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DEVELOPMENT OF QUALIFICATION GUIDELINES FOR PERSONAL COMPUTER-BASED
AVIATION TRAINING DEVICES

BACKGROUND
PC-Based Training Devices

Recent advances in he capabilities of personal
co.nputers have resulied in an increase in the num-
ber of flight simulation programs made available as
Personal Computer-Based Aviation Training De-
vices (PCATDs). Thesz devices are relatively inex-
pensive, compared with flight training devices and
simulators that more closely approximate the physi-
cal characteristics of an actual aircraft. Aviation
training devices should be distinguished from for-
mal flight training devices, as defined in FAA
Order AC 120-45A. The primary difference be-
tween the iwo is that the PCATD is an integrated,
ground-based training device that would be used
solely for aviation training purposes, and not for
airmen qualification or certification. The appropri-
ate use of PCATDs by flight training schools and
individuals would greatly benefit the delivery of
flight training instruction and enhance training ef-
fectiveness and flight safety.

The regulatory mission of the FAA inciudes estab-
lishing 2 sound basis for qualifying equipment, air-
men training and certification programs, including
the use of instructional aids and devices. Traditional
approaches to crediting flight training devices and
simulators heavily weights the physical fidelity, or
similarity of the device, to an acwal aircraft. This
approach results in the production of extremely ex-
pensive training equipment, particularly if motion
simulation is inciuded. Further, it has been shown
that high physical fidelity is not necessary to
achieve acceptable transfer Jevels for certain flight
training tasks (Lintern, Roscee, Koonce, & Segal,
1990; Ortiz, 1993; Phillips, Hulin, & Lamermayer,
1993). This finding provides a useful opportunity
for utilizing relatively inexpensive PCATD t=chnel-
ogy with relatively low physical fidelity for training
specific sets of flight tasks.

Anoher expectation based on traditional crediting
approaches is that training time on PCATDs should
be creditable with a number of flight hours consid-
ered equivalent to training time in an aircraft based
on training transfer equations. However, transfer of
training estimates for a particular PCATD tend to
vary, depending on the particular task being learned
and the learning characteristics of the individual
using the device. This joint variability makes it in-
advisable to attempt to credit experience in a
PCATD with some number of aircraft flight hours.
The best course would be to limit use of PCATDs
to the role of training aids within an integrated
ground/flight training environment. The potential
contribution of a particular PCATD should be
evaluated on a task-by-task basis, according to
whether, based on a set of rules or guidelines, the
device could be expected to produce some mini-
mally acceptable level of positive transfer of train-
ing to an airplane on a specific task.

Potential Benefits of PCATDs

The potential benefits of FPC-based aviation training
devices have been recognized by researchers and
sofiware/hardware developers alike, as is attested o
by a recent collection of papers on the use of PC-
based systems for instrument flight training
(Sadiowe, 1991). Evidence of their effectiveness is
also growing (Hampton, Moroney, Kirton, Biers,
Eistethoutd, King, Wright, 1993). Before these
benefits can be enjoyed, however, guidelines must
be esiablished regarding the characteristics that are
recomnended in a PCATD for it to be an effective
training device.

The use of PCATDs should enhance safety because
students could gain at least minimum proficiency
betore attempting most flying maneuvers. In addi-
tion, training time cculd be reduced, which should
result in o reduction of cosis for both students and
ilight schools. By reducing costs, the flight school



should be able to attract additional students, thereby
increasing its student load and potential business.
Also, the ability of students to gain self-guided
practice at some tasks and maneuvers should im-
prove skill maintenance and pilot proficieacy.
Purpose and Development Plan
The purpose of this report is twofold: 1) present a
conceptual approach based upon human learning
principles and available flight training data for use
ir: the development and evaluation of PCATDs; and
2) provide a detailed technical plan for an initial ef-
fort to develop and test guideline:. for assessing the
use of PCATDs in a training curriculum of a flight
school conducted in accordance with the regulations
stated in FAR Part 141. The initial user-client is the
FAA safety inspector from a local Flight Standards
District Office (FSDO), who has the responsibility
of approving Part 141 flight training curricula. In
follow-on work, the feasibility of extending these
guidelines to other ratings couid be explored, as
well as extending them to other potential client-user
groups, such as Part 141 school curriculurn devel-
opers, PCATD hardware and software developers,
and eventually, to individual users desiring to select
a PCATD for self-guided use,

Figure 1 provides a milestone chart of how devel-
opment will procced on a conceptual basis for
PCATD quaiification and of the actual qualification
guidetines. Results of Step 1, De eiop PCATD
Qualification Concept, are provided below. Resulis
of the remaining steps in guideline development will
be provided in subsequent reports. An initial set of
guidelines for the instrumeni rating curriculum,
packaged for the FSDQ inspector, is expected to be
available by the end of Cct. 1, 1994, These guide-
lines can be expanded to include other certificates,
rating areas and client-users after the guidelines
have been subjected to sciemific verification and
user acceptance testing. The steps to be accom-
plished and their relaticnship to each other in the
development of PCATD gualification guidelines are
shown in Figure 2. The guidelines will be organized
into a procecdural form that will be called the

PCATD Qualificarion Tool (PQT). Numbers in the
figure identify the individual steps to be accom-
plished. As can be seen from the figure, there are
eight primary steps involved in the approach.

DEVELQPMENT OF PCATD
QUALIFICATION GUIDELINES

Step 1 - Develop PCATD Quatlification Concept

The first step in the task plan involved developing a
concept for incorporating PCATD technology into
the ground and flight traming environment (See
Figure 1 for the time frame on this task). The goal
was not to provide a method of gualifying PCATDs,
but to allow for their appropriate and effective use
within the flight training community. An important
FAA responsibility is approving curricula to be
vsed by Part 141 flight training schools. Previous
atternpts at gemerating qualification guidelines for
PCATDs (e.g., Forster. 1991) have not recognized
ihe possibility of task-specific guidelines. Given the
existence of task-specific qualification guidelines,
approval of a Part 141 cusriculum utilizing training
on a PCATD would involve not only looking at the
PCATD itself, but alsc at the plan for its use within
the curriculum. Basically, the PCATD shoulcé no:
be used for training tasks in which it is not capable
of producing an acceptabie ievel of training trans-
fer. Review of the training curriculum by a FSDO
inspector using PCATD qualification guidelines
should ensure that protection. This task involved the
review of applicable literature on fight training and
simulation 2ad on the development and capabilities
of PC-bosed aviation iraining sofiware and hard-
ware. This background was important to subsequent
development of the theoretical structure needed for
the gqualification concepl.

