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LETIER OF T HANSE 1T TAL

HATIONAL RESEARCH COUNCILL

2101 Constitution Avenue, #ashington, D. C,
Division of Anthropology and Psychology
Committee on Selection and Treining of Aircraft Pllots

Haroh.27, 1946

Dr. Dean R, Brimhgll

Director of Research

Civil Aeronautics Administration

Room 3895, Commerce Building

Washlngton 25, D. C. -

Dear Dr. Brimhall:

Attached 13 & report entitled omparison of Student Pilot Perform-
3 h = A T d e

by Seymour ﬁapner, Leon Festinger, and Henry S. Odbart This report
is submitted by the Committee on Selection and Training of Alrcraft
Pilots with the recommendation that 1t be included in the series of
technical reports issued by the Division of Research, Civil Aeronau-
tics Administration,

The photographic records were collected in connection with the
Midwest~Navy Training Projeet. These records were anslyzed to assess
the consistency of student pilot performance in successive check flights,
and the degree to which improvement or lack of improvement occurred from
first to second flights,

"The findings, although not definitive because of the small samples
used, indicate the need for extreme caution in accepting a single flight
test as representative of a pilot's proficliency. The study hes furnlshed
evidence that measures of some aspects of performance at the end of pri-
mary training are much more consistent than others, Further research is
needed to identify those aspects which can be measured with highest re-
1iability and for combining such measures into an over-all measurs of
flight proficiency.

Gordially yours,

W i

Vorrie 5. Viteles, Chairman
| " Committee on Selectior and
Training of Aircraft Pilorts

45V.rw Jatist.el Pesesrch Councilt
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EPATORIAL FOREFRORD

This report presents an analysis of research data collected as
pert of &n extensive study knowua as ihe Mldweat-Navy Training Froj-
ect. - Many persons have perticipated in designiag the projeect, ob-
taining the rscords, and snelyzing the resulta, The 1943~-4id Midweat-
Navy Treiniag Project was desigred by M. 5, Viteles, R. 7, ¥alker,
and R. €. Rogers, with tte sssistance of A. 5. Thompson, E. 3. Ewart,
and H, S.-0Gbert, and with the guidance and nssistance of the Execu-
tive Subcommittee and of the CAA Division of Research, D, R. Brimhall,
Director, Dats were collected by R. ¥. Falker, S. V. Benmett, Edwerd
Girden, and E, 3, Ewart. OUpportunity tc collect data from sshools
participating in the Wer Trainlng Servive, as well as the services of
a number of CAA flighe imapector:s whe served as check pilots, was
provided by the Civil Aeronauvvins Administration through the efforts
of D, R. Brimhall. Subjects for the study were made available through
the courtesy of the U. 5. Havy-

The procedures for ovtaining the photographic records of flight
performance, with which the present report is spesifically concernmed,
were developed as a pert of the Univarsity of Penngylvania Project.
The procedures for tabulating snd anslyzing the specif'ic data pertin-
ent to the relisbility study were plammed by M. 3, Viteles, A. S.
Thompson, and E. S. Ewart. Photegraphlc records were read by a staff
of elght workers at the Institute of Aviation Psychology, University
of Ternmessee, under the supervision of E. S, Ewart. The anslysis of
the reliability data was planned by the staffs of the Statistleal
Unit, University of Rochester, and of the University of Pennsylvania -
Project. The anaiysis was carried out by the Statistical Unit at the
Univeraity of Rochester.
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SUNKEARY

Photograephic records of a gpocipl instrument panel were obtained
while atudent pilcts with approximately 35 hours of training executed
two successive check flights, Kecords of 16 mansuvers in each flight
were gnalyzed during slow-motion projection, and readings of specifio
aspects of psrformance were recorded on check sheets. Readings were ob-
tained on Average Airspeed, Revolutious per Einute (RFE), Airspeed Varia-
tion, Average Bank, Altitude Gain or Iovss, .iltitude Variation, Maximum
nate of Climb, and Bell Bank Deviations.

These recorda mede it possible tc compare performance on successive
flights without depending upor observer judgments, which are frequently
af low relisbility. The data were anslyzed to obtain informatior on two
tasie questions:

1. The conaistency of student pilot psrformance from flight to
flight in terms of correlsticns betuwsen the two flights,

2. Differences betweer the tws fliehts, particularly with respect
to possible improvement fruv Tirsi to second flight.

Preliminary snalyses of the dai.: ravealed significant differences in
records cbteined from the two plsmer voed n the study {both were Piper
Cuba, one powered by a Franklin mot:~ =xn¢ oue by a Continental motor?ﬁ
There were also irdications that records obtzined at different times of
the year were not comparable. The <zla were therefore fracticnsted into
slx sub-groups. :

The results of the Investingati- wore as follows:

1. Of the nine aspects of per: . 'uarce gtudied, only three {Avarzge

Alrsposd, Average Buank, ar  sitlded correlations of any
appreoiabie gize when a 3i..' = i\zasure in the first flight was
correlsted with the correr- .-~ iny single measure in the second

flight. These mppear to .. :serri less complex aspects of per-
formance which may becone »~iabively flxed early in training
and arp rot as predominantl; sssociated with "ekill" as are
other items in the analysis.

2. Fhen corresponding measures n ssveral maneuvers were summated
for eash flight, correlscisus tended to be somewhat hjgher then
the median rorrelations on single maneuvers. In most causes the
degree of consistonsy was ac sllight that meny measures would
have tc b taken o obtain m seore of adequate reliambility.

3  Items related to smoothnes: -7 pérfcrmﬂnge {Varietion ir Air-
speed, Bank, Altitude, ets ) exhibited generally low levels of
consistenuy.
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4 Comparitson cx the two fliprts in torns of reen scores on each
of the items revealed 1lttls evidence of zignificant chenge in
the direction of alither improvement or decline in performance
from first to second flights. \

These results, although not definitive because of vhe small samples
used, indicate the nsed for extreme cautlon in accepting a aingle fiight
test as representative of a piiot's proficiency. The study has furnished
evidence that some aspects of performeznce are much more conslstent than
others at the end of primsry tralning. Further efforts should be made to
l1dentify those aspects which can be measured with highest relisbility, and
methods should be developed fur combialng such measures into an cover-all
measure of flight proficiency.



COMFPARISON OF STUDENT PILOT PERFORMANCE 1N
SUCCESS1VE CHECK FLIGHTS AS MEASURED BY
PHOTOGRAPHIC RECORDS

INTRODUCTION

One troublesome problem in the evaluation of flight performancs is
the extent to whioch performance during a single flight test i represen~
tative of the sctunl proficlency of the pilot, Clearly, aspects of per-
formance which exhibit marked wariabllity from flight to flight eannot
be reliably evaluated on the basls of a single flight by a given plict,
It has been extremely difficult to obtain evidence as to the rellability
of pilot performance from check pilots or observers, even under conditions
in which the sdmlniatration of the test flights 1la carefully controlled, .
(If a aingle check pilot adminlsters succesaive test flights, his sub-
Jective evaluation of a student pilot's performance on the first flight
amsy influsnce his evaluation of performance on succeeding flights.,) On
the other hand, if different check pllots are employed on successive
flights 1t 1ls difficult to determine whether differences in their evalu-
ation of the reapective test fiights arée due to differences in the eval-
uative etandards of.the obaerversl or to differences In the performances
of the subjectsn.

The 1943-44 Mldwest~Navy Training Project of the Committee on Selee- -

tion and Training of Alreraft Pilots provided a unique epportunity to de-
termine the conslstanecy of student pilot performance in two successive
check flights, since the two flights can be analyzed from objective
photographic records, therehy eliminsting the check pllot varlable.

This report deacribes an enalysis of the photogrerhic resords of the

two flights, which was undertaken to answer the followlng queastlons:

1. How consistently does a student pillot near the end of primary
training perform during two succescive check flights with no intervering

£lying?

2. Were there significant changes in performance frcm first to sec-
ond flights?

SOURCE OF DATA .

Dagign of the Midwegt~Vevy Trainipeg P ot. The Widwest-Navy Train-

ing Project was concernad not only with the consistency of student per-
formance on successive check flights, but also with other problems, in-
eluding the effectivensss of two training eids {the Ohio State Flight

1For early rescerch in this area, see: Johnson, H. M., and Boots,

M. L, Apglvsig of ratines 1p the vreliminary phese of the CAA training
program. FWashington, D, C.: ©CAaA Division of Resesrch, Report Ko, 21,

Oatober 1943,
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Inventdrye and Form ACA 3425) 3 and the acouracy of inspectorsﬂ ratingn
as obtailned on wire recordings and on Form ACA 3427.4 Although the pres-
ent report ia not concerned with these other problems, the geperal design
of the study must be reviewed briefly, since aspects of the design which
were concerned primarily with theee other problems have influenced the
treatment of the present data,

' Subjects wera Kar Treining Service Program students in five training
achools.? Two successive classes in four achbole were trained in accord-
ance with traditionel procedures, Tha following two classes were given
experimental inatruction involving the use of one or the other of the
tralning alds. An additional clngs in a fifth echool was trained accord-
ing to traditional methods at the eoncluslion of the atudy to provide a
partial check on the influence of weather corditions. The atudy sxtended
from October, 1943, to Februery, 1944. ,

Criterion data were obtained by having each utudent make two check
flights near the completion of primary training. A pair of inapeators
went from school to school to meke these check flights. (The trip to
the various schools to check a given class is referred to as a "swing."

'Thus, there were five swinga in the course ofi the study.) Each student

flew the same standerd flight twice 1n the same plane with different in-
spectors,

2The development of the varlous versions of this imventory is de-
soribed in: Edgerton, H, A., and ﬁ’alker, R. I. Wﬂ
g F g bag

. Fashington, D. C.1  CaA Diviaion of ﬂesemh, Report. Wo. 47,
July 1945. Alaso, NRC Committee on Selsction and Training of Aireraft

Pilot!- Mﬂﬂmﬂﬁ Onlo S
;[_1 . n 1on3

Washington, D. C,1 CAA

| Diviaion of Reéearch .Report'ho. 51‘"Novambér 1945,

2Form ACA 342A 1 a form on which ths maneuver grades and over-all
grades of the flight imstructors, flight examinera, and CAA inspectors
cen Ye recorded. It also provides for ratinss on several aspecta of co-

" ordination and eontrol, judgment, aptituds, flying hablts, and accuracy.

by orm ACA 3422 provides space for an cver~all grade, grades on spe-
ciflc maneuvers, and ratings on specific aspects of flight performance,
An enalysis of ratings on this form made by flight inspectcrs ls deacrlbed
int Feetingor, leon, Kogan, L, Q., Odbert, H S., and Wapner, Seymour.
A o n ohig Forn

A gggg »
March 1946,

5The five training schools w=re located at Bowling Green, Ohloj
Muncie, Indiana; Kalamasoo, Michigan; Oxford, Ohio; and liluaukoa,
Wisconain,

-Hashington, D. C.: GAA Diviaian oT'Research, Report Fo, ';

'l



Two criterion planes were used, On® plane waa a Continental-powered
Cubj the other was a Frahklin-powsred Cub, Each plans was equipped with
a photographic inetallation® which furnishéd camera records on the follow-

* ing instruments:

Airapeed Indicator
Turn Indlcator

Ball Bank

Control Indiestor
Tachometer

Altimeter

Artifiecial Horizon
Rate-of Climb Indicator

The Standsrd Flight used in this project included 27 mansuvers. Cam-
era records were sbtained only om tha following 16 manguvers, mumbered in
the order of their occurrence in the complete Standard Flight:

2, Teke-off
. 3, Straight and lLevel

7. Straight Climb and Reosvery
10, 90° Climbing Turn Right, 45° Dank
11, 90° Climbing Turn Left, 459 Bank
12, 90° Turn Left, 15° Benk
13. 90° Turn Right, 1.5° Bank
14, 180° Turn Left, 45° Benk
15, 1so° Turn Right 452 Bank
16, 360° Stesp Turn Left, A0° Tank
17, 360° Steep Tvra night 60° Dank
18. Rormal Powsr-off Stall

2, Straight Glide and Rcoovsyy

22, 90° Gliding Tura Bight, 150 Beok
23, 90° Gliding Tura left, 15 Denk
27. Landiag

Muﬁl Q'\ﬂ ,"'.ﬁ;ijryﬂj.“zp T -JtCrgIGym\. szconds of the abova
panguvers ware &nalyzed by tirained ¢;lu rasdars Lo ehoorvsd the ravorpde
during slow=motion prwjacticn and rJJerad their abuesratlicns on cheek
sheets, Thoes Film Anelyrda Chocr {lzats reguirsd foetpmerent readings
et spacified polinfha in Lhs rancuver-or asilzates of psrfeminace throvgh-

L f o famn mL LD AR WY a5 AT it MTAL L rmrLEmTl b b BT AT Wt m d LR M A A SETERALY - gt § T e e il i DTS T

6Th'3 Ehoto,rapnic Inster. adior Includad a spscial instinmsont jensl,
locuted in the bezgrgs ocitpes Tn..t, nich wsy phuiogrerhel at 8 franse
per sscond by a FH2ll end *o‘«eJJ ezl VO cacary controlled by tha oboav-
ver. This inslallatin wes pr;5a1ﬂd by .o He ¥, Walldr 1n callsbor i,
with the Unlversity of Peanny?-anlse Project st&fP aivl vue on adeptstion
of the instullstlm doperibad in: Vitele~, M, 2, nad Thezpzon, A, 5. £
apaiysie of photesmyble cgeavie of .ﬂjm":miuhlu nerforasnce . Faoblioy:
ton, D. S.: CAL Diviston of Meesuarck, Report No, 20 June 19454,
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- ‘ out portioﬁa cf the manzuyver, in objnctive terus whenever pol!1b10.7 The
o deta availeble frcm this analysis were thus in the form of cheok shest en~
PO triss based on roedinge of thé flight inctruments dsscribed above.

