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Research developments in learning theory over-the
past fifty years have led to principles of behavior which have been
shown in irnumerable applied settings to be valuable in analyzing and
wodifylng huyman behavior. When app;%ed to flyImg training uasing
simulators, ghese principles suggept that a significapt contribution
could be nade 'in improving the way in vhich instructor pilots teach
naw students via more effective use of simulator functions. In
addition, flylng skills could probably be acquired more readily if
taské were presented in a more systematic manner, -taking the "y
principles of learning into mccount. When the sirulator is "
conceptualized as merely an inferlor copy of an aircraft, its -
'.gotnntigl as a teaching device (perhape- superlor to the actual plan,
~in this regard) is likely to be overlooked. Thus, a behavioral .
analysis of optimal condltlions of learning would make a major .
- contributjon to both the-design and ume of current and future £light
simulators. (This report descYibes the basic principles of behavior
and attempts to relate them to the tamk of improving flying o
training.) (Author/BY) - : . '
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PREFACE . '

¢ . .

This teghnknl roport was propared during Dr. Bailey's participation in the
1978 USAF-ASEE Summer Faculty Research Program, sponsored by the Alr Forco
Office of Scientific Research. This report was .prepared under Work Unit .
- 11230234, Advanced Instructional Featuros and  Mothods in ASET. The work unit .
. * supports  Project 1123, Flylng Training Devolopment Task 02 Instructional
lonovations in Flying. Training. This eoffort further supports Air Force Human
Resources Laboratory Technical Planning Objective GOG Specific * Goal 2, Training X

. Methods and Media. .
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v APPLIND BEHAVIOR ANATYSIS IN FLVING TRAINING RESEARCH

I.. INTRODUCTION Por

Psychology has cmcr‘gcd n }hi‘ fast few decades as thes science of human behavior with not
only u well tounded thedretical base (Skhinner, 1953, 1969) but also with a reliable technology,
(Avllon & Asin, [Q8: Bandum, 1969, Risley, 1970) capable of mukmg sig,niﬂcunt contributions
to ‘the culture. This lcdmu!ow ol behavior change appears well-suited tov applied problems such as
flying travung since s predicated on an analysis of hchuv or which consjders learning to be’
smnﬁum facthn. - A cohestve théory or model of learning in flying training, and u tcdmolugy
Lupublc of amproving Ythe acquisition ol flying skills  would appedr ‘to be & natural outcome as
soplusticated  behavioral “technigues  are applied  to an amportant applied  problem. When  the
acquisition of Aving skills oceurs largely at 15,000« feet, the process may be difficult to observe
and theretore analyze. but the advent of Ilig'h( sinulators: where conditions ol -learning can be pot

A L3 . . . . .
onfy observed but  also manipulated  directly, now  permits experimental research on the learning

LE . - . . -
procesy to take place. This merging of ' behavioral  psychology and  problems ol flying Araining
represents anoexciting new area ob applied reseirch which should benefit both areas.

. ¥

- ) I, APPLIED BLHAVIOR ANALYSIS

-

" One tandy recent spinofl ol 50 yewrs ol rescarch m learning theory has heen a field of
psychology an which basic. principles ol helayior derived  from the  laboratory  are  applied to
problems  of  human behavior (Bacr, Risley, & Woll, 1968: Kazdini 1978). Termed “‘Applied
CBehgvior CAnalysis.” . thns field - has made sighificant  contributions  to, rehabilitation, mental..
utau!\mun clincal  psychology. delgquency, sommunity  psychology, and a  variety of related
human M‘nlu ,specnlties (Kazdin, 1975}, The _contributions have been ‘made possible by advances
- conceptal and methodological spheres -and have allowed for the .emergence of a technology of
behavior - change (olten referted 10 as behavior thodification)  which  promotes  improvements in

human tearmng through an analysis of the wn\npcnucx surrnumlmg a person’s actions (Skinner,

