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2101 Constitution Avernue, Washington, D. C,
Division of Anthropology and Psychology

Committee on Aviation Ptyoﬁology

May 18, 1949

Dr. Dean R, Brimhall

Civil Aeronautics Adniniatration
Room 5217, Commerce Bullding
Washington 25, D, C.

Dear Dr. Brinhallt

The attached report, entitled Stall Recoznition in s Lizht &lrplane,
by P. J. Rulon, 1s submitted by the Committee on Aviatlon Psychology with
the recommendation that it be included in the aseries of Teohnical Reports
of the Division of Research, Civil Aeronsutios Administration,

The present report, concernmed with a study of the cues used by expert
pilots in the recognition of the inciplent stell, ils the third in a serlea
of re s on research in stall recognition and avoidance oonduoted by the
Educational Research Corporation under the direction of Dr, P. J, Rulom.
4As a result of the first study, which revealed consistent failure on the
part of student pilots, private pllots, and flight instructors in the de-
tection of pre~atall comditions in light aircraft, the Committee on Aviation
Payochology recompernded that "regulations be roumuhtod requiring the in-

stallation of approved stall warning devicee in all privete airplanes, pro- -

viding field tests demonstrate that available instruments can be adequately
maintained and function properly over an extended period.?

The results of the present investigation support that recommendation

- and suggest additlonal steps which might be taken to render more adequate

the indootrination of civilian pilots with respect to the problem of stall
recognition and avoidanoe. :

Cordially yours,

i%eha, Ehnirnan

Committes on Aviation Psychology
MSVimaf National Research Council
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EDITCRIAL FORERORD

N

Research on stall recognition and stall avoidsnoe has repressnted a
major astivity of the Committee on Aviation Payohology for the past two
years, Intersst in this problea developed, in large part, from a swvey
of CAA scoident reports and from systematio studies, by D. R, Brimhall and
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R, Fransen, which indicated that many accidents in light airaraft follow L
an inadvertent stall,l o

The first study in the series revealsd a marked inacouracy among flight "":;
instrugtors, private pilots, and student pilots in recognising the inoipient iy

stall.~ Supplementary analysis of data showed that such accuracy in stall
recognition as existed tended to be specific to the flight situation, In
other words, pilote who oan recognize the "edge of the stall" with relative
asoursoy in one mansuver or condition of flight fall to dg so when flying
under other canditions or when executing other xmaneuvers,.
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The purpose of the present study was to determina the specifioc ssnsory vh
cuss employed by experienced pilots in recognising the approach to the SR
stall.4 One important finding was that variation in the unifora rate of g
turn was used to a great axtent by experts in "calling® the inolplent etall P
in this maneuver. It was noted that this cue has received little attention er
in 1iterature generally read by the private pilct. . iy

' TEF

As & result of earlier studies referréd to above, the Comaittes on =t

Aviation Paychology recommended to the Cilvil Aeronsutics Administration Ehg

that "regulations be formmlated requiring the installation of approved stalle
warning devioces in all private airplamnes, providing that field tests demon~

strate that availebls instruments oan be sdequately maintained and funotion

properly over an extended period.' The results of the present study further
support this early recommendation, and it is again specifioally recommended =
that regulations be issued requiring the installation of some form of 1ift, -
stall, or angle-of-attack indicator in every liocensed private airplane,

Mo,
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lpransen, Raymond, & Brimhall, Dean R,

: » Washington, D,C,: OCAA Diviaion L

of Research, Report No, 77, May 1948, T
ZRulon, P, J. A : As? DULRACY G Zuition of the Inolpler 5
atall _in fepiliar and unfeailier clepes. Washington, D.C.i CAA Division 8
of Research, Report Ro. 74, Hovember 1947. ok
%ulon’ P. Ja ii?

1 ? w AT onanlp 0 11lohi O3 o) DAY 18008 AT 8. . :
ahington, D.C.: CAA Division of Research, Report No. 79, September 1948, ok
dhnotber experimental attack on this problem has been made through
studies of flight performance under conditions in which the pilot 4s deprived .
of the use of oertain sensory ocuss. The report on this investigation is in ks
preparation, h
g }'EE
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Acoompanying this primery recomsendation is the suggestion that a regu~-
lation calling for the installation and of a bell=bank indicator,
an airspesd indicator, a tachomster, and an alt may be considered as
an slternative to the requirement that a stall-werning device be installed
in all 1loensed private planes. Bowever, this is definitely pressnted as
a ssoondary recommendation, for consideration only if the situatios makes
it impossible to require the instalistion and msinienance of a stall-warning
device. It 1s to be noted that, apart from the problems involved in main-
taining four instruments, objections can be raised to the basio ‘ on
that the airspesd and ballebank instruments be coosidered primary
mzrg-mtato'hiohujorrofm should be made as a source of stall
cuss

‘include a more definite state- {

2. streas be placed during training upon the information that
oah be provided by instruments as a basis for 1
and appreciating the approach of stall oopditionl;md
3, the same emphasis be placed upou unifora rate of turn as
is already placed upon unifora angle of benk, uniform rate
of olimb and the like in the primary flight ourrioulwm, |
Thmmtmltipuonmoan&nﬂld under the auspioes of the
Committes on Aviation Psyochology by the Educationa) Ressarch Corporation,

under the direction of Dr. P, J. Rulon, Acknowledgment should also be mads

- 5Certain objections have been raised to the suggestion "that the airspeed |
and ball-bank indicator be oconsidered primary flying instrusents and ocontipually
twatobed’ by a student.® In this comnection it has besn pointed out tiat *The

» .
woar and tesr, this error is probably ten miles par hour, Sinoe in addition &
to this error, the stalling speed of an siroraft waries with the gross losding, _
the angle of bank, and the ecceleration induwoed by the appliostion of ‘up N
slevator,' the airspeed indicator must be considered a most unrelisble stall- |

apd eiteblishing sound basic flight techniques.” (Memcrandus to the Assistant
to the Adminigtrator for Research, CAA,) . .

Vb



to Mr, Leighton Collins and to Dr, David L, Webster who reviewesd a prelimin-
ary draft of the report and made many helpful suggestions. A final study in
the series, representing an evaluation of stall recovery proosdures employed
by expert pilota, 1s in progress,

Morris 8, Vitelea, Chairman

‘May 18, 1949 Comnittes on Aviation Psyshology
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The purpose of this atudy wvas to determine howv experiemved pilots

‘roooshin the stall approach oonditione of light airplanes in each of

ten prectiocal mansuvers. The questions. investigated were: (1) what
physioal cues does a oapable, experienced pilot utilize in recognizing
the approach of stall oconditions, begiluning with the first departure from
normal flight to the entry of the plane imto the mtallt and (2) what inm-
plications do these findingia have for ths instruction of stulent pilota?

Civilian flight inatruotors emplayed regularly as full-time teachers
at airfields in eastern Massachusetts were used as the "experienced and
competent pilots.” BSince previcus studies have revealed that there is
considerable variation in the performances of flight instructors with re-
spect to the evaluation of stall conditions in light alirplanes, 1t was
deemdd necessary to utilize a group of instruoctors wvhose performance in
recognizing and avoiding stall conditicns was definitely of a superior
charactar.l Consequently, 44 instructors were examined, and, of these, 22
with an above-average rating on the stall recognition test employed were
seoleoted for purposes of intervievw in flight and on the grourd.

The first phase of the study involved testing the stall resognition
rerformance of the &4 instructors. All inetructors were asked to fly as
closs as poesikle to the stall, without actually stalling the alrplans;
and furthermore, they were told that they would be rated on the closeness
vith which they were able to appromch the stall in each mepeuver.2 The
porformance of individual instructors was measured by an adaptation of a
coamercial stall-warning indicator, similar to that employed in previous
stall studies conducted by the Educetional Research Corporation and others.
The results of this exsmination were taken as an indication of the abilities
of the instruotors to recognite the imminence of etall conditions, and per-
formance on the test was used to pelsot instruoctors who vere particularly
adept at recognizing these conditions.

The 22 instructors with above-average performance on the stall recog-
nition test wers interviewed under controlled flight conditions. The pur-
pose of the interview was to secure the pilot's description of the physical
cues vhich he nsed tg recognire the approach of the stall in each of ten
practical maneuvers.J) During the interview, the pllot was asked to descride

1Bulcn, P. 7. A study of the aocc of rec tiop of the inoipient

n% in familiar end $nu planss. Wa , D.C.: CAA Division
Research, Report No. T4, November 1047. .

2o names of the nine meaneuvers utilized in the to-t:.ng prooodure are
1ieted o the oheck sheet, Exhibit III, page 13,

3These were: (1) streight ahesd -- olimbing power, (2) straight ahsad
~= gruising powor, (3) straight ahead -- power off, (i) streight ahead --
slow flight, (5) left climbing turn at constant ha.nk, (6) right olimbing
turn at constant bank, {7) lef% gliding twrn at constant bank, (8) right
gliding turn at constant bank, (9) steep left turnm at a.ltituio, and (10)
steep ripht turn at altitude.
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ths method whereby he detected the departurs from normal flight conditions
and the approach to the stall, Each pilet performed the ten maneuvars, in
sach case with coordinated ocontrols.4

During the serial interview each subject was asked to deaoribe and dem-
onstrate the cues he used in stall detection, If the cue proved to be defin-
itely recognizable and capeble of tranamission in teaching and demonstration
to the interviewer, it was accepted. If, however, the sxpert was unable to
desoribe definitely the cue or cues he was using or if the interviewsr could
not learn to sense the cue, the interviewer did not aoccept the crplangtion.5

All testing and interviewing were conduoted in & Piper J=3 airplane,
8ince previcus studies have revealed that pilota are more coneistent and ef-
fective in recognising atall conditions when flying & familiar airplane than
when flying an unfamiliar plane, all instructors who were not aoquainted with
the Piper J-3 were instruocted to familiarise thomselves with 1t befure being
tested. Thus, the investigation used as subjects experienced pllots with
above-average performances in recognizing stall conditions and who weres flying
a familiar plane,

The descriptions and demonstrations by the 22 experts were olassified
according to the physical sense used in the identification of the cues ==
hearing, seeing, and touch, These are summarized in this report under the
headings of ylsion, sudition, and kipesgthesig. Provision was alao made for
the desoription of composite evidence of stall approach, Stages from normal
f1light to the atall are described as they occur in a steady approach; and,
at each stage, the air apeed and the tachometer readings are presented.

It was found that at sach successive stage af departure from normal
flight oonditions in the direction of the stall, ocertain physical cues --
visual, auditory, kinesthetie -~ were utilized by the 22 subjeots. In gen-
eral, these cuess are fairly definite in character and ocan be discerned by
any capable student with some training and awarensss. The cues listed in
this report are definitely demonstrable. They ocan bs deseribed and demon-
strated by a flight instruotor t{o another pilot,

Perhaps the mopt striking finding of this study was the fact that the
experts did not rely very much upon the information provided by the airspeed
indicator and the tachometer, oven in those maneuvers in which these instru-
senta serve as aocurate stall indicators. As visual cuss, the pllote used
instead the apparent attitude and behavior of the nose and wings as svidenos
of the departure of the plane from a normal flight attitude,

Ancther major finding was the distinction between straight-ahead stalls
and stalls in turns, Apparently in straight~ahead mansuvers the moat easily '
visible and the most saslly teachable ous to the atall approach is ‘the air .