. A careful c¢heck on tho accuracy of the roadinga wen made by pariodi«

" rasdars, Information on the reliabiiity of the readings, derived from
there perlcdlc chscks, 1s presented in Appendix 2, in terms of per cent
of inatencesa in which the two rsadings dinagreed bqyonu arbitrarily outab»
1iphad tolerance limits,

: In gensral, the reliability of the readings was satisfaotory, axoept
o for thome items in rthich a conslderabls amount of judgment was involved,
far example, alleron-rudder coordination., Items found to be of low rell-
i ability were discurded and, for the items on which this repcrt ism based,
the emount of disagresment was usually less then 5%, as shown in the
teblos in Appendix 2,

A}

TRE&THENT OoF DATA

require separate treatment and further to determins ths most suitable pro-
sscond flighta for each plans,

8, The praliminary fraquency tabulationa revealed such
narked differences between planes in certain items such as Ravolutions per
Minute (RPM), Airspeed, Rate of Climb, and Ball Bank, that it was decidad-’
to keep the records of the two planes ssparate throughout the analysis.®
: This deoision was reinforoed by inspector reports that the Continental~
T powered plane was easler to handle,

s I
o i

aG
ra

i B TR A
- " oA

Preliminary tallies also revealed thet certain instrument readinge
ware not sufficiently distributed to warrant furither analysis, Many ad-
s ditional items ware eliminated because observations in the field and in
' the reading of the photographs auggeatsd that the results would be ambig-
woue,  In turns, for example, readings had been recorded for the sntry
into the turn end recovery from the turn as well as for the turn itself,

. It was observed, however, that the camera freguéntly was not turned on
e . untll the entry was started or was turned off before the recovery was

S magen
JJ]-‘ iql'“'.

.

o
[yt

T 75&5@&9 check shests and a detsiled desoription of the typers of obser-
s vations required are found in Appendix 1, which presentsz Ewart, E, 3.,
nia Thonplon, A, So’ and Vitcloa, ¥, S,

g&w SA detailed ooupariaon of the data frun the two planes is givnn in
T . Appondix 3.

W5 . A ~
.

—

Coamenob e . .l - . - . . P 1 - . . .
B T L i L A N L IS BRI I L T L Sl Lk r*";t*
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LE cally having selected records re-resd by the same or another "orew® of film

e | Praliminary Survey of Data. Frsquency distributions were made of all
b readings to deternine whether plmne differsnces were sufficiently marked to

S cedures for analyzing the data, Teliles wers made peparately for first and

!
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completed. Furthermore, the records frequently suggested that there was
an instrument lag from the previous mansuver, Therefore, no analysis has
been made of the readings taken during emtry and recovery. With these
conditions in mind, the following items were selected for analysis In each
maneuver to which thay are applicatle: '

1. Average Alirspead
2, RPM ,
3, Airspeed Variation

4. Average Bank

5. Eank Variaticn

6, Altitude Cain or loss
7. Altitude Varidation

8, Waximum Rate of Cliab
Q. Ball Bank Davietions

In compearing student parforranae from Flight I te Flight II, it waae
- pecessary tu trzat data from studsate trained under erxperimantal conditions
(Swings 3 and 4} aeparatsly frcm date frox the control studonts (Swings 1
and 2), It cl2o szemad dosiroble to treet resulie from the flnal contpel,
group (Swing 5) separateiy bsccues the weather conditlone during this swlng
wars quite different from those for the asrlisr ccntrol groups, The den-
sgr alr in cold weather, for exzample, gives the plene more 1ift.9. Thes,
treating all control subjects us & homogansous group might apuriouel; in-
crease the alze of the correlations, It bus alremdy teson polnted out that
data from the t{®o plangs ware aloo trealted ceparately, The aunelyzis war;
therefore, mnda 2sparatsly for the six samples as follows:

Continmmtal~pevwsad planos Swiage 1 and 2 .
: . Swings 3 and 4
Swing 5

- Freaklin-powered plenz: Seipgy 1 and 2
Swings 3 and 4
S*’ielg s

The aumber ol carss woed ‘a thz anilydis wrler frow monsuver fc mo-
neuver and from item to item hovat:d of agsaplats Cwta. ALy c&sa la wilch
a raadlog wo3 missing on efther Flight T ov Flight IT hed to te omitisd,
The hlghest nuwber of cogus Jn ony savple 2d wdy 27. It is, therefors,

necesssry to ohsorme ths genercl trzad of rasults rathsr than to plase
any graet raticr i oy cfgole meomieen 2 f pgheddenahds
o Coprelationg. Conslstency of Performanoe from Flight

I to Flight 1I was evaluated by means of Pearson product-moment corraels-
tions wherever continucusly measured vaiiables were imvolved, 1.e,, Air-

9For example, the data for the rate-of-climb indiocator presented in
Appendix 4, Teble 20, showed that the rate of climb in various maneuvers
was, in generasl, grester during Swings 3 and 4 conducted in the winter
months, than during Swings 1 and 2 conducted in the fall. Detalled com-
parison of the data obtalned during Swings 1 and 2 and Swings 3 and 4 ia

presented in Appendix 4. ;

R T A K T
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apaed, FPM, Bank, sltituds, and Rate of Climb. No correlations were com-
puted if the number of cases fell below 8,

An exnct eveluation of the significance of these correlations ia
rendered somewbat difficult by the marked deviations from normslity ob-
served in the bivariate distributions. It is obvious that large sampling
fluctustions fn correlations way be antielpated with such small N's.

The general trend of the results is indicated by the medidn correlastlon
for each semple, a comparison of the number of positive and negative cor-
rolationsg, end the number of correlations aignificant at the 5% lavel.

T . Por Ball Benk readings, where the megsurements were
for ell practical purposes categorizations, tabulations were made in 4 x
., tebles. These tsbles are presented for each item in which the ¥ was
16 or greater. Beceauss of the small number of' cases, no analysis was
underteken beyond a simple ¢ount of a number of instances in which per-
foruence wes more consistent or less conslstent than chance expectation.
Tests of significance of departure from chance expectation were not made,

Surped Megsurea. In additlon to oonelstency of performance on single
items in speocific memeuvers, a further aspect of conalstency was studled,
namely: congletency in scorcs obtained by summating measures on a apecific
item for comparable maneuvers, It was recognized that mere summation 14
& crude method of combination, sspecially since the atandard deviations
frequently differ from mancuver to meneuver, The number of casee in any
one sample, however, dld not justify more refined treatment,

El%gb&_ggig?;gnggg. Tendencies for the group as e whole to exhibit
better (or worse performance during the second flight were studied by
computing t tests between the means of Flight I and Flight 1I. These
compariaons were of interest in determining the possible existence of
?learning® from first to second flight, particulerly slnce in this stuiy
the atudents had never flown the criterion plenes before and might have
been expected 4o have some trouble adapting to the greater woight of
these planes. 10

RESULTS AND DISCUSSION

The trestment of the data, as described above, was made to provide
information on consistency in performence of student pllots from flight
to flight and on characteristie differences between the two fliights.

fpte Parf . Results of the analyuis bearing on
the gquestion, "H S ' ng pllc '

1°A1though the criterion planes were Plper Cubs, ths same as those
on which the students wore tralned, they were heavier dus o the rssearch
apparatus carrled ln the baggage voumpeartmant, The center of gravity in
these planes was not changed, however.

{
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follows:

1, Average Airspeed. -The Aversge Airspeed was recorded for each
maneuver in units of one mile,per hour MFH), In Table 1, correlations
for Average Airspeed are presented for the aix samples for each of 16
mensuvers, The median correlation for each sample 1a shown at the bottom
of the table,

It can be sesn that the correlations renge from -.26 to .97, and the
N's for which correlations ware computed range from 8 to 27. The median
correlationa for the slx scmples range from .29 to .64. Five correlations
are negetive; 82 are poasltive; one is zero. lx-two of the 88 oorraln-
tlons are significant at or beyond the 5% 1evel

Later comparisons will show that these Average Alrgpeed corrolations
are among the highest obtained for eny of the measures, )
Average Alrspeed wes summed for Haneuﬁars 3, 7, 10, 11, 16, 17, 21,
22, and 23, Only those cioses having complete data on all the maneuvers
involved were used for this sumation. Other maneuvers had to be elim-

inated from the summation in order to retain an adequate number of cases,

- Each individual thua received two scores, one for Flight I and one for
“Flight 1I. Pearson product-moment correlations between Flight 1 and
Flight II were computed separately for each sample, Thege correlations
are presented as Item 1 ln Table 9, which summarizes similar information
for other messures. Means, standard deviaetions, and the nunber of cases
involved are also shown. Beside each correlation ls presented, for the
corresponding sample, the medlan of the correlations for the meneuvers
involved in the summation. These mediane furnish only a very rough basis
for ocomparison, eince the individusl correlations generally iuvolve a
larger number of cases than the correlations between summed scores. The
sorrelationg for the summed scores range from .41 to .85, wheroas the
median correletions rsnge from .23 to .51. In each case the summation
correlation represente an inrreass cver the median correlation.

2., RPM, The RFM setting wes recorded in units of 50 RMt. In Table
2 the correlstiocns for R are presented for 15 manauvers. XManeuver 8,
Normal Fower-off Stall, wss omltted because of inadequaciss in the record-
ing. This table duplicates the form of Taeble 1,

The correlations range from ~.40 to .96, and the K's for which corre-
lationa were computed range from 8 to 27. The nedlian correlatlons for the

six samples range from .34 to .58. Nipe correlations are negstive and 78

are positive, Of the B7 correlations, 39 are significent &t or beyond the
5 level. ' .

llln this and subseguent tables, correlation coefficlents aignificant
at the 5% level are ddentified by asterisks, The means and sigmas of the
digtributiona may be found in the tavles 1n Appendix 5,
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AVERAGE AIRSPEED: FLISPT I - FLIGHT II CCRGELATION

Heneuver

2.

3.

22,
23,

- '27.

Take-off

S5tr, & Level

Str, Climb
90° ¢1, Turn R
45° Bank

90° 1, Tum L
45° Bank

90° Turn L

15° Bank {1n'Tum)
90° Turn R

. 159 Bank {in Tur),

180° Turn L

45° Bank (4n Turn)

180° Turn R
459 Bank (in Turn)

360° Steep Turn L
600 Bank ?in Turn)

360° Steep Turn R
60° Bank (1q Turn)

Hormal Power-off
Stall (at Break)

Str. Glide & He~
govery (in Glide)

902 G1, Turn R
15° Bank, (1n Turn)

90° 01, Turn L

25° Bank ({n Turn)

Landing (Morent
of Landing)

Median r

A2 HZ = o E

Ho HE R O HZ R ®ZE AT g N g R 4R

CONTLIABNTAL
. Swirga '
B2 W5
14 16 13
{'\-26 .30 :97*
17 24 11
6% .05 01
20 _3 13
.32 28 - 60"
22 26 13
23 .25 «J4
.20 26 12
IW u_ae -10
20 26 11
e 00 0o
22 2 il
L3 35 Har
20 26 13
.67* -51* 052
23 26 12
-67* u39* .37
23 26 . 12
59 ,78% 65%
19 26 13
oYl T b2
17 20 3
tm .'37 -
20 23 13
. 72% 28 .25
22 21 10
U&O 'L9.* ..53
2] 17 10
51 «B1x -7A
14 9 1
"010 '15 -
« 54 29 «53

LI S
FRANKLIN
Swings

152 .77 5

15 19 27

K> CRT S

19 2 10

»23 15 Tl

<1 23 10

05 5. Y

- 20 24 9
"-01 c_Ql .20

7 21 9

'16 526' ;O’&.

20 23 '8

L2303 T

20 21 9

L8 31 .45

21 23 10

t34 e ,64"

22 24 8

OM . ¢68*' ST

21 23 10

'64.‘ 'BQ” 147'

20, 22 10

07 J69% B3

1 14" 7

-60* "'u26 -

19 19 9

- BE* JSTIn .58

18 15 3

. 055* oﬂ -

18 16 3

ILB* :ll.6 =

13 7 5

243 - -

-39 46 <64

A5 - C
SRR TR
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TABLE 2

o '.u?.\'gi{" e g

‘:‘:."’é ~

. TrYy

) C
LA

RPN (TACHOMETER):; FLIGHT I - FLIGHT II CORRELATION

-]

Maneuver

2, Take-off (mo- N
ment of) : r
3. Str. & Leval N
r
7. Str. Climb & Re~ )
covery {in Climb) r
10, 902 Cl, Turn R )
45° Bank (fn Turn) r
11, 90°Ci. Turn L . N
459 Bank (in Turn) r
12, 90° Turn L N
" 159 Bank {in Turn) T
13. 90% Turn R N
15% Bank (in Tura) T

14. 180° Turn &L
45° Bank (in turn) r
15. 180° Turn R )
45% Bank (in Turn) r
16. 360° Steep Turn L ]
60° Bank (in Turn) r
17. 360° Stesp Turn R N
60° Bank (ia Tura) r
21, Str, Glide & Recov- .|
ory (in Entry) r
22, 90% G1. Turn B H
15° Pank {in Turn) r
23, 90° Gi.Tura L i |
15° Bank (4n Turn) r
27, Llending (during q
lavei off') P

¥odlen r

FRANKLIN

CONTINENTAL
Swings
17 .- S I
14 17 12
- 50 @ 33 N .81*
18 24 12
54 236 95%
20 23 13
A5 R9 L0
. AR 26 13
04'13* - 028 05'8*
20 26 12
v 38 ~u 05 a T2
20 25 1
32 o34 LJTLE
22 27 11
19’2 X3 B0%
20 26 i3
«35 27 .52
23 25 12
219 A2 .55
23 26 12
55* .36 T
19 -2 13
050 o52%  T7B%
18 22 11
E7* oSTF =25
19 20 10
722 o Ai = 03
13 16 10}
33 ST0F .39
17 13 o
) 563* ;:83“" . 27
i M 52

Swings
W2 WL s
15 18 B
ng‘l .68* .57
19 2 10
o5 JAO® L JTIw
a 23 10
«23 L4t 08
19 2 10
39 LI 24
17 21 S
""036 023 -.,LD )
21 23 e
635 '.302 ";.09
21 21 9
a59* -35 . GAO
2L 23 10
] . $83%  LBO® -
22 24 8
Ozo 359.* ciQ
21 23 10
5% 657 AT
20 23 .1
JL*L65% AL
17 19 9
«G5* oR3  LTon
18 16 3-
-:.\6‘7* 530‘ =
18 15 3
ogai 032 -
14 10 7
o I1* 028 "
5T 4D 49

.:;,: RIS

ot
P
LA

L
Pl

51

SR NPT I

)

LR g

i T L

.

