NVG flight procaedures,

o demonstrate proficlency in the performance of all ATM taska
(except for the 5,000 series tasks) during night (unaided)
flight,

¢ receive 1.5 hours of cockpit blackout training prior to
beginning NVG flight training, and

e recelve between 8.5 and 13,5 hours of NVG flight training prior
to demonstrating proficiency to an NVG qualifiad IP,

The ATM requirements for NVG qualification training are repraesen-
tative of the training requirements for NVG continuation training and
NVG refresher training., That i1e, except for 1.5 hours of cockpit
blackout training, all flight training is conducted in the aircraft.

Given the safety problems associated with using night wvision
devices during rotary-wing flight, it is probable that accident risks
can be reduced by accomplishing some portion of NVG training in visual
flight simulators, prior to NVG training in the aircraft, Furcthermore,
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if the NVG £light training currently being conducted in the aircraft can
be augmented by training in visual flight simulators, there is a
potential for enormous savings in manpower, aircraft time, and other

resource requirements,

Research Objectives

The specific objectives of this research are as follows:

o to ldentify the NVG tasks that can be trained in a visual flight
simulator,

e to develop a POI to be used in training NVC tesks in a visual
flight simulator, and

¢ to determine the feasibility of NVG training in visual flight
simulatora.

Research Approach

A two=phase research approach is recommended. The first phase is

an in-simulator skill acquisition study that addresses the feasibility

‘ question in a short period of time and with a relatively small amount of
resources, This research design provides information about the NVG

skill acquisition of 10 UH-60 Aviation Qualificatfon Course (AQC)

graduates undergoing NVG tralning in the UHS0FS, Each subject will be o

trained on relavant NVG tasks during five three-hour simulator sessions. 0

By comparing each subject's performance on each ATM task during the ﬁ

fifth simulator session with his/her performance on the same ATM task K

during the first simulator session, it is possible to ausess the extent .i

to which performance of NVG tasks in the simulator improves with ¥

' simulator training. Tasks for which in-simulator skill acquisition is s
g exhibited will be retained for further study during the sacond phase. g‘
hie

The second phase is a traditional transfer-of-training study that f{

addresses the moat important questions associated with NVG training in X

visual flight simulators. This study 1is designed to allow detailed p

comparisons of performance and skill acquisition of (a) a group of o

subjects trained to NVG qualification in the UH-60 aircraft (control o,

group),, and (b) a group of subjects who receive NVG training in the &

UH60FS prior to NVG qualification training in the UH-60 aircraft Y

(experimental group). The results of this research design can be used it
to (a) assess the rate of skill acquisition during training in a visual

flight simulator, (b) identify the transfer-of-training £from the n
simulator to the aircraft by task, and (c) estimate the total savings in "
aircraft time, IP time, and other resources that can be realized from W
training in visual flight simulators. This design is resource intensive ﬁ

and requires extensive support by various Fort Rucker agencies.

Foma”e"
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Research Products

The products that can be expected from this research include: (a)
a listing of the tasks for which NVG training is feasibla and
benaficial, (b) data with which to assess the cost-~effectivenesa of NVG
training in a flight simulator, (c) a program of instruction that can bae
used in either on institutional or unit-training setting, and (d) 36
aviators that are partially trained (16) or fully trained (20) on NVG
£light in the UH-60 aircraft.

Resource Requirements

The development of a program of instruction to use in conducting
the research will require six UH-60 AQC graduates to serve as subjects,
one IP, about 50 UH=60 mircraft hours, and about 50 UH60FS hours.

The first phase of the UH60FS NVG research will require 10 UH-60
AQC graduates to serve as subjects, five UH~60 IPFs, and about 220 hours
of UH60FS time, Each subject will be raquired to devote about 40 hours
to orisntation, academic training, and flight simulator training ovar a
ten=-day period.