40therwise sn unruaomlily large task would be involved tn investigat-~
ing all of the possidble ways in which a stall could possibly occur.

51t 1s possible that the experts used cues they were not able to trans-
ait to the interviewer, oven with bis assistencs. Such cues would of course
be of little value in training the private pilet.

" S .
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spesd and the engine speed, both easily determined by instruments avallable to
the pilot. When the stall is spproached in a turn, however, ths air speed and
tachometer settings are not the same as in the straight-shead stall. However,
another cue is available. The experts reported that the stall approach is
signaled by "something going wrong with the turn.' Sometines this something
was a faltering of the nose of the airplane in its swing arcund the horlson;
sometimes the down wing would come up or go down. But the expected behaviar of
the airplane through the turn was disturbed, and thls was used by the experi as
a stall ouse, ;

An examination of the published material on primary flight disclosed that
neither of the available ocues 1s emphasized in the lnastruotlopal literature,.
As regards alr speed, there are treatments of 1ift and drag with speed, and
good expositions of stalling speeda under differing sets of conditions, but
Jittle or no suggestion that the ailrspeed indicator should be consulted when
there 1s a queation of pre-stall conditions in straight flight., Ae rogards
the turn, the "something golng wrong" with it in the stsll, there appears
nothing in the standard instructional literature which even proposes that the
nose of the alirplane should progress uniformly sround the horizon in atill
alr. Much 1s sald in this instructional literature about the deairabllity of
unifora angle of bank, uniform rate of olimb, uniform gliding speed, and so
on, but nothing could be found by the investigators concerning, much less emw

phasining, uniform rate of turn, or uniform sweep of the nose around the hor:lzon;

It is belleved that the findings of this study warrant the following
recommondations: : .

1, That ocnsideration be given to regulations requirinp, in all
licensed tralning and "prlvats" airplaness

a. the installatlion of some form of lift, stall, or
angle of atjack indicator and, (or possibly al-
ternatively®);

b. installation and maintenance of a ball-bank indi-
cator and proper malntenance of the airspeed in-
dicator, tachometer, and altimeter;

2. That CAA bulletins .be revised to include a more definite state-
ment of the physical cues which can be utilized by experienced
pllots in stall perception; ’

3. That in the training period, stress be placed upon the informa-
tion that ocan be provided by instruments as a basis for under-
standing and appreclating the approach of stall conditlone in
straight-ahead flight and

4. Tkat in the primary flight ourriculum the same emphasip be
placed upon uniform rate of turn (in still air) as is already
placed upor uniform angle of bank, uniform rate of olimb, and
the like,

6Particularly if it cannot be demonatrated that available stall warning
inetruments cen be maintained und function properly over a psriod of time,
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This study was undertaken to answer the following questions: (1) What ‘i
physical cuss do capsble, experienced pilota utilime in recognizing the ap= ¥
proach of stall oonditions? (2) What instruments of the light-plane pansl Jr
are post effective and useful for assisting the pilot in recognising these P
oonditions? (3) What implications do thess findings have for the inmstruction
of student pilots? _ ' S
Researches conducted undar the auspices of the Civil Aerconautios Ad- *4

ninistration and under the auspices of the Natlonal Research Council Com-
mittes on Aviation Psychology have already shown that student pllots, pri-
vate pilots, and flight instructars consistently fail to find the edge of
the stall in light airoraft, in both familiar and unfemiliar planes. The
present study sought, therefore, to inquire more deeply into the problem
and to ascertain what recognisable cues experienced pllots used in recog-.
nizing the atall approach, It was bellsved that only the most ocapable and
expsrienced pilots should be considered in this study, inassuch as previous

’

v, 2,
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studies had revealed that performance in recognizing pre~stall conditlons B
is highly variable and most unsatisfactory in the lower part of the rangs L
of performance. It was considered appropriate, also, to test and interview P
all subjects in a fagllisr plane, which had been equipped to provide instro- A
ment data to supplement information obtained in personal interview, ‘ .

INSTRUMENTATION OF THE AIRPLANG O
Before the present study could be wndertaken, & preliminary investiga- . -

tion wmas carried out to determine vhether an alrplane could be instrumented Sl
in such & marner as to meke posslble a controlled stwdy of the ability of PR
. pdlots to recognize and avold stalls, FExperimental installations on & e 4
trainer airplane were tested in flight; and after refinements in the indi- g
cator mechanism were effected, a satlsfactory stali-scoring system was de- ‘:-':3&‘5
ﬂlopod. . ‘,\L%b
~ The stell-warning device utilized in this investigation was similar to -
that desoribed in detall in CAA Repearch Report No. 74.~ However, important . TR
modifications were mads, - The original stall-verning device involved the use - 2
of five venes, installed in cne wing of the airplans, For purposes of this T
study, a sixth vane was adjusted to indicate the edge of the stall in a i+

stesp turn, and a aet of slx vanes vas installed in each wing of the air-

plane, The corresponding vanes on each wing, for exemple vane /1 in each T
’ - B

B

y acourscy ol recorplition ol the tnoln pI ‘1}:

8 .;7 Weshlngton, D.C.t CAA Division g
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wing, were wired in aeries by pairs so that it waas necessary for both.of the
correaponding vanes on the two winga to trigger before their lamp on the

clip=board was lighted.

This procedure was employed to reduce the possibil-

ity of & lamp coming on when ons vane was triggered by purely local turbulence,
as well as to render the instrumentation symmetrical with respect to bshavior

in turns,

The wiring diagram for the stall-warning device is presented in Figure 1,

The testing and interviewing reported in suoceeding sections of this re-
port were conducted in & Piper J-3 high wing, tandem monoplane, 65 H.P., CAA

deaignation NC41302,

This plane was equlpped with a sensitive altimeter, re-

liable (but not avcurately ocslibrated) airspeed indicator, tachometer, and the
speaial stall=gsarning installation.

SELECTING THE SUBJECTS TO BE EXAMINED

Ko specific requirement was established for the flight experience of
serve as smubjects. However, it was belleved for two reasons
should be inatruotors: (1) instruotors as a group should be
skillful in preclsion flying, end should also be in a position to explain ac-
ourately what 't.hay do in flight; and (2) the test performance would reveal the
degree of skill? poasessed by individual instructors and thus give sowe ides
whether or not tultion and explanation ware all they should be in such in-
structional personnel.

those who were to
that &ll subjects

No attenpt was made to eelect inatructors for the purpose of the initial

test on a random basis,

A letter was sent to all c¢ivillsn airfields in east-

ern Massachusatts inviting the management to cooperate in the inveastigation,

A copy of thie letter and the enclosed answer sheet are presented in Exhibit I,

In Bxhibit II is presented the reply made to those offering cooperation, Re-
plies were received from the following locations:

Addrens

Ayer, Mass,
Bedford, Mass. -
Beverly, Mass
Billerica, Mass.
Brockton, Mass,
Draout, Mass.
Filtohburg, Masgs.
Henover, Mass,
Lawrence, Masa.
Marlboro, Masa.
Millbury, Hass.
’ Mgss,

Rewburyport
No, Grafton, Mass,

KNorwood, Mass.
Revere, Mass.
Worocester, Mass.

Aipport

- Ayer NMunieipal
Lawrence G. Hanscom Fleld
Beverly
Shawsheen Pines
Broekton
Rlchardson
Fitohburg
Clark
Lawrence
Harlboro
¥indle
Plum Ieland
Grafton
Norwood Municipal
Revere
Norcaster

Mapager

Paul Buckingham
Clinton H. Sperry
Danlel Ginty
Russell D, Totman
Hat Treger
Charles B, Heed, Jr,
Joseph A, Lamothe
George Tillinghast
Joseph Mahonsy
Donald ¥V, Lacoupure
Robert Swenson
Warren §. Frothinghan
Joseph A, Ruseckas
John Phillips
Julius Goldman
Franois T. Fox

20nd fudgment, sines emch subjeot vas trying to get close to whatever

_ he meant by the stall,
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BXHIBIT I

EDUCATIORATL RESEARCH CORPORATIOR
40 Quincy Street
Cembridge, Massachusetts

Ty
5 April 1948 53;§
R
A
Dear & R
¥e intend to carry out a series of tests in the alr and on the ground ig
for the purposea of research under the auspices of the National Research “h
Counell Committee on Aviation Psychology. We therefore need a number of Vi
first-rate instructors to be tested, who would be hired at their normal Y
rates of fees, a
o
Such tests would be carried out elther st Bedford Airport or at yowr e
fleld or at some other airfield convenient for the pilots at times to be ol

erraaged to mutusl sdvantage.

We should therefore be most grafeful if you would kindly tell us the
number of inetructors et your field, 4&n answer sheet is enclosed, as well
88 a solf~addressed stamped envelope.

Wo shall look forward to hearing from you and contact you shortly
afterwards,

Yours sincerely,

EDUCAT1ORAL RESEARCH CORPORATIOR

By,
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EXEIBIT I (Enclosure)

- EDUCATIORAL RESEARCH CORPORATION
A 40 Quincy Street
v Cambridge, Massachusetts

5 April 1948
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% There are instructors working on thls fleld,
iz I have checked here to indicate that I should like to have

you send me more particulars mbout the research,
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EXHIBIT IX
EDUCATIONAL RESEARCH CORPORATIOR
40 Quiney Street
Canbridge, Maasachuaetts
17 April 198
Dear Sir:

Thenk you very much for your reply to our inguiry.

Our investigation peeks tc determine how and why pilots are able to
recognize tHe approach of a atall., Farlier atudies show that there are
appreciable differences between pilota' abilitles to do this (ref, P, J,
Rulon, A study of the accuracy of recognition of the inelpient stall in
familiar and unfamiliar planes, C. 4. 4.., Report No. 74, November 1947).
We therefore wish to discover why, and to find out how some pilots ars
able to do 1it. .

Our plan is to test a number of instructors and determine thelr
abilities to recognize stell characteristics and to fly as near to the
stall as possible without actually stelling in a number of maneuvers,
From these instructors, some will be selected for further employment,
and will be Interviewed to determine exavtly how they accomplish this
recognition,

We feel you realize the significance ol our inveatigation and the
contribution that it could make to the safety of flying in the future,
Ko hope that we can bring thls research to a successful conclusion and
make suitable recommendations that will improve training programa and
result in the eventual elimination of one of the dangers of private flying.

Thank you for your interest and cooperationm.
Yours sinceraly,

EDUCATIONAL RESEARCH CORPORATION
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CHARACTERISTICS OF SUBJECTS EXANIKED

The personal dats pertaining to the age and flight experience of the
inetructors who volunteered for the. investigation indicated definitely that
the group as a whole was well qunlified in terms of experience. All in-
structora were asked to state their age, the year 1n which their first solo
flight oocurred, the total number of flight hours, and the total number of
flight howrs logged 1n the 90-day period just previcus to the examination.
These data are summarized in the following paragraphs and in Tables 1, 2,
and 3 following.,

Age. With respect to age, the 44 instruotors ranged from 21 to 46

years. The average age was 28 years; the median age, 28.5 years. GComplete
data on the age of the 44 instructors examined are presented in
te

« With respect to flight experience in.

&
e

Ta
ros of total’

. FLight fxperience
numbsr of solo hours, there was oconsiderable variation among the members of

the group, At the lower extreme, three pllots had logged a tely 250
hours, while at the upper emd of the renge one pllot had logged a total of
8,200 aclo hours, For the group as a whole, the average number of hours of
flight experience wae 2,987.%5 hours; the msdian mmber, 2,750 hours., Ons
pillot first ecloed in 1928, and at the other extreme, another pilot scloed
ae recantly as 1946.