1083, 1968, 1969). Deflcits in behavior are often found to be due +to inadequate antecedents to

prompt * behavior, lack ol reinforcement lor behavior which does occur, or fur a variety of
intorrelmed  reasons tracesble to an  cnviconmept incapable of  supporting the desired  behavior

(Badey. in press: Martin. & Pear, 1978). L :

While the most obvious examples of the contribytion ol applicd behavior analysis may be
seens i climeally related fieldy, advances in the analysis of the edugatiohal process have also been
made (Kcller, 1968: Miller & Weaver, 1976. Skinner, 1968). Her¢, the approgch has brought the
principles of behavioy to bear on the problems ol understanding .what 1s 'necessm'y to establish and
maintain’ new repertoires. (This approach kas much in common with concurrent developments in
instructional technology but appeurs to have evolved independently.) With the precedent set for
the applicability of behavior anolysis to so mfy varicd educatiennl areas (ranging from pre-schppls
to. elementary- classrooms to mlleg,e instruction), the extension to an analysis of Vying (rlen'm

_scems predictable < o _ .

BY

M. BASIC PRINCIPLES OF BEHAYIOR
o A e
~  The basic- pnnuples of behavior presented here represent the regults ol many years of basie
and applied research. (The Interested reader s, velerred to the Juunm[ ul the Irpmmcnral Analvsis

. .
N .-
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of Behavior and the Journal of Applied Behaviot Analysis lor primary sources of this research.) As

mentioned earher, most of the applied work ‘has been carried out in health or education related
aress (e g, Bostow & Hailey, 1969 twata, Bailey, Brown, Foshee, & Alpern, 1076, Johnson &
Bailey, 1974), and httle direct work in wilitary teaining: is available for citation. For purguses of

exposition. an attempt will be made to an(/g each ol the basic principles to the topic of flying

,
1Y

training. . *r

l&ein]brwmem Pr;rh.\ps the. most widely rcwbmzcd principle in the behavmrul framework is
that of rclntoucmeanhls punciple stresses. the impodance ol the, consequences of behavior, in
particular pnsmvvz:V consequences | which  follow (ic.,’ are contingent .upon) 1 certain action or
response and which. strengthen or wake the behavior more likely. In flying lrummg such
consequences are already well institutionalized and may be seen in\ the form of grades of exams,
verbal feedback from an “Instructor Pilot (IP) on- ﬂymb proficiency or, ultimately, promotjon for
superior performance. The purpose of a good officer effictency, report is ‘to stgengthen the behavior
leading up to it. {(The tunction of a negative evaluation as a punisher wiW’ be described in the
next scdmn) There 1s little duubt that learning of alimost any kind can i)e improved through the

increased use of rcmluucmcnt tor dcsurdblc behavior.
1

Two clear cases in (lying training appear relevant here. Since so mdch of the instruction of
the undergraduate pilot s carried out ‘in a one-to-one setting: with the 1P, ‘the opportunity for
{mrcased reinforcement for correct behavior in the form of social approval is obvious, Informal
ubservations of [P-student interactions reveal 3 dearth of p(\twc {ecdback. While the research has
not “bexn carned out with this subject population {Broden, Bruce. Mitchell, Carter, & Hall, 1970:
Copeland, Brown, & Hall. 1974, Hall, Lund, & Jackson, 1968), the tmplications seem obvious.
Increased use of approval statements of a positive type (¢.g.. “Hey, that’s great.” “Very nice
maneuver.” “Nicely executed.”) are bound to tmprove not only lenrmnb, but also morale. Since
most” IPs appear disinclined naturally to be a wcl}sprmg of positive leedbmk training to improve
this form of communication With students may.need io be added to Pilot lnslruuor Training.

