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PREFACE

This repont represents a portion of the research program of Project 1123, USAF
Flying Training Development, Dr. William V. Hagin, Project Scientist: Tusk 112301,
Development of Performance Measurement Techniques for Air Foree Flying Training, Dr.
Wayne L. Waag, Task Scientist, It is an expanded version of a paper presented at the 1974
Psychology in the Air Force Symposium at the Air Force Academy, Colorado Springs,
Colorado, April 25, 1974,

The contributions of the theories of Drs. Jean Piaget, J. McVicker Hunt, Jerome
Brumer, and Heinz Werner 1o the development of the cognitive model of «hat is learned
during flying training is vast and pervasive. In generating the present theoretical model,
their ideas have been synergistically combined with the common observation of instructor
pilots that learning to fly an aircraft is essentially a problem of learning what to look for,
where to look for it and what to do with it when you find it.
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A COGNITIVE MODEL OF WHAT 1S LEARNED DURING FLYING TRAINING

1. INTRODUCTION

This analysis of what is learned during flying
training focuses on the student pilot’s learning
which changes his cognitive structure. It is offered
as an alternative to the popular concept of flying
skill as pereeptual-motor coordination. Once the
student pilot has fully developed this copnitive
structure, it will enable him to accomplish a Nying
mission with optimum effectiveness and maximum
avoidance -of missiointerruptive circumstanees,
As this analysis unfolds, a concept of complex
learning will emerge which characteristically
proceeds in an expanding spiral fashion as a
function of practice. Accordingly, the student
ailot is seen as progressing in turn through pre-
wlo. pre-graduation and pre-professional/
protessional phases in his flying training, while his
cognitive skills expand in turn through task
familiarization, mancuver mastery, and finally to
integration and application of his flying perform-
ance capabilities.

The present study assumes that human learning
begins at birth, continues throughout life, and that
it is automatic, specific, and cumulative. In addi-
tion, it is assumed that carlier lcarning influences
later lcarning and that many things are more casily
learned if other prerequisite learning has already
occurred. Further, it is assumed that a student
learns to perform a task in terms of what he things
the task is. or what he thinks the requirements of
the task are, and that as one task is mastered, from
the point of view of the student pilot, new learn-
ing tasks are discriminated in what previously was
undifferentiated, unorganized experience.

11, PRE-SOLO PHASE COGNITIVE LEARNING

Once Around the Expanding Spiral

The first major objective in flying training is
passing the solo check. The instructor nmmst
provide training expericnces to permit the student
to learn how to muake a safe landing before he
attempts to do so on his own. To satisfy this
ohjective, the student must fearn how his aircraft
hehwves i the thiee-dimensional aerial environ-
went. He dearns 1o control the aireraft, first Far
above the surbace of the carth, then closer to the
airbace so that he can procead with dearning to
saccomplish the solo fandipy safely.

Preceding page blank
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Familiarization

Initially, the instructor gives the student
practice in simple mancuvers such as straight and
level flight, turns, climbs, descents, and all possible
combinations and permutations of transitions
between them. In practicing these simple mancu-
vers. the student becomes familiar with aircraft
control in the various steady states and transitions.
In addition, the student learns to visually scan the
airspace in which he is flying and the terrain below
to make surc he will not approach another aircraft
100 closely during a mancuver and to make sure he
stays in his assigned practice area. At the same
time, he learns to scan his instruments to make
certain that his straight and level, turming,
climbing, or descending flight is proceeding, as
required.

Basic Airwork

As he practices basic airwork, the student learns
to obtain information from both inside and out-
side the aircraft. He learnsto compare the
momentary state of affuirs with the mancuver’s
requirements to generate the appropriate control
inputs nceded to satisfy the requirements. By
practicing these carly pre-solo training tasks, the
student learns to do the things nccessary to make
the aircratt behave in three-dimensional space the
way he wants to behave. He begins to learn how to
get and stay on top of the flight mancuver with
which he is involved so that he can satisfy its
requircments smoothly and with minimum error.