A review of Agency regulatory needs and policies
concerning PCATD utilization was performed to
ensure that the approach taken was consistent with
those issues. The information collected from those
reviews was used to develop an iniual concept for
qualifying the manner in which PCATDs are incor
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Figure 1. PCATD guideline development and evaluation schedule.
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Figure 2. Development of PCATD qualification gnidelines.

porated intc ground and flight training curricula
while minimizing Agency regulatory involvement
and at the same time providing for broad utilization
of PCATD current and fature technalogy. Our con-
cept involves the use of a set of qualification guide-
lines based on a detailed flicht task data base with
criterion-referencea levels of acceptable perform-
ance. These task-referenced guidelines would pro-
vide assurance of, but would not guarantee, at least
some transfer of training from a particuiar PCATD
to the training aircraft. This approach is based on
the proposition that skill learning occurs in stages,
and that 2 PCATD must possess the ability to sup-

port at least initial-stage learning of a particular task
{or task set) if useful transfer is to cccur.

This task-based approach is siatilar (o that used for
the Advanced Qualification Program (AQP) for
qualification events and associated flight training
equipment {AC 120-54. Appendix C). The resulting
PCATD qualification guidelines will be incorpo-
rated inte a2n analytic iool, which can be computer-
ized and employed by a number of potential user
groups in determining the individuval or relative
merits of specific PCATD designs.

ADA292961



The proposed guidelines would be based on an
analytical process by which the specific input/output
requirements of a given training objective (task
element) would be identified and compared to the
specific hardware/software characteristics of a
given PCATD in providing those necessary in-
put/output requirements. An evaluation score would
be provided based on task and task set assessmeits
with respect to the accepiability of the candidate
PCATD in fuifilling specific learning objectives.
The proposed guidelines would be used for gualify-
ing a PCAID for training only, and not for profi-
ciency assessment.

PCATD qualification guidelines can be categorized
according to whether ihey apply to the simulation
fidelity of the training device or to mnanaging the
instructional environment (e.g., allowing the ability
to pause the systermn during simulation of & maneu-
ver). In addition, the guidelines can be categorized
according to whether they relate to every task to be
trained, or only to specific tasks or task sets. An
exampie of 2 guideline that would apply across all
tasks would be a requirement that the instmument
layout of the training device correspond o that of a
common training aircraft. This guideline would

Basic Premises

Qur conceptual approach for developing PCATD
gualification guideiines centers around three prem-
ises. The first premise is that guideline development
should be driven by a detailed analysis of the spe-
cific learning objectives t0 be accomplished using
the device. If a device can support the learning that
is expected to occur on 2 specified task element,
then that is a sufficient criterion to qualify the de-
vice for the training of that task clement. Another
way of stating this concept is in terms of transfer of
training. To be qualified for use as an aid in in-
structing on a particuiar task, a PCATD must pro-
vide some minimal level of transfer of training for
that task.

The second premise is that the development of
guidelines for a training device should also be
driven by the cbiective of avoiding producing inva-
lid expectarions in the trainee when the task is trans-
ferred to the airplane; or, producing negative
transfer of training.

The third premise is that guideline gevelopment
should be driven by the need to take full advantage
of the medium 1o be used for training; that is, the
personal computer. PCs present unique opportuni-
ties for enhancing the learning environment for
aviation training.

fnr Aavalanming
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In summiary, the three premises
PCATD qualification guidelines are 1) provide a
minimal level of positive wransfer of training from
the PCATD to the airplane: 2) avoid negative trans-
fer: 1.e., establishing false expectations; and 3) take
advantage of the training delivery medium, the
computer. Each premise is described in meore detail
below.

Prometing Positive Transfer

Positive iraining transfer is not an ali-or-nothing
phenomenon. Every complex skill is composed of a
number of component skills. These component
skills can consist of 2 motor movement, perception.
retrieval of information from memory, or process-
ing information. When endeavoring to master a
complex skill, it is important to note thar skill ac-
guisition, including the acquisition of complex psy-
chomotor skills, occurs in  discrete  stages
{Anderson, 1982, 1987 Fius, 1962; Rasmussen,
1086). All of these researchers propose three stages
of skill acquisition. These stages procead from 1)
the understanding of task objectives, iask parame-
ters, and any procedures invoived, through 2) the
establishment of correct patterns of behavior, and
finally 3) o the point at which the task becomes
largely automatic. Learning at later stages is de-
pendent on learning at earlier stages.

Given the existence of skill acquisition stages. the
nex: major concept, first expressed at least 40 years

o
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ago {(Miller, 1954), is that the level of physical fi-
delity of a training device required at the initia}
stages of skill acquisition is less than that required
at later stages. As the level of the skill progresses,
so must the level of physical fidelity of the training
device.

During the first stage of skill acquisition (Fius’
cognitive stage}, the trainee learns the basic task
objectives, the location of displays and controls,
and the refationship between different conirols and
displays within the context of the task. Miller pre-
posed that in the first stage, simple simulations
{pictures, diagrams, mock-ups) couid be used to
allow learning to oceur.

During the second stage of skill acquisition {Fiits’
associative stage), the trainee learns to coordinate
movements and anticipate actions in the same man-
ner as the actual flight task. During this stage. the
trainee learns the basic movements involved in the
task and when, and wnder what circumsiances,
those movements are needed. For example, in
learning to perform a takeoff, the trainee must learn
to apply back pressure on the stick to rotate the air-
craft when airspeed reaches a certain point and to
depress right rudder to counteract the lefi-turning
tendency of the aircraft and maintain directional
conirol during takeoff. The trainee does not need 1o
know exactly how much back pressure io put on the
stick or how far to push on the rudder — yet. That
jevel of skill will come during the third, and final
stage of skill acguisition.