T Ty
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' These oorrclationa are nat markedly different from thnae report.od
for Average . Alrapeed,

Readings ware emmdforllanemm 3, 7, 10, 11, 12, 13, 14, 15, 16

SRt and 17. Correlations on four samples are presented as Itcn 2 in Table 9.
They. range from .35 to .74, whereas the median correlations range from .28
to .44. Correlations for summetions are appreciably higher than the med~ -
ian correlations for Swings 1 and 2 bui not for Swings 3 and 4.

e

;: 3. Alrepeed Varistiop. The photographio check sheete ahowed the
highest and lowest airspeed readings in the course of a maneuver, Differ-
g enca scores were ocomputed representing irspeed Varigtion. The correla-

tionas for those Airspesd Varistion scores are preeented in Tadle 3, Air-
speed Varlation was not recorded for thres maneuvers: 2, Take-off; 18,

Sl Formal Power-off Stall; and 27, Landings,

6_;_:;'"'. . The range of correlatlons is from -,71 to .67. The median eorrela-
S .tions distribute themselves between .08 gnd .22, Twenty-four cerrelations
are pegative; 52 ars positive, Eleven of the 76 correlsaticns are signifi-
o oan'b, Two of those significant comlations are negative:r =,71 {11 cages)
. “obd (23 casea).

e: l - On the whole, the correlations do not dopart mrkedly from sero, There
© was apparently little or no comsistency in performance from Flight I to

Flight II with respect to Alrspeed Vaeriatiom. '

© . Alrspeed Variation was swmmed for MNanewvers 7, 10, 11, 16, 17, 21, 22,
apd 23, MNancuvers 1, 2, 3, 13, 14, and 15 were omitted since their inclu-
gion would have reduced the number of cases avallable for summation to a

) negligibhle amount., The maneuvers retained were those in whioch variation

in alrapsed appsared to be most important, namely, the climbs, glides, and
4. steep turns, Pearson product-moment correlations between Flight I and
fvin-o o Flight I1 ere presented ms Item 3 in Table 5. Medlan correlations for each
sk semple, computed with reference only to the correlations for waneuvers in-
B volved in the summation, appear alongside oa.cb correletlion for pm-pones of

) compariaen,

. The correlationa for the mtiona range from .06 to .30. The cor-
' responding medien correlations range from .08 to .22, For the Continental
plane the summatlon correlations ere mot approciably different from the
- median correlatione, For the Franklin plsne the summation correlations
represent slight increases over the median correlations. -

- 4. Averuge Bgpk. The artificiml horizon in the photographie instal-
45 Iation furnished a measure of degree of bank during turnay Average Bank .
R was recorded for each turn in unite of 5°. The sorTelations for Average
F Bank are presented in Table 4 for ths 10 turn maneuvers. The correlations
o range from -.14 to .86, and the N's for whish sorrelations -were computed
range from 8 to 22, 'I'ha median correlations-range from .42 to .51, Medlan
correlations are not presented for either of the Swing 5 samples because

data were too meager,

» . .
. ) N
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AIRSPEFD VARIATION:

TABLE 3

Maneyyvap
1, 3tr, & Lewal |
r
7. Str. Climb & FRecove R
ery (in Climb) T
10. 90° €1, Tura R N
45° Bank {in Turn) "
11, 903 Cl. Tura L i
45° Bank (In Turn) T
12. 90° Turn L N
15° Bank (in Turn) T
13, 90° Turn R. 5
159 Bank (in Tura) r
1. 18¢° twa L I
45 Bank {1a Turn) r
15, 180° Turn = ]
45% Bank {in Turn) r
16, 360° Steep Twn L i
60° Bank (2a Tur) T
17, 260° Stesp Dua B 3 -
£0° Pank f1a Turs) o
21, Str, Gildo & Fou v~ b
ery (in 01ids) by
A2, 90 g1, Turn 2 N
157 Gapk {LZa Turn) r
23, 0” g1, Tuen & 5
1890 Domie {dn Purin) P

Henlign ¥

CONTINERTAL
Swinge
LY R . S
1?7 24, 11
327 *ﬁll “aO&
20 23 13
08 L o35
22 . 25 12
207 i BN 1) §
20 26 12
ol3 ~,08 0.09
290 25 11
~.10 239 =.T0*
22 27 10
a% ‘.11.\- n05
2C s 13
“no:{k aﬁl)\' clo
23 25 12
_"2_.,": ‘”91’? 151
23 o 1=z
‘,l{ oi;’;]" ”)10
L19 g 13
qE"\- n?—l. uf:'!’?'t
20 23 13
a5 =7 OB
23 < 10
Rl 2% s
<1 17 i0
'? -’-E:L 118 ’
Lo 222 9

FLIGHT T - FLIGHT II CORRELATION

FRARKLIN
Swings
19 23 10
otll ".20 “o-“&g
21 23 10
”025 Jll 053
20 24 10
"'039 -¢.02 ;lO
17 21 9
058* n!lvsi ”y l?
20 23 @
‘001 036 o 57
19 22 g
oll & 3ﬁ "‘4-:1.:
21 23 30
AR =22 = 14
22 24 8
A& - (L 3
2L 27 19
.10 w ALF R0
20 <3 10
.30 WAL
19 19 9
mc«!"q 012 mnl‘fb
32 15 '3
. 05 nAO =
12 17 3
19 .01 =
L1 il AV,

ey T e Ta
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TABLY 4
' AVERAGE BANK: FLIGHT ¥ ~ FLIGHD I¥ CORRELATION
CONTINENTAL FRANKLIN
, | Swings Swings

Haneuver ‘ M2 5 M2 4 5
10, 909 G1, Turn R N 21, 21 3 16 13 9.
45" Bark {in Turn) r ohl ABE = o 14 .63% 19

311. 90°€1, Turn L N 19 20 .3 13 . 12 7
45° Bank (in Turn) r Ba* 50 - S72%  5B% -

32, 99° Tuen L ] 19 2 3 16 i 6
15° Bank {in Tur) r .21 .39 - 28 o14 -

12, 900 Turg R ¥ 2 2 3 TR VAR -
15° Bank (in Turn) r ST G o .38 VRN -

14, 180° Turn L K 20 21 3 16 15 9
45° Bank (in Turn) r . J78% 4B L63% 05 45

15, 180° Turn R X 19 22 3 16 1 7
4‘50 m (111 m) - r 563* .69* b .86*' .M* -

16, g" Steop Turn L N 18 . .22 3 14 13 6
Bark (ia Turn) r 63 o34 - oT2% .53 -

17, 360° Stesp Turn R K 13 21 3 10 13 6
6@ B.nk 5.11 MR) T OLO .67* - ..'76* aAo -

22, 90° @1, Twm R N 20 18 3 12 e 3
15° Bank {in Turn) TG0 AT - -l 23 -

23, 90: g}, Turn L N 19 14 3 10 8 3
157 Bank (in Turn) r 3 ohE - 232 -28 S
mm r 049 '048 - 51 . 042 -
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Only one correlation is negative and the other 42 are positive. Twenty-
one of the 43 correlations are significant.

The correlations in this table closely resemble in magnitude those
for Average Alrspeed and RPN,

5. Bapk Veriatjon., The difference between meximum and minimum bank
during a turn provided a measure of Bank Variation. In Teble 5 the cor-
relations for Bank Varlation are presented for the 10 turn maneuvers, Tke
correlations range from -.53 to .68, The mmber 6f cases for which corre-
lations were computed range from 8 to 22, The medien corrélations range
from =.15 to .20, (No median correlations are presemted for Swing 5 be-
osuse the data were not adoquate.) Sixteen correlations are negative;
one is zoro; end 26 are positive.

Of the 43 correlatione, only one is significant, indicating little
eonslstency from Flight I to Flight II for Bank Variation.

Bank Varlation was surmed for the six level turn maneuvers (12 to
17). The correlations from Flight 1 to Flight II for these summations
ere precented as Item 4 in Table 9. The summatlion correlations remge frea
.24 to .47, whereas the eorresponding median correlations range from -.18
to .16, In each case the summation correlation is grester than the corre~
sponding median correlation. '

6, Altitpde Gain or Loge. Taln or loss in altitude wza.computed by
subtracting the reading at the end of the entry from the reeding si the
beginning of the recovery from the mansuver, Data on this item for 1i
mzneuvers are presented in Table 6, The correlatlons range Trom ~.67 to
+94. The number of oases for which correlations were computed range from
8 to 26, The medisn correlations for the slx samples range from .09 to
«46, Forty-six of the correlations are positive; 18 are negative.

Seventesn of the 64 correlations are significnnt at the 5% level.
One of these 1s negative (=.,67, N = 13). The correlations indicate a
degree of consistency ec slight as tc be of little importance,

Scores were sumxed for the seven level maneuvers. The summation cor-
relations presented as Item 5 in Teble 9 range from .05 to .71. The cor-
responding median correlstions range from .09 to .28. Tt will be seen
that the-correlations of Continental, Swings 2 and 4, and Franklin, Swings
1 and 2, are appreclably higher than the median correlations of the maneu-
vers used in the summation. There 1s o apjreceliable chenge in the corre-
lations for Ccatlnental, Swings 1 and 2, and Franklin, Swings 3 and 4.

7. Atitude Varistion., The reximum vairigtion la altitude during a
mansuver wae recorded without rogerd 4o direction., DNata on Altltude Ver-
istion for tho seven level maneursis apgoar in Teble 7. The correlations
range from -.%4 to .90; and the L'e from 8 to 27. The medlen correlatlons
for the six samples rérge from - 18 to .25. Tweuty-four of the correliatlions
are positive; 17 are negcative; cne 13 zaro, GSeven of the 42 correlations


http://mngnit.de

L I

rf‘l“: - £ ‘}

BANK VARTATTON:
Bapeuver
10, 90° C1, Turn R n
" 45° Bank (i Tura® r
11, 90° 1, Tumm L N
45° Bank {3in Tura) r
12, 9o° Tura L ' N
- 15° Banx (in Turn) r
13, 90° Turn R y N
. 15° Bank (In Turn) r
14, 180% Turn L
45% Bank (% Turn) r
15, 180° Tarn R
A5° Bank (4n Turn)

16, - 360° Steep Turn L N
60° Bank (1n Tura) r
17, 360 S N
‘ teafin Turn} r
22. 90° (1, Twn R N
15° Bank (in Turn} r
23. 50° Gl. Tura L N
15° Bank (in Turn) r
Median r

ABLEY, §

FLIGAT I - FLIGAT I1 CORRELATIOR

CORTINEATAL
Swings
182 k... X
20 21 3
-038 \235 -
17 20 3
"023 el? -
19 21 3
.00 A8 0 e
2 2 3
529 011 -
20 21
.39 -n% -
R0 22 3
-.19 = .14 -
18 22 3
uM 124 -
13 24 3
.02 31 -
20 18 3
015 nﬂ -
19 VA 3
009 52'7 -
206 «20 -

FRANKLIN
Swings

- a2 .. 7A 2
15 _13 9
«02 58% .66
13 12 7
cu ‘-.20 ~
16 Y 6
17 =20 -
16 13 8
em -w32 068
16 15 . 9

o X7 04 =35
16 16 7
QBL 003 -
1; 13 6
=, 24 "'031 it
10 13 5
“‘.26 "025 -
10 8 3
03‘6 "'953 -
10 7 3
=33 a22 -
002 "015 -



TABLE 6

ALTITUDE GAIN OR L0SS: FLIGHT I - FLIGHT II CORRELATION

Maoneuver

3.

10.

.