A _secontd example of the yse of reinforcement can be seen in the way the simulators_ are
used .in (cadung An experienced pilot can readily tell from the instruments and the view from
the gockpit when a maneuver has been completed successfully; much like an expuknccd pianist
can tell when a piece has been played well. For the novice such autamatic feedback is absent,
and for rapid learning to take place, it needs to bé supplcmcnted in the early stages of learning,
The addition of counters, tones, or other stimuli whith could be used to oconfirm correct
perforthance could easily be added to «the simulated cockpit. " With lhq develppment of automated
performance mcmurgmenl (Waag, Lddowes, Fuller, & Fuller, 19735), he len&bllny of :having the

computer umtmuously monitor dnd score a student’s flying Skl“ seems dpparént. 2 -

)’unuhment Any time a qmse(ﬁxcmc Js designed to follow a 'gwen bit of behavior such that
the strength or probabildy of the behavior occurring - in- the future s - redyced, the process .is
referred to as punishment, Since there may well be numevous side effects (Azrin & Holz, .lﬂ()b)
of “using punishment (e.g., anxiety and fear may increase, student may associate lmming of the
task  with aversivencss. or student may leard to avoid thé source of the punisher), the ‘use” of this
procedure s not commonly recommended -in educational settings (Skinner, 1968). Lowever, «in
flying training. the student may need to be made very aware of the naturl pumshcr for - poor
attention to -the detajs of flying, viz, crashing. Thus, most simulators are designed (o pmwdo this

feedback to studentd. To-be most effective, simulators could prohably be designed to give negative ©

feedback early enough to allow the student to correct any error. A “freeze” function currently”
exists on Instrument Flight Simulators. In one sense, this function resembles the use. of “Time-out
from pdsitive | reinforcement™ (usually referred to simply as TO) in the clinical literature (Bostow
& B\lley, l969) ‘If flying the simulator is a reinforcing activity, then being in T.O. for ‘a short
time “upon erring_in a flying task may well be an ¢ffective punisher that cowld be used more
widely. (Note, This author could find no published reports. on the effects’ of the freeze: function
in flying training, thus this analysis should be considered tentative untit sich applied résenrch has
been carred out)) ’ - .

Ca



. 1S . .
tn advynced instructon, such ss in airto-awr or air-fo-ground combat, it may be worthwhile

to add feedback of a more reglisuic, but no doubt aversive nature. Failuré to “theck six™ could
be progrummet! "to result in z malfunction” that would simulate the plane’s being hit with enemy

fite, for example. . ' *
Shapmg Yo (hummg Most  good mslruuo}s know that to kecp théir studen(s interested,

ulmllcnged dlld wvolved® i the task at hand, they need to continually raise the ¢flterion for a
good performance. In behavior theory. this is known as “shaping” (Kazdin, 1975) and as with the

Jatter two prnciples, examples tor ussge with IPs and in adaptive simulators may be easily seén.

Lxpecting an undergraduate pilot to complete an instrument approsch cufreclly on -the first ¢ry

sanay well be setting the standard too high. In reinforcing appm\fimarfons to the final performance,

+

the“good 1P will no doubt have a student reach the final criterfon more quickly. As tlre student
progresses. the cnterion can be raised so that only progressive jmprovement in pcriuumnmbe rates
an approval. ' BN :

Simulators wuld be computed programmed so as to pnesent tasks to students so that they
would  gradualty take op an increasing number of  the piloting funulong‘ In taking off, for
éxample, the student- might initinlfy only have to contrpl the throttle but on successive takeoffs
might be required to manipujate the stick to (.onlr() pitch, Later, the student would also

be required to adjust the trm of tho elevators, cetract the. flaps; and so on. When a_perfect
aakeofl could Be executéd, the tudent would be required to cope with gradually more dlfﬂcull

crosswinds  and  vanious  emergency conditions. Programming - Simulator to requirc a progressive
increase in behavior does npot seem at all unfeasible and would probably gtreatly reduce the time
rcquned to master many skills.