The fina} stage (Fitis' autonomous stage), involves
refining the skills to the point where they become
relatively automatic. Precise motor movements are
reiined umiil the trainee does not have 1o expend ef-
fort in controlling those movemenis. What is uiti-
mately required is a refinement of the motor skills
to fit the response characteristics of the aircrafi.
This level ¢f finesse is likely to be developed only
in the aircraft, or a flight simulator or flight training
device with high physical fidelity.

&h
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The PCATD, io be usefd for the training of a
should be designed to support the learning of that
1ask through the first two stages of skill acquisition.
If it can do so, sufficient positive transfer of train-
ing for that task can be expected to occur to supper

the use of the device for that task.

The relationship between incremental transfer, cost,
and physical fidelity is shown in Figure 3, accord-
ing to a rationale provided by Roscoe (1980). Also
illustrated is the relationship between stage of
learning and transition from PCATD use as a
ground training aid to its use as a flight training
device. A basic reality of trzining device design,
shown in Figure 3, is that as physical fidelity in-
creases to higher levels of skill training, so must the
cost of the device.

These curves suggest that a steady gain In mcre-
mental transfer can be expected for nominal invest-
ments in physical fidelity, up to the point at which
iraining enters Stage III {autonomous stage) and
where use of the PCATD begins to transition from
that of a ground training aid to that of 2 flight
training device {se¢ bottom two variables in Figure
3). At that point, increases in physical fidelity nec-
essary 1o reach higher levels of skill training result
in decreasing increments in training tramsfer, until
such point that increasing investments in physical
fidelity result in essentially no appreciable gain in
incremental learning transfer.

The shaded portion in Figure 3 depicis the zrea in
which incremental transfer IS greatest refative to the
costs incurred; i.e., the area of maximum pavoff in
training effectiveness for investmemt in PCATD
physical fidelity. Bevond that point, increasingly
smaller increments in learning cost increasingly
more in design investment.

The challenge to the PCATD developer is embodied
in technological innovation in hardware and soft-
ware design, manufacturing techniques, z2nd in the
imtegration of principles of computer-based instrue-
tion {CBI). If, through technological innovation.
costs could be decreased and learning effectiveness
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Figure 3. Tradeoff berween physical fidelity, cost, and transfer of training effectiveness.

increased, then the point at which the two curves
cross can be moved to the right, representing im-
proved training cost-efiectiveness. The end result
wouid be that higher levels __ skill training couid be
performed on the PCATD, including some flight
training maneuvers al a cost considerably less than
thatof = uplane.

The airplane would mest {ikely be needed ultimately
for checking and for certification but, with less time
and replications, overall training costs could be ex-
pected fo be fess. As a result, flight training would
become more affordable, allowing an imcreased
number of students to pursue instrumen! trzining,
with the attendant payeff in enhanced aviztion
safety. Additioneily, with greater affordability, an
increased number of stadents wouid be attracted o
ab initio {flight training programs wih the much
sought for boost in the economic health of general
aviation.

Avoiding Negative Transfer

To support the first twe stages of skill acquisition, a
training device would not have 1o simulate the exact
icok and fee! of the aircraft. By concentrating on
the first two stages of skill acquisition, the level of
physical fidelity required in the fraining device is
much less than would de required for the third stage
of skill acqusition. The movement of controls has
tc match only the general characteristics of aircraft
controls {i.e.. moving the stick forward piiches the
nose down, moving the stick 1o the lefi causes
banking to the left, erc.). Likewise, flight dynamics,
dispizy characteristics, and cut-the-window scenery
need oniy be realistic encugh to support the learn-
ing of the cognitive/procedural aspects of the task.

Exceptions to this statement occur when the training
device promotes the establishument of invalid expec-
tations gbout actual flight skills and procedures or
promotes the formation of bac habits. The idez of
an "gxpectaton” is reiated 1o that of 2 mental model
{Johnson-Laird, 1983), in that it is a iraines's men-
ta] representation of a real-world activity (flving).
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Rasmussen {1988} referred to the first fevel of skiii
acguisition as knowledge- or #10del- based behavior
because trainee actions in 2 given situation were de-
pendent on their mental model of the system.

Use of a training device establishes certain expecta-
tions about the actual task. These expectations
would not be task specific, but would apply to the
overall task of flying the aircraft. These expecta-
tions can be either valid or invalid. An example of
establishing an invalid expectation would occur
through the use of 2 mouse as a substituie for the
aircraft voke. Normal aircraft yokes automatically
return foward a neutral position during flight when
control pressures are released. A mouse contrel,
however, has no neuwral positicr and, therefore,
might promote the expectation thar the yoke must be
guided back to a neutral position.

Taking Advantage of the Learning Media

In addition to promofing posdtive transier ang
avoiding negative tramsfer, 2 third goal in the de-
velopment of qualification guidelines for PCATDs
is to make the best possible use of the medium on
which training will sccur. Computer-based training
systems provide the opportunity to deliver training
to a student in a reasonably organized fashion, free
from the biases and limitaticps of bumar instruc-
tors. Caro, for instance, suggests that the conter: of
flight training "...often is based upon tradition and
upon instructors’ judgments and unique experiences
rather than upen detailed, systematic anaiyses of
piloting tasks.” {Caro, 1988 p. 248). The use of 2
computer-based training system would ensure that
all aspects of a particular flight cask were covered in
the training.

The use of Jow-fidelity raining devices is valid for
wransition through the first two stages of skill ae-
gquisition, as long as care is taken in the desiga of
those devices to guard against the esablishmem of
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invalid expectaticns. However, even if e fevel of
physical fidelizy is appropriate for a given level of
Skill acquisition, learning will not occur unless some
general principles of instructional design are fol-
lowed.