:

Hogre in Iaet 90 Days. The mmber of flying hours logged during the
90 daye just precedling the exnmination wee also determined. In eech case,
the instructor was asked to supply first, the totel mmber of flying hours
during this perlod in gl] types of planes, and seccndly, the total number
of flying hours in a plane of the same or similar model as t used during
the examination. As shotm in Table 3, the total mumber of hours
during the past 90 daye ranged from 1 to 350 in ell types of raft and
from 0 to 350 in a Piper J-3 trainer,

£

£3

THE. PRELIMIRARY EXAMIRATION

All subjecte were told of the genersl purpoge of the experiment and
wore asked to familiarize themselves with the Piper J-3 to be used during
the examination, In certain instances thie vas done by the instructors
actually flying the Piper tralner used in the experiment; in others, the
subjects obtained a similar model plane from thelir cwn or nearby airport
end practiced in advance of the examination. All of the subjects who had
not had extensive flying experience during the last 90 days in a Piper
trainer were anxious to prectice befora the examination and wore encouraged
to do so, The purpose of this procedure wes to make as nearly comparahble
as possible the results for all subjecta in the examination,

Nethed

The genaral purpese of the examination wms to provide a besis for se~'
leoting a group of the most capable instructors with respect to the recog-
nition of the stall conditioms in the test plane.
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DISTRIBUTION OF AGES OF THE FORTY~-FOUR
IRSTRUCTORS INITIALLY EXAMINED
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age

46
39
38
37
36
35
34
33
32
3
30
29
28
27
26
25
24
23
22
21
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S TABIE 2
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#le TOTAL FLIGET HOURS OF THE FORTY-FOUR

INSTRUGTORS INITIALLY EXAMINED

:
2

8,200 1 F¥A

7,000 b1 42 .
6,800 1l 41
5,800 1 40
5,400 1 39
o 55000 2 38
i 4,400 1 36
‘. 4,000 4 35
- 3,900 1 3
?:L 3,8& 1 30
{?' 3,500 P 29
, 34300 1 27
il‘:\ 3.” 4 26
i i 2,500 2 22
£ 2,100 1 20
= 2,000 1 19
pra 1,900 1 18
e lgsm b 17
I 1.500 6 16
i 1,400 1l 10
= 1,300 1 9
i 1,200 1l 8
p 1,000 2 7
800 2 5
250 3 3

Total FAA
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TABLE 3
NUMBER OF HOURS FLOWE DURING PAST NIRETY DAYS BY
THE FORTY-POUR INSTRUCTORS ISITIALLY EXAMINED
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A orm procedure was utilized during eaoh preliminary examination., The
omim:su in each case diacussed the nature of the experiment which was to be
sonducted, showed each subject the score sheet, end gave general directions.
Each subject was told that he would be scored on his nearest approach to the
stall, in each of the nine maneuvers listed on the score sheet, (See Exhibit
IiI.) He was warned by the examiner that he should not stall the plane, since
the purpose of the test was to indicate his ability to fly as close to the
of the stall as possible and to recover without actually stalling the plans.

During the first phase of the examination, the examinsr obtained the per-
sonal information on the age and f1ight experience of the subject, and assembled
his acore sheet, olip-board, and other equipment, :

The examines wap seated in the fromt seat of the airplame. This insured
that his vision outside the airoraft was unobstructed, The examiner was seated
in the rear seat and equipped with olip~board on which the indicator lampe and
check lista were fastensd, This method of seating also insured that the subjeot
414 not see how many laxpa were lit during the maneuvers.

During the flight the examiner was entirely nopcommittal. In no case did
he inform the subjeot of his performance, He @id not indicate how many vanes
bad been tripped, even when the subject stalled the aircraft, During the .
£light, the examinsr recorded opposite the appropriate mapsuver the mumber of
the lamp which indicated the closest approach to the stall, A4 further note was
made as to whether the subjeat made a safe recovery or whether the aircraft sub-
sequently atalled., A further note of the turbulence which was expsrienced during
the flight was also mede. :

Following the examination the subject was told that of the group being ex-
amined initially, a mumber would be selested for interviews, The subject was
not informed of his score, and no further explanations were mads at this jJuncture,

The preliminary examinations of the 44 instructors were ocarried ocut during
the period 26 April through 24 Mey 1948, Examinations were conducted at each of
the airfields listed on pege 2,

Results

The examiner's record sheets were collectsd at-the repearoh center at
Cambridge, Massachusetts, and here they were inspected and soored, and the
results of the examinations were complled and analysed.

ﬂgg:%n}_ml. The observation sheets wers mocred in the following
pamner:s (1) a value of 1 was assigned to each vams tripped, up to a maximum

Jir. Jobn Lindstroa served as examiner in this phase of the investigation,
His job as examiner did not require expert skill in flylng, but he was neverthe-

-less selected for the woark on the basis of his experience as & commsrcial pilot

and flight ingtruotor.

“The subjeot was not told what was meant by the sxpression, "actually stalle
ing the plane.” He was left to suppose that he was to get as cloas as posaible
to what he meant by the stall, '
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of 4 in all mansuvers except for the right and left steep turns at altitude;
(2) a maximmm of 5 was assigned to the right and left steep turns at slti-
tude; (3) when the pillot actuslly stalled the plane, ho was assigned a soors
of 1 less than the aaximum allowable for that maneuver, The maximum score
value of 4 in the case of all mansuvers oxcept the right and left steep turns
at altitude corresponds to the maximum rumber of lamps which can be lighted
in each mansuver before the airplane actually stalls. In the ceaass of the two
stesp turns at altitude, 5 vanes ocould be tripped without actually stalling
the plane. In all other maneuvera, howsver, the fifth light came on Just as

the airplans stalled.

Sooring when Subleet Stalled. The procedure of scoring the performance
when the subjeot actually stalled the airplane car be 1llustrated simply.
In the left olimbing turn, if the pilot 1it 4 lamps and did not stall the -
airplane, he was sssigned a score of 4 on that maneuver, If he 1it 5 lamps,
which indicated a stall, he was assigned a soore of 4 minus 1, or 3; that is,
1 less than the maxisum allowasble. The maximuz attainable scors on the nins
assigned maneuvers was tharefore 38: 4 for each of 7 maneuvers, and 5 each
for the remalning 2 maneuvers,

Soored on this besias, the performance of the 44 instructors ranged from
25 to 37, as shown in Table 4. The ayersge score for the group was approxie
nately 32; ths median scors, approximetely 33, Twenty-five of the 44 instruc-

tors received scores of 33 or above out of a possible 38, whereas only 3 re-
oeived & soors of less than 30,

TABIE 4 -
Distribution of Examination Soores
No. of Instrmetors at

s00re o, of Ingtructors and Below Fach Score
38 0 Lk,
37 1 L
36 2 43
35 5 Al
34 10 36
;g 7 26
9 19
31 3 10
30 A 7
29 1 3
28 0 2
27 1 2
26 0 1
25 1 1
Total FYA

;

Medien ~ 32.9



These scores were then amnlyzed with respect to number of maneuvers
performed perfectly as defined by the maximm nmumber of pointa allowed
in the scoring system. The distribution of total scores by maneuvers per-
formed perfectly is shown in Table 5, .

Distribution of Scores. From this table 1t will be noted that 25 in-
structors received maximum scores on 5 or more maneuvers, The average nume
ber of maneuvers performed perfectly, as here defined, was approximetely "
4.8, as was the medlan, Two subjects reccived the meximum score on 8 man-
euvers, one -of these subjects received the highest score assigned to any
nember of the group., This individual had logged approximately 8,000 hours
of solo flying time, A total of 7 instructors received maximm scores on 3
or less maneuvere, while orly 1 subject falled to receive a maximm score
on any mansuver, :

The ecore data were further amalyzed with respect to age and flight ex-

.perienne of the subjecta. These data ere summarized in Tables 6 through i1,

and are dlscussed briefly in the i‘olloaing paragraphs.,

W. There vas no discernible relationship between the
o instructors the scores received on the stall recognition test.
0f the 25 subjects who received a total sooré of 33 or above, the range in
sge was almost the maximum range in age for the entire group -- 22 to 39.
It may be of interest to note that ons of the youngest members of the

a subject, 22, received the second hiphest score, whereas the oldest a'ub-
Jeot, age 46, recelved the third lowest score, The date showm in Table 6,
bowever, are so inconclusive that it would have .been e highly questiona.ble
rrocedure to select instructors for interview on the baeis of age alone,

TABIE 5

NUMEER OF LAITMUVERS RECEIVIIG MAXIMUL! SCORE VALUE .
Il THE FLIGID EXAIIIATION

Instructors at and

Ho, of Maneuveys Yo, of Instrugtora Below Fach No.
9 . 0 4
8 2 &dy
7 6 42
6 6 36
5 .1 30
A 12 19
3 5 7
2 0 2
1 1 2
0 . , 1 1
Total 44
m - A.B
Madian - 4.8
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'TABLE 6
DISTRIBUTION OF SCORES BY AGES (F EXAMINEES

Age in Years

21 22 23 2k 25 26 27 28 29 30 31 32 33/36 37 38 39/46
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Digtridution by Flight Experience. Distributed according to total mm-
ber of solo fiying hours, the performance of the 44 inatruotors showed an
equally atriking variation. These data are presented in Tmdle 7. Despite
the fact that the lowest single score assigned was obtained by an instruc-
tor who had only 250-300 bours total flying time, and the highos: soore was
obtained by s 39-year-old instructor who had mare than 8,000 flight hours,
the general pattern of performance on the test was definitely not highly
related to0 the amount of solo flight howrs logged.

Tables 8 and 9 present a distriduticn of scores by number of fiying.
hours in all types of aircraft and gimilar aircreft during the 90 deys Just
preceding the examination. Although there is some degree of relationship
between the performance on the test snd number of hours spent in all types
of airorsft during the last 90 days, this relationship is not st all pro-
nounced .

Tables 10 and 11 present analypes of tie exmmination scores based on
the number of maneuvers receiving maximum scores. The method of scoring
dictated that the total score assigned sach individual was highly related
to the number of maneuvers on which the individual recsived the maxrimm
nwiber of goore points. This is phown in Table 10. A further amalyais of
relationship between number of maneuvers of maximm soore value and number
of solo hours of flight experience is shown in Table 1I.

Distridbution by Turbulsnce Comditions. ESince 1t was impossible to test
all subjecta under the same weather conditions, an effort was made %o esti-
mate the amount of turbulsnce which applisd during each sxamination. The
sxsminer established four categories of turbulence based on hie eatimate of
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the flying conditiona. The categories established were: (1) none, (2) slight, i

(3) noderets, (i) heavy. As indicated in Table 12, only two exeminations were
conducted under heavy turbulence conditions. Twelve of the 48 examinat{ons
wore conducted unier ideal conditions and 21 examinations under a moderate
degroe of turbulence. The highest score was mede under conditions of slight
turbulence, while the lowest score was made under similar copditions. The
other scores are distributed in such &8 manner as to indiocate that turbulence
114 not mwarkedly influence perfcrmance on the stall perception test.’

