e o - PR - s R - . I . N -

LﬁTﬁiﬁTED Not for publication

THE USE OF STANDARD FLIGHTS AND MOTION PHOTOGRAPHY
IN THE ANALYSIS OF AIRCRAFT PILOT PERFORMANCE

by
Morris 8. Viteles

and

Albsrt §. Thompson

A report on reseerch conducted at the ¥niversity of Pennsyl-
vania, Philadelphia, Penmnsylvania, by means of a grant-in-aid from
the National Reseaerch Council Committes on Selection and Training
of Airecraft Pilots from funds provided by the Civil Aeronautics
Administration.

‘May 1943

CIVIL AERONAUTICS ADMINISTRATION
Division of Rsesesrch
Repart No.1l§
Washington, D. G.



National Ressarch (ouncil

Committes on Selection and Treining of Aircraft Pilots

Bxecutive Subcommittee

C. W. Bray J. ¢. Flanagan

D: R. Brimhsll H. M. Johnson
P L. A. Cermichasl W. R, Milss
o J. W. Dunlap G. R. Wendt

M. 3. Viteles, Chairmsn

Copyright 1943
National Resesrch Council




W L

L TRANSMITTAL

NATIONAL RESEARCH COUNCIL

2101 Constitution Avenus, Washington, D. C.
Division of Anthropology and Pasyohology

Committee on Selection and Training of Airoraft Pilots

May 14, 1943

Dr, Dean R, Brimhall

Dirsotor of Researoh
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Washington, D. C.

Dear Dr, Brimhall:

The attached report on The Uss of Stendard Flichts and Motion

Photography in the Analysis of Airoraft Pilot Performance by M. 5. Viteles

and A. 8, Thompson, is submitted by the Committee on Seleotion and Training
of Aireraft Pilots with the recommendation that it be inocluded in the series
of technioal reports published by the Division of Research, Civil Aeronauties
Administration. :

The report deals with the early phases of the program of research
aonduoted at the University of Pennsylvania, In it are presented the prin-
ciples and procedures of standard flights, whioch have become basic 1n the
research program of the Committee. The roeport also presents a description
of the techniques used in photographic analysis of flight performance and
the findings of early research involving the use of motion photographs
obtained during standard flights. '

The report is essentially a progress report of work completed in
1940, However, the procedures desoribed by the authors have been om-
ployed in subsequent investigaticons which will be oovered in reports soon
to be made available for publication by the Division of Research, Civil
Aeronautics Administration,

Cordially yours,

Morris S, Viteles, Chairman

Committee on Selection and

Training of Airoraft Pilots
MSV:sw National Research Council



Editorisl Foreword

Farly in 1940 there was initisted et the University of Pennsylvania a research

rogram designed primarily te furnish objective criterie of £light performanoce.

ne of the major outcomes of this program wes the development of: Stendard Flights
hich hdve been used extensively in many investigetions conducted under the auspioces
f the Committes on Selsotion and Treining of Airocraft Pilots for standardizing the
light situation during research. 1In addition, the stendard flight hes found its
ay into the pilot training program &8s an aid in setting up uniform conditions for
qhe meesurement of progress in training. ‘

\

‘ The sscond major .outcome of the Uniwersity of Pesnnsylvania research program
iﬂs been the application of motion photography in recording and.evaluating the per-
ormance of the pilot during standerd flights. Methods have been devised for ana-
¥zing such records qualitatively and quantltatively in order to arrive at rellabls

ndiges of pilot performance.
| The attached report, submitted as & Progress Report in Ooatober 194C, dsscribss
the basic procedures of the standard flight and of motlon photography and anslysis
4nd presents preliminary findings obtained in the quantitetive amelysis of records
btained during stendard flights. The methods described in this report ars basic
¢ other studies to be published in the technivcsl series issusd by the Division of
esearch, Civil Aeronesutics Administration. It seems desirable to publish the pre-
ent report at this time so &s to provids 8 necessary background for the considers-
%ion of data to be presented in such subsequent reports.
w
\

There is alsc presented, as s Supplement, a bulletin originally prepared for
he Diviesion of Research, Civil Aeronsutics Administration, representing a manusl
f standard oheck flight proosdures for Civilian Pilot Training.

0 o
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ix.

SUMMARY

In this report of the.University of Pennsylvania Ressarch Project is presented
8| dascrlption of preliminary researsh undertaken; (a) to provide objactive oriterie
of success in learning to fly; (v} o provide objegtive data on co- ordinated pat-
terns of limb end body movements which lead to optimel plans sontrol; and (

uﬁa these data in formulating practical guides for flight instructors.

I
i Four ma jor steps were taken in this investigation:

| (1) The besic meneuvers of the CPT primary ocourse were combined into &
sﬁrigs of Standard Flights in order to provide standardized flight test situations
during whioh the flying habits of pilets could be observed or recorded.
|

: (2) During standard flights an investigator accompanying the pilot analyzed
e flying habits of pilots end evelumstsd the flight performangse on the basis of
reot observation during flight. PFlights were mads with 8 flight instructors snd

5| students piloting &n Aeronce Chief (& wheel-type plans) end 7 flight instructors |,

pﬁlotlng a Piper Cub {a stick-type plans). Bach of the three groups was divided

Eto "supsrior” and "inferior" sub.greups and compariscns meda of their flying ha-

bits (in terms of methods of handling the oontrols)
|
(3) Motion photographs were taken of tha flight performence of & subgects
whlle esch was plloting en Aeronca Chief through six meneuvera selectesd from the
Eandard flights. Ths cemera field included the instrument pamel , the control
w‘eel, and tha lowear arms and hands of the pilot.
i The motlon photographs were anelyzed by two methods: (1) direct in-
paotion during slow-motlon projection, resulting in observations oun methods of
asping. and handllng the controls; and (2) measurement of sucoessive silersn and
glevator control positlons during frame-by-frame projection, resulting in detailed
a@te on control movemsnts. during the maneuvers. The freme-by-frame readings were
lotted graphically, and the grephs analyzed by inspection end by the computetion of
]uantltative indices descriptive of the control movements.
| _ Gomparisons vere then made between the indloes obtainsd by the group
df four “superior" and the group of four "inferior" pilots as previously clessified
iy the method of dirsct observstion.

b @

; : (4) Detalled introspectivs reports of experiences during sach instruoction
ﬁllght were prepared by & research assistent while taking the first ten hours of
qrimary flight instruction.



X

The regsults pf the investigation may be summerized as follows:

(1)} The deta obtained by the methods of dirsct observation during flight
and direct inspection of motion photographs during slow-motion projection revealed
characteristic habits of pilots in terms of pesture, methods of grasping the con-
trols, end methods of menipulating the controls. -Certain movements, such as the -
use of wrist, finger and slight arm movements in preference to full arm movements
wers found to differentiate the "supsrior® and "inferior" pilots used in the in-
vestigation. . .

(2) Analysis of the graphs and the quantitative indices resulting from
. treatment of the frame-by-frame readings of control positions revealed character-
istic differences between thse "supsrior" and "inferior" pilots when the graphs and
mean scores on the indices were compared.

With the excsption of the 90° madium turns, significant differences
betwesn the two groups were found in esch of the flight maneuvers (Teke-Off,
Streight and Level Flight, 360° Left Powsr Turn, snd Landing) in the case of one
or seversl of the five Control Movement Ratios used as quantitative indices, name-
ly Total Amount of Contral Movement, Percent of Totel Time in Motion, Number of
Control Movemants, Changes in Direction of Control Movements, and Discgontinuity of
Control Movements. - For exampls, the "superior" pilots wers found to exhibit a
greater amount of elsvator control movement (Index 1) during the 4 seconds preced-
ing the moment of landing while the "inferior" pilots exhibited a greatsr asmount
of aileron controcl movemsnt during Teke-O0ff. 4 detailsd comparison of the two
groups in terms of these indices is presented in the report.

(3) Analysis of the introspective reports made during flight instruction
revealed: observations with respect to the orientation of & beginning student, recog-
nition of cues., the development of skills, and specific difficulties encountered by
the individual meking the reports. To the extent that these observations ars
"typloal” of students in general they represent an lnteresting sources of dats rele-
vant 1o problems of training. )

The investigation must be considaered merely es preliminary to further resesrch
and the specific findings subject to the limitations set by the small number of
cases, Its chief value-lies 1n its exploratory nature and in the development of
research tools and techniques such as the use of motion photography of flight per-
formanca, the methods of snslysis of the photographic records, and the Stendard
Flights. The importsnce of the Standard Plight both as & research and as a fisld
technique has led to the preparation of s Manual of Standard Flight Procedures
which i1s presented as a Supplemental Report.
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A M3 OF THE UNIVEHSITY OF PENNSYLVANIA RESEARCH PROJECT

1 The University of Pennsylvania Research Project has been devotad to & study of
the movements made by pilots in controlling the plane during flight. The lmmediate
purposes of this study was to investigate the patterns of limb and body movements
cEaracterizing pilots with varying degrees of proficiency in meintaining flight at-
titude. The ultimate aims of the study are: (1) to provids objective oriteria of
success in learning to fly, to be employed both (&) in geuging the progress of stu-
dent pllots, and (b) in evaluating the effectiveness of procedures used in selecting
student pilots; (28) to provide objective date on the co-ordinated patterns of limb
and body movements which lead to optimal plans control; and (3) to use these dats
ih formulating practical guides for flight instruotors, in the form of step-by-step
prccedures to be employed in training pilois to perform imeneuvers included in the
Civilian Pilet Training Program.

|
PﬁDCEDURES USED IN THIS STUDY
)

3 Four major steps were taken in the development of the University of Psnnsylvania
R?search Project:-

I. &tandard Flights.

The first step involved the preparation of standard fllghts,l of varying ocom-
plexity, as & device for enabling the investigator to meke observetions on diffsrent
pilots under the same general conditions. The development of these atanderd flights
w#s besed upon the assumption that records of movements end performance of differsnt
pilots can have .no practiosl usefulness in reseasrch unless they are obtained under
egsentially uniform conditiens. Bach stendard flight is & 'work-samplse” that calls
for prescribed critical maneuvers to be carrisd through in a definite order under
s#ated conditions. The standard flights provide in the air anelegues of the trads-
tésts for motor vehicle operators which have besn used so effectively in selecting
and training both civilian and military motor-vehicle operators.

i IT. BEvaluation of Flying Habits and Plane Performance by Dlrect Qbservation.

| The second step in the preliminary phase of the study involved the develop-
mént end use of a standard procedure for the evaluation of pilot flying hebits and
plane performance by an investigetor accompenying the pilot during flight.® This
piocedure providod a basis for noting the character of limb and body movements of

lots maintaining verious degrees of "goodnsss" of flight. It employed essentially
the method of direct observaetion, within a standard frame of reference, for enalyz-
1mg the deteils of limb and body movement during flight as & means of discovering
differences existing smong pilots with varying degrees of profisiency in maintaining
fllght attitude.

\

| The procedurs for the evaluation of flying habits end plane performance in-
vélvad the uss of the two forms shown on pages 4 end §. The investigator accompanicd
the pilot during standsrd flights end, on the basis of direot observetion, entered
on these forms comments such as those appearing in the sample protocols presented
i¢ Bxhibits 1 and 2, pages 4 and 6. .

| The pilots used as subjects were clessified in order of proficiency on the
basis of an svaluation of the observations on plane performance during the flight.
1\ .

1
1ﬂeécribed on pagss 19-80 and in the Supplemental Report.

3Tescribed in deteil in Appendix A.
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EXHIBIT 1

Subject: L‘}"/JJA (‘H ﬂ'o-*fvw> . Field: G),Pq,ﬁa—. at‘*»f“""‘/f’—

pate: vadu 7 1910 Wine: § -5, Qmsatat Dmfig
Plane: (Lersvico. -

Record Sheet for Analysis of Genersl Flying Habits

I. HANDLING OF CONTROLS:
A. Posture:

Position: Aot o seb~

Changes of Position: Mj/\g W,. ,ffw’wu' ’f::fVM) rrae-ddS
ot a_./7/n—+-cl M-

B. Throttle:
Grasping: G‘3al—? MVG#’QL“}% {/Wﬁ!/m AR ,MQ
- . 2 r 0 . ‘
Moving: ‘LMM« ﬂ—ru ::_,Q,&,afé/‘m W s CPOJ;M. 4}»“0
A : f ¥
Use of Lock: :).Z,;,J,h'r* At ,

Varistions: M 5 »W Maﬂw 0—1«.17 G nw.«.z-.:/c.
J

C. Rudder: ‘ .
Position of Feet: kdetfs s %ﬁ'n—u—m) o td c( FJ..J e JLLM :

Changes of Position: \’LO'V'LL

Extent of Leg Movements: Yrowv—ek /&ZA O‘C—C—Mﬁh‘wa/uf ff“"""“’

D. Wheel: .
Grasping: ;L C_a/nm, MM _.w-lg,‘- l
va-zM

Veristions in Gresping: ﬂ?f - . |

/WW‘MJ'W{'—-’”-’ - M&nc/m}?u,&,g’

Moving Ailerons: opsm M" WLLW* %ﬂfw m-.njjy GArs
}
Moving Elevetors: J—E.N‘-' M M—ZA—&L AP WMVZ:)
/ ]

it el = ool - o i
’fl?/w_ ' 9‘“‘}.0"";4" ‘ 7+ 4.



Rbcord Shget for Analy51s of Genersl Flying Habits:

5.

EXHIBIT 2

subject: L . Fecha
Date: \hmwg- 7 fﬁ'f’o'

Excellent
Good

II. Evaluation of Flight: Over-all Rating: Average

Pair

A. Following Course: ' ) (Poor)

G.

1.

2.

1.

2.

Altitude:WA Ry 150" e | ab 780
Mansuvers : ', 44y el :M fﬂi )

. Approaches: _),)aj y»
. Landings: . doll ,&Ma&wr Gl SrpoannacS

B‘OL Ja—*j -Qfa""ﬁﬂ""7 Qf‘.»qg MM«/CL»VU f60

» Turns:

Entry: @ m Tw\i MH...L&Q + d‘la/vd.« Ao Zo W

. Bonk: ':}G“AEY r;cvu£2a6£2:-¢v» ,ﬂ&fﬁ“ 72 0" Okaﬂnj A 04j£*“a-

Rats: Uoribel, <~ - %MW”"'O—M

+ Recovery: ReThur d’wﬂ\’ _,Z—-,J" ,‘anﬂ‘r oo Couwnal.

B ' ] " i
. Angle of Climb and Glids: M W““% eDZ,MMAf js ¢ ¢

. 8traight and Level Flight:

Constenoy of Attitude: (P ,LA/%-(WT 4-( el g

Extent of Control Adjust%% Jﬂ%..tmlﬁy e Q’W—

M

. Throttle Control: O . K,

Traffic Check: _q» S -

Comments:



as illustrated in Exhibit 8. The subjects were then divided into two groups,
termed "superior" and "inferior®. This classifloation wes further checked by con-
ference with the local director of the fivilian Pilot Treining Program.3

The flying habits of pilots olasssified as “superior" and "inferior" on this
basis wers then direotly compered by means of entrises such as those illustrated in
Exhibit 3 on pages T to 9 ., inclusive. From these tables of classified observe-
tions, the flying hebits which were common to both groups and those which dif-
fersntistedthe "superior". fram the "inferior" group wers determinad.

This method of direct observation and accompanyiug eveluestion of flying
habits snd plans performance was employed in three studies involving, respective-
1y, 8 flight instructore in Philadelphis piloting an Aeronca Chief, 7 flight in-
structors at College Park, Maryland, end Bloomington, Indiana, plleting a Piper
Cub, and 5 recently licensed University of Pennsylvania siudents plloting an
Asronca Chief. A detailed report on the proecedurss and results of the three
studies 1s pressnted in Appendix A,

IIT. Motion Photography and Micromotion Anslysis.

A. General Features

The third step in this investigstion involved the use of motion photography
and of the techniquesof micromotion analysis in recording and classifying body end
limb positions and movements used in controlling the plane during flight. 1In ad-
ditien to the examination of these details during "slow spsed" projection, pro-
cedurss were devised for graphically representing and anelyzing, in quantitative
terms, the amount, direction, independence or simultaneity, and similar character-
istics of wheel end wheel-oolumn movemsents used in effecting aileron and elsvator
ad jusiments.

B. Caemera and Field

For motion-picturse photogrephy, & Filmo camera, Model 1414, wes mounted on
a triped in the space behind the right front seat of & Stinson 100 plane. Ths
tripod was held firm by means of a hsevy spring ettached to the floor and by &
clamp extending from the head of the tripod to a tubs slong the sids of ths cock-
pit. & 15-mm. lens, looatsd 41-1/4 inches from the instrument board, provided a
camera field including the instrumsnts on the left side of the instrument board
(airspsed, turn end bank indicator, and iachometer). the wheel and throttle, and
the upper legs. lower arms, and hends of the subject. Cine-Kodak Super-X Penchro-
matic Safety Film wes used. The camera was operated a8t a speed of 16 frames per
second in photographing &ll masneuvers except 360° Power Turns, where the speed was

3In the two studies using flight-insiructors as subjacts, the classification by
local dirsctors agreed perfectly with that of the investigstor in the case of the
Aeronca Chief group, and confirmed the investigator's clessification in the case
of the Piper Cub group with the exception of & reversal of plecement invelving 2
subjects,

4The method of direct observation for the eveluation of flying habits and plans
performance is also being used in studies at New Orleens., La., and Rochsster, N.Y.,
formulated jointly by H. M. Johnson, of Tulene University, H. A. Edgerton, of Ohic 3tst
University, and M. 8. Viteles, of tha University of Pennsylvania. These studies
involve the uss of rating scales, graphic recording devices, and direct observa-
tion during stendard flights. No results are as yet svailaeble from these siudies.
It is.essumed that & separate report will be made after each investigator has had
an opportunity to examine the data obtained in the resesrch centers at Tulane
University and Rochester.
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EXHIBIT 3*

VII. Classification of Flying Habits of Subjects: (X indicates that the item of
M behavior wes exhibited by the
A. POSTURE: subject.) .
Erect Sway with Turns Cocked Heed  Body Baok & Forth
During Turns During Landing

Superior Group:
Subject 1
Subject 2

i Subject 3

i Subject 4

Inferior Group:

. SBubjeot 1

| Subject 2 -

X (3609)

X
X (very little)
X (very little)
X

P2 bd bd e

Subject 3
Subject 4'

I ]
P4 pd b P
ol

B. THROTTLE:
1. Wethod of Grasping:
Ball in Between Fingers  Used Finger for Used Mors Than One

1

| Palm and Thumb Slight Movemants Mathod of Gresping
|Suparior Group$ :
| SubJect 1 X X
‘ Subject 2 X X
i Subject 3 X X X
| Subject 4 X X X X
Inferior Group: :
{ Subject 1 X X X(ocoasionally) ZX{irregular change)
| Subject 2 X X
i Subject .3 X X
| Subject 4 X 0 S X X{regulsr change)
| .
— e — e ——— AR s
: 2. Relsased Throttle During Flight:
| 7200 90® Figure Climb to Landing Irregularly
Turns Turns 8's 1500

Superior Group:

Subject 1 X X X

Subject 2 X{feow sec.)

Subjeoct 3 X

Subject 4 X
Inferior Group:

Subject 1 X X X I(no conztant methroa

Subjsct 2 '

Subject 3 X{constant method
, Subject 4 X X X X X but irresgular
} ‘release)

*From Appendixz A - Analysis of General Flying Habits of Pilots.
A. Instructors Piloting & Wheel-Type Plane
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EXHIBIT 3 (Continued)
C. RUDDER:

Heels Off Floor Heels on Floor No Leg Movementa
During Taxi During Flight ‘Bxoept in Taxi

Superior Group:
Subject 1
Subject 2
Subject 3
Subject 4

Inferior Group:
Subject 1
Subject 2
Subject 3
Subject 4

R ]

X
X
X
X

e Bl

(slight)

(slight)

(slight)

bd b b pd

X
X
X
X

EC s ]

D. WHEEL:
l. Location of Hand on Whesl:

Grasped Wheel ' Grasped Wheel
Grasped Whesl at Csnter Toward Left Side At Left Side

Superior Group:
Subject 1 X
Subject 2 X
Subject 3 X X X {texi)
Subject 4 X X .
Inferlor Group:
Subject 1
Subject 2 X
Subject 3 b4 X
Subjeot 4 X

(few sec.)

2. Use of Both Hands on Whesl:
720°'s  Fig. 8's  Landing Irregularly Not at All

Superier Group:

Subject 1 X X X

Subject 2 .. - X{few sec.)