Research on instructionsl design {for instance, see
Patrick. 1992) suggests tha: for any kind of training
to be successful, there are four reguirements that
must be mep: 1) the (rainee must have a clear notion
of the obiectives of the training {for our purposes,
these objectives should be stated at the leve! of In-
dividual flight tasks); 2) for a given set of training
objectives, the trainee must know the procedures
and actions required for achieving the objectives; 3)
the range of conditions under which the perform-
ance occurs must be learned; and, 4) specific feed-
back must be presented to the trainee regarding fask
performance.

For 2 PCATD 1o be useful for training a panicular
iasX, & should have the following characteristics: ID
sufficient physicel fidelity 1o accommodate fraining
through the first two levels of skili acquisition for
that task; 2) avoidance of physical design character-
istics that lead to the establishment of mvalid expec-
tations regarding zcmal flying; and 3) generzl
instructional design principies noted above In the
controi of a tra:ning session.

Use in Training

Initial approval of PCATDs will be restricted o
Parz 131 flight training schools. Figure 4 illostraies
how the curriculum approval process would occur.
Box 1 denotes that the curricolom approval process
would be inifated by appiication of 2 flight wraining
facility aspiring for approva! 2s a Part 141 training
school.
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Figure 4. ~pproval of a Part 141 curriculum using the PCATD qualification guidelines.

Box 2 shows that the FSDO inspector would first
perform an analysis of the PCATD being used in
the curricuium using e PQT. Box 3 ilustrates that
the FSDO inspecter wouid then use the qualificannn
guidelines to evaluate g Parr 14! cumricnium. The
incorporation of PCATDs into a fiight school cur-
riculum requires a2 method for qualifving PCATDs
for use on specific lesson objeciives using Criterion-
referenced 1asks and iask sers. FAR Part 141.53
requires FAA approval of training courses. or
amendments 10 training courses. through the local
FSDO. Par: 141.55 specifies the information tmat
must be submitted (o the FAA for this purpose. A
FSDO inspacter, whose task 11 is to approve a Patt
141 curricnium, must ensure 1hat the PCATD 10 be
used in the curriculum will be used to rain only
:hose lessan objectives {iasks) for which It has been
approved.

Box & shows rhat the FSDO imspector, after com-
paring the course curriculnm o the results of
evaluation of the PCATD, will decide if the

~m trnlre elwes
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{Box 5} The scnool can then review and upgrade
the curmicuinm and begin the approval process again
{Box 61 H the waining device 15 being used prop-
eriy within the curriculum, the FS3DO inspeior wiil
approve the curnicuium, and e precss s compists
{Bnx 7).

Step 2 - Develop F¥ght Task Data Base

Step 2. which is currenily underway. ivoives or-
ganizing the {light tasx daia base according 10 cer-
tificaie or raumg and will be an exponded version of
those found in the Praciical Test Smandards e g,
FAA-S-80814A). information for ihis lask comes
frem itwe main sources. The Praciical Test Swane
dards provide z iisting of the flight tasks. zlong wiy
minimam performance critena for each sk Syi-
lahi Trom selectsd Pamn 147 fught schocls will he




used to supplement the flight task lists. The resuit-
ing data base will be confirmed and extended using
certified flight instructors for instrument flying
{CFUs) 25 subject matter experts. A listing of an
expanded version of flight iasks taken from the In-
strument Raiing Practical Test Standerds (FAA-S-
§081-4A} and other sourges is given in Appendix
Al

Step 3 - Analyze Flight Task Diata Base

Step 3 will invoive conducting a task apalysis io
identify the training device characteristics reguired
for completing each task. Figure 2 places the task
analysis within the overz!l contexi of the approach.
The first step in the task analysis will be to break
down the tasks to the task element level. 1t is ex-
pected that mastery of cnme 1ask glemanis on the
PCATD will transfer reascnably well 10 the aircraft,
while others will not. In additicn. it is sxpecied that
some of the sk eleraents correspond to jearning
that takes place in the initiz! stages of skill acquisi-
tion, while othe. task cicmenis correspond to
learning that takes place in later stages of skill ac-
gquisition. A PCATD will be judped usefu! for ihe
training of a particular task i (1) adequate transfer
can be expected for ail early stage task elemenss,
and {2) later siage task elements can be performed
withowt the PCATD imroducing mvahd expecia-
tions 10 the traingc.

What determines whether the learning of a task
element wiil or will not wransfer adequately 1o the
aircraft are the inputs and ottputs presented by the
PCATD 1o support performance of the task ele-
ment. The identification of the reguired mputs and
cutpuis will be made through an analvsis of the task
object:ves and criteria, task nomenclature. controls.
displayvs, environmental information used in the
task. and movemients and procedures reguired 10
compiete each task. It is expecied that task elements
of a more cognitive nature will reguire less physical
fidelity than those of 2 more psychomoior namire.
This is due 1o the ability o represen! ceniain tasks
symbolically.

..... Hp—

Carc {19388} refers 1o ihis symboiic representation
zs mediation. Caro defines a mediator zs & word,
phrase, ihought, or action that helps a trainee asso-
ciate meaning with 2 particuler stimuius and that
can substitute in training for an action that is overt
in the aircraft. For example, if 2 student is required
to perform the task clement of muning a radio te a
specific frequency during the performance of a task,
this action can be accomplished in several ways
guring training thar will all transfer adeguately
the aircrafr. Turning 2 knob, pushing buttons. of
clicking on 2 mouse can all subszitute for the actions
regquired o tune the racio.

The major portion of the dam for this step will
come from pilot SMEs. Interviews will be con-
ducted with instructors from flight schooils. Data
will be collected abhout each flight task regarding
how the task is trained in the aircrafi. These data
will include items such as the initiai conditions of
the task and task objectives. “Initial conditions” re-
fers to the state of the aircraft (refative location, air-
speed. neading, altitude, ew.} at the time the task is
said 0 have begun. Data regarding the most com-
mon types of errors that smdents make when per-
forming a particular task wiil also be coliected. The
task analysis will be supplemented with data from
conunercially published privaie pilot manenvers
guides. the Instrument Flving Handbook (AC 61-
27C3, a review of corrent flight fraining programs.
ang relevant research Hreramire,

Tasks will be organized according to certificate or
rating and will be an expanded version of those
found in the Practical Test Siandards. Initiallv, the
iasks wili bz limited 1o those isvolved in obaining
2n instrument rating.