Many behaviors in ﬂymg consist of sequences of responses, where early responses must occur

oo certgd order (eg.. the overhead pattern) so that the final outcome (i.e., a safe landing) can

‘be  achiged. Analyzed {whaviorally_ it can be seen that only the last member of a chain is

actually retnforced. This means that carly members of the chain will usually not be learncd very
readily, and *their slow acquisition may well retard the development of the rest of the chain of
behavior. The most direct solution, which is readily arranged in a simulator> is to have the task
designed so that only the last member Of the chain must be carried out to achieve the reinforcer.

With the 30° dive bomb -task,.a pilot can’ first be positioned so as to fly the final. When this is’

mastered, the mll 4n is added and so on until the whole task is completed (see Figure 1).

Prampting and Fading. In the mitml stages of learning, Mew behaviors are weak and may not
readily occur when they ~should! At “these times, it may be advisable to add stimuli to help

“initidie a response * such evenis ae called prompts (e.g., Van Houtén & Sullivan, 1975). As, a

general rule, once a behavior begins to occur regularly whcn the prompt is given the prompt wil
be {aded.” This use of extra stimuli to cue behavior that can stand alone under naturally occurring
environmental stimuli scems readily applicable o flying training. For example, in the overhead
pattern, ‘the student must know whén: to put thé speed brakes down, when to extend the landing
gear, and when to lower the flaps. A simulator could easily be adapted to ¢ue-these responses at
the proper time, and when they are occurring appropriately, the cues could be faded. Similar usage
of proripting and fading cues could be combined with shaping (as in training the takeoff) to
provide a powerful c¢Ombination of behuvnornl techmques to gunmn(cc the rapid acquisition of
cwmplex tasks. ' . v

Discrimination and Stimulus Cbrztrol It is most desirable for pilots to constantly respond to
their cnvirorynent so that they caf make Jthe necessqu adjustments to keep their planc safely
sloft A pilot who responds ﬂpproprlatcly to changes in tho cnvironment is said to be under
stimulus’ control, "and this form of responding is clearly a goal of flying training. The student pilot

. must learn to discriminate ‘the yarious wind conditions and to develop appropriate responses, «to

- them. For™ example, stimulus conuol is gained as the student has repeated exposure to instances of

the stimuli involved, and these are readily programmed-in a simulator. Learning to cope with an

4
¢ .
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_maneuvers, such as the pop-up which is employed in alr-toground combat. Arranging for
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. Figure I. Backward chaining of 30° dive b

enging failure is . safely . achleved In a simulator, and cleatly,
instances in—whith to detect this malfunction will be better

Students also need t3 detect changes in wind direction and visibility and to take the necessary
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omb task.

a student who has had several
able to respone in an emergency!

action. Both conditions can be programmed in. a simulator and very fine discritninations if both

could be taught using systematic stimulus. presentation technlques

Stimulus control is also important in advanced training

when a pilot must spot n target

quickly and respond approprialely. Repeatedly confronting the “pilot with a variety of targets and
! 1]
. gradually requidng shorter and shorter. reaction times could improve the acquisition of -complex

- simulation of enemy aircraft to “occasionally appear while pilots are flylng formation should also

-~

‘aid in the development of good visual discrimination.

Generalization. Once n behavior has been strengthened
likelthood that it will occur,in simllar environments; the more.

in one environment there i 1
similar the environment, the more

likely the behavior is to occur. It is, of course, this form of stimulus generalization that has

motivafed engineers_to make the simulator as' much like the pl

ane as possible. It is imporgtant to

note that in human factors work, when the goal of stimulus genergfization is sought, thé effects

4
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of increased similarity between The sflator and the sireraft must be moasured by looking at
changes i behavior, and the costs o} increased fidelity must be weighed against the “bopefits.
. \ Adding n\m“\:n example, to {ksn ulator with, a wrapawround visual fleld may not, sctually

enhance  perforndpce  w the . turge _afjeralt (Mertin &  Waag, 1978) and  furthermore, the
* © sophisticsted  hydrulic systems nccessary\\fm motion are costly. Research to discover how much

visual fiefld may be.required to allow o signulator to be used in certaif maneuvers, such as carrier
’ landings  {Perry, N?R\), also  demonstratedy the fmportance of stimulus  generslzation in  flying
. R: -
tratning,