The second phase of the research will require 20 UH-60 AQC
graduates to serve as subjects, six IPs, gbout 360 UH-60 aircraft hours,
and about 160 UH60FS hours. Each subject will be required to devote
about 60 hours to orientation, academic training, aircrafc training, and
flight aimulator training over a 15~lay period,

It should be noted that abeut ona-third of the academic instruc=-
tion and flight hours required to conduct this research is davoted to
training on unaided night f£light. The requirement for this time would
be eliminated 1f the research could be conducted at & field unit using
pllots who are already qualified on unaided night £light.
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FLYING TASK LIST BY HELTICOPTER TYPE f,o):
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¥
B i
o
v
ATM UH- | AH~ | ou- | cu- | UH- | am- | ante | rH- e
, # | TASK TITLE 1 |1 |s8 |47 |60 |64 |scour]ss R
: 1001 | Plan a VFR flight X X X X X X X X ‘
! 1002 | Plan an IFR flight x | x | x X X X | x
' 1003 | Prepare DD Form 365F "
' (Weight and Balance) X | X X X X X X s
: 1004 | Use Parformance Charts x| x [ x [ x| x| x | x X .°‘
; 1005 | Prepare Performance Planning ° o
! Card (PEC) X X X X X X X X v,
1501 | Perform preflight inspection X X X X X X X X 3
: 5.2(
: 1502 | Perform before takeoff checks | X | X | X X X x | x X o
| " 1506 | Perform ground taxi X X X ,:it
N R
. 2001 | Perform takeoff to a hover X X X X X X X X [ d
-‘. 0
: 2002 | Perform hover power check X | x X X X X X X ,:.
b ,t;
E 2003 | Perform hovering turns X | X X X X X X X :::
ity
, 2004 | Perform hovering flight X X X X X X X X L)
* o
2005 | Perform landing from a hover X X X X X X X X j:z
b 2501 | Perform normal takeoff X | X X X X X X X o
' 3502 | Perform slmulated maximum e
K performance takeoff X X X X X X X X g
X 3 2503 | Perform rolling takeoff x| x | x &
| [ &
p 3001 z;;rf:m stralght-and-level = T x | = " - . " " E:;:
- ight \
\ "..
3002 :arform (normal) climbs and % % X n X % % X
K gscents s
P 3003 | Perform turns X X X X X X X X ‘}
p ]
3004 | Perform deceleration/ 0 i
acceleration X X X X X X X A
] 3005 If’;;;;:m traffic pattern X X X % X X " %
1 S
: 3006 | Perform fuel management X % X X " % ¥
k- procedures
: 3007 { Perform high-speed flight X X
’ 3010 | Perform navigation by ‘ ~ ) ,
X pilotage and dead reckoning X X X X X X X X -
]
: 3011 | Perform doppler navigation X X X X X ::.::
y o
b . 3
€ *
N w
4
[ A=2 v
l.‘

'
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i

'1

g

s

3

ATM Uli- | AH= OH- | CH- | UH~ | AH- | AHIP TH~- A
# | TASK TITLE 1 |1 |58 |47 |60 {64 [scour|ss Bod
3025 | Perform FIight with AFCS = 1 x | x W
servo off f;{j.

3102 | Perform positive and X N
negative "G" flight N

3501 | Perform before landing checks X X X X X X X X ;?
53‘;

3502 | Perform normal approach X | x X X X X X X 2;::‘
;g'ﬂiv

3504 | Perform shallow approach X | X X X X X X X s’-;:f,:
l(l‘

3505 | Perform steep approach X | x X X X X X X p
e

3506 | Perform go-around X | x X X X X X X o,
ﬁ,éa

| 3507 | Perform roll-on landing x | x | x i
} 3,
3510 | Perform confined area
operation X X X X X X X X "r::?

3511 | Perform slops operation x |x | x | x| x | x |x X 5
e‘“'

3512 | Perform pinnacle/ridgelinas X % X X X X X X it
_operation ?:n:,

4001 | Perform hovering X X X X X »
autorotation Mgl

o

4002 | Perform standard X X X X % X X X :.;,[
. autorotation .:,;.
4003 | Perform standard auto- A Y]
rotation with 180° turn X X X X X :::f

4004 | Perform low-level A “a
autorotation X X X X X .E

4005 | Perform simulated hydraulic * N N " il
system malfunction X X X X X X X ::;'s:

4006 Perform simulated antitorque X X % X % % ‘,1.;‘;
malfunction ,;«

4007 | Perform manual throttle i
operation (emergency X X b3
governor) ::::

4008 | Perform simulated engine %
failure at altitude X | X X X X X X X :::::

)

4009 | Perform simulated engine % ¥ X X " X X % '::Qi
failure at a hover "

4010 | Perform emergency procedures 0%
for actual or simulated NVG X | X X X X X o
failure :..u:'