Step 4 - Develop Prototype Set of Qualification
Guidelines

Step 4 will involve iransiating 2l of the daa Imo a
prototype set of gualification geidelines that can be
cempared to candidare traiming device specifica-
tions. To aid in the specificaton of gridelines, a
baseline set of gualification guidelines will be de-



veloped w &y and encompass 2 majority of the re-
Guirements needed for a useful iraining devics. Ap-
pendix B comains the set of baseline qualification
guidelines 1o be used during the task anzlysis. Using
this baseline set of guidelines, each flight task wiil
be examined in order to decide whether any farther
guidelines are reguired to perform training for that
task. Identification of further guidelines will be
made on the basis of the learning ebjectives for that
task, input and output requirements for the task, and
any other training considerations that need to be ad-
dressed such as task-specific feedback that is unique
to the task.

The guidelines will be crganized into four catego-
ries: 1) controls, 2) displays, 3} flight dyaamics,
and 3) instructional manpagement. The first three
categories deal with the simulation of flight and the
ajrciaft cockpit. Instructional management charac-
teristics of the device manage the nature of, and
kind of training, that can be accomplished using the
device. Individual 2pproaches o iask instruction,
such as part-task versus whole-task training. wouid
be left up to the discretion of the PCATD develop-
ers.

Development of the guidelines for each task wilt
proceed on the basis of ensuring that the device can
support the performance of the task to the levels
stated in the fask Jearning objectives. For example,
if the flight ask requires thar the aircrafi mzintain
aititude within 100 feer, airspeed within 10 knots,
and beading within 10 degrees, then the degree of
precision and resolution of the aircraft displays and
out-the-window scene and the level of response of
the controls should be such that those task objec-
tives can be met.

In addition, if the task requires a pariicular move-
ment from the trainee, such 25 applying back pres-
sure on the stick dering the performance of a steep
e, then the device should support such a re-
quirement. Because the goal is only o support
transition through the first two stages of skill ac-
quisition, the exact forces required in zn aircraft do
aot have to be simulated, only the general move-
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menss involved. The purpose of iz PCATD s ©0
introduce basic objectives, general location of dis-
plays and controls, the reiationship between diffes-
ent controis znd displays within the coniext of the
tagk, and to allow the trzinee to learn fo coordinate
movements and anticipate actions in the same man-
ner as in the actual flight task. Appendix C provides
the resulis of an anslysis of an example instrament
flight task, along with task-specific guidelines for
that task bevond the baseline set of guidelines pro-
vided in Appendix B.

Step 5 - Test Application of Prototype Guidelines

This will involve an initial test of the usefalness and
acceptabiity of the guidelines by providing them to
a selected set of FSDO inspectors for use in evaiuat-
ing sample Part 141 flight school curricula. Feed-
¢k from these user feasibility tests will be used 10
make revisions and additions to the guidelines. In
addition, initial validation of the guidelines could be
accomplished through the coliection of perform-
ance data from each Pari 14! scheol employing a
PCATD in its curricalum. The pesformance data
would be coliected and seni o a centraiized location
o be anaivzed. Such data possibly could be used in
lier of a formalized empirical vaiidation of the
guidelines, shouid such an approach prove to be
cost prohibitive.
Step 6 - Develop PQT Compitter Software
Afier the gualification guidelinzs have been devel
oped, reviewed, and feasibility tested, the next srep
in the process would be o incorporate the guice-
lines into 2 computer program that will antomate the
evaluation process. The computerized PQT will
structure the collection of information about a par-

ticular PCATD and then generate a list of gualified
light tasks that can be trained using the device.

Use of the taol would involve answering a series of
bincry guestions regarding various features and
characteristics about a particular PCATD. Afier the
device evaluztor provides responses to each of the
questions, the system will avtomatically compare




those respenses to the qualific.don guidslines for
each flight task. I there is a match between re-
quired and actual responses for a given task, the
computerized PQT will indicate that the device can
be qualified for training on the task. A list of aii
qualified tasks, grouped by certificate or rating, will
then be generated. In addition, the program will be
abie to generate 2 Jist of guidelines a device lacks.
If a2 manufacturer wenied ic produce a device
gualified for all of the tasks invoived in achieving a
specific pilot certificaiion, the program would be
able to generate a list of upgrades for the device w0
qualify it for training on those tasks.

First, a software development package will be se-
lected. Next, the user interface will be designed and
the gualification tool will be coded using the revised
guideline listing generated during Step 4.

After the guidelines have been incorporated into the
PQT, a beta version of PQT software will be devel-
oped. The sofiware will be used to qualify 2 se-
lected sample of PCATD hardware and software
designs for training tasks from selected certificaes
and ratings. The ease of using the software wiil be
evaluated and recommended changes wiiil be made.

Step 7 - Condect PCATD znd PQT Field
Evaluation

Two questions will be addressed in the field evale-
ation study. The first guestion involves determining
the training tronsfer effectiveness of a representative
set of PCATDs for a specified set of tasks. This
study will require use of 2 control group who re-
ceive training only in an airplanc. The second gues-
tion will concesn the zbifity of the PQT to discrimi-
nate tasks both within a given PCATD. besed on
expected transfer effectivensss, and between cont-
peting PC/.0Ds. In the first instance, the objective
would be to establish the ability to qualify a
PCATD for training 2 specific set of tasks for a
particular centificate or rating. The second instance
concerns using the PQT to evaluate the relative
predicied training effectiveness of two {or more)
competing PCATDs. Subjects will be trzined on
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thase questions.

