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A report on research conducted at The Ohin State Universlity,
Columbus, Ohic, under the auwapices of the National Research Council
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LETTER OF TRANSMITTAIL

NATIONAL RFSEARCH COUNCIL .

2101 Constituticn Avemus, Wesaington, D. C.
Diviaion of inthropology and Psychology

Comaittes ur Aviation Teychoclogy

Fsbruary 16, 10k8

Dr. Desn R. Brimhall

Asaistant to the Adminictrator
for Fesearch

Clvil Aeronautics Mministmtion

Room 5217, Commerce Bullding

Weshington 25, D. C.

Dear DIr. Brimhall:

Attached im e report entitled An Investigation of the

. Learning of Stall Perception, by F. . Dockerey and David B.kan.

This report i1a submitted by the Committee on Aviation Psychology
with the reccmmendation that it be included in the series of Tech-
nical Reports of the Division of Research, Civil Aeronautics fdmin-
istration. ;

This 18 ane of a seriee of studies designed to furnish
information with respect tc the type of tralning to be gliven as an
aid in evoiding inadvertent atallsa. The firdings of the present

. study are not such £s to permit definitive recommendations with

respect to this problem. it 18 anticipated that the integration
of the results of thie study with those of othera now in progress
will lead to positive re:amrendations with respect to effective
methode of training in stall recognition end in the avoidance of
inadvertent atalls.

Cordlially yours,

S Ve

Morris S. Viteles, C&imn
Cormittee on Aviation Peychology
MSV:rm Nationnl). Regearch Council
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EDITORIAL FOREWGRD

In recognition of the importance of the inadvertent stall as a
causative factor in light plane acocidents, the Laticnal Reasearch Council
Coammittee on Aviation Poychoiogy has undertaken a series of investiga-
tions on stall rocognition; on the eoffect of treining on stall recognl-
tion; on the 1solation of cues which are most efficlent in giving warning
of an impending stall; and on other aspscis of the problem. The results
of the first investigation in the seriesl indicated that the accurecy of
rocoghition of the inciplent atall, even among experisnced pllots, was
not high. The purpose of the preasent inveatigation was to examine the
effectivenesa of training on stall recogniticn.

Although the trend of the results in this experiment was positive
in indicating apparent effectiveness for the training procedure, certain
limitations in the design of the axperiment {also noted in the report)
require consideration in the interpretation ard application of the fimd-

.Ings. In the experiment the porformances of two groups of suvbjacts were

campared, viz.:- {1) an FExperimental Grcup cf sublects with limited flight
exporience who received 1f; hours of special training in giall reccgnition;
and a Control Group, containing subJects vith coneiderably more fiight ex-
porience, who were given no tralning in the perception of the stall. The
assunption was made that the effect of the immediate fiight experience of
experimental subjects, incident to their treining, would de mors than off-
set by the greater past esxperience of the Cortrol Group, and that there-
fore any superiority in perfornance on the part of the Zxperimental Group
could.be attriduted to their special training rather than to immedlate
flight experience. )

No sxperimental evidence supporting this assumption has been presented,
however, and the lack of comparability of the two groupa in terme of amcunt
of immediately recant flight experience intrnduces the necesesity of scme
roegervation in censidering tle 1wy ications of the experimental findings,
particularly in terma of Pformulating a requirsment for apeclallzed training
in stell perception sa a pert of the formal flight training curriculum.
These findings may mcquire more meaning, hovwevsr, asy they are intagrated
with the results of other stuiies in thle area vhich are now in progress.

The present investigztion wes conducted at The Ohlo State hiversity,
under the direction of Dr. F. C. Dockeray and David Bakan.

r

Morris S. Vitelen, Chairman
February 5, 1948 Cammittes on Aviation Peychology

1Ruion ; B. . A study of the accuracy of recognition of the incipisnt
etall in familiar and unfamilier nlanss. Washington, D.Z.: CAA Division
of Research, Repcrt Mo. T4, Hovember 1G47.
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cULARY

The problems under investigation in this ezperiment may be fermulatsd
in terms of three qusazicnas: )

1. fCan the accurasy of =tell verception be improved by special
training?

2. serma of accuracy of atall recogn!tion, how does the level of
periormance of experimental subjecte after treining compare with
the perfurmance of a Control Group of more experienced pilois,
who have not undergorne speclel training?

3. 1e there any evidence to indicate that the tralning effects are
tranaferrad to situations in which there has been no epecial
training?

The 30 experimental sublectes, who were given special training in stall
recognition, all had less than 5 hoiars experlence as private pilote. Control
sutJects ali had between 4O and €0 hours experimnce as private pilots.

Accuracy of recognition of the incipient siall was mesasiured in termas
of the abili*y of subJscte inventionally to fly the ple=ne close to the sige
of the stall during certein maneuvers, without astually stalling the plaue,
es woll &5 thelr ability to arecute other maneuvers without approaching the
stalled comditlcn  Degres of approach to the stall wae determined through
use of an adaptation cf & commercial stall warning indicetor.

SubJect to certain qualifications, the results of the study suggest
that the gpecial training was effective in improving the eccyracy of stall
recognition; that after training the level of perfaormmance of the experimental
subjJects on "mBsigned” maneuvers was superidr to that of the control eubjects;
and that after training, improvement was evident in the performance of exper-
imental subjects in certain of the maneuvers on which special tralning had
not bheen given.