12,

13,

4o

15,

16,

17,

22,

23,

Str., & Level
90% C1, Turn R
*45° Bank

90° C1, Twmn L
45° Bank

90° Turn L
15° Bank

902 Twrn R
15 Bank

180° Turn L
45° Bank

180° Turn R
45° Bank

360° Steap Turn L
60° Bank

360° Steep Tura R
60° Bank

90% G1, Turn R
159 Bank

90° G1, Turn L
15° Bank

HAE H

s -

= oM nw R

A

s \

L&}

taiisn o

CONTIRENTAL
Swings
162 26 2
17 24 12
""006 ‘513 .)21
22 25 13
911 1.,33 '020
20 26 12
aO'B 621 ¢83*
20 23 11
”nlA 012 ‘358
22 24 9
ﬂOB ""'016 olq
20 25 13
.‘39 qzs "'967*
22 26 12
016 AL IS VA
<3 pl3 12
RB T 65T LBux
19 20 13
13 L5778  _BER
2 2L 10
=.14 R .37
@G 15 8
AL 2D - B0
o L .19

FRANELIN
Swings

182 Al 2
19 23 10

-010 -llh -n38
20 24 10
.15 22 6%
17 22 9
66 242% =16
21 23 8
07 05 =,10
21 i8 9

~o 14 =13 =37
21 23 10
210 AT 9L
22 23 g8
020 “‘ool n.ﬁ*"-
21 23 19
~80* =597 AS
20 22 10
0¥ 15 G
17 15 d
<10 -, 08 =
18 16 3
230 JEAF -
015 A5 46

e STt a AT
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E ALTITUDE VARIATION: FLIGAT I » FLIGHT II CORRELATION

L CONTINENTAL FRANKLIN

: | Swings Swings
Mapeuver - 32 Wed 5. 42 3, 5
I "3, Str. & Level N 16 23 12 19 23 10
. ' r "013 919 o 026 =11 <35
12. 90° Turn L R 20 26 11 20 23 8
: 15° Bank (n Turn) r A8 ,03 a4 <17 =05 .21
i 13, 90° Turn R i 22 27 10 21 2 9
i 15° Bank (in Turn) T -.25 .38% 29 =1 =03 =.54
- 4o g ’ N 19 26 13 21, 23 10
» Bﬂnk (jn Tllrn) r =-,39 028 «00 -01 =04 n_?O*
: 15. 1800 Turn R . 22 25 12 22 23 8
o 45% Bank (fn Turn) r o =i 03,03 61% 29 .17
S, 360° s'm? N 22 . 26 12 2 23 10
t, . ) In 'I'urn) r 026 . 0.53_* o&* 0,5'6* 'u -916
& 17, aﬁgP Stes ¥ 19 26 13 20 23 10
1’ ‘ 60 fin Turn) 14 - 17 026 '17 o 52 =23 =49

O Medlan r  -.18 26 17 C 26 =04 17

: are significant at the 5% lovol.lz The lack of consistency for this 1tem
p! is suggestad by the number of negative correlations.

| ‘ Scores on these seven items were summed, It will be seen in Table 9,
K Item 6, that tha correlationa for thesa summed 1tems are higher than the
g corresponding medlan correlationa, renging from .27 to ,59.

e ' .8, Maximum Rate of Climb. HNaximum Rate of Climb was reccrded for
5 the thras climbing mansuvars and the tarse gliding mansuvera. Daia for
. all six mmneuvers are presented in Table £. The rangs of cerrelaticns for

ot '12These correlations are affected by the skewness of the distributions

o of Altitude Variation, As shown in Teble 32, Appendix 5, the sigmns are fre-
o quently larger than the means for this item.
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the ciimbing maneuvers is from -.17 to ,70. The number of cases for which
correlations wers computsd range {rom 9 to 26, The median correlations for
the samples range from -.06 to .59, Four of the 18 correlations are asignif-
icant, Six correlations are negative; 12 are positive.

Ae shown in Item 7, Table 9, the summed acores for these three items
oxhibit correlaticons which are gensrally higher than the median ocorrels-
tions, slthough one remains slightly negative, The three pomitlve corre-
lations renge from .35 to ,43, :

Correlations for the three gliding maneuvers range from ~.27 to .563
the N's rangs from 9 to 22. The median correlations for the sampleg renge
from -~,23 to ,36, Eight correlations ars positive; 7 are negative; and
one i1s zero. None of the correlations 1s significant.

The correlations for the summed scores for gliding maneuvars (Item 8,
Table 9) range from -.05 to .26, The ihcrease of the summed correlaticns
over the median correlatlions 1s mot apprecilable,

In genersl, correlations for single items show little evidence of con-~
alstency in elther climbing or gliding meneuvers, Correlations of summed
items tend to be somewhat higher, .

9. Ball Bapk. Data were darived from the Ball Bank Indicator in
terma of direoctlon, degree, and duration of the deviaticn of the ball froa
the center position., Degres 1 wae defined es any excursion of the ball
from the center position less than the radius of the bell; Degree 2 was
an excursion in which one-haif the ball, but less than the entife ball,
was outside the lubber line; Degree 3 was an excursion of tha ball ocut-
side the lubber line but inm a position less than tha exireme position;
Degree / was the maximum possible excursion of the ball. Duration 1 was
a temporary excursion in which the ball did not come to rest; Duration 2
was an excursion in which the ball remeined within the limits of & given .
degree for less than 50% of the specificd part of the maneuver; Duration
3 was an excursion within the limits of a given degree .position for more
than 50% of the total duration, tut lees than the totsl duration; and
Duration 4 applied only if the ball wama in & glven positicn contimtously
throughout the speoified part of a mansuver.

Preliminary tallies indicated mgrked differancaes between readings
from the two planes and further chowsd so few extreme deviations that
some speclal treeatment of the dota was required, In the present analysis
1% mas decided to use the following grouplngsi

Category A3 steady or a deviation of Degree 1 or Duration 1 in either
direction,

Category B: right deviations greatsr than Duretion 1 and Degres l.
Category C: left deviatlons greater than Puration 1 and Degree 1.

. :
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TABLE 8

WL g R e 1T -
[P ]

T P T L Ut . Lt e o UL SR

SR e v e or

PLIGHT I - FLIGHT II CORRELATION

CONTINENTAL FRANKLIN
© Swings Swinge

lapouver AR 354 2 b1 7 .7 A
7. Str, Cl, & Rocovery N 20 22 13 2) 23 9
. (m Climb) i |I' o0l '.1? -59‘ nu ‘005 ul&z
10. 90° €1, Twmn R § 22 26 13 20 2 10
45% Bank (in Turn) r W59 L35 021 -02, .20 16

11, 90° c1, Turn L ' N 20 26 12 18 2 9
45° Bank (in Turn) r 27 -~,06  .66% 03 -13  [70%

21, Str. Glide & Resov- N 21 22 13 19 19 9
ary (1n Glidﬂ) r -,09 20 ~o13 =11 2T ;56

22, 90° Gl. Tumn R N~ 22 20 10 1 16 3
15° Bank (in Twrn) r 36 -.03 1 - 00 ~23 -

23, 907 G, Turn L R 21 17 10 18 17 2
15 mnk (1!1 M) r 036 ""003 ' 055 uza O33 e
Median r (clinba; 27 =,06 .59 03 =05 42

ledian r (Glidﬁs |36 "003 11 »00 "'023 -

Category D: cQeviations in both directions in & single manouver which
wers greater than Duration 1 and Degree 1. ..

Deviatlions of Degree 1 or Duration 1 or both were clasaified with
"steady” pertly because such deviations of one degree were falt to be
negligible and partly bscsuse it had been obeerved that the modal resd-

ing for the Franklin powsrad plane was Degree 1,

The mmber of cases in any cne maneuver proved to bes too small to
Justify extenslve statistical treatment of the results, The results
ara, therefore, presented in 4 X 4 tables. Thees appear in Table 1D for
all instances in which tha N is 16 or greater, Several of the 4 X 4
tables show a large preponderance of cases in Category A 1in both
flights, suggesting that performance in these maneuvers was uni-
formly good or that the grouping declided upon wae too coarse to reveal
differences in performance. The number of cases showlng a devlation in
ong direction weme toc emall to allow for sny comparison of tendencies
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CONSISTENCY OF PERFCRMANCE ON SUMHED ITENS:

LRI
RSO &
TR .

Menouyer
1. Airepeed
(9 maneuvers)
2. RPN
(19 mansuvers )
3. Alrsppeed Variation
{8 meneuvera)
4. Bank Varilation
{6 maneuvere)
5. Alt. Gain or Loas
(7 leval mansuvers)
6., Alt. Varlation
{7 level maneuvers)
7. Max, Rate of Climb
(3 ¢limbing mansuvers)
8. Max, Rate of Clinmb

(3 gliding maneuvers)

#The coefficient in parentbosos 1o the modien of the coefficients
for %he mansuvers included in the summation,
that the median is not besad on the same N as the correlation of

summed items.

H o N HE e I

H o

5 ‘

r

TABLE 9
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toward elippirg or skidding.-?

An effort was mede tv determins by inspection any trend towards con~
slstency by calculating the frequency which would be expeoted in Category
A on both flights if the relationship wera chance. In 38 of the contin-
goency tahbles the obsarved frequency i1s greator than the calculated expec-
tation; 4n 10, it l1s less than that axpected; end in 5 1t is the sanme am
expected. Many of the departures from chance expectation are very alight,
The relative proporticn of poeitlve and negative relatlonships is approxi-
mately the same es has besn observed in some of the preceding tables,

"
x

Certain incidental observatlonc may be xmade from the contingency tables,

In straight mansuvers the ball moved to the right more frequently on the
Franklin-powered plane than on the Continental-powered plane. As instru-
ments were carafully checked throughout the atudy, this difference zeems
to reflect, at least in part, a difference in the flight charescteristics
of the two planes., Examination of data from Mansuverm 14-17 appears to
indicate that both planes showed a greater tendsncy to alip on medium and
steep right turns than on mediur or steep left turns,

10, ngggzigﬁn_gf_!angnzg:g. An indication of relative consistexoy
of performance in different mancuvers is offered in Table 11, This table
shows the median of the sample correlaticns for each aspect of performence
studlied on sach maneuver, The teble is neceasarily restricted to thoss as-
racts of parformence studied by correlationel iscghnlques, The median is
ordinarily besed on six epanples and is speiifically the midpoint betwsen
the third and fourth largest correlations, . ‘

Tabls 11 emphasizee the uniformly grester conslstency of perfoymance
for Average Airspeed, RPM, ‘end Average Fanl, OCorrelations on other 1teme
are predominantly positive, but 1n most Instances, vory low, The most
striking sxceptions eras for Altitude Gain or lossin the case of tha 3560°
turns with 60° bank. These padien corraelaticns are .52 apd .58. These
stesp turns appear to offer tie most consistent messures of performance,
posaibly because of the difficulty of the msnewve- gnd possibly also, in
part, becsuse the maneuvers reprasent leonger mamples of parformance than.
most of the othars, Certain other maneuvers akow relatively 1ittle con-
elstency, . The only aspect consistently performed in mtraight and lavsel
flight, for instance, 18- the RFM setting, The gliding turna show quit
low correlations, except in Average Airnpeadu

13Two—by-two takles might be conatructed comparing "ateady” perform-
ance with "other" performence, gvouping all other types of errora togather,
The N's in these tablasz agsin would be tco small to merit computaticn of
chi-squaered fests or coaffiolcnts of relationship.

lkﬁore refined wetheds of ottaining a measurs of cenirel tendency did
rot appear to te ugiified, espascially zincs it csnuot be sssumad thet
these slx sanples are drewn at rondom from a homnginsous perent populatiosn,

-



TABLE 11

THE MEDIAN OF THE SAMFLE CORRELATIONS FOR EACH
ASPECT OF PERFORMANCE STUDIED ON EACH MANEUVER

g
1
ol = ﬂ'E o
Faneuyep 22 & He k
2, Take~off 48 .62 - -
35 Stl‘.. & Level 019 553 ""008 -
7. 3Str, Cl. &
Resovery A6 .26 100 -
10, 909 €Y, Turmn R . '
459 Bark A7 W4 eA ol
11, 90° ¢1. Twrn L
. 45° Bank 2L 12 11 e
"12. 907 Turn L
159 Bank ‘L4060 33 .18 .24
13, 9¢9 Turn R '
15° Pank 54 .38 0B 57
452 Bank OB A7 .03 WA
15. 180° T R
450 Bank (.5:" AU 222 166
16, 3607 Stp. Twia L
607 Bank b 55 L1358
17. 3600 Stp. Turan R
609 Bank 58 .58 A0 N TA
18. Rormal Fowor-
off Stall - o - - -
21. Str, (lide
. & Recovsry G762 03 -
2. 90° 1. Turn ®
157 Bank A2 .30 .22 L16
23, 907 GY. Tura L
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13. Diseugsijion of Heanlts of Consioiguey amslzali. Foo only thrae
ltens e~ Averags Airsp2ed, Aversgs Bank, =nd HPM - do ths correlations °
for single maneuvera glve a uaiform indication -f &ny degree of- conslstency
of student pilot perfermence from Flipht I to Fiight IT. Other items show
moderate correlations on certain spzoific munsuvers, or on a summation of
meneuvars, but the correlatliznz crz. !n wansral; qQuite low,

' The three items on which there i1s grestest consistency represent less
complex aspects of parformence which may become relatively fixed early in
training., It may be noteworthy that these three items can be ccnaidered
predominantly perceptual in nature, or as representing habits of perform-

ance rather thin being clearly "skill™ items, Inmatruotors commonly specify

the desired RFM and Airspeed, and the student can check hip performance by
the instrunent readings, If all instructors apecified the same optimal RFM
and Aircpeed settings, low correlations might be anticipated because of the
homogeneity of the settings. If inetruotors did not speoify the same opti-
mal ssttings, however, or if the students were trained in planes with dif-

.faring optimal settings, high correlations could be achieved to the extent

that habits become well fixed.

The consistency obasrved 4in thse reacdings of Avermge Benk ¢annot be,

similarly related to s reliance on instruments, since a degres-of~bank in-~
dicator wes not observable by the students in the experimental planesa,
The presence of consistsncy from flight to fiight does_pot mean that the
pilot actually attained the correct or specified bank.) Consilstency in
Average Bank merely means that the student pilct tends to develop a fixed
habit of attaining the same degree of bank for a given maneauver.