This step will invelve the support of a flight training
facility with an ongoing flight traimng program
having a sufficient aumber of trainess to supply the
number of subjects required for the study, and with
adeguate facility and aircraft resources. The number
of candidate PCATDs selected for study will de-
pend on the number of subjects available and avail-
able funding. The initial effort on this task will he
1o develop a detailed test and validation plan such
that the scope of the study, wih respect to hypothe-
ses tested. can be optimized against available facil-
ity and funding resources. Results of the study will
indicate (1) the training effectiveness of personal
computer-based aviation training devices: and (2)
whether the PQT is a dependable aid in qualifving
PCATDs for incorporation intc Pamt 141 flight
school operations. Resuits will also be used o up-
grade and refine the PQT to improve its ability to
serve that paricular use. as well as other potential
uses.

Step 8 - Prepare End Products and
Documentation

In addizen w0 a computerized evaluation process
that would be distrituted on z fioppy disk. the
guidelines will be organized intc 2 listing that can
be disseminated in dhe formm of an FAA advisory
circular. Users of PCATDs could then select a de-
vice on the basis of whether It can meet their frain-
ing needs. Resuis of the field evaluation wilff be
summarized in a fechnical report.

FOLLOW-ON BEVELOPMENT

The screening guidelines represemed in the PQT
developed initially for the FSDO sefety inspector
could be packaged for use by other potential user
graups. Broad use of the guidelines would serve to
consistently upgrade the quality of PC simulation by
raising the standards of developers and the expecta-
tions of users. Alse, follow-on development of the
PQT concept shouid include other certificates and
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ratings to provide for the broadest possible use of
PCATD technology. This would stimulate pilot
training at all levels by helping o reduce the cost of
flight training and increase the number of potential
students seeking pilot certificates, added ratings,
and proficiency training.

Flight schools aspiring to qualify for Part 14} ap-
proval would be benefited by using the PQT 2s an
2id in selecting 3 PCATD 1o incorporate into their
flight schoo! curriculum. This step would greafly
increase the likelihood cf obtaining FAA approvai,
without having to replace highly limited PCATDs
or to revise their curricuium ¢o obtain approval.

PCATD developers constitute a prime user of the
PQT guidelines, which would be ideal for planning
product upgrades and expaxling software deveiop-
ments to increase their product's responsiveness (o
marker expectations and improve their competitive
positions. Individuals seeking a PCATD for use in
seif-guided flight treining would find the PQT an
excellent aid in selecting a device that couid be ex-
pected 1o pay off in terms of reduced costs of fliglht
training. Also, a PCATD that meets PQT guidelines
would be more likely to be censistent with a Pant
141 training syilabus, should the individual choose
that route for training.

As indicated in the milestone chart in Figure i,
follow-on development for the PQT is scheduled for
late FY'94 and continued in FY'95. This follow-on
work will invoive the inclusion of additional certifs-
cates and ratings in the guidelines and packaging for
other potential users. Figure 5 illustrates this ex-
panded use of the qualification guidelines. In addi-
tion to the instrument rating, the guidelines could be
expanded to mclude the private andé commercial
certificate. The packaging of the guidelines can also
be expanded so that they can be used by Panr 141
Schaols, the PCATD development commupity, and
individuals desiring to engage in self-guided flight
instruction. In addition o these expanded uses of
the guidelines, Figure 5 illastrates how performance
data could be collected from each Part 141 schocl
employing a PCATD in its curriculum that couild be

used o lend additional support 1o the validity of the
guidelines. The performance data would be coi-
lected and sent to 2 cemtralized location to be ama-
lvzed and studied. The data could be used in lieu of
a formalized empirical validation of the guidelines,

should such an approach prove cost prohibitive,
EXPECTED BENEFITS

The approach recommended here has 3 number of
benefizs for both the FaA, PCATD developers, anc
the pilot training community:

FAA

+ Provides specific guidelines to locai FSDO in-
spectors for approving 2 PCATD for use within
a Part 141 flight school curricelum

e Avoids the untenable position of trying to de-
velop an hours-based crediting system for
PCATDs, contingent on an expected level of
transfer of training

o Allows market forces to be involved in deter-
mining which (training devices are the best
and/or most useful

+ Provides detailed guidarce to the PCATD de-
velopment comemunity as fo spacific design
characteristics reguired to achieve task quaiifi-
cation

« Provides for the zircraft 10 be used as the vali-
dating instrument for demonstradng e useful
aess of any particular PCATD

» Limits the need for new government regulations

PCATD Developers

¢ Provides useful guidelines for the development
of robust trajning systems

e Does pot stifle creativity by placing costly
hardware constraints on the systems

s Allows systems to be engineered for differem
levels of training {different certificates and rat-
ings or individuz) tasks and rask sets)

+ Provides definitive design guidance to PCATD
devalopers on how 10 azhisve more marketzble
ang effeciive PCATD products
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Training Community

Provides for formal integration of PCA{Ds intc
the flight training process

Allaws more selective, tailored use of PCATDs
in both flight schools and by individual trainees
Poovides individuals and flight schools with an
objective hasis for choosing among PCATD
options

Retains the CFI as an integral part of the train-
ing process

Accounis for individual differences between
trainees by providing a way for slower learning
trainees to increase their training time (at home)
without greatly increasing costs for them
Organizes guidelines according to the particular
certificate or rating sought, aliowing a more fo-
cused use of the PCATD

One final advantage is that this approach will pro-
vide the incentive to develop ground and flight

13

training programs that are more integrated. Cur-
rently marketed ground training and flight simula-
tion programs employ two distinct approaches. The
ground training approach involves teaching flight-
relevant knawledge {(e.g., procedures, weather,
flight planning, airport lighting). The flight simula-
tion approach allows the practice of flight skilis
{e.g., takeoffs, landings, turns). The knowledge ap-
proach involves more traditional computer-assisted
instructional methods of providing specific feed-
hack, repetition learning, and review of those areas
wher. the student needs help. The flight skills ap-
proach, on the other hand, has left most of the
instructional management up to the swmdent. An
integration of these approaches would result in a
more effective system for training in both the skills
and knowledge necessary for flying an aircraft. The
guidelines that would be developed in this project
would encourage such an integration and lead to
more effective training systems.
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| APPENDIX A.