In evaluating these findings, however, consideration should be given
to the tenabllity of the sssumption on the basis of which Control and Expsr-
imental Groups were compared; viz.: that the effect of the immediats flight
experisnce of experimental subjects, incident ta their training, would be
offast by the greater past experience of the Cantrol Group, end that there-
fore any superiority in performance on the part of the Experimental Group
could be attributed to their speciel training. The experiment provided no
date in terms of which the validity of this assumption could be evaluatel.
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AN INVESTTGATION OF THE LEARNING OF CTALL PERCEPTION
IRTRODUCTIGN
Systematic studies by D. R. Brimhall and R. Franzen have indicated
that the incidence of fatal mocidents following an inadvertent stall in
1ight plames 1s high.l Although marked engineering advances have been
mde &8 & reosult of which the astalling characteristice of planes have

been improved, parellel research directed toward investigaiion of pilot
behavior agsociated with the inadvertent atall alsc is necessary.

Reaearch in this latter arevs is boing conducted under the auaplces
of the Natianal Research Council Committes on Aviation Peyohology. Two
primery questions which regquired an eangwer were: "Does the typilcal pilot
succeed pretty well in identifying the iucipience of the stell vhen he
consciously tries?" and *Does the typical pilot frequently depart lnad-
vertently from normal flight in the direction of the stall epproach when
ha has no business doing so?™

An inveatigation bearing on these quesilansg alxeady has been completed.
The results of thls study have indicated that the answer to the first ques-
tion 1s in the negative. FEven gxperisnced pllots, including inatructors,
failed accurately to recognize the aigns of the inciplent stsll, particu-~
larly in unfamilier planes. In terms of this saue iavsstigation the angwer
to the second question was in tie affirmative, 1.9., during the course of
the study the typical pillot fregquently did depart, lnadvertently, fram nor-
mal flight in the directian of the stall. ‘

The present study, although carried cut simulieneocusiy with thse in-
vestigation just referred to, can be regardel as the logical consequant®
of this provious investigation. In as much a2s 1t has been demonsirated
that the atall recognition of the typical pillot is inadequats, the ques-
tion may well be asked: Can the ahllity of pllote to recognize the signa
of an inciplent or approaching stall be improved through training? It ls
this question that the present gtudy wes decigned Lo anewer.

FORMULATICN OF THE PROBLEM

The procblem of thils experiment may be formalated in terms of three
questions:

1. Can the socuracy of stall perceptiog be improved by aspecial train~
ing?

1A proliminary report on this resaarch is found in: Proceedings of
the Anpual Meeting of the Cammittee on Seiectinn arsd Tra of Alrceraft
Pllotas. Washington, D.C.t CAA Diviuicn of Fepesrch, June 27, 1557,

Rulon, P. J. A _study of the accurasy of raccgnition of the inciplent

stall in familiar and unfamilisar plmnes. Waslingion, D.C.: CAA Divisicn
of Reassrch, Report fHo. Tu, Hovember Q7.
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2. BRow doss the level »f performanc:, a3 Influsnced by trainlng,
compare o the level of performence of subjects who have had
at jeast an equivalent amount of Tlight experience, but oo
speciel training? ,

3, 15 there any evidence o indicate that the tralning effects
ere transferred to situations in which thare hag bsen no
special training?

Ueing an apparatus to mespgure the proximity to the stall, which is
described on page 3, two groups of sublocts were teated for the accuracy
with which they could recognize the stall. FEach subject in the Experi-
mental Group was glven ten hours of gpecial training in stall recognition.

The sub Jects in the Control Group, who were pllots who may be considered

to have had at least an amount of flight experience squal to that of the
sublacts in the kxperimental Group at the end of ten hours, were only
tested &nd wore given no sperial training in atall perception.

SUBJECTS
211 of the subJects in the oxperiment were male pllots who had re-
ceived a private pilot's iicense (PPL), and who had done same flying withbin
a ysar of the time Iin which they purticirated in the experiment. The re-
quirements for admisslion to the experiment for each group wers:

1. Contrel Group.

a. Betwsen 40 end 60 hours of flight experience heyonll the PFL.

b. Approximately 30 hours of flight experisnce in a Piper Cub,
or similer aircraft.

-

¢. A minimum of 5 hours of flight experience in a Piper Cub, or
slmtier aircraft, within a year of the time of participadon
in the axperimont

2. Experimental CGroup.

a. No mors than 5 houra of flight experience beyond the PPL.

] b. Approximetely 30 hours of flight treining in a Piper Cub, or
% gimilar aircraft. -

¢, Private pllotis license cbtalned within a yoar of the tim Of
participatlon in the evrperlment.

It 18 evidant that subjscts 1u the Cmtrol'Group had & greater amount
of flight experiense than had rubJects in the Experimental Group. There
woers 17 subjects In the Coptrol Group and 30 subjects 1n the Expsrimental

Group.
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Two Plper J-3 Cubs equipped wiih the astall measuring apparatus were
anployed 1n the experiment. Three check pilots also were amployed, the
check pliots also serving as f1light imstructors for the Experimental Group.
The subjects were asslgned to 6 sub-giroups, 1.o., Experimental arnd Control
Group aubJects, respectlvoly, were magigned at random among the check pl-
lotg and planea. The desipgn of the experimont is schematically represénted
in Flgura 1. Howower, dato froa the supplementary flight test only were
treated by annlysis of varience. Data frop the primery testing procedureos
were treated through development of leerning curves.>

A1 the cells involving the Zrperimental Croup contained 5 subjects
each; all the cells involving the Control Group contained 3 sublects each,
with the exception of ore cell which had only twe aubjects. The purpose
of this arrengement was Lo remove any bilas which may heve resulted from
sither check pilot or airplane veristion.

STALL MEASURING APPARATUSD

Complets description of the gtall mesguring apparatus is given in the
report of the investigatliaon conducted by P. J. Rulon.l Briefly, the appa-

ratus as adapted for uae 10 this investigetion consiste of three major perts. .

<L

pd

Check ' Experimental Group
Fllot 1T

. //;ontrol Group
11T /
<X II '
Flane

FIGURE 3
SCHEMATIC REFPRESERTATION OF EXPERIMENTAL DESIGN

3The nature of the "primasy” and "supplemental” £light test procedures
is discuased on pages 9 and 10.