Landing Configuration Airwork

Once he has gained control of the aircraft in
space, the student is given training tasks directly,
but not necessarily obviously, related to landing
the aircraft safely. The practice of slow flight and
various characteristic stalls at higher altitudes
serves 1o build the student’s familiarity with the
special modification of his control inputs nceded
1o deal with these new flight states he must
master. He learns, for example, what the buffet
before a stall feels like and how to deal with this
information once he learns to recognize it.
Subscguently, in landing configuration, the
student learns that flight control and power inputs
operate differently than at normal cruise speeds.
He fearns that he must anticipate his control
inputs more carcfully as it takes longer to regain



atespead or altitude when he has slowed down and
s Bandling pean and aps are down,

Normal Landing

After he gains Bumilinity with and aceeptable
wastery o the simple maneuvers, transitions, slow
Might, stalls, and various different aiteralt con-
figuration states, the student is given practice in
putting his skills together in real time to learn how
to fand the aieratt. The student’s information
seeking and processing skills and Yas ability to
anticipate control sequirements are further ex-
temded during practice fandings. Uere, opportun-

wies e provided tor tearning what the effeet of

being m one state at one instant has on the case or
dllhulh) ol obtaining a specific subsequent state
of atfairs with the aireraft. In attacking the landing
task, the student learns the importance of infor-
mation seching/processing  equirements  singe
undesitable consequences of inadequate infor-
mMation procesing skills can appear quite suddenly,
tor example, during # final approach,

1L PRE-GRADUATION PHASE
COGNITIVE LEARNING

Twice Around the Expanding Sprial

I has been said of fAying training that the
proper role of the m\tru;tur pitot (IP) is to keep
the student afive until he learns enough 1o teach
himself to fly the aircraft safcly. This statement
focuses on the fact that the student does bave to
do his own learning. During the pre-graduation
phase of flying truining. the student pilot learns
training tasks which build on those he has abready
bepun to master during his pressolo training.
Before finishing this phase of training, he will have
acquired the ability to handle an aircraft reliably,
safely. and acceptably in a set of fundamenial
mancuvers which can he combined as requived to
satisfy  the evitdevel performance criteria of his
flying trainme provrm,

Reliable Sufe Flying Performance

Given the student’s demeonstration diring his
solo chedh thar-he G indecd Ny and tand the
atrcraft, the fird order of business in post-aolo
traimny s the iimprovement of his averadl level of
flyiny Skl 1t his 4 has done the iob ol nitkany
hitn error-conscious suceesslully, the student wijl
hewm o detect amd discover wavs 1o \u\.lw. IR
in hiv Hyine pedoman. b ' e
e e B N Y e e e, e
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be better able 1o disariminate new needs for
impioved  contral, Meanwhde, by geducing the
variability of iy performance, e will be able to
observe more clearly how his corrections wois
with the newly perecived entors. Thus, by in-
creasingly enlightened trial and cnor, he will, in
fact, begin wo teach himselt how to fly more
reliably and more safely,

High Performunce Mancuvering

Normally, a student pilot will encounter some
torm of high performance muancuvering, such as
acrobaties, soon after he passes his solo check.
What the student learns here relates to his growing
ability to take mancuver requirements and turn
them inte reliuble maneuver parformances. To
accomplish any high perfommance muaneuver,
which by definition involves the outer regions of
the airevaft performance  envelope, smooth,
accurate control inputs are reguired. Unsmooth,
inaccurate control feads to mancuvers that nearly
any student cun recognize as inadequate. Con-
sequently, the student teaches himsefl 1o be
stoother and more accurate in handling his air
cralt, and because his control inputs at one instant
clearty efTect control input requirements ut the
next instant. he also fearns to anticipate better his
contiol input reguiremens.

Functional Precision Aircraft Control

Instrument flying is. and has been, presented in
one form or another in most pilot training
prounims. {ts objective is sufe, accurate controf of
an gircraft without reference to the surfuce of the
ground over which the aircraft is flying. Two new
cognitive growth apportunities are presented for
the first time during instrument training: the
student has to learn o control his flight path very
aceurately and to achieve flight p.nh criteria in
accordunce with a time requirement, and he has to
learn to mavigate from Point A to Point B using an
enroute navigation chart vather than by Tooking at
the ground.