Generml Considerations. The data pregented in the preceding twelve
tables indicate generally that -examination methods were necessary to deter-
miny those instructors who were most capable with respect to the recognition
of stall conditionn, There was no reasan to asaume that a partionlar chromo-
logical age rangs could be defined as most indicative of capebility in this
respoct, but there is soms logical support for the asmmption that extensive
flight experience should result in same increese in the individual's perform-
ance in recognizdg stall conditions, These data, then, indicate very clearly
that & preliminary examimation of performance in recognizing stell conditions
was a necessary step in the investigation. )

SELECTION OF SWBJECTS FOR INTRRVIEW
The above analyasess of performance on the stall-recognition test yrovided

L
r g
P

the basis for selection of the subjectas to ba interviewed. IFollowing the com~ -
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BEOURS OF EXAMINEZRS
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250~-300-——
800
1000
1100
1300 -
300
1500 ‘
800
Q00
2000
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'DISTRIBUTION OF SCORES HY NIMBER OF FLIGHT HOWRS IV ALL TYFES o
OF AIRCRAFT DURING IAST NINSTY DAYS
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DISTRIBUIION OF SCORES BY MANEUVERS | B
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pletion of the preliminary exnmination, 1t was tentatively decided to inter=
view those sublects whose performance ves above the averapge or typical per-
formance of the group of 44 instruotors examined, It was asmmed that a
group of 22 subjeots would be sufficient for purposes of interview, and that
those subjeots who were mosi proflcient in the recognltion of stall condi-
tions, as determined by the test employed, would provide the moat adoquah
descriptions of physicsl ocues employed in stall perception,

The gronp of 22 subjeots ntilized in the interview procsdures was ge-
lected by a two=fold process, each related to ths other, btmt varying by the
penaltiog assigned to those subjects who went so far as to
plane, Those subjeots whuse scoraa were above average were first
tively selected, In order to elimimate any subject who made a high score
by frequently stalling the airplane, s secondary soreening was exployed,
Tmmdmmnshmmmummmmmu
close to the stall as poesible without actually entering into the stall.
These individuals were selectsd Ly identifying the subjects who performed
more than the average mmber of mansuvers at maximm score valus. The 22
subjects finally selocted were those who had not only scored highest in the
examination flight, but who also mopt comsistently lighted the maximum mums-
berofhminperfoningaatanapmohineaohmwu All subjscts
accepted for interview meivod a total score on the stall-recogniticn test

THE INTERVIERS
The interviews employed in this invesctigation involved two stages:

{1) a flight interview, during which the subject performed a series of ten
mnsuvers and described while in flight the phy=ical stimull he utiliced in
recognizing the stall, and (2) oonfirming interviows held on the ground af-
ter the flight performsnce. The general methodology employed in these inter-
views is described in peragraphs. A tean of Eduwoatlomal Research
Corporation interviewe flew with the selected “experts"™ and, on ocoasion,

eorved as a tesm in interviewlng subjects on the grounmd,

Ssleqtlon of hneuvers

The ten maneuvers employed were ulect-d because of their application
in flight inatruction and learning, All of these msneuvers are discussed
apeoifically in CAA bulletins and are taught in training progrems. The man~
euverg were: (1) straight ahead with olimbing power, (2) straight ahead with
cruising vower, (3) struight ahesd with power off, (4) straight ahead alow
flight, (5) left climbing turn ab constant benk, (6) right olimbing turn at
conatanthut,(?)hﬁglidingtmnataonatmm 8) right gliding turn
a:co::tanttnnk,(ﬂMpleftm'natalﬁm, ) right turn
&t 8}

Mr. Francls G. H. Sherman, Mr. Dooald H. Hunt, and Mr, Philip H, Wys,
Rach of thess warkers had bed many hundreds of bours of flight experience
and in addition had specialised In personnel work in his university studies,
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This study did not conelder “high-speed stalls,” This maneuver ia not
required by the CAA for private pilots, and furthermore, there seems to De
no reascn why any pilot should get into a high-speed stall unless he is do~
ing maneuvers not included 1n the CAA manual for privste pllots. The crossed
control stall was also excluded from thie study. This study was therefore
gonoerned with standard, practical meneuvers which all private pllots are
required to perfora and in which stall conditions may be approsched inad-
vertently in departures from normal flight conditlons,

inkorviews in the Alr
Befors the £1ight, each Mexpert” was informed of the gensral purpose
of the fiight, and what was expected of him, He was told to report to the
interviewer what he saw, heard, or felt in the approach to the stall in each
mansuver, and to answer any question whioh might be put to him by the inter-
viewer, He was requested to describe both his impressicna and resotions as
accurately as poassible,

During the flight interviews the expert was scated in the front seat,
in full view of all of the inatruments with which the plane was equipped.
These instruments were: a sensitive altimeter, tachometer, airspeed indica-
tor, ball~benk indicator, compass, oil pressure and temperature gauges, and
an acoeleromster, The subject was given no sdvanced inatructions ooncsrning
the possible use of inatruments, He was told merely to proosed in each
mansuver with a constant throttle setiing f.rog normal flight to the very edge
af the stall, &s directed by the interviewer.® HNo restriction or suggestion
was made concerning the possible use of instruments,

During the departure from normal flight, the interviewer observed the
subject's performance and checked it againat the lamp indicators and the
othar instruments installed in the plans. The subject dssoribed the pensory
stimull employed in,recognising the approach of stall conditlons, and these
wers checked by the interviewer, both with and without the lamp indicators,
All atimuli which could be communicated by demonstration to the interviewer
were accepted as valid, That 1s, when the subj)ect oould desoribe a oharac-
teristio of the plans in the approach to the stall and when thia ocould be
oonfirmed by the interviewer, then the explanation was accepted and recorded,

The interview conditions were specifically designed to prevent the sub-
jeot from having access Lo the infarmation provided by the stall~warning in-
dicator, It was deemed eapecially important that the subject oould describe
and demonstrate the warning signals he experienced without the use of this
device, for one purpose of the investigation was to determine what informa-
tion jg avallable to a pilot when such a spscial instrument 1s not.
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6an advance of throttle setting was required immediately before all olimb~
ing maneuvers., This was standard practice at the sirports where the interviews
were conduoted,

TCues not transnissible to our interviewers would not be readily tranemis-
sible to a student pilot and therefore would not bave much value in the curriou-
lum for the private pilot.
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. Pollowing the completion of the first eight intervisws, charts or cbeck
lists of cues which the eight experts used were preparsd on the basis of the
flight demonstrations and discusaions of the aerial interviews. These pre-
liminary charts were then flight tested by the stalf of lnterviewers. Sev-
eral correcticnas were made in the cass of cues which were not quite definite,
and the cbservations of the airspsed indicator and tachamoter were confirmed
and added. (The data given by these two instruments were not cbtained froa
the expert pllots. They were determined by the interviewing staff, and wore
observed and checksd during succeeding interviews.)

Revision of the preliminary lista of cues proooaded through the Iirst
14 interviews. The preliminary lists were reviged, corrected, and additions
were made until, at the epd of 14 intervievs, e point was reached where no
significant corrections or additions were made to the lisgt. All of the cues
provided by the remaining 8 subJjects wers classifisd in the reviged list.
Thus the test of whether more interviews were nesded wap whether additional
interviews sdded any information or types of cues. That the lagt 8 intervievs
fitted into the pattern derived from the firat 14 showed that the point of
diminishing returns was reachsd and pafely exceeded.

’

Interviews on the Groumd

The aerial interviews were pupplemented by interviews on the ground,
with all availlable peraonnel taking part. The individual flight was discusped
thoroughly, and confirmation of questionable points was secured or, failing
confimmation, was deleted from the tables of acceptable clues. In this war,
aerial observations were substantisted under unhurried circumstances. Usually,
the subjecta were Quite willing to enlarge upon their feelings and to describe
them more adequately. These interviews were not all recorded, but sufficient
notes were made in all cages to enable the interviewers to make adequate cor-
rections and additionad to the list of cuea.

On six occasions, discussion of observetions was lnvited from other in-~
structors who hal teken the preliminary examination but had not been selected
for interview purposes. These instructors happensd to be present when subjocta
wvere being interviewed and showed conaiderabls interest In belng asked to glve
corrocboration from their own experience.B

SThe interviews in the air and on the ground took place at the following
alrporte:
: Alr Ground

Beverly

Shawaheen Pines (Billerica)
Bolton

Brockton

Richardson (Dracut)
Fitochburg

‘Rorwood Municlipal

Fium Island (Rewburyport)
Revore

Worcegter
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II. RESUNS

The information obtained in the interviews is presented in this report
in the form of wmmary charts. The ten oharts, one for each of the tenh ma-
neuvers employed in the investigation, are designed to permit a pllot to
familiarize himgelf fully with the sensory cues that may be encountered when
ho departs from normal flight in the direction of the atall. Instrument real-
ings are incluled for each successive stage of departure from normal flight,
as the stage is indicated by the number of lamps lighted on the stall-warning
indicator. The. instrument data pertain only to the Piper J-3 airplane used
1n the investigation, but the indications are clear enough to enable pilota
to recognire dangers 1n sinih.r light aircraft.

In these oharta, the physical cues are grouped accerding to the headings

; Avdition, Kinesthesia, and Camposite. The Composite category repre-
sents performance which involves more than one of the primary genses and per-

tains particularly to conditions which are doaoriptin of the airplane rether
than of experiences of the pilot.

These charts may be reald as follows: the first colusn labeled Lights
ranging from O through 5 inlicates successive stages of departure fram normal
flight toward stall oonditions in terms of the wanse installation. The corres-
ponding values for the airspeed and tachometer realdings are presented opposite.
In the ¢olumns devoted to the physical cues, certain cues are followed by a

mmber in parentheses. This munber corresponds to an explamatory note follow-
ing the chart.

Geners) Congidergtiony

It will Do . seen from thepe charts that in all mansuvers there is the ex-
pected decrease in r.p.m. and airspsed readings, as the airplane departs from
normal flight and approaches the stall.

In power-on maneuvers, the r.p.m. decrease¢s in an approach to the stall
vith a given throttle setting. Consequently, there 1s an increased laboring
of the engine whioch, in turn, partly causes an inoreased vibrution of the alr-
craft. Amount of vibration varies with each airoreft, and it appears that the
amount that is characteristic of an individual aircreft at the pOint of stall-
ing can be detormined cnly froum exporionno with 1t.

Tor the testing airoraft, it was found that for all maneuvers the indicated
stalling spesd varied betwesn 28 miles per hour for straight-ahead maneuvers and
37 milee per hour in the gteep left turn. The rgted atalling spesd {at stand-
ard temperature of %9° F.) ia 38 miles per howr.” The Adisorepancy betwesn
theee indlcated stalling speede and the gjeeds called for by the mamufacturer
is partly dus to differences among maneuvers, and partly duwe to faulty call-
bration of the airspeed indicator employed in this study. The indicator used
repeaied its readings very well, alvays giving the same reading under the

s'P:I.]'ao:- Aircraft Corporation, Piper J-3 Owner's Menual, p. 47. Our alr-
speed meter was reliable, but was not aocourately Galitrated.
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same conditions, mo that it ‘cor.d be depended upon, once the pllot learned
what a given indicated air speed meant in terms of the plane's behavior,

All of the oues reported in Charte I through X refer to stesdy stall

. approaches with coordinated controls and with the trim tad in cruise po-

sition. It was found by experimwent that uncoordination of conirols caused
the lamps to be brought on earlier that in ocordinated maneuvers at the
sane airspeed readings. Therefore, on all occasions, pilota were requested
to fly with coordinsted controls in an attempt to obtain results under com-
parable conditions. -

The results of thege interviews demonstrate clearly that recognition of
stall conditions is an exceedingly camplex behavior. Not only are visual,
anlitory, and kineasthetic clues utilized et various stages of departure from
normal flight, but also certain camplex hehaviors -- here described as com-
posite because they cannot be readily descoribed as being predaminately depend-
ent on one of these senses -- are also important. There was in this etudy
no attempt {o determine the relative importancs of these clues in any mensuver
or at any stage of departure from normal flight conditions. A olue is import-
ant vhen a pilot deteots 1t and wses it, and different pilots may detect dif-
ferent clues, even though all are available. The present gtudy provides a
comprehensive list of the physical olues which do occur for use in detectiing
and avolding stall oconditions. KNo one pilot will use more than a few of thesse
clues -- it meems logical to assume that a pilot begins to depend upon thoee
cues which he has been taught or which through experience he learns will aid
in avoiding stall conditions. The present sumary, therefore, dces not deal
with the.frequency with which each clue was utilized by the 22 subJecte; it
does deal with the over-all set of clues from which expert pilots choose the
ones they use.