Subject 3 X

Subject 4 X
Inferior Graun:

Subject 1 X X X

Subjsct 2 X

Bubject 3 X :

Subject 4 X

3. Frequency of Shifting Position:
Superior Group:

Subject 1 - least
Subject 2 - only in 720°'s .
Subject 3 - regular shifts from side to center
Subjact 4 - occasionsl (slight)
Inferior Group:
Subject 1 - oocasionel
Subjeet 2 - ooccasiocnal
Subject 3 - frequent
Subject 4 - ocoasional

—— ——
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EXHIBIT 3 {Concluded)

D. WHEEL: (Continued)
4, Movement of Ailsrons: L
Mostly Wrist & Fingers Slight Arm Mostly Arm

Subject 1 X

Subject 2 ' - X

Subjsct 3 X

Subject 4 - X
Inferior Group:
| Subject 1 X
Subject & : : . X
Subject 3 X X '
Subject 4 X

ﬂupérior Group:
|
|
|

5. Movement of Elsvators:

" 6. Methods of Grasping During Flight:

§ Fingers & Thumb for Arm Movement. for Greater
j Slight Pressurs Prossure
Superior Group: :
7' Subject 1 X X
| Subject 2 X X
| SBubject 3 X X
| Subject 4 b4 X
ﬁnferior Group:
. Subject 1 . I.
i Subjsect 2 X X
; Subject 3 X
. Subfeet 4 ‘ X

: Fingers Arcund Palm Down With Beiweern Grasped Finger Tips
ﬁ Wheel - Thumb Center Bar Be- Thumb and Around "Resting on
| Toward Body tween Fingers Finger Only Center Bar Whesl
Superior Group: -

" Subjeat 1 X

| Subject 2 . X - ‘

| Subject 3 X (£flight) :

' Subject 4 X X X{during
Inferior Group: long ruan)
7 Subject 1 X

| Subject 2 X ,

| Subject 3 X X X

' Subject 4 X X X(few sec.) X
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reduced to 8 frames psr second.

¢. The Main Experiment Involving Motion Photography and Mioro-
motion Analysis

1. Subjects. The main experiment. invélving the use of motion photography _and
micromotion analysis. included B subjects. Of these, 7 wers flight instructors” in
the Philadelphia aresa and the other a recently licensed University of Pennsylvanila
pilet. All had participated in the investigation involving the eveluation of fly-
ing habits and plane performance by the method of direct observation referred to
on pages 3 to 6 of this report and in Appendix A.

2. Mansuvers. HEach subject was photographed while piloting the plane through
six separate maneuvers taken from the standerd flights and combined into one
flight. The mansuvers included:- '

. Take-QOff

Straight and Level Flight for 15 seconds
9C¥ Medium Left Turn

907 Mpdium Right Turn

360° Left Power Turn

Landling

Ho o o

The beginning and end of sach meneuver wers indicated on the film by flashing a
light into the lans. :

3. Compering the Control Movements of "Superior" and "Inferior" Pilots. The
findings of the experiment involving the use of dirsct observation for the svalua-
tion of flight attitude6 ware used in clessifying these 8 subjects into two groups
of 4 "superior” and 4 "inferior" pilets, respectively, the licensed student pilot
bsing grouped, on the basis of observed performance, with the 3 "“inferior® flight
instruotors. The photographic records of control movemsnts during esach mansuver
wore then analyzed, by means of the techniques describesd below, to determine the
respects in which body and limb positions and control movements of "superior®
pilots resembled or differed from those of “inferior" pilots.

4. Visual Inspection of Films Projected at Reduced Spsed. As & first step in
the usse of motion photography in comparing the M"superior” and "inferior" pilots,
sach film wes projected by means of en especislly adapted Keystons A-81 Projector
which makes possible slow-speed projection without flicksr. Such & projector
.creates a slow-motion effect even in the case of photographs teken at 8 frames psr
second, The ohief purpose of this projection was to observe the general pattern
of movemsnt and, more particularly, to study in grester detsil items of behavior,
such as finger movements, changes in whesl and throttle grasp, stc.. which cen be
more fully observed through the use of motion photography end slow projeotion than
by direct observation during flight.

During the slow-motion projection, the investigetor recorded his observa-
tions on body and limb positions and on movements made by “superior” and "infserior"

50ne flight instructor who cated as a subject in the preliminary expesriment involv-
ing the svaluation of flying habits and plene performsnce by direot observation
during flight (pages 3 to 6 of this report and Appendix A) was not available when
the motion pictures wers taken.

6366 pages 3 to 6§ of this report and Appendix 4.

7ses footnote, page 12.
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pilots, respectively, on the form used for the eveluation of general flying habits
jllustrated in Exhibit 1 of this report. The flying habits of "superior" and "in-
ferior" pilots, &8s observed during the slow-motion projection of photography. wers
then oompared by means of the technigue smpleyed in the evaluation of flying hab-
its, used in oconnection with direct observation, deseribed in pages 3 and 6 of this
report. Results obtained from the observation during slow-motion projection are
summarized in Part II of this report.

5. Prooeduras in Mioromotion Analysis of Photographlo Records. For micromp-
tion analysis. the photographs were projected, frame by frame, by means of the
adapted Keystons A-81 Projector. onto graph paper lined 10 spsaces .to the inch, the
graph paper being turned so that the vertically ruled lines were parallel to the
wheel-column in the projected photographs. .

Measuring and Plotting Wheel Movements in Aileron Control:- In order to analyze
turning movements of .the wheel to the left and righ$, providing aileron adjustments,
the position of the wheel in each frame was measured by counting the number of '
spaces on the graph paper between the following points of reference: (1) an sssumed
line running longitudinelly through the center of the wheel-column {indicated by
the lettsr "X" on photograph B, Exhibit 4}, and (2) the tip of the right corner of
the whaal (1ndlcated by the letter "Y* on photcgraph B, Rxhibit 4.

Because of the closenass of the camera to the wheel, the distanoce betwesn
these two points of reference varises-with changes in the wheel-column position, the
distencs increasing a3 the wheel is pulled baeok, i1.s., closar to the cemers, sven
without turning of the wheel. -In order to eliminate this artifact, photographs
were taken of the wheel when slowly moved from full forward to full beck position
with the wheel held constant, that is. free of turning movemenis., in the position
which meintains eilerons in nsutral. Photographs were taken of the whesl-column
in 71 planes and measurements were made of the distance beiween the X &and ¥ points
fon the. wheel { photograph B, Exhibit 4) in each of these planes. Finally, readings
1in successive planes were combined to give 13 "base" reedings indicsting the dis-
ltanoe betwesn X and Y points on the wheel, with the wheel in neutral position, for
sach of 13 wheel-column. positions loceted at epproximately equal intervals between
full forward and full back positions. . ‘

The final index of wheel position was then obta1ned by subtracting the ob-
served distance (in number of graph squares) between the two points of reference
-|from the approprists "base". The numbers representing these whoel positlons range
from minus 10 through O to plus 10. Since.a figure precsded by a minus sign al-
'ways indicetes & wheel position to the left of neutral and a2 plus sign & wheel posi-
tion to the right of nesutral, these have been converted into & range from left 10
through 0 (Neutral) %o Right 10 and plotted in this manner.. The rsedings of later-
al wheel position for photogrephs A, B, and C, Exhlbit 4, are R 6.5, L 8.0, and
L 3.5, respectively.

BThe reading betwesen the two points of refersnce was 25 when the wheel-column was
full forward and 30 with the wheel-column full back..

%It is rocognized that this method provides only & partisl correction for the angle
| 2t which the piotures were taken, since it does not correct for the fact that a

! reading of one space (on the graph) doss not represent the seme ampunt of dif-

‘| ference in position when the wheel-column is far forward as it does when tha wheel-
column is drawn well bavk. Howaver, since thils factor is significant only in the
sxtreme whesl-column movements such eas are found in Landing and Teke-Off, and in
visew of the fact that the error, under any circumstances, is relatively small, it
seemed undésirable to underteke, during this initial projest, the extensive work
required for the caloulation of & mors refined index.
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The menner of plotting sucoesslve changss in wheel position is well illus-
trated in Graph Ib (following page 41 ). Here it msy be seen that the "inferior”
pilot starts the Take-Off run with the whesl slightly left of neutral, as indicat-
ed by a reading of Left 1. and during the Take-Off run continues to move the wheel
irregularly toward the left, attaining a maximum reading of Left 8. Toward the
middle of the Take-0ff run, the wheel is returned to c¢leose to the neutral position
represented by an index of Left 2 but, in contrast to the performance of the "super-
ior" subject shown in Graph Is, theres sontinus to be irregular movements of the
whael to the laft and extending over to the right of nsutral until the moment of
leaving the ground. The rapid movement of the whesl at the momeni of leaving the
ground also eppears strikingly on this graph, the readingﬁ chenging from Left 5§ 1o
Right 8 within & period of approximately 3/8 of a second.i®

Measuring and Plotting Movements in Elevator Control:- In order to analyze move-
ments of the wheel-coiumn in edjusting the elevators during verious maneuvers, posi-
tions of the column in successive frames were plotted by counting the number of
spaces on the graph peper between two points of refersnce on the photograph: (1)
the point of entry of the whesl-column into the instrument board (indicated by the
letter "X" on photograph C, Exhibit 4), and (2) the end of the column to which the
wheel is attached (indicated by the letter "Y" on photograph C, Exhibit 4).

As the wheel is pushed forwerd to lower the elevators, the distance on the
graph hetween the two points of reference is reduced. The numbsrs indleating wheel-
column positions range from 15 (wheel-column full forwerd) to 56 (wheel-column full
beck) with 34 or 35 representing the neutrel position, depending upon the weight of
the loasd in the plane. In other words. & low number indicates that the whsel-column
is forward and the elevators are in the lowered position; & high number indicates
that the wheel-column is pulled bsck end the elevators are in the raised position.
For example, the numericael reading of whesl-column position for photograph A, Exhi-
bit 4, is 18.5; for photograph B, 36.5; for photograph C, 49.0. '

The manner of plotting sucoessive cheanges in wheel-column positions is
shown on Graph Ia. Here it is epparent that at the beginning of the Take-0ff run
the “supsrior" pilot holds the whesel-column toward the full back position, sinoce
the initial reading is 43.5. The whesl-column is held behind the neutral point for
about 3 saconds and then gradually moved forward, beyond the neutral positien, to
& forward position indicated by the number 24. It is then gradually returned to
approximately the nsutral position until the moment previous to leaving the ground,
whan the wheel-golumn is drewn back rather rapidly.

Analysis of Graphs:- Graphs of wheel movements {for sileron adjustment) and of
wheel -coclumn movements {for elevati{ adjustment) were plotted for each of the
maneuvers performed by each pllot. Readings were made of alternate frames, in

othaer words, of fremes representing photographs taken at the rate of 4 per second
for the 360° Left Power Turn (actually photographed at the rate of 8 per second)
and of frames representing photographs taken at the rate of B8 per second for the
other maneuvers (actually photographed at the rate of 16 per sscond).

103ince the photcgrephs analyzed on Graeph I wers taken at 16 frames per second and
alternats frames read, every chenge in position represents one cccurring within
1/8 of & second. .

1lpitn the excaption of & few ocases where the finished photographs displayed im-
perfections which made snalysis impessible. Thess cases explain occesional
variations in the number of subjects in the reports on individual maneuvers.



EXHIBIT 4

PHOTOGRAFPH A

TAKE-OFF

Wheel Reading - R6.5
(Aileron)

Vheel-Column
(Elevator)

PHOTOGRAPH B

360" LEFT POWER TURN

Wheel Reading - L8.0
(Aileron)

Vheel-Column
Reading - 36.5
(Elevator)

PHOTOGRAPH C

LANDING

Wheel Reading -~ L3.5
(Aileron)

Wheel-Column
Reading - 49.0
(Elevator)
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Visuel Inspection of Graphs:- A4s a first step in the analysis of graphic records,
' 811 graphs were first inspected in order to discover general patterns in the waey

| of nature, extent, end regularity of movements during & meneuver; and such other
igross charsoteristics as mey be observed through direct visual inspestion. Bz~
i amples of findings based on such inspsotion are found in the description of wheel
and wheel-column movements, during Take-0ff, of & "superior" and "inferior" pilot,
1respeotive1y. presentsd on pages 11 and 12 , The general findings arising out of
!the spplication of this proosdure ere to .be found in Part II of this report.

}Quantitative Treatment of Graphic Data:- Visual inspection of graphs was supple-
Imented by quantitative methods of snalysis. One simple method of guantitative
'analysis is to oount the number of squares between adjscent points on e graphic
|record &s & means of stating numerically the amount of movement of the wheel to
ithe left or right, or of the wheel-column forward or backward, during the interven-
ing 1/8 second. The same procedurs can be aspplied to cover 1onggr periods of time.

I For example, on Graph Ja it wes found that during the 3/8 second immediste-
|1y subsequent to the moment of leaving ground the “superior" pilet moved the whaeel
|from position L 4.5 to position I, 4, .indicating & renge of movement (towards the
lright) of .5 grephic squares during this stage of flight. In contrast, during the
13/8 second following the moment of leaving ground the "inferior" pilot moved the
iwhesl from position L § to R 8, 1ndloating. during this stage of flight, a range
|°f movement {towards the right) reprsented by 13 graphio squares.

J Similarly. & simple quantitativs technique was used to determine the tend-
lency toward simultaneity or independence of c¢ontrol movements. This was done by
!caloulatlng thes numbsr of instencss in whioh the wheel and whesl-column were movsd
'31mu1tanaously. as compared with the number in which the wheel and whesl-column
wers moved independently. Such a count. for example, in the case of Graph IIa shows
1that 51.5 per cent of control -movements of the "superior" pilots were simultaneous,
iin the sense that both controls were moved at the same moment of time, while the

parallal figure for the "inferior" pilot, representsd in Graph IIb, is 18.7 per
‘cent

|

bontrol Movement Ratios:- In addition to the calculetion of simple quantitative
]indioas of the type desoribed above. an effeort was mede to study wheel and wheel-
joolumn quentitatively through the celoulation of five speocific Control Movement
Ratios. These are as follows:

\ .

| INDEX 1: TOTAL AMOQUNT OF CONTROL MOVEMENT

Index 1 was calculsted by running a Ymap messure' along the graphed line
blotted to show wheel movement, {affecting aileron adjustment), and the line plotted
to show wheel-column movement, {affecting elevator adjustment). This provides a
measure of the total length of the line representing movement (i.e. successive

positions) of the control. In order to compensete for differences in totsl time of
he maneuver as carried through by various pilots. the obtained measure was divided
by the length of the straight line across the graph, which would be obtained in
Elotting if the control were held in s constant position, without movement., through-
ut a meneuver. The resulting ratio is an index of the Total Amount of Movement
?f the control.

For example, the Totsl Amount of Wheel Movement for the "superior" pilot
1Graph Ia) is represehted by the figure 1.14B, while that for the "inferior" pilot

Graph Ib) is 1.414. Gorresponding ratios of Totel Amount of Wheel-Column Movement

are 1.209 and 1.444, respectively. It is spparent, therefore, that the "inferior"
1

J .
|




pllot moved both the sileron and elevator controls more than did the "superior"
pilot during the Take-0ff maneuver.

INDEX 2: PER CENT OF TOTAL TIME IN MOTION

Since differences in Total Amount of Control Movement may be dus either to
extended but infrequent movements or to restricted but frequent movements of ths
wheel or wheel-column, an Index 2 was computed tc show the proportion of the total
time during which the control was in movement during the mensuver. This wes ob-
tained by counting the numbsr of reedings in which the position of the control dif-
fors from its position in the preceding freme. Dividing by the total number of
resdings for the maneuver, i.e. by the total number of fremez reed, gives & Conh-
trol Activity Index representing the totsl percentasge of time in which the control
was in movement during & meneuver.

In Graph Ja the Control Activity Index for the "superior" pilet in the cass
of wheel movement proved to be 50.7 per cent. and for the "inferior" pilot, 72.8
per cent. Corresponding indices for whsel-column movement were 39.9% per cent and
66.0 per cent. respectively. In other words, both the wheel {effecting sileron —
adjustment) end the wheel-column (affecting elsvator adjustment) were kept in mo-
tion during a larger proportion of the time taken for the maneuver by the “inferior®
pilot than by the "superior" pilot.

INDEX 3: NUMBER OF CONTROL MOVEMENTS

Index 3 provides a quantitative statement of the toisl number of discrete
gontrol movements during the menusver. These movements sre of four types: from
left to right. right to left, stationary to left, and stationery to right, in the
case of wheel movements; and forward to back, back to forward, stationary to for-
ward, end stationary tc baock, in the case of wheel-column movement.

Index 3 wes obtained by dividing the totel number of wheel movements or of
wheel-column movements by the totsl number of readings for the maneuver. In other
words, it provides essentially an index of the sverage numbsr of discrete control
movements during sach 1/8 sscond, except in the case of the 360° Left Power Turn
where the index shows an average number of discrets control movements for sach 1/4
second.12

In Grephs Is and Ib, Index 3 for wheel movements {affeoting aileron adjust-
ment) proved to be .372 for the “supsrior" pilot and .383 for the "infarior® pilot.
Index 3 for wheel-column movements (affecting elevator adjustment) proved to bs
809 for the "superior" pilot and .401 for the "inferior" pilit. In other words,
while the two pilots have spproximaiely the same average number of wheel movements
per 1/3 second in making aileron adjustment, the "inferior" pilot averaged spproxi-
metely twioce as meny whesl-column movements per 1/8 second in making elevator ad-
Justments.13

123ince the index is obtained by dividing the total number of ocontrol movemsnts by
the total numbsr of reedlngs, it is apparent that the index for no movement is
0.00,-and that if a discrete movement were made every 1/8 second during flight
(or every 1/4 second during the 360° Left Power Turn), the index would be 1.00.

1374 appears to the investigators that the index is of value as a spsclfic indica-
tion of number of discrete control movements. However, it possibly bscomes &
greater significance when Index 3 is compared with Indices I and 2. Such & com-
parison, referring to the wheel movements of the “"superior" and "inferior" pilot
during the Teks-0ff maneuver, Graphs Ia end Ib,. indicates that although ths "in-
forior" pilot mekes no morse discrete movements than does the "supsrior", thess
are more extended in renge since Index 1 and 2, respectively, for the "inferior”
pilot are higher than Index 1 and 2, respectively, for the "superior" pileot. Such
inter-relationships &= indices have not besen examined in detail in the study to

date, but there is reason to believe that such en examination represents a pro-
jedre 'F“'l""'hﬂ'l" T°nag nf at+eptr a *ha = |-
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Index 3 represents a quantitetive statement of the number of disorete con-
trol movements without reference to direction. It seemed desirabls to extend the
quantitative trestment by a bresk-down of Index 3 into two additionsl indicas ob-
tained through a con31derat10n of direction of movament. Thess ars:-

INDEX 4: GHANGES IN DIRECTION OF GDNTROL MDVEMENT

‘ Index 4 shows whethar the control movement persiats in a given direction, in
%ha sense of being consistentily maintslned in that direction, or is marked by in-
@ermittent regressive movements in the opposite dirsction. This index was computed,
- {for alleron adjustment, by first counting the numher of times the direction of the.
heel movement was reversed. and for elevator adjustment by counting the number of
. [times there wes a reversal in the direction of the movement of the wheel-column,
except where suih reversals oocurred after sn interval without movement of 2/8
second or more. The obtained number of reversals of direction was then divided
iby the total number of resdings. The index therefore represents the aversge number
of regressive movements for each 1/8 second in the cese of all maneuvers excépt
the 360° Left Powsr Turn, where the index represents the number of rsgressive move-
ents every 1/4 second.

Referring again to Graphs Ia and Ib, it was found that the index of changes
in direction of wheel movement (affecting aileron sdjustment) proved to be .284
for the “superior" pilot and .299 for the "inferior" pilot. In the case of wheel-
column movements {affecting elevator adjustment) the figures showing number of
- lehanges in dirsction of control movement proved to be .142 and .297 for the "super-
ior" and "inferior" pilots, respectively. This comperison indicates no differencs
batwean the “supsrior" snd "inferior" pilot with respect to the persistence of
movement in & glven dirgotion in the case of sileron adjustment, but & greater num-
ber of changes of dirsction of movement (affecting elesvator adjustment) in the case
of the "inferior" pilot.

INDEX o: DISCONTINUITY OF GONTROL MOVEMENTS

i A provisional index of Discontinuity of Control Movements was caloulated by
1subtract1ng Index 4 from IndeX 3. When this subtraection is mede. the resulting
number is an index of the frequency of two kinds of movements: (1) discontinuous
movements in the same direction, i.e. movements in & single direction separated by
en interval without movement, in other words movemenis giving & step-like escending
or descending graph, end (2) movements from a stationery position in & direotion
opposite to the dirsction of the previcus movement. The latfer cannot be considared
roversals in direction since thers has been en intervening pericd without movement.