4018 | Perform low-level, high- X X %
O

speed autorotation o

LY ',

4019 | Perform running landing X X X X X ‘}
I.‘

*Task practiced in the simulator only, ::::{
**Simulator requirements not yet finalized. g:‘:
"':i.
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ATM UH= | A~ | OH= | CH= | UH=- | AH- | AHIP | TH-

# TASK TITLE 1 l 58 47 60 64 SCOUT | 55
4020 | Perform simulated engine .
failure, high speed at X X
altitude
4021 | Perform flight with SCAS/ ,
SAS/AFCS of £ X X | X | X | X
4022 | Perform Electronic Control
Unit (ECU) lockout X X
operation
4023 | Perform single engine X X X
failure with roll-on landing
4024 | Perform emergency procedures X X
for stabilator malfunction
4026 | Perform emergency procedures
for emergency landing X X X X X X X X
' 4027 | Perform emergency procedures
% for flight control system X X X X X X X X
’ malfunction
4028 | Perform emergency procedures
for engine system malfunction X X X X X X X X
‘ 4029 | Perform emergency procedures x* | xw X X T
| for fires
' 4030 | Perform emergency procedures * N " " " "
for fuel system malfunctions X X X X X X X X
4031 | Perform emergency procedures
, for electrical system X X X X X X X X
' malfunction
4032 | Perform emergency procedures
for rotor, transmission, and X* | Xw Xn Xw Xhn | Xhw
drive train malfunctions
4035 | Perform antitorque failure X X X
at a hover
4134 | Perform emergency descent X
4501 Perform instrument takeoff X X* X X X Xk
| 4503 | Perform radio navigation X X X X X X X
4504 | Perform holding procedure X X X X X X X
4505 | Perform unusual attitude X X X X X X £ X
recovery
4506 | Perform radio communication % X X " % " X X roy
procedures 9¢
N,
4508 | Perform NAVAID approach X X X X X X X My
)
4509 | Perform ground controlled . My
approach X X X % X X X Y
*Tagk practiced in the simulator only. oW
**Simulator requirements not yet finalized. 3&
)
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ATM UH- | AH- | OH- | CH- | UH- | AH- | AHIP |TH- }
# TASK TITLE 1 1 58 47 60 64 SCOUT | 55
4512 | Perform tactical instrument
rakeoff X X X X X X X
4513 | Perform tactical instrument X % X X y X X
approach
4517 | Perform Command Instrument X
System (CIS) operations
, 5001 | Parform terrain flight X % X X X X X
mission planning
5002 | Perform terrain flight
X X X X X X X
navigation
5003 | Pearform low-level £light X X X X X X X
! 5004 | Perform contour flight X X X X X X X
5005 | Perform nap-of-the-earth
1 (NOE) flight S R L IO N
5006 | Perform masking/unmasking X X X X X X X
5007 | Parform NOE deceleration X X X X X X X
5008 | Perform out=of-ground-effect ,
(OGE) hover check X X X X X X X
5009 | Perform terrain flight X X X X % X X
takeoff
. 5010 [ Perform terrain flight X X X X X X X
'y approach
5011 | Perform FM radio homing X X X X X X X
5012 | Perform visual glideslope
approach and landggﬁA X X X X X X X
5014 | Perform tactical instrument X X X X X X X
) flight planning ’
5018 | Perform evasive maneuvers X X X X X X X
5019 | Operate radar warning , ,
receiver AN/APR 39 X X X X X X X
5020 | Perform ski landing X X X X
5021 | Perform preflight inspection® X X X .
of ski installation
5022 | Perform hover/taxi over snow X X X X X X X
5024 | Perform techniques of X % X X
movement
5025 | Identify US/allied and threat X X X % R X ¥
weapons and aircraft ,
5027 | Perform laser beacon X
operations
5029 | Perform water operations X
A=5
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el