LRuloa, P. J. Op. cit. vhe Safe Flight Corporation stall warning in-
strument waa medified, for the vurposes of this investigation, by P. J. Rularn.
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1. B8tall Warmer Vanes. The degree 4o which the plane approached
the stall was indlcated by means of an adeptaticn of a coamnercial stall
wvarning indioator. Five vanes of this inetrument ware mounted on the
leading sige of the left wing {see Figure 2). Thess vanes ‘were so ar-
ranged that as the angle of atinck incroansed the vanes were sucoegalvely

*triggerel™ aa a reasult of the change in directicn of the airflow around
the leading edge of the wing.

2, Subject's Indicator lights. The 5 giall warner vanes were wired
into & penel of 5 lamps piaced in the subJect’s line of viasian (see Fig-
ure 3). As the angle of attack incressed and the airplane appromched the
stall the lamps were successively energlzed, thereby glving the subject an

cation of the degree to which the stall was being approached. This
beank of inmdicator lamps, however, was wired through & switch mounted on
the subject’s control atick. The circuit was cloped, end the lamps rendered
operetive, only when the subject pressed this awitch {see Figure k). Also,
the svbject’s lamps were wired through a switch aveilable to the check pi~
lot. The check pilot could meke the subject’s lamps lnoperative for test:

purposes.

3. Check Pilot's lamp Pank. 4An identical set of flve lemps, com-
nected to the vares, was avallable to the check pilot. Theae lamps wore
inetalled on e clipbcoard which the check pilot heid in his lap. The olip-
board wae uged to hold the date sheet on which the check pilot recosded
hls observations. The gubject could not at any time ses the lamp bank
held in the check pilot's lap. The gwitch, by meana of which the check
Pllot could “cut cut™ the subJlect®s lemp bank, wos also inastelled on the
alipboard (see Pigure 5).

TRAINIRG FRCCEDURES FOR EXPERIMENTAL GROUP

O the basla of & priord conelderations and on the bagles of extended
conversations with akilled pilots, & leasson plan wae develaped for the ten
hours of treining. The check pllots wers Inatructed to use the lesaca plen
as the basic training acheme, but were alao encouraged to uge any other
mothode which they belleved might improve the gubject's ablliity to perceive
the stall. It was clearly polnted out to them that the major problem of .
the experiment was to find ocut if pilets could learn to perceive the atall
more accuratoly, and that the beat methods for achleving this purpose, cn
the bagis of our pressnt knowledge, should bhe employed.

Each subject in the Experimental Group wag given ten lessons in stall
porceptian cn succeeding days {weather permitting). During these lesscns
his attentiaon was cerefully drawn tc the various cuea by which he could
Juige that the airplane wus in a pre-stall attitude. FPractice consiated
of bringing the airplane up to the polnt whsrs he Juiged himself to be an
the edge of a atall, pressing the button, and observing the indicator lamps
to inférm himself of the acocureacy of his judgmant.



FIGURE 2

VIEW FROM BELOW OF VANE INSTALLATION ON LEADING EDGE OF WING



FIGURE 3

FRONT AND REAR VIEWS OF PANEL OF LIGHTS EMPLOYED IN THE
LEARNING STUDY
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FIGURE 5

FRONT AND REAR VIEWS OF CLIPBOARD AND RECORD SHEET EMPLOYED IN
THE LEARNING STUDY



The le#sson plan is glven in Appendix 1. Eriefly, the firat leasan
wap devoted to auditory cuee; the second lesaon to auditory and visual cues;
the third lesson o auditory, visual, tactual, and kinegthetic cuea The
rapaining seven lesaons were devoted to pra"tice In sach practice trial,
the tagk was to bring the airplane as olcse o & stall as posaible
actually stalling the alrplune

TESTING PROCEDURES

The teating procedures used wsre of Lwo types. These will be referred
to a8 primary and gsecondary testing procecures. Both the primxsr and thoh
gecondary tests were adminiatered to all subjects in the sxperiment, #5- '

TN

The primary test was given to each subject in the Experimemtal G-rofxp'
eleven times, once prior to treining, and oncae after each of the 10 leasons.
The primary test was given o each subject in the Control Group twice, with
a ten-dey interval betwsen testes. The eecondary teat was glven to sach sub-
Jact in the azperimsnt on the laast flight hour, which was either the tenth
or the second hour, depending an the group to ¥hich the sub Jact bo'a.anged
Ths nature cof these =ests wis eg followe:

1. ZFPrimary Testing Prucedusss.

4  Aggignhed Muneuvera. Tha sudject s taglk In sach casae, was to
bring the airpiane ae cloaw fc a grall ap poasible without
gtalling. The maceuvere * of which the subject waa to bring
tha plena t¢ ihs edgs of tha stall vwore sy foilows, and were
admixliptered ino the following eeguance

{1} Straight shead. cruisicg prv=r
{2) Straigbt ahssc, power aft

31 Left climhing tura

(b3 Hert gliding tum

{5) Ftsep laft tun ev altltude
{67 Bight >l'pbliss toou

{7} Left gliding toyr
(8) Straight shemd, climbing poser
{9} Bteer righ* turn at altitude

The checx pllot recordes the maximisr nuvmber of the slgnal lempe it
during oach of ‘hoee xaveuvsrs  The wansuvesa llatsd abovs will hereaftar
be referred o s asslgped aaneuvevs. Tocy are the meneuvers on which the
aub Jects in the Txperimental Group were givan special nxectice, and on which
irs aubjscte in tovh geovps wmssy that thay were belng graded .