It {8 10 be noted thet the above three items refar to average perform-
ance during a mansuver., The remaining lteme, on which the correlational
analyeis revealed little consistency -~ Airapeed Tarilation, Bank Variation,
Altitude Gsin or Loss, Altlitude Variation, and Maximum Rate of Climb -~
are more closely ralated to smoothness of parformance than the other items,
Performance on thess ltems would be more ssriously affected by air condi-
tiona, Moreover, maintenance of bank, airspeed, and altitude requiree a
coordination of ekills not demanded by items suck as Average Alrspeed,
Average Bank, and RFM.

An examination of the data suggests the possibility that at the com=
.pletion of approximately 35 hours of training, irdividusl student pllots
have not yet established specific habits of parformance making for consis-
tent differentiation from other student pilots, .However, there are various
other possibilities that rust be considsrad in explaining the low correla-
tions from flight to flight, One factor may be ths tendenoy of the indivi-
dual to compansate on errors from one flight to another. For exampls, 1f
the individual was consclous of too much altitude variation at one time,
he might very well make a deliberate effort to reduce his varietion in al-
titude at another time. This compsnsation might be sccomplished at the

1548 shown in Table 2, Appendix 4, the mean benk in Medium and Steep
Turns was uniformly below the requirsmentz of 45° and 60°, respectively.
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sxpense of other aspects of his perforuanoo, ard in that way &.orillc the '_f:fff
general consistency of his performance, , B}
Even if there were ilsolated instances of compensation, hnwﬂor,. the
summation of items throughout a series of maneuvers usually revealsd some &
degree of consistency of performance. In moet cases ths correlations be- b
tween the summation scoree of Flight I and Flight II represented increases Y
over the mediah correlations of the meparate maneuvers, Summation of the ot
aessursa showing a moderate degres of correlation betwesn isclated items st
resulted in scores sometimes approaching a relisbility adequate for ori- ;§§
terion purposes. A more refined method of combining measures would prob- e
ably linocreasse the relisbility still mors. A,
Data from the Ball Bank Indieator are not concluaﬁe° There 1s per-~ E
haps a hint of consistency in the evoidance of slips and skids, A more L
refined clessification of the ball bank readings might furnish additional . o
information, On tbie and the other above items, however, the trcatment -
of the data wae limited by the incompletensss of the records, T
L F : . The aaeond baaic quoltion )
stated sarlier in the report was: are there sip gR! g S
perforpance from first %o gecond flights Ry
can be presented briefly. ::i
‘ s
The significance of differences betwesen means was determined for the o
Flight I and Flight IT distributions on each item of performance meesuraed, L
using the t teat for matched groups, No comperisons were made when the o
mnber of cases was less then eight, and data from Swing 5 were omitted . -
altogether becsuse of the generally small number of cases., Detalled in- S
formation on these comparisons appesrs in Appendix 5,16 A summary of the , *@é
' comparisons appears in Table 12, which indicates the number of comparisons S
mede and t.ha mumber of differencaa elgnificant at or below the 5% level, oy
The summary table reveals 1ittle evidence of significant change 1In E{f
performance from the firat to the second flight., The total of 20 aignif- gg?
fcant differences out of 351 comparisons is about as many as might ocour 50k
in random sampling, and not all these differences represant improved per~ R
formance, R 54
The only single iteme which may deserve speclal examination are Aver- . %{
age Bank and Altitude Gain or Loss, Reference to Table 29 in Appendix 5 L
shows that 4 of the 5 significant differences in Average Benk represent 5
improved performance, while 26 of the.total of 40 differences are in the A
direction of improvement. (Negative differences represent improvement )
on this item,. since the average banks in Flight I wers considerably below né
those required for each maneuver,) On the other hand, Table 31 shows £
L] . . ;.;‘i;'
6 -z.‘n
1 Theae tables, which ars more detalled than those in Appendices 3 and ;‘3
' 4y present the N's, means, standard deviations, differences between means, Ty
t velues, and p values for each comparison. L
B
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that of the 2/ oomparisons involving gein or loss of aliitude during level
turns, improvement in performance {in terms cof swcller gain or loss in al-
titude) was exhibitsd in only 14 instances, Two of the four significant
differences repressnt poorer performance on the second flight,

TABLE 12
SUMMARY TABLE OF FLIGHT I - FLIGHT II DIFFERENCES

i

L No. of  Total No. of Mmber significant at
Item Mapouvers _ 4 tests = __or below 3% level

1. Averugs Airspeed 1é 63 2
2. RPN 15 60 3
3, Airspead Veriation 13 52 4
4. Average Bank 10 40 5
5. 'Variation in Bank 10 L0 0
6, Altitude Gain or Lose 11 L4 5
7. Variation in Altitude 7 28 1
8, Maximum Rate of Climb 6 24 0

TOTAL 351 20

CONCLUSIORS

The findinge of the investipgation may be summarized as follows:

1, Of the nine espects of performance studied, only thres (Average
Airspeed, Average Bank, and RFHM) yielded correlations of any apprecisble
size when a 2ingle measure in the first flight was corrsleted with the
corresponding single measure in the sscond flight.

2. Vhen corresponding messurss in several meneuvers were summated
for each flight, correlations tendsd to be somewhat higher than the med-
ian correslations on slngle maneuvers, In most casea the degree of con-
rpistency wae po slight that many meesuras would havae to be taken to ob-
tein a soors of adeguate reliability.

3, Items related to smootimess of performance (Variation in Airspeed,
Bank, Altitude, etc.) exhibited generally low levels of consistency.

4. Comparison of the two flights in terms of mean scores on each of
the items revealed little evidence of aignificant change in the direction
of either improvement or decline in performance from first to second
flights, :

,
TS T
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These results, although not definitive because of the small samplea
used, indicate the need for extreme caution in accepting a single flight
tost a3 representative of a pilot’s proficliency. The study has furnished
evidence that measures of some aspects of psrformance at the end of pri-
mary training are much more consistent than others. Further research is
needed to identlfy those aspects which can be measured with highest re-
1iabllity and for combining suciz measures intoc an over-all measurs of
flight proficliency.
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AFPPENDIX 1

HANUAL FOR USE OF CHYCK SHEETS IN RECORDING DATA FRCM
FHOTOGHAFHIC REGOHIDS OF FLIGHT PERFORMANCE

Prapared
by :
E, 5., Ewart -

. A &, Thompson
M. 8, Viisles

Univerelty of Penmsylvenia
Philedslphia, Yennsylvanias , o

Hay 1944

Ona of a serisa of projJocte cogducied under the pro-
vielons of & contyrat Dotwsen ile Civil Aeronautics
Adninintretion and the Betlannl Hagearch Council by
means of grants-in-eld from tho Commltites on Seleo-
tion and Troining of Advoyedt Filcts



MANUAL FOR USE OF 'CHECK SHEETS IN RECORDIHG DATA
¥FROM PHOTOGRAPHIC RECORDS OF FLIGHT PERFORMANCE

In connestlon with the photographlic analysis of flight performence,
Film snelysis Check Sheets have been designed to provide controlled and
accurate observation of the photographic reccrds, and to facilitate the
recording of critical information from these records. Samples of the
check shoets are attached to this manusl. The entries called for in
these check sheets fall under three gemeral headings:

1. "Degree" entries, expressed ln quantitatively definsd terms,'
baesed on obszervaticne of the instrumants in the photographio
records,

2. "Duration” entries, erxpressed in defined terms, indleative of
“ the "duration" of given readings.

3. "Judgment" entries. These entries, of which there are relatively -

few, are to be made in terms of non-quantitative judgments of

plene perforpmance ae indicated by the photographle records, e.g.,

bark ontered "smoothly" or "irregularly."

The purpose of thls manual iz to outline the procedure for reading
the records, to defime the "Degree”™ and "Duration" entrlies in quantita-
tive terms, and to insure that the "Judpwent? entrles are as clearly de==
fined as possiblot
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DEFINITIONS P (ERMS

1. Bell bank: Observations of this Instrument are made in terms of
whather the ball moves to the right, or to the left. ‘

The degrees descriptive of excursions of the ball 1In.this instru-

ment are outlined balow:

DPepras Lower Limit

1 Any movement of ball from
center positioan.

2 One-hdlf, or mers, of ball
outside *lubher" line.

3 Entire Bell outside *lubber”
. 1ine.
4 Ball in exireme position,

l.e., maximm excuvrsiecn,

2. Artifieial Horisou:

P — il A — — P

_&. fings: JFxeept ln touss cases where degree of bank is requirad to

o Lim

Less than one=half of ball
outside "lubber" lines, i.e.,
excursion leas than radius
of bsll.,

Leas than entire ball outaide
*lubber® line, 1.e., exocurslon
less than dlameter of ball.

Ball in poasition less than

oxtromg position, i.e.; less
than maximum excursion.

to be written In, tha cvount to which one wing is luw,

or the winvs -2 volled, ie expressed in terms of 2oded

fdegrezs," as outllned below., It should ba noved that
voeristiore of lesgs than 5 deprses are dlsregarded.

Rozres Loger 1imit
il Y variation
2 307 variatl
=, g il LT '
3 drester thta 197 vasintdion

Upper Limit
L>33 then 10° variation

toss vhan 15% variation

3 Eete of Twm Indiesior: Chearvnticns off this instrument are to be

made in terms ol %hs m'mom gaing of “the pointer 1p each direciion,
wvl e terme -f the I L'~ #he poivter is Iin the position of dzgree

5 ooy grestes on oelther o Loth wldes of the center position.

S ek T AL

M TR R
P LA I AN

wart s

qﬂ“ AL

PRI

~1 ,.
3 . B
b 57 R v e WY BT T

hbgtt T

L



L
Jofaer

Lj-;; 5

1

§-

e :il:b\ ]

PO TR

R A T

W T e
; A

e

\ . N . .

At R IR CPER e T s e o

P O R i, i o i e
NI Tl P B

s

L T
DR T

T

T ey

i

e

Dagree

5.

T

P
4

Lawer Limyx Upper Ligit
Pointer more than one-half of "Leading edge" of pointer
its width beyond the center touchea near edge of tri-
mark. “angular marker,

"Leading adge™ of pointer in "teading edge" of pointer
position greatsr than neer touches far side of tril-
edge of triangular marker. angular merker, i.e.,

pointer hand flush with
: hage of triangular marker.

"Leading edge" of pointor in Maximum excursion.
position greater than far -
edge of trianguler marker,

Alrspesd Indicator: Readingn of this inetrument are in absolute
terms, 1.e,, airspeed iz requiz=d to be recorded:

a, In terms of miles per hour &t specified points during the ma-
" peuver. ‘

b. In terma of ar estimote of the uverage alrripeed during a ma-~
neuver or part thereof,

¢, In terms of the 1imité of the variation in airspead- during
the maneuver or part thersof.

ggjg_gx__limha Readings of this instrumen® are to be in abaolute
terms, i.e., Rate of Climb 1 required to be recorded in terms of
feeat per minute in unita of 50 f.pom.:

a, At specified points during sertain maneuvers.

b. In terms of the meximum readine during the msnsuver or part
thereof .

Tachometer: Readings of this instrmment are to be made in absolute

terma, in units of 50 r.p.m, et speoifiad points during certain ma-
neuvers, i

Altimeter: Readings of this instrument are o be made in absolute
terms, in unite of 10 feet:’

a, At specifiled points during certain mansuvers.

b. In terms of the limite of the variation in altitude during the
maneuver or part thersof.

s This instrument shows the positions of the

Contrel Jludicator
Throttls, Alleron, Elevator, and Rudder, The scale on which these
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positions are indicated is mot linear, A given amount of movemsnt
of the controls around the center position resulis in greater ex-
cursions of the pointers than do similar amounts of control move-
ments when such movements are not around the center position. In
no case are the movemenis of the controls to be recorded in abso-
lute terms. In moat cases, emtries are made in terms of whether
the controls were moved, and in terms of the movements of given
controls in temporsl relatiom to other controls, Explanation re-
garding recording of such control movements will be given below in
' commeation with the discuseiocn of entries for specific maneuvers,

B. Definition of duration entriss.

In a1l cases, duration entries fall under four categories desecriptive
of the interval of time, in a given maneuver, that specific readings
continue. These categories of "duration" are defined as follows:

1 Excursion of instrument from sero or other refersnce .
point “teiaporary,” i.e., hand or pointer moves to given
position and returns to zero or other reference point
without coming to rest during excursion. .

2 Hand or pointer within limits of given "degree" posi~
tion Jeas than fifty per cent of the totael duration
of given mgneuver or specified part of maneuver.

3 Hand oi'.pointer within linits of glven "degree" position '

pore than fifty per cent of the duration of given maneuver

or specified part of maneuver, but not in given position
throughout maneuver, or apecifled part thereof.

4 Hand or pointer in given positien contimcusly throughmit
mansuver, or specified part thereof.

During a maneuver, or part of a maneuver, which covers a considerable
interval of time, a given instrument may yleld wvarious readings, and
the “"duration" of different readings may not be the same., That is, in
terms of plane performance indicated by the impirument readings, a
given characteristic of plane performance {e.g., slip) may be evident
to varying degrees during the execution of & maneuver or part of a
paneuver.