EXPANDED FLIGHT TASK LISTING FOR AIRCRAFT INSTRUMENT RATING.

1.0 Ground Fhase

1.1 Obtaining weather information 4.5 VOR holding pattern

1.2 Cross-country flight planning 4.6 NDB holding pattern

1.3 Aircraft systems related to IFR operations 4.7 Localizer holding pattern
1.4 Aircraft flight instruments and navigation 4.8 DME holding pattern
equipment 4.9 Intersection holding pattern

1.5 Instrument cockpit check
5.0 Instrument Approaches

2.0 Flight by Reference to lnstrumenis 5.1 VOR/VORTAC instrument approach
2.1 Straight-and-level flight procedure
2.2 Change of airspeed 5.2 NDB instrument approach procedure
2.3 Constant airspeed climbs to altitude 5.3 ILS/MLS instrument approach procedure
2.4 Constant rate climbs to altinade 5.4 ILS back course approach procedure
2.5 Constant airspeed descents to altitude 5.5 RNAYV approach procedure
2.6 Constant rate descents to altitude 5.6 Missed approach procedure
2.7 Precision descent
2.8 Non-precision descent 6.0 Communications Procedures
2.9 Level turns 6.1 Air Traffic Control Cfearance
2.10 Standard rate turns 6.2 Deparure clearances
2.11 Short turns 6.3 Enroute clearances
2.12 Climbing tumns 6.4 Arrival clearances
2.13 Descending tumns
2.14 Steep turns 7.0 Cross-country Procedures
7.1 Departure procedures
3.0 Abnormal and Emergency Procedures 7.2 Enroute procedures
3.1 Unusual attitudes 7.3 Arrival procedures

3.2 Timed turns

3.3 Compass turns

3.4 Partial panel maneuvers
3.5 Loss of communications
3.6 Instrument failure

3.7 Systems failure

3.8 Turbulence

3.9 Engine failure

3.10 Lost procedures

4.0 Radio Navigation Procedures
4.1 VOR Navigation
4.2 NDB Navigation
4.3 Localizer & ILS Navigation
4.4 VOR/DME

Al
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APPEVDIX B.
BASELINE QUALIFICATION GUIDELINES

This appendix includes the baseline PCATD qualification guidelines. The guidelines, given below, specify
general device characteristics that any PC-based simulation device should possess regardless of the type of
trainirg to be done. These guidelines are divided into four categories: (1) controls, (2) displays, (3) flight
dynamics, and (4) instructional management.

Controls,

Controls used in the PC-based simulation device can be of two types, both physical and virtual. Both types
of controls should be recognizable as 1o their function and how they can be manipulated sokly from their
appearance. This requirement eliminates the use of a keyboard to control the simulated aircraft (although a
keyboard may still be used in controlling aspects of the simulation such as setting initial aircraft state,
location, wind, ete.). A virmal control is defined hete as a realistic graphical representation of a control,
displayed on the computer screen, that can be unambiguously manipulated through the use of a computer
input device. An example of a virtual control is z realistic-looking flaps switch that is displayed on the
computer screen and manipulated through any computer cursor-control device, such as a mouse, or more
directly with touch-screen technology. The cursor is positioned on the flaps switch and “pressed” by an
appropriate action with the input device. A virtual control provides a sense of direct manipulation of a
control without requiring the presence of external hardware.

1. A physical, seif-centering, displacement yoke or control stick that ailows cominuous adjustment fo raie

of change of pitch and bank.

Physical, self-centering rudder pedals that allow continuous adjustment to rate of change of yaw.

A physical throtile control that allows continuous movement from idie to full power setlings.

4. Physical or virtual contrels for flaps, pitch trim, communication and navigation radios, VOR, ADF, and
a clock or timer. It is not necessary that the pitch trim control relieve control pressure as it does in an
actual aircraft. However, the pitch trim control might allow the simulated aircraft to be stabifized at any
particular pitch attitode with the yoke or control stick in ihe neutra) position.

5. Time from control input to recognizable systern response {transport delay) should be 200 millisecands or
less

N

Displays.

6. Displays represented should include an altimeter, heading indicator, airspeed indicator, vertical speed
indicator, turn and bank coordinator, attitude indicator, tachometer, flaps setting, pitch trim indication,
communication and navigation radios, VOR (with ILS indicator), with an aural, morse code
identification feature, ADF, with an aural, morse code identification feafure, clock or timer, and a
magnetic compass.

7. Relative layout of the primary displays must correspond (o the standard "T" configuration with {3}
airspeed, (D) attitude and (<) zitimeter forming the "cap” with {d) the heading indicator, located in the
"stem" below the attitude indicaior.

8. Relative size, shape, and information content of displays should resemble those found commenly in a
single-engine, fixed-pitch propeller, basic training aircraft with a fixed gear.

Bi
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g.

10.

11,

12.

13,

14

15

6.

17.

i8.

Display update should be 10Hz or faster.
The smallest dispiay changes should be discriminabie from pilot's narma! operating position and
correspond to the following information:

Airspeed indicator Change of 1ki. or less in airspeed

Attitude indicator Change of 2° or less piich or bank

Altimeter Change of 10ft. or less in altitude

Turn and bank Change of 1/4 standard rate turn or fess

Heading indicator Change of 1° or iess in heading

V§i Change of 20 ft. per min. or less in altitude
Tachometer Change of 25 RPM or less in engine power output
VOR/ILS Change of 1/2 dot or less in bearing deviation
ADF Change of 1° or less in bearing

Clock or timer Change of 1 second or less

Displays should reflect dvnamic behavicr of an actual aircraft display (e.g., VSI
reading of -500fpm is reflected by a corresponding movement in altimeter, an increase in throtle is
reflected by an immediate increase in RPM indicator, eic.}.

Flight Dynamics,

Flight dynamics of the simulated aircraft should be consistent with a single-engine, fixed gear, basic
training aircraft with a fixed-pitch propelier.