! The value of the index resulting from the subtre&stiion of Index 4 from Index
3 is determined. in the main, by the first kind of movewent desoribed above, that
is, by the numbser of discontinuous movements in the same direction. Ocoasionslly.
however, the value is inordinately influsnced by the incidence of the second type
cf movement described above. For this, and other reesons, Index 5 is not an en-
%tirely satisfactory measurs of discontinuity of movement.

|

In genersl, however, the index shows the average number of discrete discon-
tinuous movements in the ssme direction for sach 1/8 second for all mansuvers

14Thare is & more or less constant error in this index inasmuch 2s changes in direc-
tion of movement required by ths mansuver were not sliminated in counting the
total number of ochanges in direotion. However, since the former are very few in
saoh maneuver, this may be considered as a negligible element for the purposes of
the present study.
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except the 360° Left Power Turn, whers the index refers to discrste discontinuous -
movements in the seme direction for each 1/4 second. In Graphs Is and Ib, Index

§ for wheel movements (affecting sileron adjustment) was .088 in the case of the
"suparior" pilot, and .105 for the "inferior" pilot. In the case of wheel-column
movements (affecting elevaetor adjustment), Index 5 proved to be ,067 for the "sup-
erior" pilot and .104 for the "inferior" pilot. -

Data Obtained from Celoulation of Control Movement Ratics:- Typiecal data obtained
by calculating control movemsnt ratios are presented in Grephs I to VI, inclusive.

With sach graph are included the five conirol movement retios for the stated mansu-
ver as performed by a "superior" and "lnferior" pilot, respeotively.

Results obtalned through the calculation of control-movement retios have
besn oonsidered tugether with the results obtained through the applicetion of other
prooedures described on the preceding pages to arrive at the findings listed in
Part II of this report, devoted to 8 discussion of the Qutcomes of the Universiiy
of Pennsylvanis Ressarch Projeot.

Iv. JIntrospective Reports on Learning How to Pilot a Plane

In sddition to the procedures desorihsed above, the assistant atteched
to this research project, Albert S. Thompson, prepared for each instruction flight
8 detailed introspective report of experiences on learning to pilet 2 plane, ex-
tending from the first dusl flight through the first solo flight. These introspec-
tive reports are summsrized on pages 37 to 41 in Part II, and semples are present-
ed as Exhibits 9 end 10, pages 38 and 39 .
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Part II

CUTCOMES

MAJOR




1§.

MAJOR QUTCOMES OF THE UNIVERSITY OF PENNSYLVANIA RESEARGH PROJECT

I. Standard Flights.

|

f One of the major outcomes of the Unlversiiy of Pernsylvenis Researoch Projsct
was o series of standard flights. Three such standard flights, designsted es A,
dl, and C2, respsctively, were developed. Diegremmatic pians of these standard
flights are presented in Exhibits 5, 6, and 7 on pages 20 to 22 , inclusive.
3tanderd Flights 4 and Cl have been used extensively both at the University of
Pennsylvanie end et other research centers.

Each standard fllght inoluded "crltlcal manauvers" repressntlng those whioh
bers being investigated, amd "transition maneuvers" ropresenting those employed to
lace the plane in position for the =succeeding "eritical mensuver®. Stendsrd Flight

included 'britical m&nsuvers" suitable for use in determining the proficiency of

student pilots who had completed Stage A of instruotion (dual flight), viz. Taxiing,
eke-0ff, Climbing, Straight and Level Flight, 90° Right and Left Turns, Giids, and
Lending. §Standard Flights Cl and C2 represented flights suitable for use in ob-
serving the perfortmance of student pilots nearing the completion of Stage ¢ (final
stags of solo flight) Gritical mansuvers in Standard Flight €1 included ?200 '
Power Turn§ with 60° Bank end Figure 8's around d Pylons, in addition to Teke_Off,
Btraight and Level Flight, Climbing Turns, 1800 5ide Approach and Preciaiaon  Landing.
gore complex mansuvers, learned during the later stages of instruction, such as
ower-On Stell. Power-Off Stall, Spirsl Climbs, Spiral Approach and Slde~511p dur-
ing lending, wers 1ncluded in Stendard Flight C2.

| As indlcated above. the stendard flights developed in connection with the
Unlvar51ty of Pennsylvanla Research Project have been used not only et the Univer-
sity of Psnnsylvanla but alsc in research Jjointly dirscted by H. M. Johmson, H. A.
Edgerton, and M. 8. Vitelss, and conductsed et Tulane University and in Rochester:
and in resesrch directed by H. A. Edgerton and R. Y. Walker. at Ohio Stete Univer-
sity; by A. W. Williams, at the University of Marylend; by E. B. Gresne, at the
Un1vsr51ty of Michigan; and by W. N. Kellogg, at Indiane University. They heve also
\been mede available to H. L. Xelly of Purdue University. who is proposing teo use
‘them in connection with his work. There seems reason to belisve that the standard
!flights_;epresant & significant contribution to the Aireraft Pilot Research Program.

;Programl“.

15Ed1tor s Note: Since the originel date of this report (October 1940) standard

J flights have become en integral pert of the Committee's research program.

; Stendard Flights A, Cl, and 02 have been expanded into & series of four flights

. designed to test student pilots at easch of the four stages of primary C.P.T. in-
| struction. The latter series is being used in ths coordineted Boston and Midwest
| Projects of 1942 and 1943 in which flight performance is observed directly as

.~ well as threugh photographic records. The general principle of standardization

' of the £light test situation has -alse found its way into ectual field practice

i both in the Unitgd States and abroad.

A disoussion of the standard flight technique, a description of a series
of flights of increesing diffioulty, and suggestions for adaptations of the
standard flights to individual eirports and for specific uses have been added %o
! this report as & Supplemental Repdrt, entitled Menual of Standard Chesck Flight
| Proosdures for Civilian Pilot Training (January 1943).
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EXHIBIT 5

DIaGRAM OF STANDAHD FLIGHY 4
(For the 3. [Davis Wilsom iirpert, Phila., Pa.)
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i&iﬂg The transition maneuvers are shown with dotted lines.

Prepared by: Morris S. Viteles
Albert 3. Thompaon

- With the as-
sistance of: Richard Bircher, director
of flight instructicn.

Date: April 1, 1940.
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] EXHIBIT 6

| DIA OF_STAND GHT Gl

% (For the S. Davis.Wilson .Airport, Phila., Pa.) .
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Prepared byt Morris S. Viteles
i ‘ Albert 5. Thompron
| With the as-
; . sistance of: Richerd Bircher, director
of flight instruction.

Date: April 1, 1940.
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EXHIBIT 7

, DIAGRAM OF STANDARD FLICHT Ci
{For the 3. Davis Wilson Airpori, Phila., Ps.)
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Kote: The transition meneuvers. are shown with-dotted lines.

Prepared by: Morris S. Viteles
Albert 3. Thompson
With {he as-
sistance of': Rlchdfd Bircher, dlre%tor
flight instruction,
Date: .L ,1., 19»-’&0
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Ii. Development of Teohnioal Praoadures

.

; Another importaent outcome of the Univar31ty of Pennsylvanla Ressarch Pro-
jebt was the adaptatlon of the techniques of motion photography and of micromoticn
andlysis to the study of movements used in the control of sn sirplene. For example,
thé dsvelopment of methods for Gomputing control-movement ratios, deseribed in Part
I of this report, sets the ground-work for furthar productive research in objeo--
tively studylng movements employed by pilots in controlling the plane during -
flﬂght.

| III. Findings on the Flying Hebits of "Superior” and “Inferior” Pilois.

| The devalopment of techniques was paralleled by the assembly of consider-
abﬂa data obteined through the spplicaetion of these techniques. From snalysis of
these date it is possible to submit certain tentative findings with respect to the
pamterns of response characterizing "superior" and "inferior" pileis, respectively.
Thbse findings must be considered as highly tentstive in character since:-

{1) The pumber of subjects was small.

‘ {2) The number of observations on each subject wseg 1im1ted This applises
pa ticulerly to the photographs of control movemsnts, zince only one photographic
record was made of each of the 6 mansuvers included in the Msin Experiment. It is
quite possible thet e single flight doss not give an adequate sampling of the pilot's
gemnral flying habits. As s metter of faot, an examinetion of the 38 graphs of
cantrol movements pregared in the course of this study reveeled instancea whers
the "supserior" pilot produced & record which indicated inferior performance, and
instanoes where an “inferior® pilot's record showed performanos superior to his
ganaral lavel of response. Such 1nstances tend to cloud the genersl trend revesled
by a comparison of the two groups. -

‘ (3} The clessifioation of pilots into "superior" and “1nferior“ groups
ng_made "subjectively" on the bssis of direct observation. Although this classi-
fleation was independently confirmed by the loecel flight director of the @ivilisn

let Training program, such a classification is not completely acceptable as &
davice for clessifying pilots with respect to proficiency in piloting & plane in
tH e experimental study of the naturs of this skill. 17

1601&551f19d on the basis of an eveluatlion of general flying habits observed during
‘flight, as described on pages 3 to § and pagell -

17:It iz to be noted thet in the continuation of the University of Pennsylvania Re-
isearch Project it is plenned to use mors objsctive methods for classifying pilots
'as to proficiency in piloting & plane. TFor this purpose uge will be msde of (&)
leither the Kellogg Response Recorder or the Friez Control Cable Recordsd to give
|records’ of control-cable movements, end (b) either the Redhed Rids Recorder or
‘the Friez Flight Analyzer to provide the record of plane attituds coincident with
,the wheel movements recorded photographically.
: Durlng the present experiment en sffort was made to procure cbjective
‘messurements of plane performence by pletting Turn Indicator resdings. The nature
jof such records is illustrated in Graphs VIIa snd VIIb which show the chengss in
;the position of the Turn Indicetor needle and concurrent wheel and wheel-column
Imovements during Straight and Level Flight by & "superior" pilot of the mein ex-
iperimental group and by & student pilot with spproximately 1-1/2 hours of in-
struotion. Turn Indloator readings were obtained by sssigning & numerical value
‘to the Turn Indicator needle position in successive frames. These numerical
;values range from L § through O to R 5, the far, near and center marks on the Turn
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(4) Since various technigques were employed in verious stages of the re-
aearch, there appeared certain discrepaencies in the findings which served to de-
tract from the clear-cut nature of the findings.

With the reservations notfed above it is possible to submit the following high-

1y tentative findings with respect to the body and limb positicns and movemsnis em-
ploeyed by "superior" and "inferior" pilets, respectively, in controlling a plsane.
The experimental procedure from which the finding is derived is indicated in ea&ch
cese. In addition, illusirstive materisl in the form of photographs, graph=., and
tebles is provided to indiocmte the naturs of the dats obltained, and how these date
were treated to srrlve et these general findings.

A, Findings Bssed on Dirsot Qbservation during Flight
and Confirmed by Slow Motion Projeotion of Photographs.

5

1. Body and Limb Positions.

a. General Posture:l8

(1) Both "superier" and "inferior" pilots tended to 8it erect during
£light. i

(2) Both groups tended to place the heels on the floor snd the bsll of
the foot across the rudder bar.

b. Location of Hend on Wheel:

Both "superior" and "inferior" pilois, when seated in the plane and

prepared for flight, placed the hend at or slightly to the left of

the top-center of the wheel-rim with the thumb extending slightly to
~ the right of center, ss illustrated on photograph A, Exhibit 8,

¢. Whesl Grasp:

Both groups grasped the wheel in much the ssme way, as illustrated
in photograph A, Exhibit 8. This basic or standard wheel grasp may
be deseribsd as follows;-

(1) T™he enterior portion of the palm of the left hand is placed on the
top rim of the wheel.

(2) The rim is encircled rather loocsely by the four fingers, with the
knucklses facing the instrument board.

Indieator having the values of &, 2, and 0, respectively. "L" refers to a posi-
tion to the left of the center mark and “R" to a poaition it the right of the
canter mark,

If difficulties are experisnced with the instruments to be used in recording
flight attitude, the investigator may continue further with the use of such plott-
ings of Turn Indicator, supplemented by a similar graphic tresiment of Bark Indi-
cator readings, as a basis for passing judgment on flight attltude during mensuvers
and for classifying pilots for over-ell profivciency in haendling the plans.

18Not observable during slow-motion projeotion of photographs beceuse of the limited
fiold of the camsra.



EXHIBIT 8

PHOTOGRAPH A

Basic Wheel Grasp

PHOTOGRAPH B

Wheel Grasp Durin
Take-off

PHOTOGRAPH C

Throttle Grasp




I
|
[

25,

{(3) The fore-finger and thumb sre extsnded ‘towsrd. the right slong the
face of the whesel rim to provida what might be called a “"finger-
tip" grasp.

In general, this whesl grasp is essentially that obtalned by placing
the hand upon the wheel in & relaxed manner with the arm extending
obliquely downwsrd and toward the loft.

. Wheol Gresp during Teke-Off: "

Both "superior” and "inferior" pilots tended to use e modifiocetion of
the stardard wheel grasp during the Take-Off maneuver. In this the
¥iist was dropped slightly, bringing the hand into a more nesrly verti-
cal positien; the rim was more $ightly encircled by the four fingers

. with the knuokles extending approximately along the top of the rim of
the wheel, and the thumb wes pressed more flrmly agsinst the face of the

wheel rim (photograph B, Exhibit 8); This tended to give & firmer grasp
and & greater palm surface along the front rim of the wheel to provide
greater pressure in pushing the wheel forward for lowering the elsvators
during the Take-0ff run.

. Throttle Grasp:

Both “superilor" and "infarior” pilots tended to grasp the throttls with
the ball in the palm of the right hend end the first finger placed length-
vise along ths top of the plunger in the direction of the throttla lock,
as illustrated in Photograph C Exhibit &.

——————

2. Body and Limb Movements during Flight.

&. General Body and Head Movements:

Both “superior' and "inferior% pilets ‘exhibited littls body movement dur-
ing flight except for a slight swey toward the dlrectlon of the turn and
occasional head movements to observe traffic.td

. (1) The "superior“ pilots tended to use wrist and finger and slight arm

~movements -in preference to full arm movements in making slight wheal

" movembnts for sileron sdjustment. In contrast, “"inferior" pilots
tended mdére frequently to use movements of the entire arm for thls
purposs. '

(2) The "superior" pilots tended to use finger, thumb, snd wrist move-
ments for pushing or pulling the whesl-column in making slight
slevator adjustments, while the ™inferiocr" pilots tended to use the
whole arm, even in the case where very smell adjusiments are re-
quired.

19Hot observeble during slow motion projection of photographs beoause of the
limited field of the camera.

R0

ese were observed only in part by the method of slow-motion projection of
hotographs =ince the cemera field did not include the entire arm. However, the
hotographs made it possible to observe slight finger movements in greater detail
han waes possible by the method of direct observation.
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B. Findings Obtained from the Analysis of Graphic
Records of ¥Wheel and Whesl-Column Movements.

1. Statistical Methods for Treeting Quantitative Data. As indiceted in pre-
ceding pages (10) to (18), graphs obtained by plotting successive wheel and wheel-
column positions during freme-by-frame projection of motion photograph were studied:
(a) by visual inspeotion; (b) by the applicstion of simple, quantitative technigues;
and {c) through the computation of control-movement ratios. Flndings obtained
through the application of these proosdures are presented below: classified with
respect to the 6 mensuvers employed in the Main Experiment (page 10).

The t-test:- Thess findings were based, in part, upon the comparison of mesn scores
of "guperior" agd "inferior" pilots. In preparing such comperisons, use was made of
Fisher's t-test™ for determining the significance of the difference batween the
means of small samples. The t-test essentislly provides for small samples and
statistic enalogous to the "oritlical ratio” commonly used to describe the reliabil-
ity of & difference bstweer the means of larger, presumaebly normal sampling distri-
butions.

P-Values:- FPor small samples the probebility that two samples differ significently
in their means. or, more exaoctly, the probability that the two samples were drawn
at random from identical normel populations (with the same mesn and the same stand-
ard deviation) 1s expressed in a P-value to be found in a table, prepared by Fisher,
which gives P-valuss fgr t's obtainsd by the treetment of deta referring to differ-
ing numbers of ceses.

In Tables I to VI (pages 31% 36) are found the range of ocontrol-movement ratios,
midscores end mean sgores for "superiocr" and "inferior" pilots. respectively, clas-
sified with respsct to maneuvers. In addition, the difference between the mesn
seores of "superior" and "infarijior" pilets 1s given for sach of the ocontrol-movement
ratics, and the significancs of this difference expressed in terms of P-valus.

Levels of 8ignificance;- For the interpretation e¢f the P-values it should be re-
oalled that a P-value £{.01 {less then .01) means that the probability that an ob-
served differesnce is dus to "ohapce" is only 1 in 100. In other words, & P-value
< .0l means thet the observed difference will be obtained from random samplings of
esgontlally identlocal populations, {i.e. with the seme degree of proficiency in
piloting) fewer than 10 fimes in every 1000 drawings of random ssmples (1 in 100).
‘Whers P-velhe is . G5j) .01 (less then .05 greaster than .0l) the probability is
from 1 ‘to approximately 5 in 100 that the observed differsnce between the msans of

2lSee-Fisher, R.A. Statistical Methods for Ressarch Workers, Fifth Edition, Edin-
burgh; Oliver & Boyd, 1934, pp. 120.121..
The formula is .

— -

R g (ny + 1) (né +1)
- m + ng + 2 _
in which 82 _ i [:S(x-f)a + "8{(x" - E‘)%J
ny + ng

T = 1 S ) 1:-.1 l
np +1 z), x ng + 1 '

221bid., p. 158.
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olgroups,is due to chence, or, in other words, that the two samplings represent
~gsentislly the same or identicel populstiions.. : po

For the purposes of this study, the P-valuea were lnterpreted as follows:

(1) it was assumed that with a P-value grester than. .05 there was essemtlally no
t2ue difference in movement pattern {as represented by oontrol movement ratios)
between “superior” and “inferior pilots, since such & P-valus meens thet an ob-
sgrved difference will appear in more than § cases out of every 100 when random
samplings ‘of pilots from the sems generel population ars compsred; (2} it was as-

sumed that P-values betwesn .05 and .01 gave reasonable grounds for the bellef that
t e difference in means between the two groups was not due primarily to ohence; and
{ ) it was sssumed that with a P-value of .0l or less, there was -great justification

r the belisf that the two groups differed slgnificantly since such & P-value in-
dicates that tha obmerved differenda will ocour by ohance in only ene or less than
oﬁe case in 100.

{ In eddition to t-soores and P-values, other types of statistical cowparisons
wére employed in arriving at the findings presented below. In general, there is
fiund here an indication of the manner in whioh data can be trsated in the larger-
sgale investigation to be underteken during the forthcoming research period.

2, fer a)l Pilot Res 8 M 8,

TAKE-OFF

5 &, From visual inspection of araphs. (Ses Graphs Ia and Ib)

(1} With one excaption, "Superior" pilots started the Take-0ff run with
tﬂe wheel-column back of the neutral point. The oolumn was held in this position
far approximetely 3 seconds of the Take-Off run before being pushed forward to.
lqwer the slevetors, This pattern of response was exhiblited by only one of the
"inferior" pilots. In addition, one "inferior” pilot (Graph Ib) actuslly begsn
the Take-0ff run .with the wheel-column forward of noutrsl and held it there, with
nsiderable fluotuations of posltion, during moat of the Take-0ff run.

C(8) ‘Both “superior" and "inferior" pilots tended to pull the wheel-column

b ck sharply and smoothly during the  few momentis previous to leaving the ground. In

odntrast, the “inferior pilets pulled the wheel.golumn back irregularly with oc-
cjsidnal Jerky and regressive movements. As & matter of fact, while all "inferior®
pilots mads such regressive whesl-column movements during the 3 seconds preceding
tHe movement of leaving the ground, only one of the "superior". pilots changed the
dqrection of wheel-column movement during this period.

; {3) AXl "superior" pilots pushed the whesl-column forward slightly., in

ider to level off, during the second following the moment of leaving the ground.
( ¥ one 3f the "inferior" pilots mede this adjustment within & similar periocd
raph Ib

| .
i b. From trsatment of control-movement retics. (Ses Table I.)

(1} "Inferior" pilots exhibited & greater smount of wheel movement dur-
13g this maneuver, as indicated by the large: positive differencs between the

means of Index 1 {Table I). The P-velus for.the difference betwesn the means (( 01)
1# highly signifioant.
i

It is alsc to bé noted that thers was no overlap between ranges
oﬂ s?o?es for "superior" and "inferior" pilets respectively., It is perhaps slso
s|gn1flcant to find that the index score of the only student pilot in the investi-
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gation is the maximum socore (representing grEatest amount of movement) for the
entire group.® .

(2) "Inferior® pilots also exhibited a grester emount of whesl-column
movement during Tske-0ff. Although the difference between the means of the two
groups for Index 1, Whesl-Column movement, {P-value <.10} .05) did not reach the
level of significance set as & coritsrion in this study, it should be noted that
there wes preoctically no overlap between the scores of the two groups. In this
case, the student's scors was slso at the extreme (maximum) scors.