To facilitate the recording of data yielded by this situation, a "check-
erboard® ascheme is to be used /see Figure 1), with “degree" variables
being indicated along the horizontal exis, and duration variables be-
ing indicated along the vertlcal axis. Thus, a given degres reading
and its duration csn be indicated by a aingle check mark.
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in using the checkerboard schers, the "degred” readings should be con-
sidered a8 "cumuletive,” i.e., n check in the square "degree 2, dura-
tion 4° indicates that an instrument reading of at least degree 2 {i.e.,
degree 2 or _greater) wee ohserved throughcut the maneuver (or specified
part). If an instrumewt readingz greater than degree 2 was observed, ita
degree and duration would be recorded in other columns and rowe,

For example, suppose thet during a 760° turn the plane (as indizated by
the ball bank instrument) ‘slipped to a5_lesst degree 2 throughout the
mamreuver. Supposs further that for lees than 50% of the time the ball
was in the posltion denocted by depree 3, and that once during this

time the ball swung to the extreme position; but then swimg back imme-
diately without coming to rest. Under these conditiona, since the ball
weus in position 2 gr grester throughout the maneuver, a check would be
plsced denoting "degree 2, duration 4." Sinece In sddition the ball
swung to position 3 gr grester but remained there leas than 50% of the
time » check would also be tleced denoting "degree 3, duratiom 2.7
Finally, since the ball swung to the extreme position but returned with-
cut coming to rest, a check would be placed denoting "degree 4, duratlon
1." (See marking of checkerboard in Figure 1.)

Degree
2 3 4
1l 1 v
2 v .
Duretion 3
« L7
Figure 1
De i >4 terns.

L]

Certain terms appesr in the check shesta for nearly all maneuvers, and
may require explanation. The following terms should be noted:

1. Yaries, fluctuates, or rolla: "“Veries" or "fluctuates" réfer to
pointer hands. "7wolls" ‘refers to the wings of the plane, as ob-
served from the artificia) horizon. In all cases these lerms re-
fer to oscillations of the inatrument pointers from the zero polnt,
or from some other stated refersnce point, and are to. be checked

- whenever the instrument pointers swing on both sideg of the zero
or reference point. Under these circumstances:

a. Degree im to be determined in terms of the maxiwum swing on
gither side of the zero or reference point.

b. Dyratioy is to be determined in terms of the interval during
which such oscillstion occurs. .
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Walks Rudder: This s Safirsi ez c=cllleiory movement of the rud-
dar indlcator on hoih asidsa of the center position, ths pointer
not éoning to a delinite rast position during the mwings,

Smooth, Irregular: These refer, in gemeral, to changes in the
plens position as inferred from the artificlal horizon and rate

of turn instruments, or to movements of the controls. These iters
are ossentially judgment ltems,

a. Jrregular denctes the condition in which during the change in
popition of the plane, or of the controls, reversals in diracm
tion of change occur.

b. Smogths Changes in plans position or oontrecl position which
are not "irregular® are definsd as "asmooth."

a2t It should be noted that in genersl, indica-

Control Coordipation
tions of the adequaocy of degres of control movement are not evidant

directly from the control imdieator, and that the majority of the
items are voncerned with iemporal relationships.

8. Leads rudder or allarcn: Thess entries, which coour only in
check sheets for 180° and 360° turns, should be checked in
thope situaticns in which:

(1) Movementa of the rudder and alleron in exeouting the
entry or recovery from a benk are not simultansous,

{2) Movementa of the rudder and ailercn in returaing to s
atreamlined position after the bank has been established
or recovered from, are not simultaneous.

Maximum Rate of Climb:s In reoordiﬁg tfaximum Rate of Climb, disre-
gard temporary, sudden, and sbrupt fluctuations of the naedle,
since they are probably dus to rough alr.

ng:_zgggxg:g: This item refers to the lateral control of the
plane in recovering from a bank and 1s checked when the wings go
59 or more hayond the level position.

Grulaing Speed: Cruising airspeed should be regardad as batween
62 and 75 miles per hour, unless definits evidence existe that

the airspeed indicator is not fwrclioning properly.

QLasryer Asaipted:s The fact that the observer or cheock pilot as-
sisted 18 indicated by a prolonged flash of the signal light. The
check pilots were instruoted to depress a button, lighting the
signal light, during the Interval in whioch they were asliating
the pilot in flying the pllne.
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ko-o0ff1 The check pilot was instructed to flash

the aignal 1ight, momentarily, at the instant the plane left
the ground. In case the light doee not flaeh during this ma-
nauver, judgment as to momemt of take-off should be made in
terma of:

(1)
(2)

Cessatlon of vibration of the instruments, .

Observation of the elsvator indicator. Usually a slight

‘backward movement of the elavator pointer (corresponding

to an increess in back pressurs on the stick) is made
Just before, or &s, the plane leaves the ground.

t Stalled off is indicated when

Flage flown off or s

there is a definits beckward movement of the stick of greater
thanh one scale unit on the control indicator, just before, or
ag, the plans leaves the ground on take~off, end when the mir-
speed, immedietely after take-off, is unduly low, 1,e., 45
miles per hour or under,

81

ation of the duration of thesa parta of tho manauvar is to be
‘made primarily in terms of control movements, snd sesondarily
-in terme of the plane's posltion as 1ndicated by the artifi-
cial horizon,

(l)

(2)

(3)

The entry should be considerad to begin with the first
application o the controls in the direction of the bank,
and should be considered to end when the alleron control
has been returned %o the neutral position.

The furg is that portion of the maneuver between the end
of the eniry and the beginning of the recovery.

The regoyery should be oonsidared to begin with the first
poaltive application of the controls in the direction op-
poelte to the bank, whish 18 accompanied by a poaltive
decrease in the angle of bank -~ i.e., the firat poeitive
application of the controls other than the holding of op~
posite allercn.to maintain the bank. The recovary should
be consldered to end when the plana returns to a stable
level position, 1.e.; overmrecuvery should be coneidersd
as & part of the recovery.
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Slin_or nkid in rzcoverT: In recording obsorvations on slip
or skid during recovary in cagss whers there has been a con-
tinuons ®lip or eicdd during the turn, mark peither if the.
ball raturns to the zero during the recovery unlesa:

(1) The return to zero i& not smooth, 1.e., the ball comes to

rest at some point befors reasching the gero positien,

{2) The slip or ekid increases during the recovery, 1.e., the
excursion of the ball jncresseg during recovery.

fleadings on airspeed, altitude, and rate of climb should be
made at four positions in the mansuver: at the beginning of
the maneuver, at the end of the antry, at the beginning of
the racovery, and &t the completion of the maneuver. In ad-
dition, variations in airapsed and altitude, and the Maximuy
Bate of Climb should bs notad during the "turn" portlon of
the maneuver,

Datermination of "nose positicn," from the artificial horizen
sheuld be made in terme of the reference olrcle. The "nose-
on-horizon" posltion of the artificial norizon should be es-
timated from atraight end level flight, end the projector ad-
Justed 8o that when the plans 18 in level flight the horison
ber will biseot the referencs cirole, (If the artificial
horizon Inetallation is one in which the horizon is repre-
santed by two psrallel bsarsz, the projector should be adjusted
o that each bar is equidistant from the lins which bisects
the circle,) .

"Koss high®™ or "nose low" 1s indiceted whenever the horizon
ber becomes tangent to the upper or lower halves, respeotively,
of the periphery of the refsrsnce cirele. (If the artificial
horizon installation is one in which the horizon is repreaented
by two parallel bers, nose high or nose low is indicated when
more than half of the space between the parallsl bars is out~
side of the pariphery of the circle.,) "Nose wanders" is
checked when the nose reaches both high and low poaitions.

It should be noted that nose position cobservations, in terms
of ths artificial horizon, are to be made only-in level turns,
and not in the olimbing and gliding turns.

Stalls

The pull-~up is defined as beginning when the nose begins to
rise -~ i.e,, If the stall i3 entered from a definite glids,
the glide should be disregarded in making emtries on the
check sheets, ‘
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The "break" is that part of the maneuver just bafore the plane
"falls off" and enters the dive -~ 1.,e,, the portion of the
maneuver whers the plans is fully stalled. ’

The recovery from the dive begins when the ncsme begina to

rizo at the epd of ihe dive, and ends when 1t returne to &
stable position, ’

(1) It ia almort inevitable that there will be some varietlon
in direction, and in the position of the wings, during the
give. Thus, this part of the maneuver is disregarded.

In making observations as to instrument reedings durinag
recovery, dleregard varlatlions at the beginning of the
recovery which uare obviously due to variations in dirac-
tion and wing position during the dive, i.e., if the 41~
rection pointer eswings to cne side during the dive, and
then during ths firat part of the rscovery swings back
to the "stralight" position and stays there, enter the
direction as straight,

The readings at the "break" should be taken in the following
manneri ‘

(1) The camera should be astopped at the beginniag of the
dive, i,6., just as the pose begine to drop.

(2) The camera should then be run back a few frazes, to a
point where it is evident that the hack pressure 1is
stil) being increased,

"The camers should slao be stopped at the beginning of the

recovery, to insure that this pert of the maneuver is ob-
sorved as a unit,

"Evidence of a secondary siall" iz indicated when during the
regovery from this maneuver, the noss is raised clsarly to a
nose~-high position, the airspeed at the =ame time dropping
to below 50 m,.p.h.

The "stick full back” position is indicated when tho slovetor
indicetor is within one-balf unit of its extreme laft position.

Landing:

.8.

The "level off" should be ccnslderad to bagin whon the ncuc
begias to ripe from the position it maintains during thz ap-
proach, Confirmatory evidenoce may be had from the control
indicator, At the beginning of the level off, back proesure
is usually increazed; or the rats of increase of the beck
prezsure is noticssoly speeded up. '
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(1) In checking the dirsction during level-off, & slight but
abrupt movement of the turn indiocator Just bhafore the
wheals \touch should be disregarded, Due to the preval-
ence of slightly cross-wind landings, such movements In
the control indicator are probably due to the faot that
the plans is turnad slightly just before landing.

The moment of landing can be determined by the sudden vibra-
tion of the instruments, and by the fact that usually (but
not alwayp) the stick is pulled full back just before the
wheals touch. The observations at "momsnt of landing® should
be made just ono or two frames before the record indicates
that the wheels touch. :

If there 1s no corrsction made (a8 for & bad landing), the
stick will be held hack (although not necesserily full back)
end the throttle-r.p.m, will remain et idling., Correotion
for a bad bounce can be made with either stick alone, or with

‘ stick and throttle,

A bounce lamiing 1s usually evident from the fact that there
ies a sudden vibration of the instruments, followed by a brilefl
period of no vibration, Correction with ths stick is evldient
if thera is a relexation of back pressurs followed by an in-
orease in back pressure, or when the recerd 1ndicutes thet

the wheela hit whils the =stick is not full bmok, aad & sut-

sequent relaxation and increaze in prassure OCeur,

When the throttle is also advanced, throttle correciion 1s
indicated, . ‘

The Matick full beck" position is Indicatsd when ko elevsior

Indicator 1z within one-half unit of its extremo lelt posiilun.

Ak
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APTENDIX 2
' RELIABILITY OF GHEFK SHEET ENTRIES

Two teams of four film readers sach were used in the reading of the
photographic records, one serving during the morning seseion and the oiaar
during the afternocn session. In order itc obtain experimental data ez to
the mcouracy of the readinge, (nd at tre spure time to providean imzentiva
for maintenance of a8 high £ 1v:al of aeciwroy as possible), recovds wero
poeriodiocally selected for r--rend’mg bz wliher tho same or the olher tes-,
At the time of the first reading, the feet that the record was to bo 2~
read was not nmede khown to the teem doing ths reading.

Cemparison of the two sets of rea’ings of ihe seme racord wers xoia
by tatulating the lnstances, of agrecwent erd dissgrasmeai botwes: the {1+,
Agresmente In torws of the following tolorence limits were sef up:

1, Airspsad: 5 miles pser hour

2, RFM: 100 rpm

3. Dank: 5 degreas

4o Altitude: 10 fest

5. Ratg of Climbs 100 leol par minute

6. Ball Baenl:s absclute nagreemeaf iz dogran resdings

The tables in this Appondix indleate Lhe eoanistency with wlitol 3
records were raad and re-rsad by the =zamo tacis, and the oomeldalenc, o3
which given recurda wmere resd by the iwo Lran: dodepond aatly, The won.m

and rows of tha tables ars infterpratsd 20 follove:
¥

Eoa.
[

1. The first four coluswe glroe thy fyapeacdss in “Gs wwldong 2o
eategorios, end tlia gecend fovr solv.n® plive Uhr percaninpged gl
lous row catesorien, (if the Feopeortoe ward 1888 & 20 20 foo oze
tha tears separatnly, the pavcontoge valiar ume nob Cetemdrad,)

ST .
g ARG

L

2, Withia eash unit of fovr el irnrz %03 osluns Nwordlage ert Tnies
preted a8 follows:
{a) Team 1: The frejurnuinD ot
crigiral a2l ra-vazd regords oo

L]

.y
=8
et

Team 23 Tho {roguencizz o ;organtojes of coigaetosar of
. - + . .
erleinal eid pg-rod rooende ATLoTnOSL i) o

{¢) Combiicds The freguensios oo porssitapss of oounarn
ordgloal a:nd yaermd rocendy Toropoetalag axd aftorucon Lo
sombinsd

Moot
r="at e

.
s ", ” ki m oa- W " - N ry o B ] -,
&) Crosa Checkst R TUaguland a or psreantogses ol oo
bard !
Sab

f glvsa rerords woud by the Lo tacms Indasadetly

SR A

»

e

TNAK s Tt e

et 2
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e romz padar Lhe frograney esiumas ore intarprated as followat

(a) Row A dsmotes agresnnt within tolersnoe limits,

(b) Row Dy reprasents non-criticel discrepencies, defined as fol-

lowa in terms of thome itens to which the category applles.
(1) Altitude: Discrepercies greater than 10 feet, but less

than 20 feet (the unit in which thie instrument was cali-

broted). :

(2) MNose Position: Discropanci;s in absolute reading, both

readings repressnting undesirsble aspects of performence. *

If one paper were marked "Nose Wandared," the other "Nose

Low,® this would oonstitute a non-oritical discrepancy.