Aircraft performance parameters (maximum speed, cruise speed. stall speed, maximum climb rate)
should be consistent with 2 single-engine. fixed gear, basic training zircraft with a fixed-pitch propeller.
Aircraft vertical lift component should change as a function of bank, consistent with a single-engine,
fixed gear, basic training aircraft with a fixed-pitch propelier.

Changes in flap sefiing should be accompanied by appropriate changes in flight dynamics.

Instructionai Management,

User should be able to pause the sysiem at any point for the purpose of receiving instruction regarding
the rask.
For the purpose of beginning a training session with the aircraft 2
performance of a particular maneuver, the user should be able to manipulate the following system
parameters independently of the simulation:

Geographic aircraft location {location within the available digitized space}

Aircraft heading

Aircraft airspeed

Aircraft altitude

Engine RPM

The system should be capable of recording beth a horizontal and vertical track of aireraft position
during the performance of a task for later playback and review.

B2
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APPENDIX (.

EXAMPLE TASK ANALYSIS

Certificate: jnstrument Rating
Task Set: 5.0 Instrument Approacies
Task: 5.1 VOR/VORTAC instrument 2approach procedure

Learning Objectives

5.1.1 Inpitial approach segment

5.1.1.1 Take out appropriate approach plate

§.1.1.2 Find primary and secondary VORSs {if present) on approach plate

5.1.1.3 Set primary VOR frequency on NaVl ang icent

5.1.1.4 Set sscondary VOR frequency on NAV2 and ident

5.1.1.5 Select final approach heading on OBS1

5.1.1.6 Select heading from secondary VOR on OBS2 for identification of FAF

5.1.1.7 From approach plate, note missed approach procedure and MDA

5.1.1.8 Maintain straight-and-leve] flight

5.1.1.9 Reset heading indicator to magnetic compass reading

5.1.1.1 Tum to headings under direction of ATC. Typical ATC instruction is as foiiows "Tumn left
heading 210°, maintain 3800 until established on finzf approach course, cleared for VOR 171
zpproach at Will Rogers.”

5.1.1.11 Readback ATC instructions

5.1.1.12 Monitor course direction indicator (CDI} to primary VOR

5.1.1.13 As CDI centers, turn to final approach heading and track radial inbound

5.1.2 Intermediate approach segment
5.1.2.1 Continue to track radial inbound
5,122 Reduce speed 10% 10 20% while deseending to anpropriate eegment altinude indicated an
approach plate at approximately 500 FPM
§.1.2.3 Begin level off at appropriate point prior to reaching desired altitude
5.1.2.4 Maintaip straight-and-lgve! flight until you reach firal approach fix

5.1.3 Final approach segment
5.1.3.1 Communicate to tower that FAF has been passed, for example, "Cessna %18, passing Kongg".
5.1.3.2 Star timer (in order to identify missed approach point, unless DME equipment is available or
FAF is positioned at the runway).
5.1.3.3 Begin descent 1o appropriate segment altitude at S00-700{pm.
$.1.3.4 Select bearing on OBS2 for identification of next intersection (if applicable)
5.1.3.5 Select first stage flaps (depending on aireraft, not in 2 Cessma 172
5.1.3.6 Continue io track radial inbound
5.1.3.7 Monitor secondary CDI to identify final intersection passage
5.1.3.8 Level off untii past final iriersection
5.1.3.9 Begin descent to MDA at 300-700pm

Ci
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5.1.3.10 Level off at MDA
3.1.3.11 At missed approach point make decision to perform a missed approach or o land.

Input/Output Reguirements

Input Requirements:

Pitch anitude

Bank attitude

Yaw attiade

Rate of change of pirch

Rate of change of bank

Rate of change of yaw

Altitude

Heading

Alrspeed

Power setting

VOR station frequency and bearing
NDB station frequency and bearing
Instrument approach procedure plates
Time elapsed from specific points
Radio communicaticns from ATC

1 iremen
Rate of change of pitch
Rate of change of bank
Rate of change of yaw
Engine power output
YOR station frequency
NDB station frequency
Course deviation indicator seiting
Timer or clock setiing
Radio communications to ATC

Training Considerations

The user should be able to begin the task with the aircraft positioned in the air, 2t a reasonable altitude for
maneuvering, in straight-and-level flight, at cruising speed, at a position § minutes prior to beginning the
intermediate approach segment 1o ailow time 10 secure approach chari. set up navigarional frequencies, reset
heading indicator 10 magnetic compass. and review approach procedurs. The system should provide
feecback regarding the maintenance of heading within 10°, airspeed within 10 knots, bank within 3¢,
altitude within 100 feet. CDI within 2 fuil-scale deflection prior 1o the final appreach segment and a three-
quarter-scale deflection during final approach, and ADF bearing within 10°. During final epproach. the
system: should provide feedback regarding mainiainmg altiude within 100 fest, bt ot below the minimum
descent ajtimude until reaching the missed approach point. Amount of crosswind should be varied from none
10 at least 10 kis. ATC communications can be provided by the instructor. Although the example used two
VORs, this task can be accomplished using one VOR and ons ADF. Finally. it is required that zt least some




of the approaches practiced are jocai 1o the training arez, which reguires that the PCATD have z Iotal
navigational data base.

Device Qualification Guidelines
Baseline gualification guidelines

Controls:
Physical communications radio microphone

Dispiays:
none
Flight Dynamics:

The presence and amount of wind are reflected in the handling ardd performance qualities of the simulated
aircraft and are consistent with a single-engine, fixed gear, basic training aircraft with 2 fixe i-pitch
propellor

Instructional Management:

Feedback is presented by the system regarding maintaining the CDI within 2 specified level of deflection.
Feedback is presented by the system regarding maintaining the ADF bearing within a specified level of
deviation

Feedback is presented by the system regarding maintaining altitude within 100 feet. but not below the
minimum descent altude

Instryctor can control the amoun: of wind encountered during the performance of the task both before he
session begins and during the session.

PCATD has & navigational area data base that is iocal 1o the raining facility
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