(3) "Inferior" pilots kept the wheel in motion during a grester psr-
contage of the total tims of the meneuver than did the *"superior" pilois as in-
dicated by a difference of 14.5 between thoe means of Index 2, whesl movement. A
P-value of <.05) .02 indicated that this differsnce wes statistiocally =ignificant.
In gddition, there was no overlap befween the range of scores of "inferior"™ and
"superior" pilots. Index 2 for the student was the maximum scors for the total
group.

STRAIGHT AND LEVEL FLIGHT

a. From visual inspection of graphs. (See graphs IIs and IIb.)

No differences between "superior" and "infsrior" pilets appeared when
graphlc records were inspected visually and the data submltted to simples quanti-
tative treatment.

b. From trestment of control movement ratios. (Ses Table II.)

None of the P-values for differences in mean index scorses for this
maneuver fell bslow .05, the desired level of significgzoa.‘ However, it ssems
desirable to cell ettention to the following findings:

{1) "Inferior" pilots kept the wheel in moticn during & smaller percent-
age of the total time of the maneuver (Index 2, wheel) than did "superior" pilots,
Although the P-value ( .10 >.05), was not within the same significance, the range
of scores of the two groups did not overlap and the student's score was the mini-
mum score of the totel group. For exemple, in Graph IJa, Index 2 for the "super-
Tor" pilot provedto be-47.5, while the "inferior" pilot obteined a corresponding
score of 28.3 {Graph IIb).

2307 the total of 60 indiees computed (5 ratios of wheel and whesl-movement sepa-
rately for each of 6 maneuvers) the studsnt's indexz score is found to be either
the maximum or minimum score for the combined groups in 26 of the ceses. In 25
of the 26 instences, his score is at that end of the rsnge in which the scores
of the "inferior" pilots fsll. 1In general,-in ebout 409 of the indices ocomputed
‘the student obtains the "poorest" score.

This anelysis is presented as being of interest in view of the proposed exten-
sion of this study in whioh students are to be observed during the entire period
of instruction, and their responses studied both st various stages of instruo-
tion and in comparison with those of flight instructors, or other highly ex-
porienced pilots.

R4Thege findings are particularly interssting in that Straight and Level Flight
was the_only maneuver of the six mansuvers studied in which the activity of the
"superior® pilots tended to be grestsr then that of "inferior" pilets. It may
also be noted that none of the differences in means or medians glven in Tabls
IT wes positive in Elr etion.
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{(2) "Inferior" pilots made a smaller total number of wheel-column move-
ments {Index 3, wheel-column - Table Il) during streight and lsvel f£light then did
"superior" pilots. Hers again, the P-value of the difference between the means,
(¢10) .05) was beyond the level of signifioance, but there wes alsc no overlap in
Index 3, whesl-oolumn scores, betwsen the two grnups,and the studént obtained the
| minimum score of the total group.

(3) “Inferior" pilots made fewsr regressive wheel-column movemerits (in-
| dex 4, whesl-ocolumn, Table II) during straight snd level flight than did “superior”
| piléts. The P-value was &gain beyond the accepted level of significanos, (.17 .05,
,but there was no overlap in the index scores betwsen the two groups, and the stu—
dent obtained the minimum score of the total group.

90° MEDIUM TURNS

a. From visual inspeotion of graphs. (See Graphs IIXa, b and IVa, b.)

Inspection of the records of this meneuver reveaslsd no oonsistent pet-
terns of movement exhibited either by both groups or by the "superier" and "inferior"
groups, resnpectively.

1

~ b. From simple quentitetive treetment of graphs.

No characteristics dlffarentiatlng “superior” and “inferior" pillots wers
noted by this method -

¢. From trestment of conirol movement ratios. (See Tables IIT & IV.)

An exemination of P-values, range, etc., showed no differentiating
characteristics between "supsrior" and "inferior" pllots in terms of control.move-
ment ratios.

360° LEFT POWER TURN

8. From visusl inspection of graphs. (See'Graphs Va and Vb.)

" A1l but one of the pilots, including both "superior” and "inferior"
pilots, exhibited the following pattern of control movement during the sentry inte
the turn: )
|

(1) The wheel-column was pulled back slightly while the wheel was being
turned to the left to make aileron adjustments for benking the plane.

1 (2) The extent of this backwerd movement of the whesl-ocolumn was in-

creased soon after the wheel reached the meximum position to the left, and continued
as the wheel was returned toward the right with a view to meintaining ihe bank of
the plene. This pattern of movement is seen quite clearly in Graph Va.

! . ' b. From quantitative indices of graphs. (See Table vV.)

finferior" pilots kept the wheel in motion during a greater perocentege of
the total time than did "superior" pilots. The P-valus 601 for the difference

35Although the 90° Medium Laf£ Turn grephs sesmed to show & tendsnoy for most of the
subjects to meintain wheel movement towards the right during the tupp to. ‘hold the
bank, even this tendency was cloudad by considerable fluctuastion of movement in
the case of & few of ths subﬁbcts and was not discernibls in the graphs of ths 90°
Medium Right Turn.
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between the méans of Index 2 for the two groups is highly significant.
'LANDING

a. From visual inspection of graphs. (See Graphs VIa and VIb.)

(1) Both "superior" and "inferlor" pilots tended to pull the whesl-
solumn to the mazlmum back position slightlx prior to ths moment of landing.

(2) vSuperior" pilots tendsd to hold the wheel-column more firmly in
the back position at the moment of landing and during the first few seconds of
the landing run then did "inferior" pilots. This is displaeysd in the fluctuation
of the wheel-column pasitions during this portion of the mansuver in Graph VIb as
compared with Graph Via.

(3) "Superior" pilots exhibited & greater total amount of wheel move-
ment immediately preceding the moment of landing than did "inferior" pilots.

b. Treatment of control movemeni ratios. (See Table VI.)

Visual inspsotion showed that "superior” pilots exhibited a grester
total amount of wheel movement immediately preceding the moment of landing than
did "inferior" pllots. This observation was checked gquantitatively by computing
an Index 1 applying to the portion of the graph representing the & seconds of
wheel activity preceding the moment of landing. The differencs in mean scores bs-
tween “superior" and "inferior* pilots for this partial Index 1 proved to bs .383.
The P-value for this differencs ( {.05 ».02) is statistioelly significent. In ad-
dition, the rangss of obtained ratios for the "superior® and *inferior" pilois
did not overlap and the score of the student pilot was the minimum for the total
group.

C. A Note on Discrepancies.

Thers arse prosented sbove only those findings for whieh no contradictory
evidence appesared when the results cobtained by the various experimental procedures
vere cotpared. Howaver, it is interssting to note that there were relatively few
instances of striking discrepancies; and that most of the latter oocourred when
the results of direot observation and slow-motion projection of photographs wers
comparsd. These mey have resulted, in part, from the facts that {a) the camera
field of thé photograph did not include the trunk and feet of the subject, end (b)
the photographs provide opportunities for more detailed observation of slight fin-
ger and thumb movements, which cannot be observed during direct observation
flights by ths investigator, and (c) the photographic recordas were of single,
short mansuvers. A few instances of such discrepancies may be noted for illuatra-
tive purposes:-

!

1. Aococording to direct observation during flight, the "superior™ subjects
occasidnally released the throttle and used the right hand to aid in making wheel
and wheel column movements during the more difficult mansuvers, such as Take-Qff,
720° 'Power Turn, Stalls and Recovery, Figure B's, snd Landing (Appendix A). This
differentiating oharacteristic did neot appear during slow-motion projection of
the photographs. In the latter, it appesred that only two subjects. one in the.
"supsrior" group and one in the “"inferior" group, used both hends on the wheel.
These pilots used both hands on the wheel for nearly all the maneuvers photographed.

2. According to direct observation during flight, the "superior' subjects
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I-RANGE
Both Groups

?Superio;“ Pilots
“Inferlor" Pilots

II-MIDSCCRES
"Superior” Pilots

T{nferior™” Pilots

Difference

I1T-MEAN SCORES
"Superior” Pilots

"Inferior” Pilots

Piftrerence

F- ﬁaiues

TABLE I - TAKE OFF

Céntrol Movement Ratios

Comparison of Ranges, Midscores and Means of "Superior" and "Inferior" Pilots*

‘Index 1 Index 2 Index 3 Index 4 Index 5
Total Amount of Percent of Total Number of Con- Changes in Dir- Disconfinuity of
Control Movement Time in Motion trol Movements ection of Control Control Movements

_ '__ Movrements
Wneel Wheel- Wheel Wheel- Wheel Wheel- Wheel Wheel- fheel Wheel-
Column : Coluwhmn Column - Columm Column
Max. 1.414 1.444 72.8 66.0 ,403 ,409  .302 .297 .105 .147
Min, 1.049 1.209 47,8 39.9 309 209  .239 142 .070 . 087
Mex, 1.148  1.289 51,0 55,7 .403 400 .302 .289 101 - L1417
Min, 1.049 1,209 47,8 39,9 .309 ,208  .239 .142 070 - 087
Mex. 1,414 1.444 72.8 86.0 ,401 .401  .299 .297 .105 .136 -
¥Win, 1.320 1.287 59,5 51,0 . 365 .320 .276 .197 .089 .104
~1.074 1,218 50,7 54,2 372 309,284 .162 .088 " .120
1.35¢ 1.327 60.6 53.9 ,383 333,278 .202 102 108
. 280 .109 9.9 -0.3 .011 .024 -,006 .040 ;014 -.012
1.090 1,239 49,8 49,9  .276  .198 .36l .309 086 A1
1.3853 1,353 64,3 57.0 .284 .282  .383 .351 .099 .118
.273 .116 14.5 7.1 ,009  ,034 .022 .04z .013 .005

POl P{.1D06 P{.05).02 P{,4).3 P({,5).4 P(.ED.5P(.T).6 PL6).5  PL.3).2 P(.9).8

{*) Since the midscore, or mean, index of "superior” pilots is in each cese subtracted from that .of the
"inferior" pilots, a difference preceded by a minus sign indicates a higher midscore, or mean, index
for the "superior™ pilots. L

B



TABLE II - STRAIGHT & LEVEL FLIGET

Control Movement Ratios

Comparison of Ranges, Midscores and Means of "Superior" and "Inferior™ Pilots+

: Index 1 Index 2 . Index 3 Index 4 Index 5
L - . Total Amount of Percent of Total Number of Con- Changes in Dir- Discontinulty of
. INDEX . == Control Movement Tim’e in Motion trol Movements ection of Control Cantrol Movements
S | - : Movements -
ﬁl_l el Whee - mleel Vheel- Wneel Wheol- Wheel Theel- Wheel Wheale
Solurm Column Column ~ Column Column
I-RANGE . - ’
) Max, 1.167 1,067 53.3 31.7 .408 - .308 «275 . 267 .167 . 059
Both' Groups- ‘¥En, 1,043 1.008  28.3 6,7  .183  ,067 .,108 .087 .056  .000
Max, 1.167 1,067 53.3 31.7 «408 " ,a08 275 .267 <167 . 069
Win 10,0 .258 .100  .158 ©.092 .100 .bos

) méggeri or” ' Pilots :
RS Min. 1.083 1,025 43,3

‘winferior" - Pllots  Max. 1.076 1,026 43,3 10.8  .281  ,100 .225 .083 092,017
n, 1.042 1,008 28,3 6.7  .183 L0687 ,l08 .087 © ,086  ,000
I1-MIDS CORES _ , - = -
“ASuperior”” rilots -+ 1,092 1,033 47,5 23,3 .350 .242 ,183 -.183 .133 .041
Inferior" Pilots . 1.089 1,017 34,2 7.5 .275 067 -.183 L0687 .075  ,000
DifTerence © -.033  -,016 -13,3 -15,8 +,076 -,175 ,000 -,116 -,068 -,041
I11i-MEAN SCORES - . . 3 . - - ] ,
"Superior" Pilots 1,114  .1.042  48.0 21,7 .83  .217 ,206 .18 »133 036
""inferior’  Pilots .084 1,004 36,3 8.3 ,246 078 172 072 074,006
Difference -.080  -.028 -12.7 -13,4 -,095 -,139 -.0835 -,108  -,069 ~-,080
P-Values - P{.2}.1 " P{.a} 1 PL1).05 PLT).6 P{3),2 Pf.L> 06 P4,6)5 P( 05 P 05P/ 2.1

{*) Since the midscore, or mean, index of "superior"® pilots is in each case subtracted from that of the
"inferior" pilots, a difference preceded hy a minus sign indicates a higher midscore, or mean, index -
for the "superior" pilots.’

-4
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TABLE III - 90° LEFT TURN

Control Movement Ratios
Comparison of Renges, Midscores and Means of "Superior" and "Inferior™ Pilotax

Index 1 Index, 2 Index 3 Index 4 Index 5
Total Amount of Perc! of Total Number of Con- Changes in Dir- Discontinuity of

Control Movament Time in Motion  +trol Movements ection of Control Control Movememts
- _ Movements : . L.
Wheel  wWheel- Whesl = Wheel- Wheel Wheel- Wheel  Wheel-  Wheel  Wheel-
I Column < Column Colum Column Column
1-RANGE
, Max, 1.218 1,076 55,8 7.1 - .298 - ,160 .204 126 .124 053
t - - - et h L] ] -» » - - *
. 2oth, Groups WMim. 1.045 1,015 29,4 5.9 176  ,04¢ 096  .,022  .068 000
"gupericr" Pilots  Mex. 1.081 1,076 45,2 7.1 .276 189 .178 .114 .098 .053
- Min. 17043 1.015 29,4 5.9 .176 044 096 .022 .063 022
"Inferior” Pilots Max, 1,218 1,026  65.8 18,5 .298 160 204 .126 .124 .034
Min, 1.063 1,019 36,4 6.8 .199 L0683 136 .087 .063 000
' TI-MIDSCORES ' j , _ :
"Superior™ Pilots 1,069 1.02¢ 35,7 12.5 223 .133 154 .088 .088 .041
~ Mnferior" Pilots 1,095  1.023 45,3  .1l.2  ,2f2 106 - ,174 .106 .068 . 008
erence .024  -,001 9.6 -1,3 - ,049 -,027 .020 ,018  -,020 -,085
I1I-MEAR SCORES , , . e . . . .
"Superior" Pilots 1,065 1.035 36,5 12.0  ,224 117 140 .078 -.084 .039
“TE%E?IEF“’FIIEEE 1,125 1,022, 45,8 11.5 .256 .. ,110 ,171 _ ,096 . .08 __ _.013
Difference L0680 ~.013 9.3 -0,5 .032  -,007 .031 .018 .001 -.026
P-Values P(37.2 PLL5).4 PL2).1 PL9).8 P(.5).4 P(,9).8 P(.3).2 P{,63.5 P).9 P{.1),05
(#) Since the midscore, or mean, index of "superior” pilots is in each case subtracted from that of the

"inferior™ pilots, a difference preceded by & minus sign indicates a higher midscore, or meen, index
for the "superior“ pilots, - . 2 - N ; L :
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INDEX -

I-RANGE
Beth Groups .

"Su?erior“ Pilots

"Inferior® Pilots~

I1-MIDSCORES
"Superior" Pilots
WInferior" Pllots
Difference

III-MEAN SCORES

"Superior" Pilots
“"Inferior” Pilots
“Difference

P-Values . ' -

TABLE

IV -

90° RIGHT TURN

Control Movement Ratlios

Comparison of Ranges, Midscores and Means of "Superior" and "Inferior™ Pilots=

Index 1
Total Amount of PeFcent of Total Number of Con- Changes in Dir- Discontimuity of
Control Movement Time in Motion - trol Movements ection of Comrtrol Control Movements

Index 2

Index 3 Index 4 . Index §

. _ - . Movements_
Vhesl Wheoel- Wheel Wheel- Wheel Wheel- Wheel- Wheel-  Wheel Wheel-
Column Column Column . Column Golqmn
Mex, 1.192 1.086 51.0 20.6 .262 .18 ,192 135 .081 058
¥Min, 1,048 1,013 30,1 9.3 .161 .083  ,102 . 048 .052 .023
Max. 1,192 1,027 51.0 20.68 .245 J165 192 L1113 069 ,058
Min. 1.048 1,013 30.1 9.3 161 .083  ,102 ,048 052 .023
Max, 1.133 1,086 46,7 17.3 .262 .168 181 .135 .081 033
Mo, 1,081 1,028 41.1 12.9 .252 L1110 ,168 .081 .064 .029
1,084 1,021 36.4 14.2 . .192 - .11 132 .083 .056 L031
1,107 1,057 43.9 15.1 247 139 175 .108 L073 - 031
,023 038 7.5 0.9 .055 023 043 .025 LO17 . 000
1.102 1.021 . 38,5 14,6 .198 L120 139 .082 .058 .0%6
1,107 1,057 43,9 15,1 .247 139 175 .108 .073 031
.005 .036 5,4 0.5 .049 019 036 .026 015 -~ -,005
P),9 PLEPAPLENS P28 P2D.1 PLTD.6 P(L3D.2 PUE».4 PL2D.1 PLE)T

(#) Since the midscore, or mean, index of "superior” pilots is in esch case subtracted from thet of the
' "inferior" pilots, & difference preceded by & minus sign indicates & higher midscore, or mean, index
for the "superior" pilots. -

I?B



TABLE V - 360° LEFT PUWER TURN

Control Movement Ratios

T . Comparison of Ranges, Midscores and Means of "Superior" and "Inferior" Pilots»

“Index 1 Index 2 Index 3 Index 4 .  Index §

e

RS

"

_ Total Amount of Percent of Total Number of Con- Changed in Dir- Discontinpuity of
INDEX -- - Control Movement Time in Motion trol Movements ection of Control Control Movements
: . _ _ - . Movements ) 1
Wheel  Wheel~ TWheel  Wheel-  Wheel- Wheel- Wheel Wheel- Whcel  Wheel~
Colgpn ) Column Columm Column Lolumn
-I-RANGE T _ -
S Max, 1,897 1,132 72 .4 40.4 . .293 303,237 183 .091 137
t - . R L]
23-5-953521 Win, 1.084  1.049 40,1 22,2~ .25 176 179 . 039 .026 .064
“ng " £ . 1.697 1,132 7294 31.5 270 .217 237 .147 L0981 .118
uperior” PllovS¥m. 1.08¢  1.0489  40.1 22,2 .269  .184  .179 066 026 .054
"Inferior" Pilots¥®%X. 1.257  1.101.  54.1 40,4 . .293  ,303 ,202  ,183 .91 187
¥in, 1.137 1,054 47,2 24,5 ° 255 178,186 .039 L0689 .120
" I1-MIDSCORES R | -
"Superior" Pilots 1,350 1,049 66.1 27.4 264 7,195 ,194 .131 .008 078
TInferior" Pilots "1,197.. 1,078 50,7 33.0 ., ,274 .240 ,194 .11 080 .129
Difference L1583 ,029:  =15,4 5.6 _° .00  ,046 .000 -,020 - .012 . 056
ITI-MEAN SCORES : :
"Superior" Pilots 1.369 1.071 . 61,2 27,1 .264 198 .2z00 119 .063 L0789
"{nferior" Pilots 1,197 - 1,078 50,7 33.0 . ,274 .240 . ,194 . ,111. .080 129
Difference -.172 .007 -10 5 5.9 .010 .042 ° -.007 -.008 01? - -.050
- N \ . Y
P—Values p{. 57.4 P¢.9).8 P{.01 . \” 6 ud P\.5> 4 P{, 4{ .3 P{L8).7 P<t9 P{.55.4 P<1 .05
{*} Since the midscore, or mean, index of "superior" pilots is in each case subtracted rrom that of the

"inferior™ pilots, s difference preceded by a minus sign indieates e higher midscore, or mean, index
for the “superior" pilots, L C e .- -

e



. INDEX =~

J-RARGE
Both Groubs

"Superior™ Pilots

"Inferior" Pilots

£ IE (EE

11-MIDSCORES
"Superior" Pilots

Taferior” Pilots

-Difference

III-MEAN SCORES
"Superior" Pilots

"Tnferior" Pilots

Difference

P-values

TABLE VI - LANDING

Control Movement Ratios

Qomparison of Ranges, Midscores end Means of "Superior" and "Inferior" Pilotss

Index 1

Index 2
Total Amount of Percent of Total Number of Con-
" Coptrol Movement Time in Motion

Index 3

Index 4
Changea in Dir-

Index &
Discontinuity of

tral Movements ection of Control Control Movements

_ Epvementa _
- Wheel  Wheel- Wheel  Wheel- Wheel Wheel- Wheel  Wheel- Wheel  Whoel-
Columm Column Column _ Column ' Colunn
1.650 1,450 76.3 56,3 413 . .342 350 .225 137 .160
1.225 1,113 43.8 36,3 A7 - .150  ,100 .054  ,054 L062
1.563 1,225 76.3 54,0 .290 .342 211 .224 .118 160
1.288 1.113 46.4 36.3 .179 150,100 .054 .054 .062
. 1.650 1,450 68.8 56,3 413 313 . L350 .225 - ,137 ,113
1.225 1,163 43,8 46.3 .263 175 175 .088 .120 , 063
1.458 1.175 60,3 43,8 .207 L2001 166 .101 058 .097
1.313 1.338 58,8 52,5 J275 .288  ,188 .200 , 087 .087
-.145 .163 -1,.5 B.7 L0868 .087 022 .099 .029 -.010
1,442 1.165 60.7 44,5 -.221 - .224 .16l .120 L060 . .104
1,396 1,317 57.1 51.7 317 259 238 171 L079 ,088
-,046 162 ©  -3.6 7.2 .096 L0356 077 .051 019 -.016
P{.87.7 P(.z).l PL8RT PLE).2 PL 2.1 Pf 69.5 PL3).2 PLL5y.4 P (.5 P{T}.6

1*5 Since the midscore, or mean, index of
"inferior® pilots, a difference preceded by = minus sign ind1cates a higher midacore, or mean, index
for the "superior® pilots.