{3) Ball Bank: Discrepancies in absolute readings, both
readlings representing undesirable aspects of perform-
ance. If one paper wers marked "Right 1, Left 3" and
the other paper wers marked "Left 3 {right zero, i.s.,
not marked " this would constitute & non~oritical die-
erepancy. ‘

{4£) ¥iny poeit’om in manevvers other than turas: Defined
comparably to "Nose Position" above; for example, "Wing
Low" va, "Wings Rolled” constitutes a non-critical dis-
crepeancy. |

(5) Rate of turn in mananvers other than turnsi Defined
ecomparably to "Bell Bank" above,

(¢) Row D, reprecents dissrspencies outside tolerance limits other

than non~oritical discrepancies,
() Row D all discrepancies outside basic tolermnce limits,
(e) Row 0O all omissions, |
The rows under the percentage columns are interpreted as follows:
{a) How A (no percentages computed).
{b) Row Dy represents Dy divided by total minus omissions. '
(¢) Row Dy represents D» divided by total minus omissions.
(d) Row D repreasents D divided by total minus omissions,
{e) Row O represents O divided by total.,

R
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TABLE 13

TURRS

(90° Shallow Turn Right, 90° Shallow Turn Left, 180° Turn Right, |
180° Turn Left, 360° Turn Right, 360° Turn Left)

Team Team Com= Cross Team Teamt Com~ Cross

Item i _2 biped Check _3.  _ 2. bingd check
Altitude & A 326 267 93 26 - - - -

b 21 13 34 1 .06 .05 «05 .04
0 13 20 33 13 W04 0 07 .05 .05

Alrapeed A 32 279 621 256 - - - -
Dy © 0 0 0 - - - L -

Do 4 & 8 1 .01 01 01 .00

D JA 4 8 1 01 01 -01 .00

o 1 17 ki 13 04 .06 05 - 05
Airspeed A 118 35 214 - 89 - - - -
- Variation D 0O 0 G 0 - - - -

-D2 ) o 0 0 .00 .00 .00 00

D 1] 0 4] ¥) LOC L00 Re o) .00

0 1 5 6 i .01 .05 .03 .01

Rate of Climb A 241 278 619 254 - - - -
Ly O 0 0 o - - - .

Dy 5 4 9 4 W01 ,01 .01 .0

D 5 & 9 4 01 01 .01 02

0 14 is a2 i2 04 .06 .05 S04
- Banks smooth- A 216 172 588 154 - - - -
irregular Dy O 0 & 0 - - - -

Dy 3 9 12 7 01 05 .03 wUd

I 3 9 12 7 01 05 .03 3,

o 21 19 40 19 09 0% .09 o113

Averege Bsank A 115 92 207 2 - - - -
By O 0 C o - - - -

DR C 0 0 3 .00 .00 .00 .04

D 0 Q D 3 00 .00 - 00 Qi

G 5 8 1z ¥ =05 .08 .06 08
Bank Verlstica & 113 al <0 g - - = w
Py O 0 2 o - - - -

Dy 2 ! 3 1 02 01 0% Lol

D 2 1 3 1 02 01 .01 .01

0 5 # 12 7 04 .08 .06 .08

Over-roeoveras & 101 21 17 05 - - o -
Dy © 0 ¢ ~ . - .

Dy 7 2 % 3 .06 L300 ..68 L6

b 7 o N 3 Rt o2 0% P

7 . iR =2 1 STy o 31} A0 o

i

LT - T _ - N . i LT
[ L PR S A PCEE . i o . R PR . "
O T T TR

e I AT N

. . . . Sr L. T 5 y -
R R - T b R Py S

[ RN
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LT L
- rl

Iten

Nose Poaltion

Bzl Bank-
Direction

Ball Bank-
Degree

Alleron-Rudder
Coordination~-
‘Beglaning of
entry & rocov-~
ary

" Aileron-Rudder

Coordinstion~«
End of entry &
r9covery

¥rlks Rudder

RPM

Tearm
—h

A 155
Bl 0
Dy 40
D 0
o 21
A 325
Dy 15
Dr 3
D 18
0 18
A 306
Dy 21
Dy 18
D 39
0 15
A &0
D 0
D% 10
D 1
0 26
A 57
B O
Da 13
D 13
0 26
A 115

0
B3
D 1
o] 4
A 345

0
21
D 1
0 1

Taam
-

134
3
29
32
14

261
20
1
21
18

229
26
18

IyA
17

57
0
9
9

14

54

0
11
11
15

roo0o®&

s 8
WM OWm

TABLE 13

Con-

289
3
69
72

35

585

35
4

32
-

36

545
"
36
83
R»

117
0
19
19
FAL

11
0

24

24
Al

TURNS {Continued)

Cross
bined check

113
3

3
36

13

245
1
]
1
12
205
21

33
54

\

Tean

»00
21
.24
.10

"1

Team Com- Crogs
2. biped chock
02 .01 .02
A7 19 W22
.19 20 24
.(B -09 ‘08
07. 06 »05
00 . .01 .00
a7 06 .05
¢06' 005 ) '?OA’
'W ’07 °08
206 .06 .13
.16 013 ‘21
.06 .05 .03
nlﬁv '14 027
.M ‘-‘M '27
.18 .23 .22
17 .18 ,aBd
17 .18 .30
.19 o23 ‘22
.00 .00 .00
.00 .00 .00
.04 004 '04’
.01 D0 .03
01 .00 .03
04 .04 0 .04
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TABLE 14, #
‘ 5,
STRAIGHT MANEUVERS : ' A
: i
(Straight and Level, Climb, Glide) ¥
Tear Team Com- Cross Tesm Team Com- Cross ;i
Iten ~L. 2 bined oheck _1.  _.3. Lhined check £
Altitpde-diff. A 32 26 58 25 - - - - 5
begloning & end Dy 1 1 2 1 .03 .03 03 .04 g
‘ Dz 1 2 3 0 M a 03 . 07 ' 005 § 00 “:’s‘:"
DT 2 3 5 1 .06 .10 .08 .04
0 2 1 3 i .06 ,03 ,05 04 s
Altitude-Meximm A 10 10 20 8 By
Variation Dy "1 0 1 0 R
D 1 0 1 1 'l
DT 2 0 2 1
0 0 0 o 0 %
£
Airapeed A 35 28 63 27 - - - - s
Dy O 0 0 0 .- - - -
n; 0 1 i 0 00 .03 02 .00 e
D 0 1 1 0 .00 .03 .02 .00 s
o0 1 1 2 0 .03 .03 .03 .00 :1,
Airspeed A 34, 28 &2 26 - - - . g
Variation Dy © 0 0 o - - - - s
. p; 1 1 2 1 .03 ° .03 .03 04 &
D1 1 2 1 .03 .03 .03 04
Maxinum Rate A o222 17 59 17 -
of Climb Dy O 0 4 0 2
D, 1 1 2 1 A
A 1 2 1 b
0 -1 n 3 0 i
I:;"
Wing Fosition 8 25 1 43 18 - - - -
D‘l 1 2 3 0 004 00‘7 .05 ‘OD ‘F:[
D2 2 9 11 9 um 031 v19 033 ’ . E*
n° 3 11 14 9 AL .38 .25 .33 o
o 8 1 9 0 .22 .03 1, .00
Hose Position A & 9 15 8
Dy O ¥ 0 0 »
Py 1 1 2 0 L
TR ! 2 0 o
) 5 4 " 1. L
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T4BLF 14
5o . STRAIGHT MANEOVE:S (Coniinued) *
ﬁ‘ Team Teem Jam= Croes  Team Pear Oome Crosa
- Iigm Ao 2. bipgt oheek 1 2  Uined cheok.
~ Kato of furn L 28 23 51 il - - - -
:-F— Dl Ty ,{r 8 7 nl—‘L al& Jl?' 929
3 by 3 Z 5 3 .09 07 08 a2
A D ” & 13 10 .20 2l .20 42
. 0 i 2 0 .03 .03 .03 ,00
; Bell Bank- A 24 30 R - -
T 0
4
4
2

- - ad
R
L

2 1 . .00

;{ ' iapree D2 4 .03 .10 .06 .15 \
% D 3 L 03 10 .06 .19

i 0 ! 3,03 .03 .03 .00

% LacaoFregguras A 1 12 32 i

I Ihrettle Dy Q9 0

Ao Uoordinated Do ) 3

6 D J 3

0 i 9

e

b2 OO DD

lHans Rudder

(Climb and
Giide only)}

&
™
s

COOOR MR- OO

oo ain

5

B e P - [ Lk~
N -

e

-~
HHHOW Wi kG

. I
OO M

) Uses Aileron -
N - ‘ only : - - - |-
| 19 w00 o Los :

rlg 000 .].0 304 ‘
-11 7 09 011
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00 <04 02 02
00 .04 ' .02 .02
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Wb o MOOoOm
=
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TABLE 15
STALL, TAKE-OFF, LANDING

Tgapr Team Come Croms Team Team Com=- Cross

1tem )\ _2 hbinedgheck _1 .2 biged check
Airspead A 50 3% 86 35 - - - -
Dy O 0 0 0 = - - -
D2 0 4 FA 2 200 +«10 4 005
D Q 4 A 2 00 .10 04 .05
0 10 10 =20 8 .17 ,20 .18 .8
Rate of Turm A 39 30 69 <2 - - - »
Dy 5 & 11 6 .10 .16 .13 17
D, 5 2 7 8 20 .05 08 .2
n ie o] 18 1 .20 3l «R1 <39
0 1l 12 23 9 .18 ol Ay 220
Ball Bank A 1% s i G (Take=off
Direction D1 © 1 1 ) only)
| », 6 U 0 ©
D Q i3 1 Q
0 1 pel a k) A
Ball Bazk A 9 "7 16 6 {Take=off
Degree I 0 1 1 0 only)
D, 2 0 2 0
D 2 1 3 0
0 1 2 3 3
Walkes Rudder &4 39 a7 T8 30 - - - =
Dl G 0 0 0 - o= - -
L, 6 2 8 6 13 .05 .10 .7
) & 2 E 6 a3 - 05 L10 17 .
0 15 11 26 9 <25 222 024 020
Flown off or A 11 B 19 5 (Tske=sff |
Stalled off Dy O 0 0 0 only)
' B O o] ¢ 1
D 0 ) 0 1
0 1 2 3 3
Stick back A 31 24 55 19 - = = -
smooth - m O 0 0 c - - - -
irrsgular By 2 2 £, 4 06 .08 07 .05
» 2 2 A 4 S0E .08 07 205
0 3 4 7 4 .08 13 =11 .05
RI'M A 45 g2 Yy 21 = - - =
Dy © a 0 f - - - ~
DE '3 r:j C' 1 .)OO wJO‘D :00 403
D G £ ] 1 000 .,DO 400 003
O 3 e o 4 o s .10 a1l
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5 STALL, TAFE-UF¢, LANDING {Continuad;

f ' Toam Team Com~ GCroes Team Team Com~ Cross

. ihem L. 2. Dbiogd check _ 1. _ 2. Dbined chegk

“ij Baok Pres-~ 2 12 9 2 9

sure re~ D; 0 0 9. D . ] (Stall
v leassd - dive D G 0 0 0 , only)
) or recovery 0O . O 0 0 0

4 53 0 1 1 0

: Forward A1l 9 =2 8

Freosure Dy 0 o 0 0 (Stall
e Used Dy 1 0- 1 1 only}
% D 1 R 1 1

i 0 0 1. 1 0

% R during 4 11 & 19 8

o dive or K o 0 0 0 {Stall
# recovery B O 0 0 1 only)
l?:,ar D O 0 4 Jo 1

i 0 1 2 3 0

Uses Rudder- 4 11 7 18 &

5 Alleron in Dy © 0 0 0 (Stall
L Stall D, 1 2 3 3 only)
<y D° 1 2 3 3

0 0 1l 1 0

£ Altitude A 33 2 5 26 - - - -

D 1 o 1 G .03 .00 02,00 (Stall
Dy 1 12 1 .03 W04 .03 .04 only)
2 D" 2 1 3 1 W06 L0k 05 04

?,;‘ 0" 1 5 6 0 .03 017 ' 009 6,00

Wing Posi- A 47 28 85 33 - - . -

: tion D O 1 1 2 W00 01 05 .

Dy 6 2 8 g Jar .05 .08 .20
i D 6 309 11 .11 07 A0 LR

0 7 9 16 1 .12 a3 a5 L.