While the preceding chertg are sssentially symiaries in themselves, it

may be useful here to consider the saveral meneuvers again, and in the prea-

ent summary to discuss briefly the physical clues which might be used by pi-
lots in detecting the approach of atall conditicns.

The Streight Ahead Maneuvers

Straight Ahead -- Climbing Power. Deviations from the straight ahead
norme) clixb first menifest themselves in inclination of the nose and wings
of the plane above normal climbing position, in a laboring engine, and in re-
sistance to back pressure on the gtick. This is accampanied by vibration in
the stick and body of the plane and in the need for application of right ruvd-
der to maintaih direction. As the plane increases its deviation from normal
flying attitude, there is a more pronounced leboring of the engine and consid-
erable vibretion in the stick ani body of the plane. The rate of climb de-
orsases, but this may be imperceptible unless the plane 1s equipped with a
rate-of -climb indicator, or unless the pilot glances repeatedly at the altim--
eter. In the advanced stages of the stall, the climb stopa, the altimster
remaine constant, and the nose may drop slightly. At this etage, the pilot
foels a slight "sinking feeling."
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The urdformity with which the expert pilota reported this "sinking feel-
ing" pointas up one of tha diffioulties in investizating the use of clues. The
man on the street may never have exparienced anything which he'desoribes as &
Uainking feeling™" unless he has ridden on & high-speed elevator in a tall
building. Hia idea of & "sinking feeling" may be his sensation when discharged
from a job or served a summons. To the reader who haen't ridden through a
stall end hasn't ridded a high-epeed elevator, it can only be sald that when
he does, he will soon or late come to agree with others that he feels something
at the tipe of downward socelersticn which others have called & "sinking feel-
ing." The interviewers learned to report the feeling whenever the expert re-
ported it, and this secmed an adequate test of the feellng as a olus, '

At stage 4, where the climb atops, the altimeter remains constant, and
the under-surface of the wing is presented to the air in an exaggerated angle
of attack, Apparently, f£light will continuve indefinitely in this positionm,
as long as the sirplane ¢en maintain an air speed at least as great as the
moter indicated as 30 miles per hour, However, when the airplane slov.s down
to about 2 miles per hour less, there is loss of altitude, the nose drops,
and the engine beginas to qulet down immedistesly. This is accompanied by a
pronctunoed "sinking foeling® by the pllot, and a decreased resistance to
baock pressure on the stick,

== « The penpory ouss which appeared when
flying straight ahead climbing powsr (see above) bagin to manifest themaelves
in much the seme manner in this mansuver, The airplane gradually assumes the
same flying attitude ae that which pertains in the atraight ahead olimbing
power mansuver, At the point of stgll, the position of the airplans in both
pansuvers is almost identlical, and the senacry clues in the later stages of
departure from the normal flight attiiude are quite similar. At the atall,
the airspeed indicator reada "28" as in the preceding mansuver,

Sirajiecht Ahead-- Powep Qff. When the stall was approached slowly in the
experimental alrplans, & "clean break" into the atall wes not evident, The
nose began to sag at 3 lights, 38 m.p.h. indicated alrspead, but when speed
increased with nose down, the nose came back up., Posaibly the limita of
elevator travel were such as to prevent the stall in thie situation. At 4
lighte, use of allerone would sometimes precipitate the stall, And all con-
trola were "aloppy" at this point, HNote that & red mark on the "30" of the
airspeod indicetor would have kept the pllot out of the stall in the first
two ~- (1,e., power-on) maneuvers, but with powsr off the nose would drop before
the airspeed hand got down to 30, This difference may signal a defect in the
airspeed indlcator, but in any case 1% pignalas the 0ld warning not to expeot
the nose to drop et a predetermined airspesd reading.

-

an 910 + The gensory indications that ecmething
is wrong in this maneuver are almost identiocal with those descoribed above
under stiraight ahead ocruising powsr, oxcept that the maneuver etarted right
out at an abmormal attitude, which wasn't part of the stall approach proper,
The nose of the plane tends to turn left, the engine labors, and thers is re-
sistance to back pressure on the stiok,lb whioh im ecoompanied slso by vibra-
tion of the whols airplans and wobbling of the wings, The plane itae)f Dbegins

.107he airplans wab trimied for cruise.
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to settle and assumes a position similar to that indicative of the stall in

straight ahead olimbing power and orulaing power maneuversa., The alrspeed
moter repeats its roadingg at successive approaches, end could be used as a
stall warning indieator.

Siraight Abead -- Supmary. In the straight ahead stall approaches, the
cuss whioch were used throughout were the "sinking feeling," and the sloppiness
of the controls when the edge of the stall was reachsd. A sllight éropping of
the nose or a wobble of the wings or a loss of altitude were noted by soms ex-
perta, but these were not regarded as dependable., The one instrument on the

. alrplane which would have labeled the edge of the stall dependably was not

used by the expert pilote; 1.,e., the airspeed indlcetor, Posaibly these ex-
perienced pllots were aware of the many sericus limitatione of the airspeed
indicator as a stalle=warning device. But one would think they should have
learned 1ts limitations and how to interpret it in thess mepeuverg. Instead,
they had become expert at getiing along without the airspeed indivcator, ’

auv

ot imbing )8 stant Bank., In this meneuver and in its twin =-
the right olimbing turn, the experts use the faltering or stopping of the turn
a3 the indication of stall imminence. At the edge of the stall the turn stops,
the down wing starts to come up, and the pilot reports a "sinking feeling® and

' & "sloppinesa® of the oontrols. Before the edge of the stall, howsver, the

experts have difficulty in divercing their expert mansgemert from the airplane
behavior they are watching, At 2 lights (45 m.p.h.) they oall attentlon to
the tendency of the airplane to inecrease its rate of turn and in the inter-

view they say this 1s due to torque effect, With climbing power, they correctly

polnt out, the nose of the sirplane tends to turn left. They fall to remark
that allowing it to do 8o would result in an uncoordinatefl turn, albeit a
faster one, and these experts are supposed to make nostly well-coordinated
turns. It 1s known that in a coordimsted turn (torque effect nil) the turn
speeds up when the airapeed deoreases, other things being equsl, Apparently
cur experts are more consclous of torque effect in a climb than they are of
the turn-rate at varylng airspeeds, even though they correctly employ the fal-
tering of the turn as the indication of stall imminence.

Right Climbipg Turn @ etent Bank. - The behavior of the airplane in
the right climbing turn at occnstant benk 1s quite similar to that in the left
olimbing turn at constant bank, There 1s, however, a difference with respect
to the alrspeed reading at successive stages in approaching the atall., This
pay be accounted for by the effect of torque, which may not have been properly
corrected, as well as by the asymmetry in pitot mounting, in the vane instel-
lation, and in the ‘patural tendencies of the airplane itaslf. In the left
oliabing turn, the rate of turn tended to increase before it decreased, wheress
in the right ¢llmbing turn there was a steady dscrease of turn rate until the
turn stopped at the edge of the stall, Apperently the climbing turn is a com=
plicated business, aerodynamically. But in either direction, the faltering of
the turn is a signal that the atall ocomes next.

‘ C « Bere agaln the stal] 1s aignalled
by & atopping of the turn, Two of the cluess which the unskilled pilot may
rely on are missing: the drop of the nose at the stall, and the sloppiness

11rhat 1s, under the conditlons of this experiment.
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of the elevator onntrol, The stick oontimuies to resist back
up to the stall, and the nose did not drop, ir the usual sense of ,
Of course, by comparison with what the nose is suppoeed to do in a twr
nanely continue’ to sweep around the horizon -- the stopping -
& ™dropping® of the nose, But the pilat reporte this s ‘s stopping %
turn., And perhaps the student pilot should be taught in these terms -- the %
stopping of the turn, rather than the relative dr ng of the noes, unless i
the "dropping" 1s teught to include the “drop" which is the falterlng of the - ‘§
turn, ' RS
L
Right GAidiog Turp ab Gonstant Bank. FPlight oharacteristios and sem- <
pory cues in this maneuver are quite similar to those 4n the left gliding o
turn at constant bank. Hers, however, as in previous twrns, the airspeed e ke
indiocations at the advanced stages are somewhat lower faor the left tiwrn N
than for the right turn. In the left gliding turn, 4 lamps are 1it at 34 =
milee per hour {indicated), whereas in the right gliding turn, the 4 lamps L
are 1lit at 36 niles per hour, Bince the airspesd indicator was read from Y
a single pitet tube on one wing, and since perfect symmetry in the two-
wing vane system could not be assured, these differsnces may be dus to the :g
instrumentation, rather than tc sotual differences in the behavior of the B
alrplans, As in ths cane of the left gliding turn, the turn stops at the Bt
stall in the right gliding twrn. The turn may be contimued by the use of by
uncoordinated controls, but of courss this iz the wethod of choloe for pre- THE,
oipitating the etall, Again the stick still resists beck pressure and the %g
nose does not drop (in the usual sense) at the edge of the stall, and a pilot .
waiting for these cues will stall while waiting. When something goes wrong - i
with the gliding turn -- the turn falters or a wing starts up -~ the expert 3
pilot domsn't wait for back preasurs tc decreasse on the stiok or for the .
noss to "drop," . ; %
Steen Left Turp gb Altitude, FHere again the signal far the stall is )
the stopping of the turn. The noss does not "drop" in the usual sense, ¥
and resistance to bavk pressure on the atick does not decrease until right a8
at the edge of ths stall, - L
Steep Right Turn at Altitude. Similar behavior characteristics are L
exhibited during the stall approsch in the steep right tuwrn at altitude,
There is some question about the rate of tura in ths early stages of the .%’
stall approach, but no guestion of the stopping of the turn at the stall. ffg
What 1s a drop of the nose in a straight ahead stall with power on is bere &
a stopping of the turn) relatiyve to what the nose does in contimued normal '5;
flight, it drope awsy from the pilot, A
Iurnipg Napsuvers -- Cugpary. In all furning sameuvers the stall 1s : }
vpignalled by "samething going wrong with the turn.,” The turn falters or stops o
oompletely or a wing comes up and the expected relation between angle of bank &
and rate of turn is destroyed. Other cues depsnd upon the mansuver, Qr,}
) : - :si'?{.‘
Tables 13, 14, and 15 following give aowe idea of what the student '
pilot faces if he essays to learn the meny olues used by expert pilots in P
’ L
i, ol
N e
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detecting departure fron normal £1ight in the direction of a stall approssh,
T These tables summarise the sensory cues for saoh successive lsvel of depar-
PR ture from normal flight oonditions in each of the ten meneuvers, KEach tabla

is disocuseed triefly in the following paragraphs.