"superior" pilots is

n each case subtracted from that of the

*Sg .
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de fower and less extensive shifts of location of the left hand from its basio
location at or slightly to the left of the top-center of the wheel. The photographs,
j% the other hand, showed that the "superior" subjects made more frequent shifts of
location.. The shifts, however, were slight end seemed to be due to greater use of
the wrist and fingers for slight wheel movements providing alleron adjustment.
Adaln it masy be suggested that the slight shifts of location actually occurred dur-
ing the direot observation flights but thet intensive study of slow motion photo-
gﬁaphs wes necessary for their observetion.

.IV. Introspactive Reports on Learning to Pilot an Asronca Chisf Plane.

i Immediately after sach instruction period, beginning with the first dual
flight and extending through the first solc flight, Albert 3. Thompson, assistant
investigator in the University of Pennsylvanis Ressarch Project, prepered an intro-
spective report on his experiences during the instruction periods. In these day-to-
day reports, illustreted in Exhibits 9 and 10, pages 38 -39 and available in the files
of the University of Pennsylvenia Project, ars found important observations with
regpect to student-instructor reletionships, persceptual ocues. the development of
skill, and other matters which heve a besring on the progress of a studsni under-

going primary flight instruction.
|

| Ms jor observetions and oonclusions concerning treining procedurss reaghed as
& rasult of introspection by the student pilot are briefly summarized below:

A. Orientation to a New Situation.
| ‘

1. The beginning student is faced with the problem of crienting himself %o &

ne¥ environmment and of responding to new stimuli difficult of interpretation. This
problem of “genersl orientation" involves the development of familiarity with the
locetion and function of the oontrols and instruments of the plane, with the appear-
enps of “"surroundings" when viewed from above, with the appearance of the horizon,
w1€h the characteristics of the air currents, etc.

2. There seems rsason to believe that "general orisntation” is of primary im-
portance for the initial flight and that the failurs to devote a considerable portion
of \the first f1ight to suoh “gensrsl orientation”, rather than to saotusl manipuletion
of | 'the controls, retards the development of rapid and accurate adjustment to the new
situation.

B. Reoognition of Cuss.

1. Another major problem centers around the recognition and interpretation of
cu¢s which provide information oconcerning the attitude and path of movemsnt of the
moilng vehicle. The beginner must learn to locate visuasl reference points for
straight and level flight, for various banks, and for climbing and gliding angles.
Au itory cuses, from the sound of ths motor and air, must bs observed. Other sense

litieas -~ cutansous, kinsesthetio, static, organio -- are stimulated by move-
meqts of the plane end the ocontrols during flight.

253uch 1ntrospect1ve reports by one student pilot should be confirmed by reports ob-
talned from other equally well-trained observers befors reliance can be placed
upon them &s & basis for the modificetion of training procedures or for setting up
ﬂtep by-step training procedures. They are presented hers, howaver, as an indica-
ﬂlon of the type of data which can be obiasined through controlled introspection by
dompetant observers, and to suggest the way in which such findings can be profit-
1bly applied in the constructive modification of trasining progrems.
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EXHIBIT 9

INTROSPECTIVE REPORTS ON LEARNING TO PILOT AN ARRONCA CHIEF

SAMPLE RECORD

Fifth Instruction Flight. Date: February 28, 1940
‘ Time: 4:30 - 5:00
Log to Date: 2 hours

The session consisted of the follow;ng:

1. Tazi: down wind. I hendled all the controls and the throttle. Taxied
full length of field.

2. Teke-off: I handled the throttle under specific instructions by Rice, who
-pertially hkandled the controls.

3. The session was devoted largely to practice on rectanguler course flying.,
An srea sbout the size of four city blocks was selected with roads and

rallroads forming the boundaries of & squers. QContinuous prectine waa
given in following this square -- about § times to the left and 3 timgs
to the right.

4. Then the same course was followed using olimbing snd gliding turns -- twice.

5. A 360° approach to landing was taken on the return to the field.

6. Landing: Without telling me in advance, I was allowed to meke a landing--
with the instructor giving specifio instructions and partially handling
sontrols.

7. Taxi: to original position near hangar.

Commneriis ;

1. For the first time I handled the throttle during the entire segsion. 1In
the preceding session, I had not used the throttle at a1l although I
had during the 2nd end 3rd sessions.

2, Mareuvers stressed: Rectangular course with level, climbing, and gliding
turns.

3. Correct gliding angle is determined largsly through suditory cues -- a
certain hum of the motor and whistling of the wind. A visual cue is
the propeller whioh slows down until it presents & kind of stroboscopie
appearance.

4. So far there hes been no explapation a8 to how to judge one's approach in
landing -- when to level off, eto.

5. This time I controlled the amount of bank during turns much better and
there was less teondency to drop the nose. I still hed difficulty judging
thoe a®titude of the plane during turns due to the "off .center" position
of the pilet. In discussion with the instructor, he seid thet the point
to the left of center which is slightly below the horizon during level
flight should be kept at that level during left or right turns. {This
supersodes and carrects what I had reported on Februery 26th.)
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'EXHIBIT 10
. INTROSPECTIVE REPORTS ON LEARNING TO PIIOT AN AERONGA CHIEF
SAMPLE RECORD
iFourtaenth Instruoction ¥Flight. Date: April 24, 1940

- Time: 4:45 - 5+¥15

f " Log to date: 6% hours
: This session was devoted as before to take-offs and landings. Five flights
around the fisld were mads. Due to the dirsciion of the wind, the take-offs and
ilandings had to be made slightly cross-wind. All the landings were satisfactory
and the first three exceptionally good; in the last two, however, the angle of
‘gllde before 1svelling off was & l;ttle too shallow. resulting in s slight "mushing“
\of the plane.

; This session was interesting in its light upon the progress of learning lend-
dings. Previously, I had had difficulty in Judging the correct time to level off
land in pulling the wheel back sufficienitly to make a 3-point landing. A3 noted
before in tha previocus sessions, good landings were not obtained until the end of
%he instruction period. This time, however, possibly due to the rather long
interval since the last instruction period. the bad habits had dropped out. The
first three landings were characterized by & rather off-hand attituds toward the
landing process, and by a fesling of confidence. During the first three landings,
however. I began to notice that the cross-wind was causing a slight wind-drift.
This made me conscious of a further complication and distracted my attention from
the attitude of the plane and the approach of the plane towerd the ground. As a
result, the last two landings wers poorer than the flrst thres.

i " Another: 1nteresting observatlon was that I h&d reached the stage where I
bould be & little less careful in the actual maneuver at the moment. 4s a resuli
bf this, the instructor had to caution me concerning two possibly dangerous prac-
%1093 lst, giving full throttls to stiart the take-off run befors entirely com-
pletlng the observetion turn, and 2nd. going too ebruptly into the c¢limbing turn
after the originel teke-off climb. Another correction was for the tendency to
wait too long during the take-off before raising the tail.

|

r

The cross-wind landing requires & slight lowering of the wing toward the wind
in order to corréct for drift. Drifting is eesily observed by noting whether the
Plane ig travelling in a straight line toward an object.
i By this time the operstions nscessary for taxiing, for rudder conirol, for
stralght and level flight, for going into glides and msdium turns, have beosome
rather automatic. 1In the cese of the turns, howsver, I am still conaciously si-
;empting to ooordinate the eileron and rudder movements. Sometimes I forget 1o
slease pressure from the rudder sfter the turn has been stsrted. On the whole,
however, I seem to be coordinsting the rudder and aileron fairly well. I a&lso
ieem to be able to keep track of surrounding traffic fairly well, although I have
not yet formed the habit of looking back to the field when making the first turn
&fter the take-off climb. In the previous sessionh the instructor had pointed out
Tha desirability of such a habit. '
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2+ Acocording to observailions appearing in the introspective reports, the
recognition of and correst interpretation of these cuss (many of them peoculiar
to the flying situatiopn) could be facilitated by & grester emphasis upon direoted,
concentrated attention to these cues during demonstrstion of maneuvers. The de-
velopment of the capacity to roocognize and use cues should be facilitated by mek-
ing organized instruction in these matters a definite instead of an incidental
feature of the training program.

C. Doevelopment of Skills.

As the student proceeds through the instruction program, habits of manipula-
tion of controls in co-ordineted patterns musi be developed. Iutrespection by
the assistant investigator suggests that the development of these habits is af-
feoted by the following fasctors:-

1. Regularity of Instruction Periocds. It wes noted that when the intervels
between sessions were irregulasr or lengthy, the eutomaticity of contrel co-ordina-
tion, especially of aileron and rudder., tendsd to break down. Judgments necessary
for estimating for gliding angls and approach to landing are elso adversely af-
fected.

2. Provisions for Practice ang_ﬁeview. In connection with the scheduls fol-
lowed in the practice and review of maneuvers, the following items appear to be
of particular significancs:-

a. Practice in take-offs snd landings was highly concentrated, consisting
of consecutive short flights around the fisld. The short time elapsing between
take-off and landing in the individual flights produced two effects:-

{1) There was considersbls tension throughout such instruction periods
because insufficient time was aveilable to "recover® from the sxcitement aroussd
by the performance of the difficult and relatively hazardous maneuvers of take-off
and landing;

{2) Review of previously learned mensuvers was neglected.

'b. Although practice on the more difficult mansuvers, such as 720° power
turns, stalls, forcsd landings, stc., includes review of previocusly learned opera-
tions, such as co-ordination of controls, maintsining straight and level flight,
coming out of the turn Yon coursse", and maintaining correct gliding and climbing
angle, such review was treated es & very incidental feature of instruction during
the period devoted to the more complsax mansuvers listed above.

¢. Since the landing mansuver requires continuous judgment as to the length
of the glids, the direction and velocity of the wind, and the moment for final
leveling off, 1little conscious attention can be paid to the attitude of the planse.
It would therefors seem thaet landings should not be undertaken by the studesnt until
adjustments for plane stability have become rather asutomstio.

D. Specific Difficulties Encounterad.

Following are observations aon several specific difficulties sxperienced dur-
ing the flight instruction by the assistant responsible for the introspective re-
ports. Confirmation by other such reports may be helpful in indicating areas re-
gquiring emphasis by instructors during treining:-
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1. Because of the existends of hablits associsted with the operatlon of en euto-
mobile, there is a tendency to use the wheel as a turning device. 8peoial atten-
tion must be given to the elimination of this interference effect.

2. There is a persistent tendenoy to try to lengthen the glids by pulling ba ok
on the whesl. This, of course, has exactly the opposite effect. This tendency is
jone requiring serious consideration in the first stages of flight instruotion.

3. Thers is a merked tendenoy for the inexpsrienced pilet to restiriot attention
to the controls and nose of the plame, praventing cbssrvation of surrounding traffio
and path of movement of the plane. This tendenocy must likewise be counteracted
through systematic instruction and directed practice in spreading attention over all
features of the environment raquiring attention during flight. :

4, Difficulty in training to co-ordinats aileron snd rudder adjustment in enter-
ing a turn is increasssd by two factors: (&) the slight lag in the response of the
plane to changes in the oontrel surfaces, and (b) the difference in extent of re-
sponse c¢f the plane ta "aspparently" equal movements of the twe controls.

! These cheracteristics of the response of the plane to the controls may ex-
plain why the beginning student tends toc over-control, sinoe the beginner is in-
eclined to increase the extent of aileron and rudder ocontrol during the period of lag,
resulting in over-banking and an irregular turnm.

E. Pracotioce Preoeding the First Solo Flig]lf:

As noted in the detailed introspectiong on the first sole flight, the dif-
fioulties of this flight were minimized by the practice flights teken immedistely
before the initial solo flight. The chief velue of such praotice lies in the oppor-
tunity for the student to acquire information as to wind conditions at the time of
the salo flight, the correct path arocund the field, and ths correct position for
outting throttle preparstory to the final approsch for landing. To alleviate the
exoitement usually accompanying the first sole flight, it is suggested that the in-
gtructor direot the attention of the student to these pointe during praotice flights
immediately preceding the seclo flight.

V. In Conclusion.

The study desoribed in this report resulted in the development of standard
flights for use in observing pilot performance and of techniques for the analysis of
motion photographs taken during flight. Photographic records were found to yield
important dats ooncerning petterns of control movements snd gensral flying habits of -
pilots when viewed during Blow-motion projsotion and when studied during freme-by-
frame projection. Tentative findings based on a study invelving two smell groups

indicated areas in whioch "inferior" and "superior" pilots differed in charscteristic
habits of flight performancs.

Further research will be devoted to an improvement of the standard flights

pnd to an expansion and refinement of both "qualitstive" and "quentitative"” methods
pf anelysis of photographic records of flight performance.

L
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Part IIT

GRAPHS I to VII
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INTRODUCTION

1- Appendix A contains reports on threse indepsndent studies using the Procedurs
for Anelysis of General Flying Hebits of Pilots. -

(e} The first study provided an analysis of the flying habits of 8 experi-

' enoed pilots {flight instruoctors), piloting s wheel-type plane (Aeronca Chief).

.The report on this study, prepared on April 12, 1940, is given in section A of this
IAppendxx.

| (b) The sscond study. provided & similsar analysis on & group of 7 experienc-
{ed pilots (flight instruotors), piloting e stiok-type plane (Piper Cub).  The re-
port on this study, prepared on May 31, 1940 is given in seotion B of this Ap-
pendix

5 {o) Ths third study provided information on the flying habits of 5 relative-
1y inexperienced pilots (recently licensed students), piloting & wheel-type plane
{Aeronce Chief). The report on this study, prepared on June 14, 1940, is glven in
‘seutlon ¢ of this Appendizx. .

|
t 2- {a) It should bs noted that in the first study an sttempt was made to
|analyze the cues used by the various subjects .in Judging plane attitude, responsse
tof plane to eontrols, need for control adjustment, eto. The information was ob-
tained during & short confersnce with the subjests st the oonclusion of the observa-
itlon flights. Due to the diffiocultles experienced in obtaining valid introspsotions
gfrom naive subjects, and to the meagrensss of the date, noc conclusions concerning
|the use of. gues on flying could be drawn end, in the two lster studies, this part
;of the proocedure was sliminated.

{(b) The Proosdure for Analysis of General Flying Habits, described briefly
ion page 3 of the mein report. and in gresater detail bslow, refers to the revised
iprooedure used in the two laster studies and in the so-ordinated projeots st
Bochester and Tulane.
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PROCEDURE FOR ANALYSIS OF GENERAL FLYING HABITS OF PILOTS

Instructions to Subjects:

"We ers interested in observing how flyers pilot. a plasns through standard
flights which have been developed. Study the .diagrams carefully so thst you
are familiar with the flight. Fly naturally and easily and follow the course
as olosely as you can."

. The disgrems of Stendasrd Flights A and Cl wers then shown to the-subjeot =nd

each mansuver was pointed out, stressing the character of the maneuver and ths
altituds et which it was to bes performed. After the subjact had become fami-
liar with the diagrems, he was told that he would be kept posted during flight
83 to the next maneuver.

. The subject then piloted the plane through Flight A with the observer calling

out the mansuvers. During the flight the observer made notes on Msthods of
Handling Controlz as outlined on Record Shest 1, end on Evaluation of Flight
&5 found on Record Sheat 2.

. ﬁhen Flight A.ias oompieted, Flight 01 was reviewed briefly with the. subject

before taking-off for Flight Cl. During flight the obssrver checked snd en-

.larged his observetlions on the Methods of Handling Controls and BEvaluation of

Flight.

. At the conclusion of the flight the observer reviewed his notes on Evaluation

and checked the Over-All Rating according to the five-point scale.
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1
|
I
|

|
[Subject: _ Field:
Date: . Wind:

[Plane:
:

Record Sheet for Andlysis of Qeneral Flying Habits

'I. HANDLING OF CONTROLS:
j A. Posture:
|
|

Position:

! Changes of Pesition:

E. Throttle:
Grasping:
5 Moving:
Use of Lecek:

Variations:

C. Rudder:
Position of Feat:
Changes of Posltien:

I Extent of Leg Movements:

D. Wheel:
Grasping:

Varietions in Grasping:

i Moving Ailerons:

Moving Elevators:
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. Subject:

Date:

Record Sheet for Anslysis of Gerersl Flylng Habits: -

IX. Evaluetion of Flight:

A,

B.

C.

Following Courss:
1. Altitude:

2. Maneuvers:

3. Approaches:!

4. Leandings:

Turns

1. Entry:
2. Bank:

3. Rete:

4. Recovery:

Angle of Climb and Glide:

Straight end Levsel Flight:

1. Constancy of Attitude:

2. Bxtent of Contrel Adjustment:

Throttle Control:

. Traffic Check:

. Comments:

Over-all Rating:

Excellent
Good
Average
Fair
Poor
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ANALYSIS OF GENERAL FLYING HABITS OF PILOTS

! A. Instructors Piloting A Wheel-Type Plane

- I. Purpose of Study:

. The seeming contrediction betwesn the common bslief that expert pilets ars
 able to meintain good plane attitude and carry out maneuvers egually well by the
~use of differing methods end the experience of industrial psychologists in the de-
velopment of best methods of work in industry, suggested an investigetion to deter-
mine the validity of the common belief. To this end an enalysis of the flying
habits of expert pilots wes made to determine what, if any, flying habits wore re-
-lated to proficiency in piloting.

IT. Method of Procedure: (see Procedure end Record Shests for Analysis of Gensral
Flying Habits.)

The procedurs inveolved the following steps:

. 1. Introductory remarks to the subjeot were mads.
| 2. The subjects were familisrizsed with Standard Flights A4 and Gl through
} diagrams and the mesthod of signelling during flight explained.
[ &. Subjects piloted the plane through Flight A; the observer made notes on
i posture and methods of manipulating throttle, rudder, and wheel.
| 4. Flight 01 was reviewsad briefly and then flown; during the flight the
i obsarver ohacked and added to observetions of Step 3.
' 5. Immediately after the flight, the observer had a short confersence with
the subject, obtaining informatign on cues used in flying.
€. After the ocnference, the observer made a subjective avelustion of the
‘ flight on the basis of observations made during the flight on:
‘ aoccuracy in following course, turns., angle of oclimb end glide. strsight
and level flight. throttle control, and treffic check.

The & members of the staff of flight instructors for the C.P.T. Program in
the Philadelphia area were used as subjeots. 'The observation flights lasted 30

;minutas and the conference approximately 40 minutes. The plenes used were Aeronca
‘Chlefs

III Method of Treating Results:

On the basis of the flight evaluetion the 8 instructors were ranked in order
of proficlency. They were then divided into two groups -- the superier group com-

posed of the four best pilots, and the inferior group composad of the four poorer
¢pilots. "

; A2 a check on the validity of the ranking. the director of ths locel C.P.T.
Program. who had selectsed and was in charge of the instructors, was assked to divide
mhem into two groups soccording to his judgment of their f£light proficlsncy. His
grouping and the one obtained by us ocorresponded exactly:

All the items of observation were then tabulatsd and olassified as to their
belng exhibited by the superior or inferior group. This classification made pos-
Bible & comparison of the flying habits of the two groups and the segregation of
mha hatits ocommon to both groups and of thoss habits differentlating the groups.



IV. Results:

A.

B.

C.

i" {Appendix - 6.)

Posture:

Both groups sat eract and exhibited slight sway with turn
One of sach group coocked head to right during lerft 720°
Ons of the inferior group moved body back and forth during landing.

Throttle:

Both groups used lst finger ass aid in fine adjustment of throttle.

411 but ons pilot held ball of throttle in palm.

One of the inferior group hed 3 methods of grasping; two of the superior
group had 2 methods; one for rapid changes and one for slight changes; the
gther 2 of the superior group had only one method.