) s then incroases the prokabllity of simiar rcspo:fses
oceutting, responses generahzation ~has been to have taken place. Learning a certain sequence
of ‘behaviors verbally (e.g.. takeoff procedures¥should lead to their actyally being performed at a

R tater time. Practicng  wisual-motor  tracking ks conld fincrease the ability "o &Y(ke the fine

adjustunents i the * stick ncccssary' to mapthl) Troper attitude. Indecd, mentally rehearsing a . -

certaty maneuver {Prather, 1978) nmay well .jfnproge thd performance of critical flying skills.

-

When a tesponse is strengthened and ()

._%\

V. FLYING TRAININGK AND SIMULATORS

“Learming oy an wreraft is unique m that i:gldcqunte prepsration for the task can léad to -~
more than,.a (bog grade. It is pcrlmps‘t.hé litcral ffe or death nature -of, the consequences that
has led, and nghtly so. to cunsorv;uivc $trtegios ford training. Rather than risk less than perfect
transfer of training, the aircraft itselfl has been preferfgd over the use of modern day simulators
for taching flying skills. However, economic tontiNgencies and  fuel shortafes have become
translated mtq a guideline trom the Office of Managen ent and Budget to reduce flying hours by
2S% by [9RI (Committee .on the Armed Services, 1976). Presumably, the oaly reasonable way to oL
meet this goal and still maintain high  standards ol \ shfety A5 to emaploy simulatags  whenever
4 bossible in the uaung process. Simulators have come a ldpg way since thg pieneering work ¢f Ed
Lank om” lis “pldot maker™ in 1929 The development of fe full-nifssion simulator that is capable,
potentially, ol almost exactly duplicating every feature of {an operational aircraft’ has been recent
ndeed (Hagin & Smith, 1974). While  engineering technolpgy and computer scfencé haye made
©cgreat strdes in providing for fidelity of visual (Nass,- Sefs. & Albery, 1975), motion (Kron, .
197523, and handling characteristics (Kron, 1975b), few advarlges in exploring the, use of a modern
« day simulator ss an deal teaching device have been made \(Cako, 1977a). In the hands of an
expenenced Qilot,' there is a natural, tendency to use a simulitor much like the aircraft woul,g be
used, thus overlooking the fact that the aircraft itself is cestainly a less than perfect setting for
maxinuzing the acquisition of skills required to fly a plane” Safety requires the IP to put proper .,
maneuvering above anal{ing the instructional process and the stress involvey ox"rectiné student Co
errors” may result. in less than optimal forms of feedback. Singe gh'b cockyfit is Operational and the .
instruméhts require constant monitoring to nmimaig\\ proper attitude, "tllc student may be Wsily
overloaded  with informuation "in the early stages on instruation and beé unablg to progress =
systematically a8 would be degirable. No opportunity to practice a particular_parf of A maneuver in the
aircraft is feasibi®, even though it would perhaps be most desirable frivm a Icnrning\ﬁoint of view.

]

»

. <, " Y. “THE DESIGN OF SIMULATORS ) ., ' -
. . & . N
" _ Histerically, engineers  and pilots have , been  principally reﬁonsbilé\_ 1 the desipn of oy

stimulators, and ~tt should come as no surprise that fidelity 1. imitate tl\'t:"nlrcr'nfl has been the
primdry goal of the development effort (Cdro, 1977b). Any thotion that. psychological - fidelity is
the real goal has been ignored, and the proposition that simulafors should be designed pumarity as

©  training devices ts vigtually unheard-of in simulator design cireles (Caro, 1977b).  +
. » * 1 v -
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g ('urfent advanced simulators are equipped with certain trainlng “features™ that are ‘presumod -

to facilitate the acquisitton of flying skills (Hughes, 1978, 1979 Isley & Miller, 1976). In some -