[# thoasligned Manensers  Besldes heing gradsd on theso aasignesd wa-
neuvnrs , the eub jeacts ware al:o graded m vhat mey ba called
we6as &eﬂ mansnyerg  Tuat s, four wimes during sach teat il
Ve NACREAOTY ; Por the sul Junt 1c clint to az,uifuda meks & clear-
L turn Yo the lsf sed 8 0laaring tury & the ~ight.  Unkoown
oo thie gub dast tng tnecd piion verorded tha Laaher of lempas 11t
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Aurdng thesey mamvuvers  Simiiariy » B the return 1o the field, the ~umber
ot iempa 1it'4in ths traffic paitte:n, in the turn, and in the approsch yns
alge rycorded withows thé sibject s kanwiedgo _

©  Secondary Testing Progsiures. This gaconiuy tost emaieted oo
tavivg the subjects do ths Fuilowing wix tasky 3o the folloving npder:

A forced landing at 1090 feet.

A forced landing at 300 feet,

A alrmange flold landing

A aigr reeding” test.D

+ Apnother forced landing st 100D feat.
Ancther forced laviing at SO0 Peet

S a0 ap

During the performance (f thuge elements of the teat fiight the sub-
Juct-a Dark of indizotor lamps was discornecied by the chack pilet, asd the
Gdb Joot was 1ot infarmed of ihy puepRee of thile test. In wbe gcourss of the
aXacution of these Corced landings and tho "3ign reading® teat the sheck pi-
- 't carefuily observed snd cacovdea the degres to wajeh a stall was approachsd.
Tarye observatlions were. of course, made Ar tarms of thp Yipwa number of
indicator lampe 1lighted .

REGULTS

Boordng of Over-ali Regulos cf Primary Testiog Pracedurss. Fer the pri-
nery testing procedursa, there were fomxr acores daveicpet for vach tuet.
lhess represented measurva of yrer-all pecformancs in 8tall parception. The
Tour types of beoras may be schematically repreaented by the calls of the Toi-
ivbicg four-fold churt:

Weightet.  Unwsighted
T Brove Scaore
Asalgned !
Mansuvers |
Teagaigned
Meneuvers “_Q
FIGIRE &

The diffarusnce between agaigned and unassigoed mansuvers hees alcsedy
boe discvased. As ludicated, cunigned munsuvers are mansuvars on which
the eubjeste in the Bxperimental (roup were Ziven practice, and on vhich the

. Sy . ——

“This toet was Tua £bove the 1dleville Pa’lroad Statian neas Celaabug .
The tass for the avbiect was to roud ths mign on the Ralilried Stuvicn, In
crde~ to 1o thia, 3t wae necwssary Por the gubject Lo Lriag the plans dawn
to agpreriuatsly 300 fast ’ ,
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sub jects of both groupa knew that they were being gradsd. The unespigned
pansuvers were mansuvers ot which neo apscial practice was given, and on
which ths subjects did not know that they were Delng graded. The latter
may bs conaidered to represent transfer situations.

The unweighted scores  represented the percentage of mansuvera exscuted
correctly dwring eech test flight, 1 e., corraest parfo e being that in
whi:h the optimum number of indicator lanps was lighted, The w=ighted
scores were determined s follows: the perfcrzance cof a gubject during the
executldn of each maneuver was accred 1n terms of the difference between
the number of indilcator lampe lightsd ard the optlmum number which should
heva been lighted. For erxamplw, if 4 lamps represented the optimua nuwaber
snd only 2 wore actuelly 1lit, the score for ths porformence would he 2,
Popaibie ascorse ranged frow O 10 5. The waighted scors was represented by
tha mtic of the welghts obtained to the total pessible weights, expressed
ap a percentage. [(1f the subject went too far and actually stalled the
plane the purfcrmence was given a scorz of 2.}

Isarring ag Indicated by *he CGver-el! Scores _of the Primary lesting
Procedurss . In terms of the four typea of scores deseribed above, lsarolng
cur¥sg bagwd on the mesr Fxpssimental Group porformances wore drawn. These
curves are shown in Flgures 7, §, 2, anl L0,

L. Figure 7 12 preeentad {te Lotroiig curve for the Experimentail Group

in t=ma of ths Dean Lawelgated score 'on Sthe a3lgignsd mansuvers, ' addition,

the mean uaweightad acomws for tha iwe teite aduministored to the Contrel
Group aisy ars presentad  EBranination of theess curves Indicates quite unam-
Dlguous.y +hat isarning heg tiver place in 2o fer as ihe Experimental (Group
in concarned. end thet the tratning ra‘ees tha level of performance of the
Experimertal Group far beyond she level of performancs of the Uontrol Group
Similar reeul.te Br: fFound for the welghted sceres on the assigned manauvsrs,
ghown in Figure 8. On the basis «f *hegs twe curves, ths conciusion 1g der'-
Infiisly warrant & coutn Ths accuracy of stea. goreeption can be Inorzesr-d Yy
ppecial training and woat the leave,. of performance ig raiael to a point con-
gldsrably Abovs thet of “ha Ceoatro, Sroan

It omay Do plfries ul o that sver one Lagzon 18 vory useful i improving
gta . percoplion es woiicscost by she diffsraacse In lncremsni cetvsan Lle
Jantenl gnd dxpoaimentsAl GrIupE Lo Yhe Direet Luo bessg,

Flguc-a Jenl Ll prasest Le orrrespendli g Dsarnlay o urves for the uhie
tgalaned raneuvors JLus vraga’ goss monousacs @iy b9 cengldared o Do trans-
Fer an.uaf oro v owhs oileay vop hede sraorimatal ayd controel gubjecus
thera sesm o be asn initial dscrsrsay i accfreonence Chia decosmsnt o0

it e e st mme b e Mame —t s meme i o n mmimmm m e o re— = = = & e e ot e — s o 7 i e et e i

frre, Teap =Sl wag corrw oo =ach neneuzar wea ol erained by the
cheack pillives on tre bagis of presminasy Toolig, and ol the basis of com-
Plote A - emant &icog Lhen  CF 5 apde tae sorpsat Aegp e the uraselgnzd
man=uvarn a8 O P the zacigned manss ors, the correct tamp differsd
Serrethe L Lol mAnsuvers o0 MmET stve s gl fro airplane b alrplans .
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tha RBxpsvinental Greup continues tnrongh whie thizd lesson. Bowever, follow-
inz the thixd Lesson, there le speersntiy a definite improvement, 1.e., &
tandency for bmuiﬂuouﬂ lnoreass in the level of pexrformance of the Experl-
rzotal Group up to the tenth lwgact  This suggeets vhe pesaibility thet
mere traialng vould have vresuited in etiil tetiar performance cn the unas-