ATM UH- | AH- | OH- | CH~ | UH- | AH- | AHIP | TH~
] TASK TITLE 1 )\ 58 47 60 64 sCOuUT | 55
S030 | Perform circling approach . i ]
from terrain flight X X X ! _ X X X
5033 | Negotiate wire obstacles X X X X X o X
5035 | Perform recognition of
hazards to terrain flight X X X X X X X
5036 | Perform as a crew member
{cockpit teamwork) X X X X X X X
5100 | Operate communications X X X X X X X X
equipment
5106 | Operate chaff dispenser X X X X X X X
6001 | Perform multi-aircraft
operations (formation X X X
: flight)
® 6011 | Perform external load
b X X X
operations
6016 | Perform target handoff to X X X %
attack helicopters
6044 | Supervise installation and
X X X
loading of weapons
6045 | Preflight aircraft weapon
X X X
systems
6046 | Operate Heads=Up Display %
. (HUD)
n 6047 | Operate Rocket Management % X
v System (RMS)
: 6049 | Perform weapons cockpit ‘
. X X X
procedures
. 6050 | Operate M28/M197 turret X
" system
y 6051 | Operate M28/M197 turret
B system using helmet sight X
system
6054 | Operate reflex sight M73/M60 X
6055 | Operate 2.75 inch FFAR ¥ X
rocket launcher ‘
6056 | Operate M35 (2Qmm) weapon " u
system
6057 | Operate Telescopic Sighting X
Unit (TSU)
6058 | Operate TOW missile system X
6060 | Describe emergency
procedures for aircrafe X X X
armament system malfunctions :
6061 Safe and clear weapon s
systems X X X !
o
4
f
()
'::
A-6 o >
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AT UH~ | AH- | OH~ | CH=| UH- | AW~ | AHIP | TH- P
I TASK TITLE 1 1 58 47 60 64 SCOUT | 55 }g
- "0
6063 | Perform terrain flight - X . X N
firing techniques ' :::~
6065 | Perform entry to and egress % X g "
from firing positions s
6066 | Acquire and identify targets X X X X X X X cf
_— it
6067 | Engage targets by direct/ . Nl
indirect flre X (x| & x| x X o
o
6501 | Perform after landing tasks X | X X X X X X X ,7‘;:
- Operate IR jamming equipment X X X X X X X ,'_'
e
-~ | Operate IHADDS/HDU X o
.A - Operate fire control X ;:_fc';
4 | computer (FCC) ’q,"“'
- Operate Hellfire missile X »
system v
-- | Operate XM-230El (30mm) X s
weapon system )
- Perform PNVS operational X 2’,:
checks ooy
- Operate A/C using PNVS X .,.?
‘(
-~ | Perform TADS turn=~on X ::::‘
- procedure ' Ry
N3
== | Operate TADS X &:‘S
- ro®
- Perform MMS operational % ]
check gt
o *‘1
-- Operate MMS system b :‘S:i
- Perform MFD/MFK operational , :'c::-
X (i
check N
- Operate MFD/MFK X _!
'
- Operate MLMS X ;:":
— )
- Flight controls and X "%:
instrument relationships o
-- Flight controls X ‘g
.!.‘c
- Anti-overspeed device X .":2
-- Perform simulated X l'::
precautionary landinn '

- Perform Frequency change %
procedure o
I'::t
i:.‘i
e
c‘::
¢
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APPENDIX B

TENTATIVE LISTING OF AHIP TASKS/CONDITIONS
TO BE USED IN DEFINING SIMULATOR

VISUAL SYSTEM REQUIREMENTS
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FOREWORD

The Army is committed to the use of flight simulators to augment
the training that Army helicopter pilots receive in the helicopter
itself, The most important reasons for this commitment are discussed in
the main body of the report. For now, it is sufficient to say that the
use of flight simulators to augment aircraft training is the only means,
during peacetime, of achieving the lavel of operational raadiness that
in desired at anlcomt. thte‘-trhcccptabl « Until now, nesarly all the
rasourceas expended by the Army on ita Synthatic Flight Training System
(SFTS) program have been aimed at hardware development and acquisition.
The resources devoted to research on how best to use flight simulators
is miniscule by comparison., Hence, it is not surprising that there sre
a2 large number of uncertainties atout the specific role of flight
simulators in the Army's aviator training program. It is worth noting
that these uncertainties are not unique to the Army; both the Air Force
and Navy are faced with much the same problems.

In preparing this document, the authors and contributoras attempted
to be thorough in identifying critical research issues. Also, to the
extent possible with the time and resources available, an attempt was
made to develop research plans that address the issues in a meaningful
and practicll vay, We feel ‘confident that the research issues identi-
fied ard E leVant’ ‘and—-nen-swivial’ However, wa do not conlidcr the
research plnnl presented in this documant to be the only way or, teces-
sarily,”the best way to deal with the ,issues identified. When
developing long~term research on a topic‘ r which so little is known,
it must be expected that the results of earlier research may drastically
change one's early views about the best way to procead. In short, tha
plans for latar stages of the raessarch must be considered tentative and
subject to change, based upon the findings of earlier raessarch,