Three of the superior group released throttla during 720° *s; two of the in-
ferior group did likewise.

None of the superior group removed hand from throttle unless for usse of
right hend somewhere else; two of the inferior rsmoved hand from throtile
irregularly.

Rudder:
Both groups had same . position of feet on rudder during taxi snd fiighi.

Both groups used little leg movement. Note: Extent of leg movemsnt mey ds-
© pend upon length of leg.

« Whoel:

A1) but one hald whael with thumb toward body and flngars curled around
wheel..

All used mostly erm movement for extensive movemant of elevators (this must
neoessarily happen).

411 of the superior group used finger and thumb for alight elsvator pres-
sures; two of the inferior group did likewise.

All'-gf the superior group made most of the asilsron adjustments with combina-
tion of wrist and slight arm movemsnts; two of the inferior group used
mostly arm movements for similsr edjustments.

Only one of the superior group grasped wheel at left side during any msneu-
ver; all four inferior pilots had hend at left side 2t some time during
flight.

Three-gf the superior group used both hands on wheel in diffioult maneuvers
(720"'s, B8's and landings); one of the inferior group hed both hands on
wheel irregularly during flight and iwo not &t all.

Only one of the superior group meds mere than slight shifts in location of
hand on wheel; three of the inferior group mads occasional or frequent
shifts.

Three of the supsrior group used only one methed of grasping wheel while in
flight; two of the infserier group used thres or four methods of grasping.

Cues Used in Flying:
A}l pilots plsced primaery dependence upon visusl cues,

In determining wind direotion, all of the superior group reported use of
four or five cues; two of the inferioer group only dne of two cues.
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In determining height of tsil in take-off, 8ll but one of the superior

group repunted oues besides visual; the infarior group reperted only
visual cues.

In determining ettitude of plane in straight and level flight, the sup-

erior group reported only visual cues; the inferior group reported
suditory and kinesesthetic cues as well as visual, '

Y. Summary of Common and lefarentlating Flying Habits Exhlblted by Superior

and Inferior Groups:

A. Habits Common to Both Groups:

1. Posture:
Both groups =sat erect end exhlbited sllght sway with turns.
2. Throttle: _
&. Both groups used first finger aslong plunger as &aid in fine adjust-
monts.
b. All but one pilot held ball of throttle in palm.
3. Rudder:
a. Both groups had same position of feet on rudder during texi and
flight.
b. Both groups exhibited little leg movement in moving rudder bar.
4. Wheel:
8. All but one pllet held wheel with thumb toward body and fingers
grasping whesl.
b. All used mostly arm movements for extensive movements of slevators.
3. Ques:

All pilots reported primsery deperidence upon visual cues.

B.'Flying.Habits Differentisting the Groups:

1.

Posture:
a. The only pilot exhibiting forward and back body movements was in
the inferior group.

. Throttle:

Two of the inferior group exhibited irregularity in the method of
grasping or in releasing of throttle durlng flight.
Rudder: None.

. Whesl:

a. Use of fingers end thumb for slight elavetor pressure! exhibited
by all of the superior group and by only two of the inferior
group.

b. Use of wrist end slight srm movement for ailarom adjustments; ex-
hibited by all of the superior group and by only one of the in-
ferior group.

o. Location of hand on wheel: '

Only ons of the superior group grasped wheel at extreme lsft side
during sny meneuver; all of the inferior group grasped wheel at
oxtreme left sometime during flight.

d. Use of both hands on wheel:

Thres of the superior group used right hand to aid in diffioult
meneuvers {720°'s, 8's and landing); one of the inferier group
had right hand on wheel irregularly end one not at all.
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8. Froequenoy of shifting location of hand on wheel:
~ Only ome of the superior group made more then slight, occasional shifts
ih looation of hand on wheel; three of the inferior group made occa-
sional .or frequent shifts.

Cues in Flying'Differsntiating.the Groups:

1. Wind Direction: all of the superior group reported use of four or five
cues; two of the inferior group reportsd only ons or two cues.

2. Height of Tail during Take-off Run: all but one of the superior group
reported cuses besides visual; the inferior group reported only visual
cues.

- 3. Attitude of Plane: the superior group reported only visual cues; the in-

ferior group reported euditory and kinaesthetic as well as visual cues.

VI. Conclusions:

a,

Bven pilois who can be classified as expert on the basis of their being
selected as flight instructors for the C.P.T. Program, exhibit recognizebls
differences in proficiehoy and methods.

Expert pilots exhibit a common core of flying habits such as:
1. genersl body posturs,

2, tendency of the body teo sway slightly toward turns,

3. lack of leg movements in moving rudder,

4, pogition of feet on rudders during flight and taxi,

" 5. basig method of grasping throttle end wheel,

6. use of first finger to aid in fine throttle adjustment.

. Flying habits differentiasting supsrior from relastively inferior expert pilots

occur, These hablts may be of importance as discriminating items in thse
setting up of criterie esnd instruction programs. Differences charecteristic
of ths superior group can be roughly classified as:
/
1. Less variability of methods employed s8 avidsnced by:
e. frequency of shifts of location of hand on wheel,
b. variability of method of grasping or irregularity of releass of
throttle during flight,
o, number of differesnt methods of grasping wheel during flight.
2. Usa of wrist and fingers rather than whole.arm movements for manipulation
of controls, eepeclsally for fine adjustwents.
3. Transfer of throttle hand to wheel for assistance during diffioult maneu-
vers. ‘
4. Loocatlon ¢of hsnd on or near top center of wheel.

. No oonclusions can safely be drawn ooncerning the use of sues in flying. The

fow differences which were reported may be due not to differences in the fly-
ing habits of the pilots but to differences in the completensss of their re-
porting of those habits. We ere primarlly interested in discovering what
cues the expert pilot depends upon, rather than merely listing all the aveil-
able cues: although the instructions to the subjeol emphasized the former,
the reported cues may well be rendered unreliable due to the personasl judg-
ment involved.
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These conclusions ars preliminary, of course, since they are based on only
eight subjeots, all taken from the staff of one airport. They suggest, how-
ever, that there doss exist a definite group of flying habits which result
in optimum plena control and that extension of the investigation to include
g similar analysis of other pilots and the use of more refined technlques,
such as photographic and polygraphic recording, is justified.
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VII. Classifiocation of Flying Habits of Subjects: (X indicates that the item .
T of behavior wes exhibited .

A. POSTURH: : by the subjeot.

Erect Sway with Turns (ockesd Head Body Back & Forth
Duriqg:Turns During,Landing

Superior Group?

Subject 1 X X X (360°)
Subjeot 2 X X gvery little)
Subject 3 X X (very 1little)
Subject 4 X X
Inferior Group:
Subjeot 1 X X X
Subjeot 2 X X
Subject 3 X X X
Subject 4 X X
B. THROTTLE:

1. Method of Grasping:

Ball in Between Fingers Used Finger for Used More Than One

Palm and Thumb 3light Movements Method of Grasping

Supsrior Group:

Subject 1 X Z

Subject 2 X X .

Subjeoct 3 X X X

Subjsct 4 X X X X
Inferior Group:

Subject 1 X X X{oocasionally )X{irreguler change)

Subject 2 X X )

Subject 3 X X

Subjeect 4 X X X X{regular change)

Loy

2. Relsased Throttle During Flight:

720° 90° Figure  Climb to Landing Irregulerly
Turns Turns a's 1500
Supsrior Group:
Subject 1 X X X
Subjeot 2 X (few sec.)
Subjoct 3 i
Subject 4 X
Inferior Group:
Subject 1 I p:4 I X{no constant method)
Subjeot 2
Subject 3 : X{constant method
but irreguler
release)

Subjeot 4 X X X X X
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C. RUDDER: : L
- - Heels Off Floor Heels on Floor No Leg Movements
' During Tazi During Tsxi Excapt in Taxi
|
I
|

Superior Group:
Subjeot 1
Subject 2

| Subject 3
: Subject 4
! Inferior Group!
. Subject 1
i Subjeot 2
! Subject 3
| Subject 4

Ea B I
g b B b

(slight)

(slight)

{slight)

bq B Bd B =

P o b
g B4 P4 Bd

D. WHEEL:

1. Looastion of Hand on Whael: .
i Grasped Wheel Grasped Whsel
Grasped Wheel et Center toward Left Side At Laft Side

! Superior Group:
i Subject 1 X
| Subjeot 2

| Subject 3 X
! Subject 4 X
| Inferior Group:

| Subject 1

4 bd b
=
"
ct
o
o]

[
—

X
Subject 2 X X X
Subjaot 3 X X X

X

Subject 4 X {few sec.)

2. Use of Both Hends on Wheel:

: . . -720%s . Fig. 8's. landing - Irregularly Not at A1l
iSuperior Group:
Subjeect 1 X X X :

| 8ubject 2 o X (few ss0.).
| Subject 3 X

| Subject 4 X

Inferior Group:
|

Subject 1 X X X

Subject 2 X
; Subject 3 X
i Subject 4 b4

3. Frequenoy of Shifting Position:

I
[Superior Group:

‘ Subject 1 - least

l . Subjeot 2 - only in 720°'s

- Subject 3 - regulsr shifts from sids to ocenter
| Subjeot 4 - cocasional (slight)

ﬁnferior Group:

| Subject 1 - ococasional

| Subject 2 - oocasional

1 Subjeot 3 - frequent

j Subject 4 - occesionsl
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D. WHEEL: (Continued)

4, Movement of Allerons:

Mostly Wrist & Fingers © Slight Arm Mostly Arm

Superior Groups :

Subjeoct 1 ) 4

Subject 2 X

Subject 3 X

Subjeot 4 X
Inferior Group:

Subject 1 X

Subjeot 2 ’ X

Subjeot 3 X X

Subject 4 X

5. Movement of Elevators:

Fingers & Thumb for Slight Pressure Arm Movemeni for Greater
B Prasaure

Supsrior Group:

Subject 1 X X

Subject 2 b 4 X

Subjeat 3 X X

Subject 4 X X
Infericr Group:

Subjesct 1 X

Subject 2 X X

Subject 3 X

Subject 4 X

6. Methods of Grasping During Flight:

Fingers Around Palm Down with  Betwesen Thumb (Graesped Finger Tips

Wheel - Thumb Center Bar Be- and Finger Around - Resting on
Toward Body tween Fingers Only Center Bar Whesl
Superior Group:
Subject 1 X
Subjeot 2 X .
Subject 3 X (flight)
Subjeot 4 X X X(during long
Inferior Group: A run)
Bubjeot 1 X '
Subjeot 2 X
Subjeot 3 X X X

Subject 4 X X X{few sec)
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ANALYSIS OF GENFRAL FLYING HABITS OF PILOTS

B. Instruotoras Piloting a Stiok-Type Plane

I. Procedure:

Seven flight instructors were observed according to the "Method of
Analysis of General Flying Habits" desoribed in the April 12th report. The sub-
Jeots include the five instruotors at the College Park, Maryland, Airport gnd
two of the three instruotors at the Bloomington, Indiana, airport. All piloted
a8 Plper Cub plane whioh uses a stiok for aileron and elevator opontrol, ‘

On the basis of the flight evaluation, the subjects were ranked in order
of proflciency &and then divided into two groups - the "superlor” group composed

of the four better pilots, and the "inferloer" group composed of ths three poorsr
pilots. ’

The observed ﬁathods of handling oontrols wers then tebulated'and
classgified as to thsir baing exhibited by the two groups.

II. Classif;oatign o; Flying Habits of Sub Jgot :

L, POSTURE '

Superior Gresup = Erect Body Turned Sidewise Swayed During Turns
Subjeot 1 X , X (toward)
Subject 2 X ' X (toward)
Subject 3 X X X (away)

SubJect 4 X X (during 8's) X {(toward)

Inferior Group
Subject 1
Subjeot 2
2ubjeot 3

X X (forward in take—off)
X (toward)

P pd b

. Be THROTT
1. M th as H '
H&nd Resting on Side of Plane.

*EEQLLQE_EEQBE Th;otjlg batween Thumb & lst Fingers Veriations During Magguvgr
Subject 1
Subject 2
Subject 3
Subject 4

Inferior Group
Subjeoct 1
Subject 2
Subjeot -3

X (released ocoasionally)
X (throttle in palm).

Sd b d b4

X

b
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B, THROTTLE: (Continued)

2. Moving of Throttle: . : :
Mostly Fingers HBstlI Wirist Mostly Arm

Superior Group:

Subject 1 X

Subject 2 ' X

Subject 3 - X ,

Subject 4 X ‘ X {occasionally)
Inferior Group: . -

Subject 1

Subject 2

Subjeot 3

b4 bd bd

C._RUDDER
Note! It was impoesible 1o obBserve positlon and use of feet in rudder
controls,

D, STICK:

1. Mathog of Urasping:

. - Location of Thumb Fingers Enciroled
Superior Group: = On Top On Side Stick
Subjeot 1 X X
Subject 2 . . X X
Subject 3 X X
Subject 4 X X
Inferior Group:
© Subjeot 1 X X
Subjest 2 I
Subjsot 3 X !

2, V atlions in

Superior Group : eleasgd or Sg;fged Thumb Relsased Stick Entirely Duripg Flight
Subject 1
Subjest 2
Subject 3
Subject 4

Inferior Group:
Subjeot 1
Subject 2 X (during 1500' o8limb & return to fisl)

Subjeot 3 X (ocoasionally)

X (durlng 1500' olimb mersly rested
hand on top of stick)

b b4

b
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D. STICK: (Continued)

3, Moving Stick for Aileron Adjusiment:
Hostly Finger Mostly Wrist Mostly Whole Arm Rested Arm on Leg
gggggj Movement Movement For Steady Control
Superior Group: .
Subjeot 1 X X
Subjeot 2 X
Subject 3 X X
Subjeot 4 ' X X
- Inferior Group
Subject 1 i
Subject 2 , X )
Subject 3 X ' X

4. Moving Stick for Elevator Adjustment:

Used Mers Tightening Mostly HMostly In Glide, Let Stiok
of Grasp for Slight Wrist Arm Rest Against Finger
Adjustments Movement Movemsnt
Supearior Greup:
Subjsct 1 . X X
Subject 2 X X
Subject 3 X X
Subject 4 X
Inferior Group:.
Subjeet 1 . : R ¢
Subject 2 . X
Subject 3 X

IT, Summary of Common and Differentisting Flying Habits Exhibited by Subserio
end Inferior Groups:

A, Habits Cgmmon 4o Both Groups:

1., Pogture:

Both groups sat sresct and relaxed.
Five of the ssven pilots swaysd with the turnas,

2. Throttls:

Both groups held the throttle bstween thumb and fingers, 'hila resting
hand on 8ide of plana.

Six of the seven pilots made throttle adjustiments largely by a forward
and bankward wrist movement..

N

3. Stigk:

8ix of the seven pilota grasped the stick with thumb on top or en
eide with fingers enciroeling the stiock in rather loose grasp,
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B, Habits Differentiating the Two Groups:

1.

2.

6.

A1) of the "supsrior" group and only one of the "inferior" group released
or shifted position of the thumb during the flight.

Two of the "inferior" group released the stick entirely for a ocertain
period during flight.

Aileron adjustments by the "supsrior" group wers characterized by a oom-
bination of wrist and arm movements steadied by resting the arm on
the right lsg. Two of the three "inferior" pilcts used mostly free
arm mnovements while the third used finger movements almost entirely,
oxcept for the extensive adjustments.

Elevators adjustments by the "superior" group were oharscterized by &
oombination of wrist movement and tightening of the fingers for the
less extensive adjustments. Two of the three "inferior" pilots used
mostly free arm movements,

The two best pllots let the weight of the stick rest loossly against the
hand during glides.

IV. Conolusigns:

A,

B.

cl

The oonclusion (previcusly made on the basis of observation of eight pi-

lots on the Aeronca Chief) that even oxpsrienced pilots exhibit
recognizable differences in profioclenoy and methods is confirmed.

A common cors of flyirg habits in the entire group was observed, includ-

ing:

1. BErect and relaxed posture with tendency to sway with the turns,

_2. A tendency to grasp the throttle between the ithumd and fingers with

the hand resting on the side of the plane, and to move ths thratile
with a forwerd and backward wrist movement.

3. A tendency to grasp the stiok between the thumb and ahciroled fingers
in & rather looss grasp.

Habits differentiating the "superior" from the "inferlor"” pilots in-

oluded:

1. Shifting or releasing the thumb on the stiock.

2. Resting the arm on the right leg and using the latter to steady the con-

trol of the stiock for aileron adjustments rather than letting the
arm hang freae.

3. Making the less extensive elevator adjustments by a combination of wrist
movements and tightening of the finger grasp.
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ANALYSIS OF GHNERAL FLYING HABITS OF PILOTS S
C. Recently Licensed Students Piloting 4 Whegl-Typs Plane
I..E;gcedurg; '
Five students who had just previously obtained their private fiving
licenses in the local C.P.T. Program, were observed according to the "Pro-

cedurs for Analysis of Gensral Flying Habits", as desoribed abhove. -The plene
used was an Aeronca Chief. T .

On the basis of the flight evaluations, the subjeots were ranked in or-
der of proficisnoy and then divided into two groups: +the “superior” group, oom-
rosed of ths two better pilots; and the "inferior" group, compossd of the three
poorer pilots.’ The observed methods of handling the controls were then tabu-
lated and olassified as to their being exhibited by the two groups.

I, Classification of Flying Habits of the Stuﬂent'GrouQ:
A._POSTURE: -

Broeot Sway in Turns Considerable Body Mover
mant -
Superior Group!
Bubject 1 X
Sunjeoct 2 X X (toward)
Inferior Group:
Subject 1 X X
Subject 2 X X (toward) ‘
Subjsct 3 X X (away) ' X
B.. THROTTLE: ‘ Finger Along
L Ball in - Mostly Full- Plungsr For Used
Palm Arm Movements Elight Movaments Look
" Superior Group: ) ’ o
Subject 1 X Z in B8ts
Subjsot 2 X D {oooasionally) 8's & level-
‘ ling off
Inferior Group: '
Subject 1 X X X
Subjeot 2 X . )4
Subject 3 X X X
C, RUDDER: I
Bagio Position of - Extent of Leg
Hegls on Floer & Heels Off Floer Movements
: Ball of Feet on Bar During Taxi During Flight
Superior Group: .o .
Subject 1 X Slight
Subject 2 X ' X Slight -
Inferior Group: : o
Subject 1 X 31light
Subject 2 X X Slight '
Subjeot 3 X Ocoasional sgide

to slde move-
T 3



D. WHEEL:

1. Location of Hand on Wheel:

At Center Toward Left Side At Left Side Shifts in Loocation

Superior Group:

Subjeot 1 X
Subjeoct 2 ‘ X
Infeprior Group: )
Subjeoct 1 X . .
3ubjesct 2 X During B8's

Subject 3 - X

2. Use of Both Hands on Wheel:

720's Figure 8's Take-Off Landing Irregularly Not At 411
Superior Group: - : .

Subjeot 1 ‘ X
Subjeot 2 ’ ' X

Infarior Group:
Subjeot 1 - X
Subjeot 2 X X
Subjeot 3 X

3, Mathod of Grasping:
""" Palm on Top Palm on Top - slightly Pingers on Top-

- Lenter Bar Be- to Left of Csnter Bar Palm Toward
tween Fingers Thumb Along Wheel Rim Wheel Thumb Along
] . s _Bi.m
Supsrior Group: .
Subjeot 1 X
Subject 2 : : .- X
Inferi oup: .
Subject 1 X
Subjeot 2 X
Subjeot 3 X

. ﬁethod of Movin 1
Mostly Arm Wrist and Slight ' Fingers For

Movements Arm Movemgnts ) Slight Pressure
Superior 3 : S
Subject 1 X X
Subjeot 2 X
Inferior Group:
Subjeot 1 X X
Subjeoct 2 X X

Subjeot 3 X

i Y )  — e e —r— —
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III; Summary of Results:

" A

. _Pogturse:

Both groups sat erect and exhibited slight 3way in turns.

Only one subject (the poorest) leaned away from the turns.

Only one subject (ths poorest) exhibited irregular and’ considarabla bedy
movement during flight.

Throttlet

Both groups held throttle ball in palm of hend and finger along plunger.
Both subjeots of the "superior" group and none of -the "inferlor" group
used the throttle look for certain maneuvers,

Rudder:

Both groups exhibited the same basic foot position on the rudder bar.
Only one subject (the poorsst) made cther than slight leg movemsnts
during flight. -

. Whesl:

1. Looation of Hand on Wheal:

Both groups held the wheel at the center.
Only one subject (in.the "inferior" group) shifted locatiocn of hand
on wheel during flight.

2. Use of Both.Handz on Whesel:

: One of the "superior" and one of the “1nferior" groupa usSed only ones
hand throughout.
Ths other subjects used right hand to assist in certein mansuvers.