. 8lgned maneuvers. ;

An explenaticn for the initisl dip in the lsarning curvse on the unas-
aignoed maneuvers hag been offersd by the check pilots aa Pollowe: at the
vary beglondng of training, the sublecte ware extremely cautious ia thelr
handliing of the airplane. Particulsrly. thay did not have confidence 3n
the airplane alnce they did not krow its stelling characteriatics. The
inltial decrement in performsace mey have reaguited fror increasing care-
lessneea with Increswed femillarity  Howaver, as training increases, al-
though there mey bs no furthor linngs in the attitude of the subject with
regpect to care ic handling of the airplune, chers g a defipite increase in
8k1ll, waich accounts for tae progreag in performence following Lesson 3.

It 15 olear that following the third lesson, the level of performance of
whe Experimentel Group is certainly cquel to or better than the level of per-
formence of the Cantrol Group. The swidence indicatss that even on the upaa-~-
gigned mansuvera the tralning 1s effectivs.

Iearning as Indicated by Performance on Individual Agsglgned Maneuvers.
In Figuree T-10 the results in terms of over-all performance on all assigned
mansuvers have been presented. Lsarning curve aasalyses have also been made
in terws of individual mansuvers. Learning curvea for thege maneuvers are
presented in Figures i& to 22 in Apneandix 2.

In cmaideriné Tos ﬁpj_icatmns of thesos iearning curvea i1t should be
remembered that in the assigned mansuvers the tighting of an optimum nurber
of indicator loEpe .wap ¢ssizbls. Figures 1k to 22 in Appendix 2 are dis-

cuasad beliow:

1%, Straight shoad, crulsing power, shows & fairly consietent
improvement through the third lesson, and a lsveling off thereafter. The
laveol of performance of the Zyperimenial Group 1s conaistently suporior to

that of the Control Groun.

Flgure 15, Straight akead, power off, showa a very olight upward rise,
but with consldersble fluctuation. The level of performance of the Experi-
mental Group ic consistently superilor to that of the Control Group.

16, left ciimbing turn, agaln shovs a very slight upward rise
with considerable fluctuatior apnd superiority to the Contrcl Group.

Maure 17, Right gliding turn, shows a rapid rise through the second
leason, followed by fluctuation at & superior leval which never drops to
the level of performance of the Control Group.
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Flgure 18, Steep left turn at sltitude, shoWs & fairly congistent rise ..
up to the seventh lesson, and a tendency to dreop off thersafter. The Control.

Group showe A rige between the first and second testa. The level of perform- ,;iﬁ
ance of the Experimental Group la superior to the best level of performance :ﬁﬁg

of the Control Group at the fourth, sixth, seventh, and eighth lesscns. With
the exception of the initial lsvel of performsnce, the Experimsntal Groupas .
showe supericrity to the initilal level o the Contro}l Group for every hour,

Flgure 19, Right climbing turn, shows & goneral rising %tendency, with
conslderabla fluctuation in the early teats, and iless fluctuatlion in the
later tests. Juperloricy to the Unntiol Group 18 indicated,

-

v

Figure 20, Left gilding turn, shows 2 steedy rise, with little fiuctua-
tion, and congistent supericrity to the Control Group after the first leason.
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Figure 23, Straight ahesd, climbing power, shows a consletent rise
through *the fourth %est and a allght Ar~p thereafter, followsd by s levelling
off. However, at no peint efter the inivial test doeos the leval of perform- L
ance of the Experimentel (roup foll below that of the Contrel Greoup. ’

Figure 22, Stevp right turn at altituds, ehows & wap'd rise through the
faecond lacgon, a drop, and wher & falrly consistent ries <heseafter. Agaln,
the Bxperimentai Grouap sbews guperior peolusmarce to the Control Group foliow-
ing the flraf: lescn.

1
4

g
5

1

lthough there ars aewsral embligulties lu theso data, che over -all pio-
ture seems to Indicatle that jearning taxas piac=. apd that the levole oF
performerce reached by the sahjucts in the Fxperimenta. Group ie in geaeral
supericr ta fhat of the subjecte In the Toatuws drsgp.

1,1

Y

T 43 o ;{.ﬁﬁ—‘iﬁ’h

1,5

[sarning sg irdicatod by Purformarde % Individual Unaselensd Maneuwers.
A A s :

The cerreaponding learning curre for {nllvidual unsssigred mAneuvers are 5
prasented in Mgures 2% {45 0 in Appencly 1.0 3ince, as notel previously, o
optimun performen~e in thy wnaas’eno’ mensuvers raguired that o amps he JEQ
1it, the Sower~ <ho plAnt on thade Corwog e Dattar tne lonlcavea perform- (o
ancs, - %
e

loepasction of $uene a0 va Laltlaton u odnwiderable dogres of Tiarlua- E

tien wiich renlers wifficul. lns aseq taining 28 any olisa- cul trendd.  Howe };
evar, the gonaral ‘ndizetilc s that Por o dxperlagenisl Sroup SMellowing Ens
thy Fourts or 30th perlol sivnnr a dowsmrd brend of the cwarve drog gensral %
leveling &F ~f worfomenes occurred o gl the persfoppaucs of thess L
experibienta, fubjesls appsBiu ¢ &0y Prosoti We Ro ghout e Iouvth oo £ifth it
perdod and thaon Ampe ived TUeRe ohovey g lmosrtant ginrew they cepredant =
o puselble indicat on of e cocefer o7 riitiay Puom Zeasavesrs in which ﬁ
apeclfic traiming Les Been giror o Mmpe. e towmprds vhich oo puch tralning s
hes benn BDRCiFically dicscterd Ly i pocusps signlfizarT An “bis lonnsctlion S
that tie perfoigante of experimensal =4 4+ i thegy unsesigned panevvors is ;;;
e e e ¢ e e e e e e e i
. A