It can be argued that plans for research on such a difficult topile

gshould proceed in a step-by-step fashion, Indeed, the— atep-by—a%ep"i:

approach 1is much less threatening to the rcscnrch planner who must
formulate rasoaseh’ pﬁnnh that are: based upon premises several levels
removed from any empirical data., Also, this approach 1s less likely to
portray to decision makers a research requirement that initially appears
overvhelpingly complicated and costly, The disadvantages of the step-
by-atep approach, which we feel far offset the advantages, are twofold,
Firat, a great deal of time and research continuity would be lost if
efforts to obtain funding and administrative support for the next
research stage Ate not commenced until the results of the preceding
stage have been fully analyeed and documented, A hiatus between each
stage of vregearch would probably serve to make a difficult job
impossible., Second, a general notion of the scope uf the research ia
nesded to make sensible decisions about whether or not to embark on the
rasearch and, if an affirmative decision is made, to make sensible
decisions about how best to marshal the resources needed to continue the
research until truly useful results are in hand. For thesc reasons, we
have decided that relatively detailed long-term plans--even imperfect
ones~-serve an important purpose.




The intent is that this document serve as a beginning of dialogue
among the agencies and paersonnel who share responsibility for optimizing
the benefits of the Army's SFTS program. It is hoped that this
dialogue, Iin turn,will lead to the refinement of ideas, to the
establishment of tesearch priorities, and to joint planning by all
involved agencies., It is important that the reader keep in mind that
this is not a document that—i# being submitted for approval or
disapproval, in total or in part, For this reason, feedback from
raaders about flaws in the premises and/or reasoning ars welcomed,
Comments should be sent to Mr, Charles A, Gainer at the following
address:

Chief

ART Field Unit

Attn: PERI=IR (Mr. Charles A. Gainer)
Fort Rucker, AL 36362-5354

EDGAR M. JOHNSON
Technical Director
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% ;AN ENUMERATION OF RESEARCH TO DETERMINE THE OPTIMAL DESIGN AND USE
{ OF ARMY FLIGHT TRAINING SIMULATORS

i EXECUTIVE SUMMARY

The Lpurpose of this document is to identify the types of research that>——

are®needed to determine the optimal design and use of Army flight

simulators. Two complementary linas of research are described and

discussed, One line of research-~-referred to as the "Long-Term Path"w-
focusea primarily on simulator design issues, The primary focus of the
second line of research--the '"Short-Term Path'"--is the determination of

¥ the best way to uge the flight simulators that have been or ara soon to

be acquired by the Army.

LONG-TERM PATH

The general objectires of the Long-Term Path--formulated by the
Assistant Secretary of the Army for Research, Development, and
Acquisition--are as listed below:

e design research that will yield the data needed to quantify the
relationship between fidelity (in selected flight simulator
design parameters) and training transfer (for selected flying
tasks),

e design research that will yleld the data needed to define the
relationship between flight simulator production costs and
required fidelity 1in the selected flight simulator design
parameters, and

e design research to define the type, cost, and affectiveness of
alternate training methods and media that could be used in lieu
of flight simulators to train one or more of the selected flying

tasks,

In response to the general research objectives, requirements for
research were defined for five "primary" research areas and nine
"supportive'" research areas, The primary research areas ar%:‘ e

fidelity requirementa for visual system,

fidelity requirements for motion system,

fidelity requirements for simulator handling qualities,
fidelity requirements for cockpit displays and controls, and
requirements for simulator Instructional Support Features.

The supportive research areas are topical areas for which there are
problems or uncertainties that must be resolved in order to conduct
affactive research in the primary research areas. Supportive regearch

areas identified and discussed includﬁ Py j
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flying task data base,

team/combined-arms training methods,

performance avaluation,

alternative training media,

subsystem standardization/modularization,

research methodology,

akill decay/maintenancs,

implementation/monitoring of simulator training, and
cost~effectivenass analysis models,

The discussion of each of the above research areas includes a
description of the research issues and objectives, comments about
relavant research thet has been raeported in the 1literature, and a
description of the research considered necessary toc resolve the isgues.
The resaarch plans vary widely in detail and complexity.