* - cases, the features are simple hardware applications (programmed’ malfunctions, hard copy printout);

uy others, these features ricrely mimic what .an_instructer might do (astomatic briefing, checkride,

. “ amd demonstration). Only a few ol the features would appear to approach the potentitd of a

sophistreated  record/playback  or of adaptive traimng, and in nq case havt the features been

fidequatcly evaluated (Istey & Miller, l‘)?b) Even thetr limited usage is based upon an unvalidated

- model of behavior change. This pmuicc “of designing simulator “training” features on the model of

- the instructor has, no doubt severely retarded the development of a model of flying training. An

@  alternative model Jwould emphasize the skills to be acquired and suggest morce cffective ways of

training ‘based upon a “task analysis. From this Model should flow .implications for the training

features and pmuedurcs and research to gvaluate them prior to their mcorpom(mn in.the training
syllabus ot installation in future training simulators.

»

The lack of "appreciation for the role of the simulator as a teaching device is understandable

w fight of the relatively recent emergence of a hchwmrally bascd “technology of teaching and the

. ' Pact that psychologists specualizing in tfhe learning pgecess have not been involved i the design’
m pham of  sunulator development. Tlus oversight. upon .investigation, is directly traccable to the
conspicuous  absence off any  substantial body ol knowledge demonstrating how the principles of
learning can be usedf to mprove  sunulator  deployment. How the stgmhwnl body of rclevant
Feseatch n “applied  behavior  anaysis - could  have escuped  the attention of those mvolived in
simulatar research 1s. difticult to explain. The need for correction of ll\j}vglaring'dcﬁcit is greates
than can be met in one paper, but a start needs to be made. a ‘

!

- .
e e
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s L SR Vi. BEHAVIORAL/TASK ANALYSIS OF FLYING TRAINING:
- . ] ’ A NEW MODEL FOR SIMULATOR DESIGN

Any task which can be readily observed can be anal;; ed behaviorally. Flying a sophisticated

“jet aircraft, although admittedly a diffidult task, is not different in principle from carrying out any

. other?complex sequence of helmviors Viewed in ‘the abstract, it may be seen as a set of rapid,

cogtinuous,  line-motor responsc«: to a multiplicity of visual and proprioceptive cues fiom both

~inside and  outside the aircraft. What makes the task unusual is that decisions and responses must

¢« be made so rapidly and flawlessty. since cither a delayed response or an incorrect judgment could

- - be fatal. 1t is this latter element, no doubt, thal puts such stress on the pilot and which probahly
muakes acquisition of the motor skills in the airctaft jtself so labile.

' A behavioral analysis of flying, then, would bcgin' with a micro analysis of the stsko be
acquired (Meyer. Laveson. Weissman, & Eddowes. 1974) and would then procegd to determine
how each task could be simplified- {or purpose of instruction. This general approach is already
used in so-called “‘part task” trainers, such ‘as the T4, where students learn to respond to the
instgnment  panel  before they spend- any time in- the actual aircralt. The An Force has also
recognised the contribution of cognitive pretraining in facilitating the acquisition of flying skills
(Snnth Waters, & LEdwards, 1975) which is clearly a method of simplifying a task by presenting
certain of the materinls in a different lurmat -and in a different point in.time fronr the rest of
the task. With simplification of the fask as the goal for any behavioral analysis, one may begm to

F ask how a task can be broken down.

Component  Analysis, One way -of analyzing a complex task is to look at the components
A which make up the whole task and to determine how they can be taught more cificiently (Meyer
y ] et al, 1974). Landing a ‘p'lr‘\hc for example, requires that (he student  be  able to fly
(@‘ straight-and-tevel, do steep tums, (ly g gradual descent, all the while . keeplng the airspeed properly
’ adjusted, mrrectmg “for uosswlnds, and so on. (fn the opcmhonal alrcraft, these behaviors must be
performed concurrently, whereasyin the simulator they could theoretically -he presented as separate
. tasks and then later-be required as more and more comp)bx concurrent operants.)
oo BN ' . . ‘())
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Chain or Sequence Analysis. Another way of analyzing g flying task s to view ft as a.chmin
of behavior. In this coneeptualization, the pilot must exocute n soquonco of bohaviors in a cortain
order (the overhoad pattern is also an excellent gxample of this). With long chalns, acquisition of
the task is frequently difffcult because the ovarly er or coimponents of the chain are s0 far

retmoved from the reinforcer. Such chains of behavior can bo simplified, and therofore presumably-

taught more effigiently, If they are presented in & backward soquence.