3. Mgthod of Grasping: .

"A11 but one of the subjects (in the "inferior' group) grasped the
wheel by placing the palm on top and encircling the fingers about
the rim with thumb extended along rim.

The best subjesot held thd center bar between the second and third
fingers.

One of the “"inferior" group grasped the whesl by placing the pailm
toward the wheel with the fingers on top, the thumb eztanding along
the rim.

4. Mothod of Moving Whoeel:

Two of the three subjsots in the "™inferior" group and none in the
“superior" group used mestly arm movements for moving whesl. The
others used mostly wrist -and slight arm movsments.

One of each group used fipgsrs for allght pressures on whesl.
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IV, 8 r Common and Di entiating Flying Habits Exhibited by Superior
and Ipferior Groups:

A. Habits Capmon to Both ggougs: ‘
1. Postrror '
Both groups sat ersat and exhibited slight sway in turns.
2. Throttle! ‘
* Both groups uséq g8 similar method for graspirg the ﬁhrcttle.
3.‘Ru&dar:‘

Both groups exhibited seme basic foot position on the rudder bar.
‘ Both groups made orly slight leg movementa during fllght.

4, Whael!

Both groups held the wheel at the center.

Nelthar group sxhibited a tendenoy to make frequent shifts of looca-
tion of hand on wheel. ) .

Both groups used a similar method of grasping the whosl.

B. leigg Hablts Di;fgrggjiajing the Groups:
1. Posture:

The poerast subjeot leaned away from rather than toward the turns
and exhiblted irregular and oonsiderable body movement during
- £1light.

2, Throttle:

Those in the "superior"” group tended to use the throttle lock oo-
oasionally. .

3. Rudder:

.'The poorest subject wes the only one meking other than slight leg
movements during flight. -

.-'-4I wheal: .

The only subject shifting location of hand on wheel was in the
"inferior" group.

The best and the poorest subject used a method of grasping wheel
slightly different from that of the other subjeots.

The’ "superior" group tanded to use mostly wrist and slight arm move~
ments rather then whold arm movaments for ohanging the wheel po~-
‘sition during flight.
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V., Disoussion and Conglusions:

This investigation, like those made on the other groups of subjects,

indicates that there are habits oommon to superlor and inferior pilots and
that there are habits differentiating the two groups.

Comparison of the results of this investigation with those of the

study using the flight instructors as subjeocts reveals the following:

A-

B.

Habits Common to Both Inferior and Superior Subjeots in Beth Investi-
gations are:

1. Bract posture and sway with turns.

2. Basioc method of grasplng throitle and wheel.

3. Position of feet on rudder bar.

4. Lack of extensive leg movements in moving rudder bar.
5. Use of finesr to aid in fine throttle adjustments.

Habits Common to the Students but Differentiating the Superior and
Inferior Instruoctors ars:

1, Location of hend at or near top center of whsel.
2. Lack of shifts of location of hand on wheel.

Habits Exhibited by Inferior SubJects in Both Studies are:

1. Irregular and considerable body movements during flight.
2. Use of wrist and slight arm movement for slight aileron and elevator
adjustments.

Other Findings are:

1. The use of beoth hands on the wheel during certain mansuvare was
characteristic of the "superior" subjects in the Instruotor Group
but not in the Student Group.

2, None of the students exhibited the variability of method of grasping
and moving controls characteristic of the "inferilor" Instructor Group.

3. The "superior" Instruotor Group exhibited a2 greatel use of fingers
and thumb for slight elevator pressures than did the studentis as
a whole.
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1.
DTRODUCTION

One major re'si)o:isibility of C.P.T. instructors in giving £light
training is to determine the ﬁogress which is belng made by the gtudent.
At every stege of the irstruction program the instructor mist "size-up"
the student in terms of the skill which he is -developing in hendling the
plane. |

Tis reting on skill is pei'haps particularly-imiadﬂant at the end-
of Stage A, when -the ifnstructor assumes considersble responsibility
for the safety of tie student in deciding whether he has acguired
sufficient skill to be sent up on a solo flight. At the end of Stage D,
tre ipgtructor must make anotier crueigl deciaioﬁ in sassing judgment'
on whether .the gtudent is ready for the final flight test.

The faet that -the C.F.T. program zives the inetructor the mthority
to hold the studert in ench stage untll the désirei level of skill is
ezhibited is evidence of the instruetorts responsibility in waking
ostluetes of the studeant's proficieney in piloting & nlene.

Exverisnce in industry has demonstrated tiot ratings on skill can
be male most sasily and most accurately when apprenticés or workers who
are balig rated by ;E‘oreme:_l or supervisors_ are all pivén the some thing
to 'do, iee., when the task, the conditions, tlue tools, etc. are the same
for each irdividusl, ' Only under Bueh conditions can observed differences
in performance be attributed prirmarily to differences in skill or profi-
‘c-ie‘ncy.

IIE STANDARD TLIGET IN PITGT TRAINING

It is believed that thls »rineiple of the standerd task con be

profitably applied by C.P.T.P. lastructors as an aid in fa2ciliteting ond
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imzroving judzments on the skill of student pllots. This involves the

use of standard flig;x'qs, given under esgentially uniforn conditions,

a8 & substitute Por the somowhat inferm-l cheek flishts which cre nt
present used ot stocted lutorvols in the instruction rrogram.

The basic cheracteristic of the standard flight is thet 1t requires

each student at the seme lovel of treining z to rerform the seme manouvers,

in the sane order, under egsemyinily the same conéitions. The nature of

such e standard fligat is apparcnt in Exhibit 1, which shows o gtenderd
flight develerped for use with shudents comulating §;b£_§_q_ A of training
.a% tao Boston letrepolitan Airport, nomrood, ilnas.

Before discussing tle detalls of this nnd similer flights, it is
inportant to note thot the use of stamdard flighte does not impose any
extra burdes upon tie instruetor. The vresent ,P.T. progrem actually
galls for cueck flignts to be gi'.ron-by tie irstruwetor durlig _I_..e_;s_ss_o_xli_.'l‘.ﬁ

in Stage A, Lesson 11 in Stogo B, Lesson 15 in Stage ¢ and Lesson 8 in

Staze D. Tae necessity_for uniformity in cheek £1lights ia alsc recog-

nized. 8o, for excmple, in connection wita lesson 16, Stage 4, it 1s

suzgested that "the iastruetor should definitoly hnve in mind which
. maneuvers cre to be precticed and gilve thienm to the student in the

loglenl seoguence %o comserve time, and altitude in the air." DLikewise,

tre Suggested Flight Plon for Lesdon 8, Stage D, states ‘Flla.t "thae student
should bve givan g complete £light test by t‘;.e instructor, who will ride as
a check pilot and grode him us though it were aon cctuel examinstion o +
The same sequence of riancuvers and manner of giving the test should be
followed as in an actual test for certification.”

The fundamental purpose of the stenderd £light is 0 ensure the wai-

Tormity of clicck fligits by settlng dowa the sequence of marewvors to be
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used during check flighis in zach stege of instruction. As indieatod
above, Exhibit 1 doseribes 2o standard f£light suituble for gtudents
completing Stapo A of the C,P.T. zrograms It can bo seen, from both tho
dicgram arnd accompanyirg doseription, tict it ineludes the bosie mareu-

vers of gtnge A instruciionm, nomely- Taxi, Take-Off, 90° glimbing Turn,

Straigkt Glide, 90° Modium Turr, Straight Climb, Stroizht apd Lovel

Flight, Rectenguler Course, S-Turns Across o Rond, and 90° Apnrosch emd

Laudig, However, the mancuvers ore combined into ¢ definite flight
pattorn with speeificctiors for wind directiou, altitudo, cnd local trocffic
rules,

An exominstion of Fxhibit 1 also shows that maneuvers in:cluded in the

rlizght are of two tyves - eritical mancuvers (in solid lines), and transi-

tion riancuvers (in dotted lines)., The purpcses of the flight is to give

the instructor on oléportunity to obscrve studont performance during tho
gritieal maneuvors. ‘Mo trensition nancuvors aro gimply 1neludod where
necossary and £8 neecssary to place the plars iuto a position for tho
succeoding oritienl meneuver.

Transitlior warcuvors will ngturally very from field to field domond-
ing upon the leyovt of the ficld 2nd loeel eomditions and requirenents,
T nature of such varigtions 1n trapsition manevvers con be secn froma
comparison of _’_E“_,_,_dl_i_._bit }_with Ehibit 2 whickh ineludes a diegrem prd doss

o

eription of Stopdard Flight A as desigsod for thnileipnl Airport, Phila-

delphia.

Trangition maneuvers will vary not only from alrport to uirport, but
will slso vary at tho same aizrport with wind direetion. For this reascn,
in veing stondord flights, it is :‘.ﬂgosse_ry to provids diaprams showing the

actual £light pashs under voeryin-g wind cb:nditio:zs, l:wolving tho uge of
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difforent m:\_w_ay._s for 't:.v..‘.f.'.-e-off and landi:;;. Ik Bxhibite & to G, of i
Appondix I, are showm chonjes nocogsary in g standard £flight ‘diagram to
show m;igt}_c;m in transition ranouvers rclated to the wind cocaditlons
and tho rmuowey used.
Standard {flights suitcblo for loter phcses in the training crogram

erc illustrgdod ir Exhibit 3, Exhibit 4, and Exhibit 5 respoctively. It

should be notod that emch of 1;_1".9 advaneced.flights is composed ossentially
-of mANOUVOTs added on to the nrogeding stardard flight, Repetition of
.mnauvors ckarzoteristic of instruction of stoges jreccding the ono
coverced by sdveoneed standard flights is cspeelelly importaent boccause 1t
provides for a review o tho basie ski'lls nocoessary for satisfoctory

. sorformance of tie more gdvascod ranouvers,

EAEPACATION OF STADATD FLIGYS FOR LOCAL AIRFORT

Izstructors who are ,intcéostcd in ueing stangard £1ights of the typo
rclcscribod above will fiad it a relatively simple metter To propare o
siriler sories of astendard chock £1lights for thelr loeal aivpert, Stons
to bo taton ;.:1 duplicating ouech stonderd flights to be usod undor local
corditions are somowhat as follows: -

1 - Ezomine $hc ssmple Tlight deserinticns ad dlagrais for insbuncs
ir whieh tho loeel traffic ond terrein conditions require elrEtzos
as to flight path, eltitvde specifiectlions, etc.

' R = Proparo flight deseriptlons ard dlagrans ineorporating the

cheapges made occasscry by tho local aiiporte :
INSTRUCTIOSS FOR PSE OF STAYDATD FLIGTS

Instructors will, of course, havo their own ideas with respoct to how

standard flights iwy best bo employed. IHowove:r, coxpericnce with suoh

standord Llights on i cinerimontal basis in various ports of the country
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has suggested tic following steps as bolog of pqrt gulzr importance.

1 - Stondord check flights should be wmado under essentially
gimilor weathor condltions.™

2 = Tach flight mvst bo given to each student a"c approxinetely

- tho sane learnisg stage, thot is within a nerrow range of
hours of instruction,**

3 - Qopics of tho standapd f1lig:t dlazre:s and flight deserirtion
saould be imde available for oxemine tioa by tac stulent st all
tincs. IThis con mosy conwvenlently be doto by posting a £light
éingran cnd flight descripiion in the hang:ar or "readl room.!
Tho signi;‘icanco of cuock flirghts is i;creused waon stuwdents
arc mado Tamilinr with the details of the £light to be riade.

4 ~ Instructions used in ziving standard £ 1ights must be stondard

| for 2ll students and adoguate tirw a.nd Tovorablo coaditions
should be providod for going over the ingtruetlons with the

studants imuedictoly prior to the ehcelr Flight. Fellowliog

e e e e iy e b

st e A i - -

{*) I- one cxporimertal conter it was ngreed that the followri 1@ conditions
sheuld arply in givirg Standard Choek Flighta:
{¢) Wind veloecity: Iron 3 to 8 milcs per hours Locel rosearch grovps
should rrovide a veloelty rccorder if 'L',le alrport docs not have oio.
(b) Wind turbulenco: not excessive.
{e) Vlslblll‘tv‘ rinimen of 5 miles.
however, it must bs rocognizod thet thosc conditions nmst bo sct up in

relation to woather conditions anplring to the loezl airport

{*%) The followizg time distributions aave been usod in onc cxperimcatal
contor;
Hours of Ianstruotion uOl.'DlC tcd by Studeant

ifda, 1oz, Lid-point Within
Flight A T & 5 Stczo A
Flight B 10 15 11.5 Steze B
Flight ¢ el P23 22.5 Stegn ©
Fligitt D 2 38 34,0 Stego D

Herc sgain iastructors will use their bost judgmend in sotting up tho
raxgo of hours apllyirg to oach cloel: £1lizt ot voeh stoge of instruetion.
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is & sample of instructions which have been employed for this
purpose,
"ie are going to make a check flight te see how you have
developed up to the present stage of your instruection.
This flight requires you to fly a given set of mansuvers in a
particular order and at designated altitudes, Here are a
description and diagram of the flight." (The instructor will
then go over with the student the description and diagram of
the flight, pointing out the order of the maneuvers and the
specifications as to wind direction, altitude, etc.) "You
are not eéxpected to make this flight from memory. ‘During
the flight each mansuver will be announced in its proper
order and you will be told the apprepriate altitude for each
maneuver and be given a signal at the start of each maneuver."
"Are there any questions as to the flight? Remember, all
I'm asking is that you do as well as you can, performing the
maneuvers of the flight =s carefully as pessible, During the
flight make certain that you understand exactly what is to be
done before starting each neoneuver
In general the following procedures should be employed during
the standasrd check flight, |
A. Immediately before each critical mancuver, give clear con-
cise instructiens, as to altitude requir?ments, ground
refercnee points when necessary, specifications ns teo bank
and degree of turn, wind direction, e¢tc, Use the speeifi-
cations as given in the standard flight descriptiens prepared
for the local alrpert.

B, Make certzain that the plane is in correct position befere
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giving the signal for each successive maneuver. If the
correct flight path is interrupted by a student error or by
traffic conditions, regain correct position during the suc-
ceeding transition mancuver.

C. During transition maneuver A, if the student is unable to
trim the ship properly, do it fo; him after giving him ample
opportunity to do so himself.

i D. Remember that these flights are check flights, not instruction

flights: make no comments to the student zs to the quality of

the latter!s performance and do not take over the controls for
corrective purposes, except in the case of emergencies, or,

i except in transition maneuvers in order to regain the correct

fijight path.

A fair trial of the above program should result in more reliable

§judgmsnts on student skill in piloting. OSuccess in the use of the

lflights depends essentially upon the care with which instruecters adapt

]
1

|
1the standard flights to the flight locality and upon their adherence
;to standard conditions in administering so as to provide comparable

iflight situations for all students.
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STAI'DARD FLIGEIT A E-hibly 1.

This £lizht includeg the basic mensuvers taught in Stege A of tle C.P.7T

program am describes the flight to t» mde by the 3 tudent pilcts while being
observed aml photographed,

The *e¢rifical uansuver®, representing those maneuvers which are being

studied, ere desiynated by mumbers am ~r> capitalized. The intervenlng

maneuvors are "travsition meneuwors",

reprasentin those nancuvors whose purpose

is to got the plane lnio position for the next critieal manewor.

rder anm Doscrl_gti O of ignauve

1.

2,
S

4,

6.4

9.

-q-._..---

den g

TAXI: to take-off line plus right pivot,Tor cisorvaiion of approaeling
airerafiaond burn baclMinte wizd.

TALE-CFF: into wind or as near ace uppropriate runway allows.
STAIGE™ oIk 1o altituwue of 60, attainin: optimm elimbin- speed.

900 LEFT CLLURIIG Trd®:  to 90° anslo frouw take-off dirzetion. This turn
should b¢ leng, shallow twrn, sradusl onough to permit tuim into wind
in case of casing fallure.

Tranzition lancuver A: Procced (erourd aiimort, If mecessary) to rractice
ares appropriate for tlp wind ¢ireceiion, .attaining cltitude of 1000
can rovte. While flyin: to practicc area mke cortain that tiie plano
"8 properly trimned Tor stralsht & level £1i-ht,  Avtor reaching
prectice rea head lntn wind in cororct position for suceceding
OALS T,

STRATG™ GLIDZ: into wind with ortimum zliding angley, boginping at 1000
ard meovoriuz at 7001,

Tranaiti on lancuwe s B: shb;"{; giraisat anmd level flight, ot 7607, lmadiﬁg
into wind. ' : '

900 [ FDIUM RIET WU ATD COOVERY:  at altitude of 700' oud with 459 pank,
gterting iate wiad am sndln. i eross-wind dlpscti on.

Trensition .encuvor §: short streisht amd Jovel vligbt at 7007, lueding in
eross~Jind circed on,

900 ;.‘?’DIITIu LEFT TUTY AWD RECOVIRY: ot altitude of 700f and with 45° bexnlk,
certin crms-wimi and endizx ivto wind.

Trensition Mancuver D short straizht and lovel flight, et 700F altitude,
hosdiny, into wind, :

909 1®DIT IRFY '.['U“~ AD D MOOVETY: at oltitudc 61’ 700! ard with 45° banlk,
gstarbing into wind a.u ﬂndi_.._‘ in crogs<irlnd dir-etlon.

Trangition liracuver L: short straight ond lovel £1light ot 700, hooding
cTosg-wilid,

900 LFDIUL. AIXIT TU% A D RTICOVARY: ot altitulc of 700' armd with 45° bonk,
stertin: cros s<riind aid ondiny i-vo wind.

Trapsiticn

snouver F: ghowvt stroicht ond level £Iight ot 7000, heading
itow ind.



Standard Flight A 2,

‘10,

13,

15.

16.
17.

STRAIGHT CLIMB inte wind with optimum climbing angle, starting at 700!
* altitude and levelling off at 1000!. :

Transition Maneuver G: maintaining altitude of 1000!, turn down wind,

STRAIGHT AND LEVEL FLIGHT: down wind. at cruising speed zt altitude of
1000t, obteining straight and level flight as scon as possible and
maintaining straight and level flight until cobscrver gives signal
for next Maneuver, '

Transition Mansuver H: upon instructlon from cbserver, proceed to correct
location for succeeding maneuver, maintaining altitude of 1000!,
Ground reference points for rectangular course will be pointed out
by the observer,

RECTANGULAR COURSE; begin into wind, parallel to one side of the
rectangular course, snd make four turns to left, ending maneuver
"Immediately after fourth turn and when heading straight into wind,

Transition Moneuver I: upon instruction from observer, proceed to correct
location for succeeding maneuver, maintaining altitude of 1000',

S~TURNS ACROSS ROAD: begin into wind and - -make flrst turn to left. Continue
meneuver until two left and two right 180° turns are made, ending
maneuver heading into wind,

Transition Maneuver J: upen instruction from observer, return to ulrgoru,
meintaining altitude of 1000', Proceed to kKey position for 90
appreech to landing, : :

90° APPROACH TO IANDING: from altitude of 1000!

(a) Streight Glide: after closing throttle at kéy position
(b) 90° Left Gliding Turn: until heading into wind

FINAL APPRCACH AND LANDING: into wind, beginning final appreoach at least
1000t from airport boundary.

LANDING RUN: at least 100" without use of brakes,

PIVOT TURN AND TAXI: to dgsired position,

Preﬁared by: Morris S. Viteles & Albert S. Thompson

For use at: Boston Metropolitan Airpert, Norwood, Mass.
Muller Field, Revere, Mass,



) Exhibit 1
STANDARD FLIGHT A .
(for use at Boston Hetropolitan Airport, Norwood, Mass.)
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Pxhibit 2

"STANDARD FLIGHT A

This flight inocludes the basio maneuvers taught in Stage A
of the C.P.T. program and desoribes the flight to be made by the
stugent pilota while being observed.

“The “oritiocal maneuvers", representing thoss maneuvers. which
are being studied, are designated by numbers and are capitalized.
The intervening meneuvers are "transition maneuvers", representing
those maneuvers whose purpose is to get the plane into posltion |
for the next oritical maneuver.

Order and desoription of Mansuvers

1. TAXI: +to 4ake~off line plus right pivot turn for. cbssrvation :
of approaching aircraft and turn back into wind.

1

2. TAKR-OFF: into wind or as near as appropriate runway allows.

3. STRAIGHT CLIMB: to altitude of 600°, sttaining optimum
olinbing apaed.

4, 90° LAPT GLIHBING TURN: to 90° angla from take-ofr direotion.
This turn should be long, shallow turn,
gradual snough fto permit turn into

, . vind in case of gnglne fallura.
Transition Maneuver A: Prooeed (around airport, if necessary)
to oorrect location for crossing river, attaining altituds of
1000' gnroute. Oross river at sltitude of 1000' and procesd
to practioe srea, While flying to practice aree maks certain
that the plane is properly trimmed for straight and level flight.