Yigugl Cues. The scatter of X's in Table 13 shows how the visual cuss
indicative of departure from normal flight attitudes differ with different
mensuvers. Lighting one or two lampe does not indicats a serious departures
from normal flight, but referring only to the part of the table which deals
with 3, 4, and 5 lamps 1it, it will be noted that & given visual clue ls used
in ope maneuver and not in another, and the amount of learning which would be
required to master the connections between visual cuos and maneuvers must be
tremendous. The experts must be expert indeed. And it must appear question-
abls whether the airplane will ever be an every-day vehicle if a mastery of
the linkages in Table 13 is a prerequisite to its safe operation. And yet
these are the visual clues to assign for the student pillot to learn and for
the private pilot to use, The ope uniform clue 1n all straight ahead maneu-
vers -~ namely airspeed == is withheld from the student by most instructorsl?
and the use of the airspeed meter in teaching stalls is not emphasived in the
standard instruotional literature. The one uniform clus for turning mansuvers
-~ pamely the stopping of the turn -~ is rot emphasized in the standard in-
struoctional literature, and most instructors do not emphasize with their :
students that the turn rate is supposed tc be uniform, even though these in-
structors fully realize this and employ it in their own flying,

mm_mﬁ. Table 14, for avdltory ocues, shows the same soatter of

. X's as was seen the 'preceding table, The table is smaller,, showing that
auditory cues are not much used by our expert pilots. And the student pilot
might learn Table 14 easier than the preceding table, but its contents would
not be much proteotion to him in stall recognition, because of the pancity
of oluss at the 3=, 4~, or S5-lamp stagea. : :

Apparently the student or private pilot listening for sounds of stall
_ warning will do well to watch while listening: watch the airspesd indicator
% in straight maneuvers, and watch the turn in turns. Or atill better, have
- an instrument without the limitations of the air speed indloator,

> Einsgtbetic Cuseg. Tabla 15, for kimesthetlic cues, shows the seme widely
scattering I's as in Table 13 for visual cues. The expert pilots report many
, visual and kinesthetio cues. compared to the number of auditory cuss employed.
S But in Table 15 the part concerning 3, 4, and 5 lamps shows very wide moatter
of numerous I's, and there appears nct one kinesthetic cue which is a depend-
able indicator of stall lmminence at the /- or 5-lamp stage. Indeed, the cues
soenr highly speclalized: each useful in some situations and not in others.
Surely learning to recognize the stall approach "by the seat of the panta® is
an onercus undertaking., '
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121t 1s of consideradle significance that the 22 subjects interviswed in
this investigation did not rely on airspeed indicator and tachometer resdings.
. ' These instruments provide information which can be obtained by seeing and in-
y : terpreting the readings that would prove to be most helpful in deteoting the
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R 8, Turn elows down 8 0 0 0 X X 0 X X
9. XNoas rooks up and down 0 ¢ 0 0 0 0 X X O
; 10, Propeller seens to slow o
(O - down ¢ 0 6 o0 0 0 X I O
A _Loops _
1. HRate of olimb stops; alti- .o
: meter remains constant X ¢ o 0o 0 0 0 0 O
2, HNose may drop slightly X o 0 0 0O O O g ©
3. 8light loss of altitude c X 0 0 X X 0 o 0O
4. Wings may wobble 0 0 X 0 0 0 0 0 O
AR : 5. Ho definite dropping of ‘
S nose 0O 0 X 0 0 0 X x O
S . 6. Hose may swing to left
o appreaiably and drop o 0 0 X 0 0 ¢ 0 O
L 7. Wings continue to wobble 0 o0 0 X-0 0 O O O
2 8. Continued loss of altitude . _
T : . at -increasing rate O 0o 0O X O O 0 0 O
ke 9., Turn stops 0O ¢ 0 ¢ X X X X 0
- 10. One wing starts to eome up 06 0 0o 0 X X X X O
FSEE 11, Constant less of altitude |
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S 12, Twurn continues to slow down 0O 0 o 0 0 O O O X
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1. Loss of altitude X 0 0 0 0 0 0 0 O
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% 2 Lamps |
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+ . 1. Slipstream npoise at
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N 2, Increased lsboring of
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; 1. Rolling sound of buffeting ~ 0 0 0 O 0 0 X X 0 O

1, Engine pesms to quiet down ’

i immodiately before the stall X X O 0 0 ©0 ©0 ©0 O O
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TABIE 15 (Contlmead)

SUMNARY OF KINESTHETIC CGES
Appliogble 19 thece Nansuvers

lagpe 14y __ Cug
3 Lampe (Coptinued)

Sometimes feeling that air-
araft settles andl sinks

" 8. Definite resistance to
back pressure on estick
& - 1. Slight sinking feeling
2. BSinking feeling
: 3. BElevator and rudder reslst-
i anoe less than in cruise
" poaition _ '
& 4. Controls sloppy
= 5. Rudders offer little
.. resistance
. 6. Consldersble vibratlon
B 7. Resistance to controls
. deocreases notlceably
5 8. Alrcoraft sbudders
5 * 9. Steady resistance to
S batk pressure on stieck
£ 5 _Lanpg
& 1. Sinking feeling more pro-
i nounced
i 2. Resistance to back pressure
o on stick deereases repidly
4 at eodge of the stall
‘ 3. Vibration sesms to lessen
F right at edge of stall
- 4. BStrong resistance to batk
- “pressurs on atick
f 5.  Alroraft shudders
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Composite Cuen. GSome of the experts used tha exrperimentel approach
to detormine the imminonce of the stall. That is, they applied elevator
{or some other) control amd watched to gee whether the airplane responded.
Or they pressed on the rudder o see how assily it yielded. Or they gave
particular attention to what corrections were necegsary to keep the air-
plene flying as desirable; e.g., the amount of torque correction nevessary.
All these complex actione have been grouped together under "Composite Cues."”
Table 16 shows how they scatter emcng the maneuvera. At the 4- and 5-lamp
steges the two cues which apply throughout are (a) ocne or more controls
{alleron, elsvator, or ridder) become “mushy” or "slopny,” ylelding with
considerable moticn to reletively light pragsure exerted by the pilot;
(b) the airplane fails to respond in the usual manner to control applica-
tion. Which control is to be watohed varies with the maneuver. Furthermore,
1t camnot be regarded as safe to propose that unskilled pilots experiment with
the controls in a situwation where the stall ie thought imminemt, for any one
of the three controls may precipitate the st2l) in one or another situatiom.
The only single recommordation for ths Sunday pilot from the get of cnes as
a whole 1a: when any oantrol falls to offer resistence to movement {gets

“mughy”), or the airplane falla to res normally to any control, domn't
expariment; start a ‘ ' :

ITI. IMPLICATIORS AND REC OMMENDATIONS

Cuss from Instrumenta. It was noted in Charte I through IV that the con-
ditions which give risc to most of the visusl, auwditory, and kinssthetic cuea
reported by the expert pilots can be predicted fairly accurately, in the cases
of straight ahead mansuvers, from the airspeed indicator and, in the case of
power on, the tachometer readings A3 one of the aub jJects reportsd that they
used airspeed readings and tachcmeter readings as clues as to wvhat was bappening
to the airplsne. Instezd, certain of the subjocts glanced at only the altimoter
and relied primarily on awlitory and kinesthetic cuess. It 1s natural to suppose
that private pilots trained by theme expesrts will fall to utilize the instru-
zents in front of them, and will rely instead upon sensory cues derived from
other stimali. .

The oxpsrt pilot can perhapa dispense with ingtrumsnts and eucoessfully
emplay the welter of relationshipa portreyed in Tables 13 to 16, using one cuse
here and another there. Vhether or not the typical private pilot can be ex-
pected to is another question, Surely & tremenfous amount of learning will
be a prersquisite. Any sober conuideration of Tables 13 through 16 must raise
the question whether it wouldn't be pafer to teach the private pilot to use
the Instrumente in his alrpleane.

Disturbance of the Turn. In Charts V through X, it appeared that the.
turn was disturbed before or at the stell in all turning maneuvers. Yet .the
standeard instructional literature places little or no emphasis upon rate of
turn. Uniformm angle of bank is streased, and uniform rate of climb, and uni-
form gliding speed; but several man-days of pearch falled to find any quotatble
treatment of uniform rate of turn. The books in asrodynamic theory contain
edequate treatments of rate of.turn, but the implicaticas of the theory have
not been provided for in the curriculum for the private pilot.

13\ fixed-pitoh propelier was used,
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SUMNARY GF COMPOSITE CUES
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Back presswre 1is required to
kesp nose and inolination of
wings abova normal '
Reed for rudder {o maintein
direotion

More baok pressure required
to maintain bank and olimdb
Nore back pressure required
on controls to uintain
at.oap turn
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Aileron and rudder pressure
naeded to maintain constent

;

Greater movement of ailerons
and rudders needed for de-
sired response

32 Lamng

Keed for appreolabls amount
of right rudder to nl.intd.n

heading
Nore back pressure required

to keep nose and inolination
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Greater movement of rudder
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TABIE 16 (Continued)
SUMMARY OF COMPOSITE CUES
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In a turn with & constant benk end constant throttle petting, the turn
slows down and finelly stops at the stell or close to it. In & turn with
constant throttle setting and a constant rate of turn, a bank becomes steecper
as the stall is approached and eventually goea into elther a diving eplral or
a apln under, Therefora, the first indication of an ineipient stall 1n an
alrplane turning at a constant degree of bank anpd with a constant throttle
setting is e slowlng down or apparent stopping of the turn., If the pilot
attenpts to maintain a fairly conetant rate of turn by banking more steeply
or using down rudder, the plane goes into either a diving spiral or a "spin
under

It is worthy of note that as the alr speed deorecases ip pormal flicht,
the rete of twrn (and, sccordingly, the rate at which the nose appears to
sweep around the horison) increases, In a turn with oonstant bank, the nose

of the airplane should sweep fgster around the horizon as the eir speed de-
creases,

The formula relating rate of turn, engle of bank, and air speed 1is

vz . tan
. 0,000795v

where w is mnmber of degrees of turn per second,
¢ is the angle of beunk, and ‘
v is speed in miles per hour.u ‘
If a constent 30-degree bank is meintzined, then ten g = tan 30° s 577
and the rate of turn becomes
Voo —2all.
p.00075v

from vhich it can be seen that as speed v derreases, the rate of turn w In-
creases, In fact, if v is halved, w is doubled,

L4t formula was first supplied to the author by Mesers. Leonard Gillman
and Herry Gocde of Tufts College in 1944 in the form

tan # « .000795wv
where the aymbols are es defined above. It is more commonly encountered in
the form ’ .
tan ﬁ = ﬂ
g
where W is rate of turn in radians per second,

V is speed in feet per second, and
g 1o the gravitatiomanl constant,

See, for example, Bairstow, Leonard, M&m%m, Longmans, Green
and Co., New York, eto., Second Edition, 1939 p. , Tormila V,2,38, The two
forms are interchengeable with appropriate edjustments of the oonstants,
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“ Substituting successive spoeds from LO to 80 miles per hour for v in

¥ this expression gives turning ra.t.ou in redians per secornd as indicated in

€ the following tabulation:

i

5 Turning Pates, 300 Bank, for Various Specds

Speed - Turning Rate .