Tdith the excer:.oy of +he foutewi, Iast inon tove Shs Zleld, and ihe . LV%

Final Approesch whicn ara digouesasc gapn yafe i

~




nit a8 megulvoecallly suporder to the porfermance of the Ccoteol Group as
#25 *he cags with the a3sigred menovvera  This may pechaps result from
the ract that the mean oumber of indicater lewpe 11t by both ocontrol and
srperimanial subjonts wae relaiavely omall

Learning s Tndicate’ ca tis Lunaeigned Maneuvers, Patiern, last turn
{:iv the Tlold ;. 5od Final approsch  The leamrning curwas for these wmeneuvers
are of particuier importencs in crunachicn with the problem 2f the inadvert-
ant etaii, gince 1Y 1e in theas maneuvers that luadvertent atalle are pavrti-
cularly despgerous: Tre curves Jor taage thres mancuvers ars prerented in
Figures 211 to ..

It 921 be notad that the levels of par’ormence of these thrse maneuvers
arm, lu gemeral, Inferior %o tha levela of parformances on the other unassigned
mAnauvara, the curves fov wilch sre shown in Filgures 23 to 30, although evi-
dsucs of improvamant fop thes Fapavimental droup 18 somswbat more clear

The ‘esrning cucve ¥~r che Pnotesra (Figura 11) ghows a stesdy decliine
and a javaling o7 at the =nil of b slic:zh sgean. Howavar, the jewvel of
Cooctormancs reathed 1y the suk o o the Exparamentsl Group does net iadj -
~Bte gupsciority to the Controy droaw

The lesarning curts for the Lasy turn into the field {Figure i2) pimi-
larly showa & ellght drop up to the ond of the sixth lsmacn. The leveling
off here seama to take place at ths ead of “the asventh lesson at a point
in between the two points of the Control Graup curve.

The learning curve for the Firmal apprcach {Figure 13) showns e very
conaletent downwarc trend, %c a point which is clearly superior to that
of the Control Greun .

On the basis of examimaticn of thszw curves there is aome indication
that the iraining ci7en tc sublects in the Fxperimental Group has posi-
tive tranafer valu~ to these thres nzneuvcrs whick may be regarded as
particularly importzat with respsct to safety. That ip, psrformance on
theae unagaigned maneuvere tended to improve throughout the training per-
1od despite the fact that apscific instruction in terms of these maneuvers
was not given. It should be nsi=d, however, that this improvement was not
as great as the lmprovement in terms of the moasuvers on which specific
training was given. Fxcept in the zaue of porformance during the final
approach it cannot be said unequivocally that the performance of the
Experimental Group at the end of traiuing was superior to the performance
of the Control Group.. Converss.y, however, fcllowing training the Expert-
mental Group cleariy was not iInferisr to tue Control Group, members of
which had hed considerably greaier 7flight experience than had members cof
the Experimental Group. y

Secandary Testing Resulfs. It will be recalled that in the case of
both experimental and control audjecta during the last flight hour an addi-
tional {or supplemsniary) test was administered. This test consiated of
having the subjects execute forced lendings, strange field landings, and a
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'Bign reading” tast. During sach .f these meneuvers, the check pilot re-
cordet the number of Ilemps 1it.

The results of thiaz teat were annivzed separmtely for esch mansuver
by the methods of enalyslas cf variance erd, In the inatance of forced
landings at 1000 feet, separately for the numbsx of iamps 1it above 500
Teet and the number of lampg 1it below S00 feat. The anelyses werse cerriled
“u* in accordance wlth the design pchemetically represented in Figure 1.
Variances dus to check pilot, plenea, groupe, first order interactions, and
the gecond order interactlon were damputed. In moet instences, the error
“erm used wes the within cell veriance. EBowever, in some instancea, the
avellsble data vere so dleproporticpal es not to permit thle type of anmsl-~
yo8ls.  Instead, the means were cumputsd for each cell, and the analysis
was daone in tenma of the meang. The errcr term uged 1n thise lnttor type of
analyele was the secopd order interacticn variance.

Table 1 presents the p~valuenm cobtained Ffrom the evaliuvation of ezxch
gourge of variation HExamiretico of this table indicetes that only in the
caae 07 the final epproach on the strangs fleld .anding was e aigoificant
group verimnce in performancs fovrad. Tuo thig instence, the Experimental
droup showed better performance; that ias, smaller mean number of lamps
«1t, than the Contrul Group. Ehaniqation of the direction of the differ-
ance between the means shdws thet ouil of the fourteen analyses, the Exper-
imsntal Group shows betiter mean reriormance in ten of the instences. The
genaral conciusion from theose data is that the obtained trend is in favor
of the Expsrimentai Croup. Ji mey be concluded that sither there is no
true difference Tetween the groups, or the trne difference is in favor of
the Experimental Group. Thke evidsnce doea not supply any bagis for believ-
log that the Control Group ls better ther the Experimental Group, aithough
the Control (roup coamisted of pilote considerably more geasoned than the
pliovis of the Experimental Group. ‘