Dimension  of D{fficulty  Analysis. Sull another way to analyze o difficult task s to
ddtermine the dimen%xgm which are responsible for making it difficult._ Some skills’ may be hard
to acquire becaus ey roquire too rapid mdtor responsos (Hime dimonsion). In such{‘ws, i

c'upubﬂity for\perforyning a “task (c.g., strafing or formation flying) initially in slow moti might
allow the st\igent o master the motor skills first and thén be required to perform the 3ask at
faster and faster” speed until normal” operational velocitios are reached. (It should be cloar that a
simulator 1s the only feasible devite for such training to take place and that such a use of the
simulator represents a potentally important feature which Is independent of the fldelity of its
motion or visual systenxy” : T ’

. Size becomes an important dimension when one considers tasks such as bombing or strafing
whers a larger or more salient targot i3 caster_ to RIT initially. Thus, the simulated visual scono
could, be programmed to have large targets readily discornible from the background. Thesé targets
would be used eady in a bombing training task, and as the student gained proficlency, the targets
could” be automatically made smaller and more difficult tp spot. Presumably "a similar strategy
codld "be used in simplifying any task that requires a motor response toz-sy)nc small segment of
the visual environment (e.g., acrial delivery af cargo or in-flight refueling). - '

Augmented Feedback. Sl another way to simplify a task for purposes of instruction is to
detennine if judgmc_nt?d alds might be developed to imprave performance. Such aids can be used

to enhance a feature of the enviconment, such -as height and distance from the runway, as with )

visual approach slope indicator-(VASI) that _permits 8 more rapld acquisition of landing. A similar
device for larrier landings (the so-called “‘meatball™) and another aid dfor improving bombing
(Hughes, Paulsen, Brooks, & Jones, 1978) illustrate -the notion of providing additional cues to
pilots to improve performance. - ‘

Summaty of Behavioral/Task Analysis Model. This brief introduction .to th bchaviomf/task
analysjs modecl should scrve as a clenr contragt to the current deployment of sim\rl}lgrs. Designing
a simulator around a model of an instructor pilot who feels most comfortable tedching in an
actual plang is destined to be replaced with o model based en an analysis of tho tasks to be
taught. A sophisticated behavior/task analysis ' émploying research which shows how tasks can be
broken info components, the components ordered sequentially, and the dimensions of difficulty
adjusted so that acquisition of a skill proceeds smoothly and quickly seems in keeping with the
current  state-of-the-art ' in computergenerated  visual systems and other recent engincering
. developments. « : :
/;
s ¢

" . - Sewg
illusTrate the application of the behavioral/task analysis moﬁzl, a hypothetical case will be
“given\ Learning to land an gircraft is clearly one of the most difficult tasks for a new pilot to

master \(Eddowes & King, 1975) and provides an excellent example of how the model might be

f,

employd™.