5 1 80 9.1

x. B 9.7

e 70 10.4

% 65 1.2

60 12.1

. 55 13.2

o 50 1%.5

45 16.1

40 18.2

It will be seen fram thie tebulation that when & pilot makes a coordi-
2 nated turn in. level flight at 80 miles per hour, holding an angle of bank of
" i . 309, the nose of the airplane will start around the horizon at 9.1 degrees
Sel per second. If the bank is held constant, me 13 recommended in the atandard
e instructicnal literature, and the air spesd Gecreanes, then the rate of turn
¢  must increase if normal flight is maintained. Our expert pilots were correct
R in theory ae well as experience when they interpreted a slowing down of the
#. ¢ - turn with decrease in speed as the sign of an abnormel condition. If, during
£ the advanced steges of the turn, the sweepof thianose of the plens artund the

horizon decreases ond the turn falters and stops, a stall is imminent.

Uso_of Instrumenta. The majority of all light planes are equipped with
an airspeed indicator, altimeter, tachometer, and compsss; but their use in
instruction 1la commonly frownsd upon. Ths examiners and interviewers partic-
ipating in this study imquired at each airport concerning the use of the eir-

W spead indicator and the tachometer in the instructional procese. The coamments
received wore of the charecter of the following:

5 . "No two of these airspeed indicators will read the same."
= "The airspeed indicator readings in these airplanes (a.].l o:l’
the same type) will vary as much ap ten milos per hour.'
: "Not reliable.”
. "Poor equipment."
"A bug may got in the 1tot. tube .
"You can't trust them."
“Samebody is always using the pitot tube to push the airpla.na
" "Ice forms in the pitot tube, oto.

i X
3T

N

A relisble airapeed indicator (not necessarily calibrated correctly)
appears to be as good an indicator of stall conditions in straight ahead
B - flight as the elaborate, twelve-vane stall-werning device used in this in-
s vestigatlon. Nevertheless, the present investigatora did not find a single
alrport or one instructor of the 22 serving as subjects in this investigation
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' do see, Hear, foel, and try in stall apyroach eituations. Xor how can the
,mtructor commmica.te to the ptudsnt what he 1s suppocad t.o pee and feel 1f

s s * Sk SEL LY e 2 R 3
& = R B
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who teught the prorer uge of the alrspsed irdicatcr or the tachamster. In
fact, the tendency on the part of instructors ism to forbid students to use et
the alrspoed indicetor in most mensuvers. It was reported also that inapeé- G S
tore covered up the airepeed indicator during check flighta, and prohibited gl
applicants from heving and using this important information. O

Instructors readily admitted that, if inatruments swh as the oll-pressure
gauge or cil-temperature gange were registering improperly, they would order
the airplane to return to the ground. This same type of logio was not applied © "
in the case of the airspoed indicator, which was not only permitted to remain
inective in many eirplensa but was covered up or otherwise denied to the stu-
dent pilote when it 4ild operato :

i}
L 4 ir
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The variocus air speeds and their correlates of physical cues as presented '
in this report apply only to the Piper J-3 eirplane BO1k302. This, however, RRY
does not exclude the applicedbility of the principle to all light airplanes. ii,:
There is no particular reason vhy eny student carmot simnlate a lamiing at N1
about 2,000 feot eltitnde and record the airspsed readings of the partioular 5
a:l;'plane he is flying. In other words, each student and instructor could S
determine for himself by experiment at a safe altitule the game gigml type . _%i
of readings as presented in the preceding section of thie report. ", Ay

O.u' sxpert pilots porfomod. woll ag to coordination, and. for them the
fact that unccordination precipitates the atall may not bde serious. But
vhat of the private crosa-country pilot -- or the student pilot who wants
to know whether his coordination 1s correct at some point? A bdall-bank indi-
cator is an inexpensive and very reliabls device; more reliable even than
the artificiel horizon. It reports more accurately, apd at a far smaller
hourly fee, than the mnat expert instructor. Surely the camplexity of Tables
13 through "16 urgues for providing thie easy guide to learning about coordins -
ticn.

‘1;&‘ i
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An important cbeervation during the flight interviews was that instruc-
tors themselves, sven though they could campetently recognize the approach
of the stall, were at a loes to describe what was happening to the plane and
vhat they ware experiencing. Irequently, the gubjects would remark that they
had never analyzed their feelinga, and, in fact, found it difficult to express
what they felt and to attribute what they felt to a apecific physical sense.
This undoubtedly imlicates that curreat instruction of student pilots with
respsct to recognition of etall conditions leaves much to de desired. It
even hints that if instruction is to bo depended upon to reduce stall acol-~
dents, then inetructors must be put through scme regime comparable to their
exporiences in this investigation, so that they can tell students what they

the Inastructor himeelf cannct identify 14?7

1511 principle was used by all Faval carrier pllots before attempting
field cerrier landing practice, and it was alsoc mandatory for all Naval pi- g &
lote to return to baee if the alrspesd indicators were provad unreliable. LR
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of flight, makes it appear that the cues may not be
vory ivate pilot unless he does a lot of learning to pre-
pare 1f to use them, and does a great deal of frequent and systematic
reviewing to keep himself in practiecs. Typloally, private pilots do not
spend their flying time in such study or roview, and the suggestion that they
do so doss nbt seem very practical or promleing, o ,

Purthernore, the private pilot must learn that the ounes are not depend-
able, The sxperts use these undependable cues, but that does not mean that
they are dependable. Loss of altitude may be dus to a down draft inatead of
to a semi-stall condition: gain in eltitude may be due to a thermal, Rate
of olimb is similarly a funotlon of alr conditlons. Back pressures on the
stick are affected by the trim, Wobbling of the wings and dropping of the
nose may be osused by turbulence, Rudder oorreotion needed in a climb is
unsven in turbulent air. Even in straight-shead maneuvers the airspeed
indicator is umreliable as a stall-warning devioe in turbulent air or in
pull-outs or pull-ups of even mild extent. And in turns, the nose may
falter in its unifora pweep becausp of turbulence, and because of turbulenoce
at a particular moment, the noss may continue around the borizon after the
stall is dangercusly near. The down wing doesn't always come up when ex-
pected in the turning stall -~ it depends on many things, including the
pllot's aoordination, Furthermcre, the down wing's going farther down may

‘be a far more hazardous develepment in the turn at low altitude, sinoe the

"spin under" may look to the privats pilot as though he has merely got to
tuning too fast. An attempted turn recovery here where a stall recovery
is oalled for oould be fatal,

. What is needed is {a) for the private pilot to know what flight situs-
tions involve the hazard of a stall; (b) a way of tslling him whetber the
hasard is developing in his case when he ia in that flight situation; and
(o) for bim to know what to do If it 1s. The second of the above clearly
refers to & stall-warning indicator ~- not the msnifold and ccmplicated
ous systen the experts have taken so many flight hours to master -- and which
are not dependable without expert interpretation armyway!

Racoupendations: The results of this Investigation, ocosbined with
those of previcus studies and with the considerations discussed above, ap-
pear to warrant two sets of recoumendations: . ,

-1, The first set of recommendations applies to the t

in private flying. The faot ia that under exlsting conditions many private
pllots are flying plenes which are not adequately equipped in ao far as
basio flying instruments are conternsd, Even when present, such instruments
are frequently inopsrative. When operatlng, they are usually undependable
because of faulty calibration and generally insdequate maintenance. 8o long
as euch oonditions are allowed to exiat in the operation of licensed private
planesa, the following recommendations are indlcated by the results of the

studys :
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a. To the student or private pilot, the results seem to say:
*If in straight ahesd flight the air speed gets low, don't
wait for the controle to get mushy or the nose to drep; if
in a turn something goes wrong -~ the tura falters or the
down wing comes up or goes down ~- don't wait for the turn
to stop or the controls to get mushy or the ailr speed to
recover; if in any maneuver closs to the ground any oontrol
falls to reslst pressure or the airplane falls to respond
to the control, dontt walt for the nose to drop or a wing
to go down or upj commence a recovery from the sltuation

at once.”

b. The £indings of the study also lead directly to two other
recommendations deeigned to help the private pllot avoid
stalls without the aid of edequate instruments, Thess

are;

(1) that instruotional litersturs be revised to
place a more definite emphasis upon the un-
iform rate of turn, as emphasis is already
plaosd upon uniform rate of olimb, uniform
angle of bank, unifora gliding apeed, eto,

(2) that in the treining period stress be placed
upon the information that oan be provided by
properly maintazined instruments a= o basia
for understanding and appreciating the ap-
proach of stall conditions.
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2, One of the major findings of the current series of astall studies is -
that the human organism is & very inmdequate detector of the inoipient stall,
Moreover, skill in the detection of the incipient stall in one maneuver or
in one alrplame does not transfer to the recognition of the stall in snother
mansuver or in another girplane., This general finding nmecessarily lesads to
a second set of recommendations, calling for regulations requiring the in-
stallation and maintenance of instruments necessary for the accurate recogni-
tion of the incipient atall regerdlsss of the maneuver performed by tho pilot
or the airplane in which he performs this maneuver. .

a. In tha Lettar of Trmnittal to the ropnrt, __&M

-A. Hh Y - ._.' c tu. o
Aviation Psychology made the tolloving recormendatlions
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*The study reveals consistent failure on the
part of student pllots, private pllots and
flight i.nstz"uotqr? to deteot the pre-stall

163ulon, P. J. Op, eit.
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oonditions in 1light aircraft. On the basis

of these findings the Committee on Aviation

Payohology recommends that regulations be

formulated requiring the installation of

approved stallewarning devices in all pri-

vate airplanes, providing that field tests

demonstrate that avallable instruments can 3
be adequately mairtained and function propquy Ly
over an sxtended poriod. _ S .
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to this Tecopuendation since an nd-qu-ta stall waro-
ing instrument provides warning under nearly all
£1ight conditions,

b. The results of the present situdy suggest an alterna-
tive to the above recommendation which may merit
special oonsiderstion if data are not yet at hand
to demonstrate that avallsgble atall warning in-
struments can be adeguately maintained and funetion
properly over an extended period., This is that -
regulations be formulated requiring the inatallation
and proper naintensnog of four basio instruments on
all licensed training and "private” airplanes, vis.!
(1) airspesd indiomtor, (2) tachomster, (3) altimeter °
and (4) ball-bank indicator, and that instructional
nttrhl be.revigad to inmolude training in the ull \
of pertinent instrumente in the detection of t.;la- -
oiplent atall under varying flight conditions.17
One advantage of this alternative recommendation is
that 1t will require that airplanss be equipped with ‘
properly malntained inatruments whioh can be used for .
- purposes other than the deteotion of the ingiplent
lt.tll ‘!’hero are three ujor diudn.ntmn m

1 - .

17'.l'hue recompendationa are-.naot out of line with results of earlier
work oopduoted under the ausploes of the Committes on Aviation Psychology !
on the effectiveness of inltru-lnts asa tnmng .m. (lllhar, R. !., ot -

n.gtan oh. Report !o. - ' s
1.6 ) This rewearch indicated that, under the oonditions of the u'pninnt,
subjeots given special training in-which reference to the ball bank, airaspeett
indioator and altimeter was emphasized performed no better in terme of verious
ariterion measures than did spudjects trained without special reference to
these instruments. In faot such differences as were. evident, although not
statistically significant, favared the econtrol group, .