t

DISCUSSION AMD CONCLUIIONS

From the data collectod in the course of this investigation, there is
avidence that ali of the three questione which the experiment was desigued
to angwer may be answered in the affirmative. Firsgt, the experiment indi{-
cated that the accuracy of atall perception can be improved by special train-
ing. Second, in guneral, the lsvel of performance reached on "assigned ma-
neuvers™ by the experimental subjects efter training was superior to the
performancs of conirel eublects having at least as much, and in general con-
siderably more, flight experience, tut no special training. Finally, thers
wae avidence, at least in regard tc performance in the Traffic Patterm, last
turno into the field, and Final approach, that tralning in "asslgned maneuvsza,”
posaibly through the operatlon »f r. transfar effect, improved performance in
"un=z8signed maneuvers” such ee tho three above, in terms of which epecial
training vas not given. Thls is particuvlarly important with reapect to theso
three maneuvete mentioned, which aro all executed at a low altituds, and ara
frequently sasoclated with accidents resuiting from an insdvertent stalil.
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With respect to the data gathered In the "secondary™ flight test,
although the Experimental Group proved significantly better than the
Control Group in terms of only one maneuver, exmmination of the differ-
ences in means indicated that for ten of the fourtsen analyses the Exper-
imental Group showed better mean perfurmencs than the Cantrel Group.
While these findings do not yield campletely unequivocal interpretations,
the evidence doese not supply any basis for believing that the performance
of the Control Group was superior to that of the Experimental Group, al-
though the Control Group consisted of more seasoned pillota.

In addition to the quantitative evidence, the miscellaneous cammente
made by subjects in the Expsrimental Group support the indications of ef-
fectivenese of the type of special training ir stall recognition which was

. employed. While, detalled records of thase cammentc were nct made, the

nature of the comments indicatsed that the eubjects quite generally were of
the opinion that a better "feel" of the plane, during slow flight or under
incipient stall conditions, was being obtainad, as well as greater confi-
dence in their ability.

It would appear, then, that the critical factor involved in the im-

- provement of performance of the Ixperimental Group, and their superiority

to the Control Group in the situations indicated, was the specialized -
training, involving the uese of the stail indicating apparatus, which was
amployed. With reference to this apparatus, ita caisf sdvantags might
soent t0 1lie in the "knowledge of results” which ites use provides.

Howover, two qualificatione of this point of view might be noted.
FMrat, the improvement svident in the Experimental Group might merely have
resulted from the increased familiarity with the piane gained by these sub-
Jects during the ten hours of training. Secomd, 1t could be argued that
ten hours of training, without uss of the siill indicating apparatus,
might have ylelded as effmctive results as were obtained in this experi-
ment.

Regarding the first ‘of these pointe, it 1s probably unguestionable
that increased famlliarity, pesr se, was responsible to some degree for the
improvement in performance. The Control Croup had, of course, more exper-
ience in planes comparable to ths ones uwsed, then had the Experimsntal
Group. Reverthslesz, the concentrated axperisnce in & glven plane obtained
in the course of thelr training vndoubtedly improved the performance of the
oxperimental subjects. The degree to which this famtliarity wae reaponaéblo
for their performance could not be determined in the present sxperiment.

8pa1torta Hote: This cuostion might have besn ansvered had the Coptrel
Oroup been given the game number of flight hours during the investigation as
was the Experimental Group, but without the apecial. stall training. Thie
additional elament of cuntroil was not, howersr, included in the design, in
part for reasons of econcay . However, control .sudjects all had more than
kO hours of experience as privace pilots, whereas srperimsntal subjJects had
a maximum of 5 houra experiente as private pllots.
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Regarding the second qualification, it may be questioned that ten
hours of atall tralning, without the uvse of the stall indicating appe-
ratue, would have proved as offective me did tnoe type of training used.
The ir-restigation of the accuracy of siall i'ecognition cited previocusly?9
indicated that in general even c¢lvilian insiructsrs were unable accurately
to Judge the point of the inciplent stzll, l.e., wers unable to recognize
vhen the plane was right "on the edge” of the stallisé coniition. This
would suggest that instructora, without relying on an indicator of the
type employed in this investigation, could not as adequately poilnt out
the algnificant cues, or as adequately give the student affective "knowl-
edge of resul}s" a3 wvhen such a stall indicator wvaa employed.

It might also be noted that the present investigetion does not provide
Informtion cacerning the avocific cues to which the expsrimental subjects
learned to respond and learnsd to discriminata during the courve of the
training. Thia ls clearly a problem for forther investigation.

In view cf the importanze cf the iuadvertent stall as a ceusative fmc-
tor in fatal light plane craashes, as indicated by the work of Briwhaell and
Franzen,10 and in view of the firdings as to the inadequacy of stall recog-
nition amcng typical pillots, as indicated by the Commitiee inveatigation
directed by Rulonll it ssems reseonable to raise the questlon as to whether
additional training in atall percepticn mighi not profitably be included in
the flight curriculum. Adthough the present Inveatigaticn indicates that
the type of training employed was relasively effective, aedditlonal research
dealigned to yileld iInforraiion -on the datellzi rature of cues involved in
stall perception appears Indicatsd. Resulta of such resesrch could be usod
effectively as a basle for outlining improved procedures for training in
stall recognition.

8(Continued ), designing the experimeni 1% wor assumed that the advan-
tege in terms of past sxrperisnce omong control subjects would more than bal-
ance the effect of the immedlate flight sxperience of experimental subjects,
and that therefore any suporiority of performance on the part of experimental
subJects could be attributed to their specisl trzining, rether than to imme-
diate flight oxperience pur pe. Unfortunctely there is nc esxpsrimental evi-
dence on this point.

SRulen, P. J. Op. cit-
100p. cit. {footnote 1).