SHORT=-TERM PATH

The Short~Term Path is a program of research that is aimed at evaluating
and optimizing the uss of the family of flight simulators that the Army
already has acquired or has contracted to purchase. Since the design of
this family of simulators is morn}or less fixed, the research is focused
mainly on determining how best to use the devices: who should be
trained?’ yhat tasks should be :rlinldf how much training should be
administered) .and .yhat training methods should be employed for each
training application? A secondary objective of the Short-Term Path is
to identify design modifications (hardware and/or softwars) that will
improve the training effectiveness of production simulators without
incurring excessive product improvement costs.

Three major research efforte are described., The objective of the first
redearch effort is to determine the optimal use of flight simulators in
a unit-training context, (Unit training refers to the training received
by Army aviators after they have completed institutional training and

have been assigned to an operational unit.) The research is designed to A
asdess the simulator's utility for five different training applications: !_Wf
refresher training, ekill sustainment training, skill enrichment Ny
training, accident prevention training, and maintenance teat-pilot b& ?&
aly

training, 9{ ?
" M ]

The objective of the asecond research effort is to evaluate the simu- ?{\f
lator's utility for training beginning students in the fundamentals of -y
helicopter operation. A three-phase study ds described that addresses T
both simulator design issues and training methodology issuesy If the 5’*@{
early work supports the feamihility of the concept, tranafer-of-training R'ﬁﬁh
studies will be conducted to determine the optimal mix of simulator §§ #@

training and aircraft training, béﬁﬁi

The objective of the third research effort is to determine the extent to R
which Night Vision Goggle training can be accomplished In a flight -f&qﬁ

simulator equipped with a visual system. .52%

e
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GLOSSARY OF ACRONYMS 3
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o
AAA = Army Audit Agency 9:‘;3
ATHRL -~ Air Force Human Resources Laboratory o
AGARD = Advisory Group for Aerospace Research and Development .;a:.
AGL = Above Ground Level I
e AN ~ Attack Helicopter ‘
AHIP = Army Helicopter Improvement Program e
. ANVIS - Aviator's Night Vision Image System :.;:
' A0l = Area of Interast I:,:
. AQC -~ Aviation Qualification Course e
- ARI - U.8, Army Research Institute for the Behavioral and Social oy
& Sciences »
-' ARL = Aviator Readiness Level o
‘ ARTEP - Army Training and Evaluation Program A
ASI - Anacapa Sciences, Inc. W
' ASPT - Advanced Simulator for Pilot Training s
ATM ~ Aircrew Training Manual !
L BOIP ~ Basis of Issue Plan | 4
: CAPTV - Computer Animated Photographic Terrain View 'v::
- CGSI - Computer-Generated/Synthesized Imagery o
v - CH ~ Cargo Helicopter s
c16 - Computer-Image Generation oy
CMB = Camera-Modelboatrd 0P,
Led CRT - Cathode Ray Tube | ]
| CTEA - Cost and Training Fffectiveness Analysis e
DARCOM = Development and Readiness Command ;‘;i:,,a
' DES ~ Directorate of Evaluation and Standardization K
DLS - Digital Landmass System .:'i"
DMA ~ Defenge Mapping Agency g
L o DOD ~ Department of Defense ‘
N . FLIR ~ Forward-Looking Infrared e
: FOV - Fleld-of-View o,
Fs ~ Flight Simulator i
HUD - Head~-up Display .::.
IcC - Initial Conditions '
G IFRW - Initial Entry Rotary Wing :
: IFR - Instrument Flight Rules 0
) IGE = In=Ground Effect .;v‘.
ILS -~ Instrument Landing System I
MC - Instrument Meteo) -logical Conditions :gr
1P « Instructor Pilot I
(. LPR - In-Process Review P
IR -~ Infrared My,
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Instructional Support Features

Level of Detail

Modern Army Selected System Test, Evaluation, and Review
Mission Orientad Protective Posture

Maintenance Teat Flight Evaluator

Maintenance Test Pilot

Nuclear, Biological, Chemical

Nap of the Earth

Naval Training Equipment Centar

Night Viasion Goggles

Out=-of-Ground Effect

Pilot in Command

Program of Instruction

Project Manager Training Devices

Rotorcraft System Integration Simulator

Synthetic Flight Training System

Subject Matter Expert

Simulator Training Requirements and Effectiveness Study
Training Circular '

Training Helicopter

Training Helicopter Initial Entry Students in Simulators
Tables of Organization and Equipment

Training and Doctrine Command

Utility Helicopter

U.S. Army Aviation Logistics School

UsS. Army Aviation Center

Visual Flight Rulesg

Vigsual Technology Research Simulator
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