. After reaching practics srea head into wind in correct position
for succeeding mansuver.

5. STRAIGHT GLIDE: into wind with optimum gliding angle, beginning
et 100G' ‘and recovering at 700°.
. Trensition Mansuver B: short stralght and level flight, at
700', heading into’ wind. ; s
6. 90 HEDIUM RIGHT TURN AND. RECOVEHY- at altitude of 700' and
. with 45° bank, starting
cross~wind and ending into
wind,
Transition Maneuver Q: short straight and level flight at 700"
‘ heading in aross-wind direotion.

7. 90° MEDIUM LEFT TURN AND HEGOVERY' at altitude of 700' and
with 45° bank, starting
oross-wind and ending into
wind,

Transition Maneuver D: &short straight and level fiight, at
70C' altitude, heading into wind,

o ¥ . :
B, 90 MEDIUM RIGHT TURN AND RECOVERY: at altitude of 700' and
: ‘ with 45° bank, starting



8.

into wind and ending in oross-
| wind direotion.
Trensition Mgneuver E: short straight and level flight at 700',
heading oross-wind.

9, 909 MEDIUM RIGHT TURN AND RECOVERY: . a a} altitude of 700' end
with 45 bank, starting cross-
wind and endling intc wind.

Transition Maneuver F: short straight and level flight at
: : 700', heading into wind.

10, STRAIGHT CLIMB: 4into wind with optimum olimbing angle, starting
at 700' altitude and lavelling off at 1000°,
Transition Mansuver G: maintaining altitude of 1000', turn
down wind.

11, STRAIGHT AND LEVEL FPLIGHT: down wind at oruising speed at
.altitude of 1000', ebtaining straight
and lsvel flight as soon as posaible
‘and maintaining straight and level
flight until observer gives signal
for next Maneuver. -

Transition Mansuver H: upon instruction from observer, procsed
to ocorreot location for succesding meneuver, melntaining altitude
of 1000'; Ground rafersnce points for rsectangular oourss wiil .
be pointed out-by the cbserver.

12. RECTANGULAR COURSE: begin into wind, parallel to ons side of
- the reotangular course, and make four turns

.to left, sending maneuver immediately
after fourth turn and when heading straight
into wind.

Transition Maneuver I: wupon instruction from ocbserver, progesd

10 correct location for succesding manesuver, m&intaining altituda

of 100c0*,

13. S-TURNS ACROSS ROAD: begin into wind and make first turn to

left. Continue maneuver until two left
and two right 180° turns are mede, ending
maneuver heading into wind. -

Transition Maneuver J: upon instruction from obssrver, return

' ' to airport, maintaining altitude of 1000'.
After orossing river reduce altitude to 600 and prooeed to key
pesition for 90 approach,

14, 90° APPROACH TO LANDING: -from altitude of 600,
(a) Straight Glide: after olosing throttle at key poeition.
(b) 90° Left Gliding Turn: until heading into wind.

15.- FINAL APPROACH AND  LANDING: into wind, beginning final approach at .
. C - least 1000' from zirport boundary.

16. LANDING RUN: at least 100' without use of brakes.
17. PIVOT TURN AND TAXI: +o desired position.

For use at: Munioipal Airport, Philedelphia, Fenna.



STANDARD FLIGHT A

Exhibvit 2

' (For use at the Municipal Airport, Philadelphis, Penna.)}
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Exhibit 3
STANDARD FLIGHT B '

This flight is designed for use in Stage B and is composed of the
maneuvers included in Flight A, with the additien of Power-off Stall and
30° Eights.

The "critical maneuvers", representing those maneuvers which are
being studied, are designated by numbers and are copitalized. The interven-
ing mancuvers are "transition moneuvers", representing those moneuvers whose
purpose is to get the plane into position for the next critical maoneuver,

| Order and Description of Maneuvers

1. TAXI: to take~off line plus pivot turn for observution of :pproaching
- ‘gireraft and turn beck into wind. .

2. TAKE-QOFF: into wind or as near as eppropriate’ runway allows.
3. STRAIGHT CLIMB: to altitude of 6007, attaining optimum climbing specd.

ke 90° IEFT CLIMBING TURN: to 90° angle from teke-off direction. This turn
should be 2 long, shallow turn, gradual enough to pgrmit turn 1nto
wind in case of cngine failure.

Trﬁn51t10n Meneuver A: progced (around airport, if necessary) to practice
area gpproprlqte for the wind dlrection, attoining oltitude of
. 2000! en routg. While flying to proctice area moke certain that
+ the plane is prOperLy trimmed for straight and level flight, after
reaching pract1ca area head into wind in correct positien feor
.succeeding maneuver,

5., POWER OFF STALL AND RECOVERY: without use of zilerons.

Transition lancuver B: Reduce zltitude to 1000' and head into wind, in
' ' appropriate locatlon for the succceding maneuver. '

6. STRAIGHT GLIDE: into wind with optimum gliding angle, beginning at 1000!
" and recovering at 700!,

Transition Maneuver C: short straight ond level flight, at 700!, heading
“ inte wind. i

7. 90° MEDIUM RIGHT TURN AND RECOVERY' at altltude of 700" and with 45° bank,
starting 1nto wlnd and endlng 1n cross~wind dlrectlon. ‘ ‘

Tran51t10n Maneuver D: short straight and level fllght at 700!, heading
in eross-wind direction.

8. 90° MEDIUM LEFT TURN AND RECOVERY: at altitude .of 700! and with 45° bank,
starting cross-wind and ending into wind,

Transition Maneuver E: short straight and level flight, at 700! altitude,
heading into wind,

9. 90° MEDIUM LEFT TURN AND RECOVERY: at altitude of 700' and with 45° bank,
starting into wind and ending in cross-wind direction.

Transition. Maneuver F: short straight and level flight at 700!, heading
cross-wind,



Standard Flight B B 2.

10. 90° MEDIUM RIGHT TURN AND RECOVERY: at altitude of 700' and with 45°
bank, startxng cross~wind and ending into wind.

Transition Maneuver G: short straight and level flight at 700', heading
into wind.

11. STRAIGHT CLIMB: into -wind with optimum climbing angle, starting at 700!
altitude and levelling off at 1000,

Transition Haneuver H: maintaining altitude of 1000', turn down wind.

12. STRAIGHT AND LEVEL FLIGHT: down wind at cruising speed at altitude of
1000', obtaining straight and level flight as soon as possible,
maintaining straight and level flight until observer gives signal
for next maneuver.

Transition Maneuver I: upon instruction from observer, proceed to correct
location for succeeding maneuver, maintaining altitude of 1000!'.
Ground reference poinis for rectangular course will be pointed out
by observer,

13. RECTANGULAR COURSE: begin into wind, parallel to one side of the rectangular
course, and make four turns to left, ending maneuver immediately
after fourth turn and when heading straight into wind.

Transition Maneuver J: upon instruction from observer, proceed to correct
location for succeeding maneuver, maintaining altitude of 10001,

14. S-TURNS ACROSS ROAD: begin into wind and maske first turn to left. Continue
maneuver until two left and two right 180° turns are made, ending
maneuver‘heading into wind.

Transition Maneuver K: proceed to appropriate area and select cross-wind
pyléns for 30° Eights at altitude of 1000'.

15.° 30° EIGHTS: make thres complete Eights, maintaining constant distance
from pylons during turns.

Transition Maneuver L: upon instruction from observer, return to airport,
msintaining altitude of lOOO' Proceed to position appropriate for
closing throttle for 180° Side Approach.

16. 180° SIDE APPROACH: close throttle opposite landing spot.

17. FINAL APPROACH AND LANDING: into wind, beginning Final Approach at least
1000t from airport boundary.

18, ILANDING RUN: at least 100! without use of brakes.

19. TURN AND TAXI: to desired positlon,
Prepared by: Morris S. Viteles and Albert S, Thompson

For use at: Boston Metropolitan Airport, Nerwood,
Mass.
11/25/41 Muller Field, Revere, lass.



STANDARD FLIGHT B

. {for use at Boston Metropolitan Alrport, Norwood, Masse. and
Muller Field, Revere, Mags, )
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. ®xhiblt %

STANMDARD FLIGHT C

Tuis £lizht is deaisned for use in Stage € and is compessd@ of the mancu-
vers included in Fli:-bts A aad B with the additiovn of 720° Left and Right Power
iTarns., T o ’

The "eritical maneuvers", renresenting those maneuvers which ares belng
studisd, are desi;mated by muubers ard are capitalized. The intervening maneu-
ivers are "tramwsition mineuvers®, represeatins those maneuvers wlose purpose 1s

|
[ordor and Nescriptiorn of lznoiveis A

Lol S e - - ——— e

Ao TAXI: to teke-off line plus plrot turn for obgervation of srproaching aireraft
and turn bacl: into wind. '

v TALE-0VP: into wind or as near 28 appropriste rumwray sllows.

D & TRAISET CLITT 3 : so altitude of 001, attsining optimue elimbing speed.
4. 90° LE T CLIIBING UK to 90° angle from teke-olf diroetion. This $urn

! should be & long, shallow tum, gredual enough to permlt turn into

wind in case of engine fallure. '

Transition lleneuver A: proceed (sround alrvort, if.neces'sary} to pmetice
l area appropriste for the wind directiorz, attzining altitude of 2000¢
: en route. Juile flyin: to practice area moke certaln that the plane
is properly iriimed for straight and level flisht, Aftnr reaching

practice area head into wind in corrccet mosition Jor suc ceeding
meNeuver. '

is. 720° LEFT POJER TUIN: at 2000' begimiin; inbo wind and attaining 60° bank;
J‘ Cransition lisneuver B: siuort stirsicsht and lavel flizht after recovery.

6. 720° RICTT POVER TURI: berinnin, into wind and stieiming 60° bank.

. Transition Manou ver C: shori straijat amad ;lcval Tliznt after recovery.

7. FPOJER~OFF STALL AVD RICOVERY: withoub uso ol ailoroms.

| Transition ifancuver D: reduce altitude to 1000t ond head into wind.

o STRIGTT GLIDE: iato wial wiih optlsmur 3lidinz angle, beginnins at 1000 ond
s
i recovering, at 700r,

Tronsition Mancuver B: short atraisht and lovel fldsht, 2t 7007, heading into
! wind, ' '

. .
g, 90° LEDIU RIC.T TUHY ~ AND IECOVERY: ot altitude of 700t and with 45 bank,
j sterting inte wind and ending in cross-wind direction,

Pransition iiancuver 7: siiort stralght and level f£light ot 700', hcading into
cross-wind dircctlon.

1d. 90° i@DIUN LIFT YUTH AlD DOCCVERY: st altitude of 700' and with 45° bank,
starting cross -wind cnd onding inte wind,

r



Standard Flight ©

- g - |

Transition Lirncwrcr G: short straight snd lewel £1lizhés, st 7007 cltlituds,
hoading into wind,

. ) i o '
11, 90° uWpIUN IEFT TURS ATD TECOVERY : =t cltitude of 700! zad with 45 bank,
atorting Into wind =nd onding in cross-rind dircetion,

Transitiom Liancuror H: short streight an& level flight at 700', hoadlng ciross-
wind., e ’

12, 90° {EDIWL. RICHT TL.L LD “ECOVERY; ot .lthtude -ofy 700¢

sterting crosg-iind *@.d o?d.iﬂggi?to *

nd with 450 bank,

Tmns...tion Liancuver I: sio-t strajchi and e

e haading-drbor —

e e R R T

13. STRAIGIT CLLD: into wind with optlmum clinbing cngle, starting at 700!
altitude and lrvolling off et 100Ct. i

»ansition I\;L:-nc.uwr J: maintainiug altitude of 10CGQr, turn down wind,

14, STRAICHT AND I3VEL FLIGHT: down wind at erulsing spocd et sltitudo of 1000,
obteining straight aad lovel Plight as socon as possible, mointaining
gtraight and lovel flight until obscrvor gives signnl for noxt ;;m.n SUV T .

Transition Mancuver K: upén instruciion from obsarﬁror, sroceced to corrcc*
‘ location for succocding womcuver, maintaining altitude of 10001,
Ground roforcneo points Tor rretmusular course w.q.ll bo poimtod out by
_observer, -

15. RICTAVGULAR JOURSE: bogin into wind, parelicl to one sido'of the roctensular
coursc, and maito Tour turns to loft, onding mnnowor imodiately afber
fourth turn ond wacn beading straight ' into wind,

Trorsition lisncuver L: upon instruction from ebsorvor, proccud Lo corroet
location flor succceding mencuror, maiptainirz 21ltitude of 1000t,

16. S8-TURS ACROSS ROAD: bogzin inbo wind oné =mnke first turn to loft. Continno
manouver until two loft and tiro right 180° turns cro mnde, onding
manouver into wind,

Transition krncuvor bii yroccod to @Eo*rintu arga ;.nd;, sqloct crossewind
ryloms for 60° EL hts by fltitude ofglO@(b'-ﬁ 2

X '4tm%£%mm@mmmmﬂﬁﬁc rem T T

ylons‘ during turas,

Treraition iaeuver It w..0n izstruetion from observer, retum to airport,
malntcining altitmic cf ...OOG' Proccod to positlon cppropriato for
cloging throttle Tor 180° sids Ao roceil.

18, FIFAL APTROACE AND LAFDING: ivto wind, bogirming Finel Ancooach ot loast
1000' from airport boundoTy.

19, LAIDIIG DUF: b Loest 100 uithout usc of brokrs.
20. TUDN AND TAO: to dosirod position.

Prsjsored by kewris S. Vitelos

Albort 8. Trongson
F T uge at: Besten llrtropolitan 1i¢po*-t, N orvood, M ..»s.
%ill~r Ficld, Reoyore, Mosse.
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wlANDARYD rpatanr O
(for use at Boston Metropolitan Airport, Norwood, Mass.
and Muller Field, Revere, Mass,)
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o ‘Exhibit B
STAARD FLIGHT D
This flight is desizned for use in Stage -D éndhis corposed of the maneu-
vers included in flizhts A, B, and ¢ with the addition of Forward Slip.
| S : - : '
f The “eritical maneuvers®, rcprosentins those mansuvers whieh .are being
' studied, are desiznated by numbers and ars capitalizeds The intervening manou-
{vers ‘are "i{ransition mansuvers®, represerting those maneuvers whose purpose 1ls
'to get the pl&ne inte positlcn for the next critical maneuver.

T mr

T el . o—

!
{1. TAXT: to take-off line plus pivot turn for cuservetion of aprroaching alr-
' craft end turm back into wind.

18 TAKE-CHP: dnto wind or as near as sppropriste rmuwny allows.

S« STRAICET GLEJ&:'to zltitude of §00', attaining oplimmum climbiﬁg spoad,
l¢. 90° LEPT CLIIBIIG TUm: to 20° angle from take-off direction. This turn
should be a long, shallow turn, gradual encugh o permit tura into
wind in case of engine failure,
k Trensition Manmcuver A: proceed {around airpoxrt, if mnecessary) to rectice
: area appropriate for the wind direetion, attainirg oltitude of 20007
en route. While flyinz to rractice arem mnke cexrtain that ths Dlane
1s proporly trimmed for stralght and level Flight. After reaching
practice area hoad into wind in correct positicom for succeeding
MANZUVEX .
5. 9720° LEPT POJEL TURN: at 2000' begirning into wind and attaining 60° bank,
P T“anait*on Maneuver B : short streight and level f£light after rocovery.
B4 720 RIGET POJER TUZ: begzinninz into wind and attaining 609 bank.
P Transition Meneuver C: short stroigat h_d level flight after roeoveIrv.
7+ POJIR-OFF JTALL.AFD RECOVIRY: without use of ailcrous.

; Tronsition Mancuver D: streight and level flight et whatever cltitude
i obtained during roecovery from stcll.

8. FORJARD SLIP: into wind with 30° left.bank, rceovering after loss of 300!
| sltitudo from beginning of alip.

L Trensition Liancuver E: :vduco altitude to 200! and hond into wind in
| approprictd position for succocdinrz monouvers.

B, STRAIGHT GLIDE: iuto wind with optimm glidizg =ngle, bosimming ot 1000?
' aiad recovoring at 7J30t.

Trensition Iiancuver It short strnight and lovol flight ot 700', koeding
into wind. '

i .
|
10, 90° MEDIUZ RIGHT TUZM AND RECOVIRY: ot eltitude of 700! and with 45° bealk,
! starting into wind and crding in eross<srind diroction.
|



gtomdard Flight D

11.

12.

13.

14,

15,

16.

7.

18.

- 2=

|
Il

Transition Lichouver ¢: short struisht ard lovel flight at 7007, heeding isj;to CT

cross-~wind diroction.

90° LEDIU, LoD WY AID ITSCOVADRY: of altitude of 700! ond with 45° brvk,
gtorting cross<ilzd snd ondias into wind, .

_ Trensitioh haneuver E: short sireight ena leyel fli.ac, ot 700t altitude,

hording into wind. .
90° 1EDIVLI IAFT TURE AUD EOOVERY: nt altitudo of 7001 and writh 45° bank,
starting into wind 2xnd ending in ercoss—viid diroction.

Transition Mamouver I: shorg straight ana locvel filzit ot 7007, heading
crosa~rind, .

D s )
90 IEDIUH RIGHT TUiil AID ITOOVESY: ef altitude of %00 and with 45° benk,
storting crosa~wind nd ending izto wizd.

Trapsition Manewior J: short stroizbt and lovel £light 2t 700r, heading into
wind., . : 5

STAIET CLID: into wind with optimunm elimbing :-.:f{'_-,le, gtarting nv 70O
cltitude and levellinz off at 10G0T, o

Tronailtion Lanourer K mai:itainin; cltitudo of 1000',- turn douv wind,
STPAICTT AWD LIVAL FLIG™: dom wind at eruilsing spued ot aliitude of 10007,

obtaining straisht ond lovsl flight 28 soon ns possibleo, meinteairing
straight and level £li4ht until obacrvor sives sigiuel for next mencuver.

Trangition Moncuver L:  upon instructiorn f'rom observer, precccd to correet

locatlon for succeeding mancuver, moirnteining cltitude of 10007, Ground
roforcnce points for reeiangular coursc will be poiuted out by observer.

RECTANGULAR GOURSEE oceln into wird, pornllel to one side of the rectangular
course, ond make four turns to loft, cading mnnouvor immediantely after
fourth turn 2nd whon herding stroight into wizd.

Trensition Manouvnr'm: upcnrr lnstructlion from ohscrver, procced to corrcet
location for succcecding mencurer, mrintainirg altitude of  1000t,

S~TUT3:S ACROSS RO/D: bozin into wind cnd meko first tarn to left. Continue
moncuver until two 1oft cnd twe rizht 180~ turns cre modo, oxnding
mancuver into wind, ’ - -

Tronsition Uancuver-iis  proecud to anpropristc crea cnd solect cross-wind
pyleons for 600 Tights ot altitule of 10C0?,

60° EIGHTS: moke throe complote Eights, moirtoining constnnt distance fronm
pylons duriig turns.

Tronsition Mencuver O: upon Iinstruction from ovscrver, rotur: to airportd,
mainteizing eliitude of 1000', Procced to position cprroprisic for
closing throttle for 180° Sido Appronch. '

FIral APPROACH AKD LANDING: -dnto wind , bopiuniug Facl spprocch at lecst
1000t fran sirpordt bour-dery.



tondord Flight D

| . I -
EO. LAWDING RUL: ot lecsat 10O without use of brokes.

pl. TORN AID TiXI: to desired positiom.

n : ' Propored by: liorris $. Vitoles
, Albert S, Thompson

For uso ct: Boston Motropolitan sdirport,.
‘ | oo Borvood, licss,. '
December 1, 1941. ' fullcr Ficld, Rovorce, Mass .
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STANDARD FLIGHT D L

(for use at Boaton Metropolltan Alrport, Norwood, Masse.
and Muller Field, Revere, Mass.)
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APPENDIX 1

‘Exhibits

A to G




o STANDARD FLIGHT A Baibis A
(for use at Boston Met#bpolitan Alvport, Norwood, Mass.)
Wind Direstion: North
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Prepared by: Morris S. Viteles

Albert 8. Thompson
mivr AP P onn
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. BTANBARD F'LIM l _
(for use at Boston Metropolitan A.irport, Norwood, Mass.)
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AR, TLIanT A oy o
fror use at Boston Metropolitan Airport ﬂorwﬁod, Haaa.) '
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STANDARD FLIOGHT A

Exhibit D
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STANDARD FLIGHT 4
(for use at Boston metropolltan Airport, NDPWOOd Hass,)
o . ¥ind D*rection South
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(for use at Boston-ﬂéti-npontdn Alrport,
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STANDARD FLIGHT A
(for use at Boston Metropolitan Alrport, Norwood, Masa.)

Wind Direction: Northweast
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