1lRulon, P. J. Ibid.
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APPENDIT 1
OUILINE OF TRAINING PROCEDURES

Jeason 1. The instrustor will explain to the subJect {on the ground)
what be will he expextsdl %o do. When the ingtructar 18 certain that the
aub ject undsratands what la axpented of aim, the subject will fly the plune
and perform a sequance of maneuvers until ke and the inatructor are satis-
fied that the subject is sufficiently acquainted with thle particular piane

Preliminary research has indicated that the subject ia famiiler wita
ths eirplans by tho time aititude (2500 fwet) is reached.

(nce aititude 1s reached, & test will be given on all of the mansuvers
ligted ebove, ey in thet order. At thie time the studont will have hed no
instruction on the lamps, and the lamps will be connected only to the in-
structor®s elipboard, After the teet has been campleted, the followling proc-
cadure will be uged:

The lnstructor will firet demonsirate the use of the lamps on the dash-
board to the student, showing how he can determine the aungle of atteock by
pressing the button et the end of the sgtick. He will also explain that
ismp 4 generslly indicates the greatesi angle of attack bafore a gtall.

Iemp 5 48 energized efter it 1a tco lete to racover.

Exceptions have been noted to this, and should be peinted
out to the subject ag follows: I1n power-off mansuversa,
lemp 3 eeems to indloate the point immediately before the
atall, In ateep twms aill 5 lamps can be on without stali-
ing the plecs,

The ingtructor will, thsn, teii thr asubJect the foliowlng:

"Your task is to put the plc. o v (. attitude which will
energize all of the lamps ugr ¢o iha point whers the plane
atalls That will be lamp &, except in 2 cases. In power-
off maneuvers, you will try te light onumber 3. In eteep
turn, you will be aliowed te iight &}l 5 lemps. But you
muat not stall" I wilil demongirete sach maneuver for you
and you can prectice it twice. Ramamber, whan you want to
get knowledge of how you ars dcing, press the button on the
stick, and the lamps will be liighted. You should do thia
each tims you practice a maneuver. ”

Ho will then introduce each mansuver to the atudent by saying:

"Now, I am golng te demongtrate to you how to approach &
atall out of __ _» You %ill notdoe that wben lamp

1s 11t, I re recover, ‘80 that the plane doos not oamplafaxy
stall  Now you try to do the same thing.”

During vhie isseon, the imatructor wiil direct attention of the subject
to the chenglng sound of the wotnr ne vhe angle of atiack la increaesd. Tha

e
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pibrget Abowld pe reyulvwt Lo celwrn vernelly 20 any chEnges in ritelh oo
frtensity o Lhe zownds b= beara

The inpsrucarr «3.10 5at41 thes Ths avbooo mresa the buv-cn, awd -
Form ndmInll g €0 how e A7 LU oeap practize trall daring esch leszon.

After the subjlact has hed f-ucrgbtveted to bl, =no hee practltet tuica
al’l cf the maneuvsrg, the fagt w41- T2 -wpeated . At this time the ingtrus-
Per »ilL dlscoppect the Iamp, tear o Lidh hes boen visible to tho subject
Thim is dons by fitpping the spwitch from "teech™ to Yereminmlbiom.® The teat
will then be glven grectly ar belTor s

iesgon . Thle wil) be similur to Lesson 1 except in Iessons 2 through
20, the examlmation 1g given only 2. ths ord of the pericd. Aleo, in thege

essons each meneuver wlli. be demonstratsd once and the subJuct will be allcwasa
to ftractice 2t once mors

Durding leeson 2, amphaeize the ~ipual cues which are available end whlch
nrevids Information connerming the on-coming stall For erampia, nolut out
the ginking of the horizon ag he ovgls of attack ingrassws, and any other
visual nues which you belisve ars bslofui to the gubject to improve his per-
captton of the pre-stall atvtituds ¢f the alrplsns.

fne poynd chengen smphaadzad o Lesson 1 elpo should bs reviewed. The
aub Ject shoeuid be rewmlndel that itrne zbould mals freguent ues o the Lark cof
laups t0 check his Judgwent e he spproaches a stall, thowh be sbovid not
ksap the -button depreassd &1 thy ‘me. Howaver, he should use the lamps
juring eacn practice trial.

T

ant will te given st the ard o7 ke .sgeen aractly & prasceines

‘hg
SRECT

L}

teonwn 3. Thy cues of fsascra 7 oard 2 will be reviewel along with sm-
phesls on tactuel and kinesthetio cusa {tae feel) memociated with pre-stail
cunditiong . Uhs inatructcyr ehoutd dTrect the attection of the gubjsc: to
changes in vibration tkat he can feel and ba changes in pressure of varicus
paria of nig bhody as he appreacp»a 2 atsll.  Also, the ingtruetor will point
put how the plane responds lese to th?2 alisrons and rudder movemant. The
Ingtructor will point out hovy th2 reslgtance ip the controls is reduced and
that greater cOntrol movementg Are NsCEIAEYY. :

The tast procedure will be the pams ag that at the end of the procad-
ing lesscna. -

lessong &-10. 'Thees lessona will be devoted te the practica of pra-
stall mansuvers and demonatraticn by the instructor as often as he consideras
it advisable. He should aiso quiz the gubdject fram tlme to tims concerning
the cues used in detecting the pre-stall conditions. During the practice,
the subject shovld press the button ac the time oe helleves the plans is
as cloae to the stall as possivls.
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The order of vressntati~n of mensuvory snoald not be veried at any N
time, apd cnditicre should repsin 28 censtnnt as puseibls, axcept to
allow mors tlme betwesn maneuvasra 1o c&asy rup student appears to be 1ol

] -‘-“11.;.: W T,

Pt

ALY puwar-cn maneuvers wilk be pericors at crylging spest with the ]
sxeoption of gtraight ahsnd-clithing povar B
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APPENDIX 2 -

LRARNING CURVES FOR INDIVIODUAL ASSIGHEED AKD
UNASSIGNED MANEUVERS -

N
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