The ability 1o deteet and react approprintety o
his instruments aequired during this stage of his
taining provides the student pilot the means tor
continned  precision refineient of his airerafl
cantrol shills, In-addition, by solving navigation
problems o stuments, the student has the
opPoHaniY. To develon o swmbolics ds nami
reresentation oo b ot s n el over thg
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Advanced Aircraft Control Skills

There are idiosyneratic tasks in various Nying
taining  progoaums that seeve one or another
stindent preparition or scieening objective, The
task might be acrosecountry flight, proticieney in
formation tlying, a4 certain accuracy in weapons
delivery pedformance, or all three, Typically, the
Nyving tasks involve un older skill applicd in g new
way or (v new set of circamstances, In acquiring
advanced aireratt control skills, the student has to
incicase his infonmation processing skill to include
the demands of the new task while not degrading
his  previous Tevel of performance to an un-
aceeptable level, For example, he has to fearn to
1y formation without sutfering the embarrassinent
of getting Tost while practicing,

1V, PRE-PROFESSIONAL/PROFESSIONAL
PHASE COGNITIVE LEARNING

The Final, Wide Sweep Around
the Expanding Spiral

Just as the presolo pilot learns how to 11y and
Lind his aircrstt, the andergraduate pilot Tearns
how to fly well enough on his own so he can
continue to learn on his own. During this phase of
the pilot’s cognitive growth, he will capitalize on
his increased ability to discriminate error produced
by his improving precision aircralt control skills so
a8 1o generate ever better aircraft control perform-
ances. Consequently, he learns what must he done
1o succeshully accomplish a mission and how to do
what must be done,

Satisfying Quantitative Criteria

Current undergraduate pilot training empha-
sizes guantitative performance criteria -
increwsingly referred to as criterion objectives,
Once he praduates, however, the pilotdearner will
b contronted with quantitative criteria of the sort
tizat defines the product rather than the points
et way What the pilotdearner must do to
Wb nese aimtitative  criteria s oo atbain
oot dy Chotter and hetter control over s
ot porforrsiicg o e ettt the ertors he

peban s and Ced e geveanmte sorrection, No

v opae cb e e s e et leaming will

Lot g

the caportance of heing in
Cand Barther o in g e
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it refates to dramatically finer clements of his air-
cralt control skills,

Mission Planning and Exccution

As the pre-professional pilot overcomes his
inadequacies in dealing with his flying perform-
ance quantitative requirements, he learns about
things which cun degrade his performance. In
mastering the flying techniques needed to avoid
the performance degradation effects of the
previously unknown factors, the pilot also learns
about things they may not necessarily have to be
dealt with given suitable foresight and mission
planning. As a result. he will fearn to deal with the
wnavoidables and to plan around the rest. This
important bit of cognitive learning closely approxi-
mates the flying skill referred to generally as
judgment,

Instructor pilots quickly point out that they
feach judgment right from the beginning, during
pressolo training. The type of judgment referred to
here, however, is antonomous judgment in un-
certainty, rather thun the typical instructor-
student critical interaction following an instance
ol the student’s poor judgment.

Acquisition and Demonstration
of Readiness

Because the posturaduate pilot keeps finding
out about more and more flying skills he has to
acquire and nuiintain, he has to learn to take
advantage of ull opportunities to practice and
demonstrate his readiness to perform his flying
mission. Very seldom will the pilot-learner find
cnough flving time given him to refine his flying
skills, particularly as he continuously detects
smaller crrors in his flying performances. Given
increasingly inadequate time to practice flying
skills. the pre-professional pilot must invent ways
of combining mancuvers, ways of evaluating his
performances, and ways of determining which way
of doing something works best for him. He must
compete with his lust performance the way a
professional golfer maximizes the training value of
a practice round.

Mastery of Mission Accomplishment

Tomaster the art of accomplishing a niission,
the postgraduate has to Tearn how to adequately
priotitize requbements 8o as to puisinize the
finelihood  of mission soeeess. The would e
compefent professianal pilot has to len o be
able 1o do what aeeds o e done 1o achicve his
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poal, nothing more, He must be able to strive lor
excellance but not Yor pertection, What makes this
copnitive learning so difficult is that, very often,
the pilotleamer has achieved significant suceess
through  his previously  perfect or near-pertect
Nving performances. At this point, he is faced with
the task ol deciding to stop trying to be perfect all
the time on the mancuvers he knows, just to be as
stre as possible that he is producing adequate
pettonmance all the time on the mancuvers e s
required to perform, The reason why this incre-
ment of cognitive growth is essential for the pilot-
learner to progress to the level of the competent
protessional is simple: unless he acquires this
ability, he will run the risk of cither being perfect
or incomplete and inadequate over the full range
of mission requirements. To master the skill of
aceomplishing a mission, the competent profes-
sional pdot has to learn to look beyond himselt for
satisfaction,