VII. APPLICATION OF THE MODEL: A PREVIEW

Pl L N

_The overheat " pattern is a ready example of a chain of t;cllaviors consisting of the initial
approgch, downwind leg, final turn, - and ﬁijal .approach. The_ model would suggest that training on
~the last segment would._be niost fruitful. The -first, step would be to determine the behavioral

i ot e N .
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components of the final apprach and would use cognitive pretrining where Tepsible (o prepaie the
-student for each component. The student must be able (o adjust the speed brakes, cantrol piteh
attitude . and adyjust the thiottles, for sexample, m the roundout phase ol the final approach. The

. simulator would be programmed 0 requite that the student take responsibility for each of these.

concurtent behaviors m some specific order. Sumlarly, the components ol the touchdows’ and the
landing roll would be presented to the student m o graduated manner. When all of the compponents had
- been acquired, the simulator would be positioned “on fingl™ and the student required t0 complete
T this portion of the overhead pattern to crtenon.. (The taining o this point wauld be highly
individualized w terms of time to criterion, ulthnugh all students would go- through tenining in the

the | student  to &xperience the immediate reinforcement (a sale lahding), but  also  provides
overfenrning of  that part of the task which is most dilficult. When the final can be exgeuted to
cntenon, the fnal 1urn would be added to the chain. Here again, the components of thiy segment
would be presented, via preprogrammed exercases in the simulator, until the student could execute
“all of them successfully (tnimmung, slowing auspeed, couecting for wind conditions, etc.). At this
pownt, the student would be positioned just at the l)c;,immw'nl' the final turm and would then Oy
the rest of the pattern. To faglitate the acquisition ofThese twa compbnents, thc simulator would
be adjusted so that they coyld be flown-initially in slow motion. With each xm.ee&s[ul execution,
the smulator wolitd  program faster speeds until normesl operaonal speeds were  reached. In
additon, an extra wide runway could be provided on the list few  ties, and it would gradually be
made” narrower and  ngrrower on ach  pass until the normal width was reached. Next, the
dowawind leg would be added, and so on, working bachward, while trammg the components and

adjusting the dumensions ol difficulty at cach stage.
L

- This -gpproach to teaching a task too a new student could be programmed” imto ans advanced
T stmulator wnfhm_ﬂ any additional hardware bemg required, and althoyfgh the process may. sound
fengthy, - would actually take less time than is normally. yequired to learn a task. Furthermore, -
the backward chain  allows u student to  gain  immediate  positive * feédback  for a correct
performance which should contribute to mpid acquisition of the skill,
\
. 9 . N
' . t . ~
! . . VIIL.  CONCLUSIONS AND RECOMMENDATIONS
’ The purpose of the above discussion  has. been to ly out the basic framework  of the
behavior analysis approach and to suggest w.\ys “that the principles ol behavior might be applied to
. [{lying . training. Since there is littdle debate that [lying is an au]mred skill, one may immediately

begin to ask what principles of behavior relate most directly (o the acquisftion of the repertoire.

Clearly there is a great deal of research to be done inasmuch as the foundation Jhas yet to be

laid. The fuilownm very basic questions have yet lo be asked. What teaching tednnqucs does an

IP use to improve learning? low besl can the functions cuerently found on - most modern

' simulal()r’hu“uscd" How should the “frecsze” be used? Should it- be used as a time-out or should

~ the student be allowed 1§ initiate the freeze mode to allow a momentdry reduction in information

overload? When should replay be employed and does it really enhance learning? How  might
individualized instruction techniques be used Yo accelerate learning? E

In the farger realm of simulator design, not even the simplest questions have yet been
considered. What. ate the cffects of automated adaptive instruction on the acquisttion of flying
skills? How may the components of ench task be analyzed. and what is the best sequence for
' teaching them? Plow might immediate automatic leedbuek from the computer be used to enhunee
learning and increase motivation? What visual aids could be developed to facilitate the acquisitiom
of complex flying reput(.)ms( How arc these’ promptsY'best faded from the environment? How
might the, special characteristics of the simulator, such~udlying in slow motion, enlarglng parts of

- U -
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same order.) This approach of teaching the last part of the overhead pattern first, not only allows,
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the wisoal scene. and gtving contral af many operations to the computer, be used to spoed up °*
- flying truning while reducing errors "and improving generalization to the aircraft?

The prospect of entering this aetv era of sinulator research is exclting and the payu“ to
both the ﬂcld of psychology as well a3 the Alf Fuorce shéuld be great indeod.

[y
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