However, in this expsrimental course, emphasis was not given to these
instruments during stall inatruotion. Thus there is no direct evidence on
the sffectivensas of reference t6 these insiruments during stall instruotion,
Furthersore, this study had no besring on the use of instruments in detecting '
ths incipient stall, -
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- {1) The regulatiocns uould require the proper maim- IE
‘ tenance of four instruments, But, of courss, A
they ought to be properly maintained anyway. S
: e
(2) The use of these instruments, instead of the ok
single stall-warning device would still call : AR
for the interpretation by the pilot of rather S
complex interrelationghips between the alr- u;ﬁ
gpeed indicator and the tachometer readings Rx
for the detection of the inoipient stall .in B2
different maneuvers, and for read)ustment of L
instrument readings in transfer from one type ko
of airplane to another, 4
aE
{3) Research by Dr, Dean R. Brimhell end Dr., Raymond fg‘
, Franszen 8 and examination of mooident reports Ty
v suggest that many accidents resulting from an Sk
ingdvertent stall may occur while the pilot's ff%
attention is directed outside the plane, or ]
while he is otherwlse preccoupied, It is doubt- ' ' tﬁﬁ
ful whether, under such conditiona, he would be N2
giving sufficiently close attention to the : i
flight inatruments to render them of value or Risy
& source of cues to the inoipient stall, Under i
these conditions, however, he would more likely 2
be aware of a specifio stall-warning signal, ) e
such as a horn, o
Disadvantages characterizing the alternative recommendations suggest Lo
that regulations should call for the installation of stall-warning devices L
 providing available stall-warning devices can be adequately maintsinsd 'and g
funotion properly. - F
Iv, DIFLICATIONS ¥ E:f:e
This study sought to identify and describe the physical cues —- visual, 3N
auditory, kinesthetio, and experimental -~ which experienced pllots utilizc ’,ﬁf
1n stall perception, The findings reported supplement the findings of Melton .. -+
Bakap in their study of the effect of senscry deprivation on stall per-~ T
“ptionq f«'%}h
' R
19mnm. Rmond, & Brinhall, Desn R, A tudy of serlous and fatel
resoxd ing ] pd 1940-~ Washington, D.C.s CAA Division of S
Ronoaroh Report No. 77 Iay 1948 , _ @%ﬁ
19-01t0n. A, W .) & Bm. ' -3t ‘ ,.::{
Council Committee on Aviationm Paychology, June 21, 1948 (Gopy in Committee o

files, Pinal report in preparation,) RS




important reapects.

The present study and that by Melton and Bakan parallzl each other in
Melton-and Bakan atudied the deprivation of vision and '

audition, but did not consider the effeot of dvprivatdon of kinesthetic cueas,
The different maneuvers consldered were:

Rulon angd Vaugbp

Streight shead -- climbing power 1.
Straight ahead -- crulsing power
Straeight ahead =-- power off 2.
Straight shead = slow flight

Left olimbing turn 3.
Right e¢limbing turn o
Left gliding turn . 5
Right gliding turn 6.
Steep left turn 7.
Steep right turn 8.

The data of the Melton and Bakan report

Meltop and Bakan
Stralght and level 1
Straight glide

1so° left climbing turn
180 right clinbing turn
360 left gliding turn

% right gliding turn
360 lsft turn
360° right turn

permitted the drawing of infer-~

endas concerning the relative importance of vision and auditlon, but neces-
sarily did noi permit the drawing of inferences concerning the relative im-

' portante of kinesthetic cues in relation to vision and audition,

The present

report discuszes the cues which oxperlenced pllots utilize in stall percep- .

tion,

No attempt was made to dstermine their relative effectivenees.

Fur-

thermore, the results present cuas which impinge upon the pilot who is in

full possoession of his facultlea,

Nevertheless, there are certain contrasts

apd confirpations in the findings of the two studles, and inferences and
assumptions may be drawn upon the basis of the findings of the two studlées.
These may be best considered maneuver by mansuver, exanining in the Melton-
Baken report only the results for stall racognition and cmitting the results
for normal flight. - ‘

cues in this maneuver, and several visual cues were reported.
many non-visusl cues were also reported.
visual oues to make the Melton-Bakan finding look plsusible.

1. §Izaizh&_nhnnd_::_nﬂisz;gn- '

Stal} Flight Conditlons {Melton end Bskan, page 52)t

"There 1s no evidence of ‘any harmful effect of removal of
However, removal of both pro-

duose a marked decrement in performance,

vislon or audition singly.

This svldenoe

supplies a basis for belleving that pilots can shift from {
ore to another modality with no deleterious effects," :

The experts utilized visuel, auditory, kinestheiic, and experimental

However,

The pllots reported enough aon-

The experts L

might have awitched oasily to utilization of other ¢ues, had vision been

denied them,

The pilots didn't consult the alrspead indicator.

Presunably,

the Kelton-Bakan pilots, when aseeing, similarly ignored the alrspeed meter,

It would be interosting to see whethar a ussr of the sirspeed Indicstor was
- handicgpped by deprivation of vision.

Surely the result. would depsnd upen
the expertness of the pliet. : o

"I::ﬂ-,’s . .
Avieihe .
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. 2. Streight ahead <= power off. | R,
X . RGN
i F Copdition {Melton and Bakan, page 5} %1“
%No evidence that either vielon or sudiiion or both e
B play a rols., The importance of other cuss is indi- s
s cated, There is a suggestion that the presence of sln
. avdition may be a handiecap to the use of other cues.® Wi
ot . . & b
: Again our pilots reported emough non-visual cues to make the above finding 2‘5
. pleusible. Also enough non-auditory cues. The column for mudition in i
. Chart III is missing sny cue: for dietinction between lasps 3, 4, and 5, e
Perhaps nolses ere actually misleading to the nonvseeing pilot. As regards <,
vigsion, 1t 1s to be remembered that the "hlind® pilots in the Ohio State WE
research were being deprived of an indication {airapeed meter) which they LA
probably didn't use when seeing anywvay. R
.?H.‘;;}
3. Left olimbing tyrn, ok
Stell Flight Condition (Melton and Bakan, page 52)2 Pt
3 ' ' R
"There is evidence that both vision and audition, when E
both are available, pley a role. There 1s some evidence ﬁ :

that when vision 1s not available, audition by itself ia
fairly efficlent, There ie also some evidence that whon
audition’ is not available, viaion ia fairly effi¢ient."
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Chart IV for this maneuver bears out the first sentence but not the reet.
Kinesthetic and composite cuea eppear numerous in this chart. Indeed, unless
Melton and Baken masked out kinesthetic cues and prevented the employment of ak
such cues a8 composite cues, their statements above that “audition by itself

is fairly efficient" and "vision is fairly efficient" may be stronger than
thelr data warrant, '

4. Right olimblng turn.
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Stpll Flight Condition (Melton and Bakan, page 52): g

"Vislon playe a role, Audition seems tc be e hindrance.m j% ’

; The ERG pllots reported visual cues which would seem to bear out the first i
¢ statement. They mlso reported a continual increese in the lebaring of the ene ¢
gloe, this being an auvditory cue. Taking it away seemed to improve the ap- f'?ﬁ'

proaches of some of the Melton-Bakan pilota., It would be interesting to see .

whether the improved performances were those of pilots who when hearing fell e

short in the approach., Porhaps removing a warning sllowed the timid performers ..';'

to earn a higher approach sgore. Ty

5. Left gliding turn. w

. - ﬁ.i"

F Conditiop (Melton and Bakan, page 52): N

*The evidence seems to indicate that, if anything, vision
and audition are hindrances. The lmportance of non-
auditory and non-visual cues is indlcated,”




This is the finding moat at ofds with the resultes of the Educational
Repearch Corporation research., There ars definite and sesmingly wery ume-
ful cues in the vision columm (Chart VII) and several in the hearing coluam,
In the advanced stages of the near-stall conditions, the rate of turn de-
areases and the nose rooks up and down. FPFinally, a wing starts to rise,
the nose stops twrning, and the loes of gltitude reaches a maximum (600 £'t./
min,). When the plane 1s gliding at normal spsed (55 miles per hour) there
is a noticeable noise of the slipstream and the whistling of the wind, As

" the airplane approaches the stall, these acunds are reduced in intenaity,
and Just before the stall the airplens becomes "dangerously" qulet.

Despite the fact that there are definite visual and auditory ocues
available in this maneuver, the finding of Melton and Bakan may be genuins,
of course, Even orperisncod pilots epparently do not use the airspesd in-
dicator and tachometer<- in the glide., They rely, it may be assumed, upon
the feel of the controls more than they do on either wvisual or auvditory ocuas.
But suppose pilots wers taught to use the turn-falter, and ithen deprived of
vision? Perhaps Melton and Bakan have found what ERC did: that standard
instruction places litile emphasis on uniform rate of turn!

6. Right gllding turn.

Stal) Flight Condition (Melton and Bakan, page 52):

"The svidence does not indicate any assignable
role to vision end audition, The importance of
non-auditory and nop-visusl cues ig indigated,"

O The physioal cues avallable in this maneuver are similar to those in the
L . left gliding turn. At the advanced stages the turn slowe down and a wing
tends to rise. Did the Melton-Bakan pilots, when seeing, ignore iho slowing

AW A

e turn? Or dld tbey not get olose enough to the stall for a wing to rise or
gif fall? -
B 7. Left turn. -
£ ) .
7 8tal) Flight Condition (Melton and Bakan, page 52)1

"Vislon plays ean important role. There is no demonstrable
role of audition," '

Chart IX bears cut this finding, The auditory cue 1s engine laboring.
It 18 a contimiously increasing thing and hard to interprst. Furthermore,
the same labaring might be felt by & deaf pilot,
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20The tachometer is much less valuable in this maneuver then in certain
of the others.
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Stell Flight Condition (Melton and Baken, page 53):

"Both sudition and vision alone play a role in each
other's abeence, Ferformance mhen boih are absent
1s significantly worase than when both are present.*

The physical oues gyailgble for stall peroeption in this mansuver are
quite aimilar to thoss psrtaining to the left turn, inoluding the tendency
of a wing to rise juat at the polnt of stzll, It would be judged from
Chart X for the steep right turn at altitude that deprivation of vision
and auwdition hoth would leave only the last-minute cues avallable, A pilot
who feared to push to where he felt them night score low by reason of -
failure to approach the atall, and the pilot bold enough to go to Ihero ke
did sense them might fail through actually stalling the airplm

Froe the foregoing observeations, 1t appears that the results of the
rreasent study eare in gensral not inconsistent with the results of the study
reported by Melton and Hakan, 8inoe the two studles had different origins
and purposes, employed different proocedures, and did not recorl the same
kind of obaservationa, they cannot be expected to corrcborate one another exoapt
in a general way. This they do. For example, the Ohio State study shows
vision to be very important in pormal flight, even though stall recognition
was not fully inpaired by deprivation of vision. Reccmmendations from obser~
vations made in the couree of the ERC study comcern the preservation of normal .
flight -- or its restoration -- and they involve vision quite intimately.
i‘hey also involve the cuee found important by Melton and Bakan when vislon
‘is absent.

None of the recommendations ls rendered in any way suspeot by any of
the Ohic State reaulta. This is not surprising, since both studies report
what happens when people fly airplanes under various conditions,
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