V. IMPLICATIONS FOR FLYING
TRAINING RESEARCH

Related Investigations

Currently, four research efforts based on the
cognitive model are undderway at the Flying Train.
ing Division, Air Force Human Resources
Laboratory (AFSC), Williams AFB.  Arizonu,
investigating the effects of cognitive pretraining on
the acquisition of skill in the normal landing
patiern, the ectfects of preinstruction interpreta-
tion strategies on the learning and retention of
meaningful textual materials, the transfer of 4
multi-media training program in learning bhasic
instrument flight skills in ground trainer and air-
craft and alternative training methods of teaching
visual and anditory information processing skitls in
flying training, The results of these investigations
may show how the effectiveness of flying training
can be improved through manipulation of the
counitive characteristics of the student pilot’s
learning experiences.

Consideration of Cognitive
Relationships

While these studics will provide objective data
bearing on specific training issues, a  more
compelling iltustration of the implications of the
cognitive model of what is learned during flying
teaining may he found by considering the relation.
ship between the student’s curly Teaming about
atecralt control error detection and cotrection, and
hs Later Jearning about requirement priorities and

mission accomplishiment. During pressolo training,
the student pilot hecomes Tamiliar with how he
must handle the aireraft controls to satisly the
requirements ol his various training maneuvers.
Typically, the student fearns to control his aircraft
through use of the method of trizl and error, and
typically his instructor pilot aids his learning by
pointing out his errors as he muakes them. Thus,
the instructar reinforces  the notion  that  the
student's objective should be errorless aireraft
control; that is, no errors of altitude, heading, air-
speed, attitude, trim, position within the practice
arca, separation from other aircraft and clouds,
and so on, in accordunce with what the instructor
has told the student to do.

Consequences of Inappropriate
Error Consciousness

In his focus on errordess performance. the
instructor aims at producing an errorconscious
student who will look for, find, and correct his
errors accurately and  quickly. However, every
pilot knows that at any instant his aircraft control
nay be generating an error that he will sub-
sequently  have to detect and correct. In an
important way then, the student is being taught to
he errarless, or perfectly accurate in his aircraft
control, when in fuet, perfection is not actually
required and is seldon achieved in normal flight
operations. Thus, the student is being misled,
cognitively, with regard 1o his learning  task
requirements.

The goal of efficient, accurate and fast infor-
mation processing fo defect, interpret and correet
flight control errors could be achieved it the
instructor taught Tight path error correction on
the busis of ecrrors being normal and  their
correction being the desired state, rather than
perfect control the goal and crrors of any sort
indicating a kind of incompetence not socially
acceptable among real pitots. Actually, a flight
path crror isn’t really socially unacceptable, it's
the length ol time it remains undetected and
uncorrected that’s the problem rather than its
existance in the first place.

Possibihities of Cognitive
Reorientation

If the student was oriented appropriately with
respect to the cognitive problem  of  dealing
cffectively with Night path crror, then he would be
coprntitively better prepared Tater on ta acquire the
ability to prionitize reguiremenis 1o nsuie missioy
suceess, Thse the ditfionins the competem
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professivnal pitot has in awstering the skill of
accomplishivg o mission, which involves being
sutistivd with adeguate perfonmanee rather than
seekiag petfection, might be substantially reduged
beciuse of the ditferent concept he acquired
wxnding  crror correction during his  previous
Mying training eaperiences,

This kind of cognitively oriented training is
often omitted in today’s programs, leaving the
development of the student pilots understunding
of what flving is all about up to him with the
result that completion of his cognitive learning
requires more time and s less efficient. 1f the
cognitive muodel can be applied as this example
suggests.  such omissions and  consequent  inef-
ficiencies may not remain indefinitely in future
flying training programs,

Qualifications, Limitations
and Prospects

The cognitive model of what is learned during
Nying training represents an integration of the
author's experiences as a student of flying and of
the psychoiogy of learning. As such it is likely that
it is incomplete and probable that it errs. The
present portrayal of the student pilot’s cognitive
growth was generated to document what most
pilots have known all along but which had not
previously been reported or otherwise con-
ceptually organized. Whether or not this idea has
any more to offer than the older concept of flying
as hand-eye coordination, will depend on what
new understanding it stimulates which leads to
improved {lying training.