T Landing - 4 & 4 12 3

- correction Dy 0 0 0 0 (Landing
) D, 0 0 0 0 only)
i D” 0 o -0 0

0 4 6, 10 6
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APPENDIX 3
TABLE 16
AVERAGE AIRSPEED
(Difference Batween Flanes)
DALY,
N Meoan batween
Cont. Fix. Cont. Fkn. Jeana . Lvalue
. Take~off
Swings 1 & 2
Flight I 14 15 5200 52&3 "'03 0179
Flight II 5.3 51,7 b «230
Swings 3 & 4 .
Flight 1 16 19 51.8 49.3 2.5 1.718
Flight II 52,8 4B8.4 bod 2.855
Straight and
Level
Swings 1 & 2 .
Flight I 17 19 73.3 68.2 5.1 3.602
Flight II . 73.9 6,7 5.2 3.121
Swings 3 & 4 )
Flight i § 24' u R 75-4 6?03 811 80608
Flight I1 76.8 68.3 8.5 6.218
Straight Ciimb
and Recovery
Swings 1 &2 -
Flight 1 20 21 - 65.3 62.3 3.0 2,055
Flight II 65 .4 61.2 4.2 3.811
Swings 3 & 4 )
Flight X 23 23 €6.9 58,7 B.2 6,147
Flight iI 66,2 59,4 7.2 5.995
90° Climbing Turn
Right 45° Bank
Swinga 1 & 2 :
Flight I 22 20 63n9 61.;1 2a8 20191
Flight Il 63.4 59.6 3.8 3.57
Swings 3 & 4
Flight’ I o6 24 64;-7 580-6 6-3 5:45%
Flight II Bdy o2 59.0 5.2 3.226

<05
01

<03,
<01

T Tay fas e ow

gt .Y
I F i R

W
- ;
LT
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TABLE 16

AVEPRAGE ATRSPEED (Continued)

N Vean

Gont. Fka. GCont. = Fkn.
90° Climbing Turn

Left 45° Bank
Swings 1 & 2 £0.
- Flight I " 63.1 1
P 2 Y @u 58,6
Swings 3 & 4 C
Flight I ¢ 21 63.4 56,9
Flight I - 63.2 56.7
“ - o0° Turn Left
© 15° Benk
- Swings 1 & 2 ’
CFlight I a4 ag The5 66,2
Swings 3 & 4 : :
Flight I ’ 26 23 7309 &01
Flight II 73.1 YAA
90 Turn Right
15° Bank
Swings 1 & 2
Flight I, 20 122 65.9
g Flizl;t&li | 70,0 6504
Flight I . s 137 64,6
Flight II 724 63.8
'180° Turn Left ' '
'15° Bank
Swings 1 & 2 .
Flight I o 21 TL9 654,
niga;t II ) ' 7.0 65.0
Swings 3 & 4 , .
Fli'ht I 26 23 7205 63-7
Flight II - M .2 62,4

M_Lxﬂmn_nln

.05
A

) 3

o1l
+01

-0
0

N

L

01
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TABLE 16
AVERAGE AIRSPEED (Continued)

Dift.
N Nean betwean

Are Wletey et s w amE

180° Turn Right ‘

45°SBank 1 &2
wings
Flight I 23 22 707 65.4 503_ 4,285 Rl
Flight II 70.5 65,7 4.8 3.78 01
Swings 3 & 4
Flight 1 26 24 7309 6308‘ 1001 96% 001
Flight II 72,9 63.3 9.6 7.980 <01
.360° Steep Turn
Left 60° Bank w
Swings 1 & 2 .
Flight 1 23 2] 7G.5 6405 6.0 3.390 0
F].ight 11 7Q.4 &597 5.7 3.389 N1l
Swings 3 & 4
Flight I 26 v 23 68@9 62.6 603 39%2 101
Flight II 6951 60(7 804 695‘07 901
360° Steep Turn
Right 60° Bank
Swinga 1 & 2 .
Flight' I 19 20 6904- 6503 Arol 2.&13 oC'l
Flight 11 68,6 6.5 4 2.559 02
Swings 3 & 4 ‘
Flight' X 26 22 TLT Ezoli- 9.3 506‘!#3 0L
Flight Ix 1.0 6296 Bw!‘i 5e253 )01
Nornmael Powep-
off Stall
Swings 1 & 2
Flight I 17 11 5.5 37.5 £.0 8.575 o L
Flight Tl ' 451 3.2 7.9 6,470 izl
Swings 3 & 4
Flight I 20 l.rfy J¢598 3752 8«6 3..00’?‘ cOl
Wlight 1T L. 9 37.2 7o 8,902 Nt

Y T



3 A B o
Con

i o 2

AT

ks

't
T

- T ‘
e S A

., f‘ir":z?

-
I R T ST
A A
w4 - -

- ~

Straelpght Glide
and Recovery
Swings 1 & 2
Flight I
Flight II
Swings 3 & 4
Flight 1
Flight Il

90° Glidg Turn

Hight 15 Bank
Syings 1 & 2

' Flight 1
Flight II
Swings 3 & 4
Flight I
Flight II

90° Glide Turn

Left 15° Bank
Swings 1 & 2
Flight I
Flight II
Swings 3 & 4
Flight I
Flight II

Landing

Gent. Fkm.

23

22

21

17

Yoment of Landing

Swings 1 & 2
Flight I
Flight I

Swings 3 & 4*

Flight I
Flight IT

sOnitted: N (@&

14

TABLE 16

AVERAGE AIRSPEED (Continued)

N

19

13

1e

15

18

16

12

Xoan
Copt. Fim.
69.0 63.1
70,1 62.4
71.3 63.4
694 62,3
645 59.6
64,0 59,0
66,4, 60,5
66.0 59.8
65.2 59,7
65,0 60,5
65.9 58,8
6448 58.8
47.5 39.8
46,1 39.9

Tt e e e c;-@
Diff.
batween
JMoap L walue poyalue
5.9 4. T <01
7.7 6.537 <0
7.9 . 6,650 01
701 60611 - .01
49 3.917 +01
5.0 3.953 .01
5"'9 50996 ' 001
6.2 5.631 <01
5'25 5«041 a01 )
405 .3.710 01
7.1 6,196 . Ol
660 60936 001
7.7 8.244 <01
6.2 5.371 01



Take-off
Swinga 1 & 2
Flight I
Flight II
Swings 3 & /
Flight I
Flight II

Straight and
Lavel
Swings 1 & 2
Flight 1
Flight 1)
Swinga 3 & 4
Flight I
Flight II

Straight Cliub
and Recovery
Swings 1 & 2
Flighe I
Flight 1

. Swings 3 & 4 -

Flight I
Flight II

Cept. K.

17

8

20

43

90° Climbing Turn

Right 45% Benk’
Swings 1 & 2
Flight I
Flight II
Swingas 3 & 4
Flight I
Flight 17

22

26

69~

TABLE 17
RPid

. (Diffarance Between Plenes)

N

15

18

19

21

23

19

Cenk.
2029
2032

2015
2024,

2020
2017

2034
2042

2048
2043

2035
2068

2055
203G

2054
2054 .

Ekn.

2137
2157

2095
2092

2050
2032

1988

2095
2074

2055
<102

2113
2111

2090
2102

" DAffF,

between

Meang

-108
=125

~20
-68

.=30.

=15

46

~47
31

=37

=58
=72

=36

2,062
1.400

Nesd

2,147

3.227
4.590

2,303
2.818

<01
<01

Ol

s01

L0

.05
0L
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TADLE 17
RPM (Continuad)
'R Mean
| M‘ m‘ Gﬂﬂi- m‘
90° Climbing Turn

Left 45° Bank
Swingn 1 & 2
Flight II 2035 2089
Swings 3 & 4 \
Flight 1 26 21 2052 2091
Flight II . " 2056 2105
90° Turn Left |
150 Penk
Svinge 1 & 2
- Flight 1 20 21 2015 2022
Flight II CL 2005 2034
Swings 3 & 4
Flight II , . 2028 1992
96° Turn Right
15° Bank
Swings 1 & 2
Flight I 22 21 1989 2019
- Flight II 1978 2019
Swings 3 & 4 :
;1ight I 27 2 <013 1998
1ight II 2013 1984
180° Turn Left ‘
45° Bank
Swings 1 & 2 _ .
Flight I 20 21 2013 . R026
~ Flight II . 2010 2024,
, Swings 3 & 4 '
Flight 1I 2000' . 1998

=30
=41

15
29

-13
v

;18

2

2,115
3.378

. R.469

3.245

1.774

1.779
2.776

1,700

2,563

2.461

o740
oT70

1.031

a132

.05
0l

01



1§g° Turn Right
45" Bank
Swings 1 & 2
Flight I
Flight II
Swings 3 & 4
Flight I
Flight IY

360° Steep Turn
Left 60° Bank
Swings 1 & 2
Flight I
Flight II
Swings 3 & 4
Flight I
Flight I7

360° Staep Turn
Right 60° Bank
Swings 1 & 2
Flight I
Flight II
Swings 3 & 4
Flight I
Flight II

Straight Glide
and Recovery
Swirga 1 & 2
Flight 1
Fiight II
Swings 3 & 4
Flight I

Flight iI,

gent. Fka. Comt.

23

26

23

26

26

i8

22

N

21

23

20

23

17

1%

TABLE 17
RPM {Continued)

1998
2007

2027
2020

2068
2061

2075
2070

2048
2040

2073
2068

€67
922

750
716

Nean

Exn.

2037
2032

2004
1994

2138
2136

2096
2102

2108
2113
2100
2103

768
738
871
97,

Dife., .
betwoen

Sdenn = tyalus p value

=39

-25

23
26

~70
- =75

=21
~32

=60
=73

=27
~34

184

=121
=258

.05
.01

.01

Ners
03
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' ) TABLE 17

RPN (Continued)

N Meen

M° m" Me m.

-90°Gliding ‘I‘urn.

Right 15° Bank

Swings 1 & 2
Flight I 874 784,
g 19 18
Flight II 845 742
Swings 3 & 4 : , .
Flight I o4 16 745 950
Flight II 738 894
900 Gliding Turn
Left 15° Bank
Swings 1 & 2 )
Flight I. g 18 895 o
Flight II 942 750
Swings 3 & 4 \
Flight I ¢ 16 750 863
Flight 1T 47 885
Landing
JDuring Level Off
Swings 1 & 2
Flight I 1, U, 774 657
Flight II 800 672
Swings 3 &IL o -~ 840
Flight
gt % M9 &

Diffc

batween

103

-205
~156

159
192

=113

~138

117
128

=113
-91

.01



Gont. FEkn. Conte

Straight Climb
and Reocovery
Swings 1 & 2
Flight I . o4
Flight II
Swings 3 & 4
Flight I
Flight I1

Ead
ny

90° Climbing Turn
Right 45° Bank
Swings 1 & 2
Flight I 22
Flight II
Swings 3 & 4
Flight I ¢
Flight II

90° Climbing Turn
Left 45° Bank
Swings 1 & 2
Fiight I 20
Fiight II
Swings 3 & 4
- Flight I 26
Flight JI

Straight Glids
and Recovery
Swinga 1 &2
Flight T 21
Flight 1l
., oOwlngas 3 & 4
Flight I 22
Flight Y1

73

TABLE 18
MAXTMUM RATE OF CLIMB

(Difference Batween Flanes)

N

21

23

20

18

21

19

418
435

455
466

346
375

383
389

325
208

419
452

-786
~f45

=805
~748

m=

229
231

R23
263

190
203

206
215

189
208

186

221

=250
=330

«318
=297

DAff,
betwaeon

_Engnn_

189
204

232
203

156
172

ir?
174

136
100

233
231

=436
=255

=487
-451

L zalua

5.025
5.472

7,081
- 5.363

8.457 .
3,872

7470
7.234

nyalus

01
-0l

o0
-QL

201
501

<01
«0L

<0X
=01

+01
<01

<01
.01

<01
201

R S

=4 ,J_r"‘ a2t .
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TAPLE 18 _
MAXTMU¥ RATE OF CLTHB (Continued)

Dare,
R Kasn betwaon

Comt. Fkg. Cont. Fkn. _¥eans. 4value p.value

507 (1iding Turn
22pht 15° Bank
Swings L &2 - -
Flight I 55 18 -816 =406 =410  8.038 .01
Flight II R ~383  -5001  11.662 o0L
Swings 3 &4 - - .
Flight I g 16  ~B4S -303 =542 12,912 .01
Flight II =699 -316 -383 5.074 0L

"20° Gliding Turn
Lert 15° Bank
Swings 1 & 2 )
Flight I -848 4,00 ~44,8 7.198 .01
Flaght I = 2. as 397 -460  11.925 .01
Swings 3 & 4 - : .
Flisht I 17 17 “827 "300| '5?-7 12&977 .01
Flight 1I 797 =315 ~482 11,327 201

oo
T



Contko

Straight and Level

Swings 1 & 2
Flight 1
Flight II

Swings 3 & 4
Flight I
Flight 1T

90° Turn Left
15° Bank
Swings 1 & 2
Flight T
Flight II
Swings 3 & 4
Flight I
Flight IT

90° Turm Right
15° Bank
Swings 1 & 2
Flight I
Flight II
Swings.3 & 4
Flight T
Flight II

180° Turn Left
45° Bank
Swings 1 & 2
Flight I
Flight II
Swinga 3 & 4
Flight I
- Flight 1T

17

24

20

23

22

20

25

-75—

TABLE 19

ALTITUDE DIFFERENCE

Mean

Fin. Copt.
20

19 ”
-3

23 16
M.

2 22
21

23 1

10

2 30
9

18 57
=11

21 2
. 2
o3 p

(Differenca Betwaen Flanes)

Fxn.

i

e

E o

O\

Difrg

" betwaen

6
-12

23

=14

-1
1

+600
677

1.165
2,724,

.R96
9756

2617
<000

n360
1.936

2111
=956

1.516

-)497 -

,138
«179

o01

ot W R s e e

™

L -
LIRS e A
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: ALTITUDE DIFFERENCE (Continued)

‘ Difrse,
| Kean betwaon

Gont. Ikn- Cent. Fkn. _Mesns L value
180° Turn Right

459 Bank
Swings 1 & 2 o
Flight I . 4 2 2, 281
Flight IT 2 22 -2 1 -3 2349
Swings 2 & 4 . " g
Flight I 0 000
| Flagnt 11 2 5 n -6 919
- 3500 Steep Turn |
A Left 60° Bank
Swings 1 & 2
.:"_ Flight I 23 21 ' "7 L "13 6 0‘63
Lo ' Flight I ‘ 1 - ~11 12 770 ,
Tl T | 39 3.788
Flight I 15 w2l . .
Flight 11 2 “2 5 S 6 689
S 360° Steep Turn
v Right 60° Bank
§ Swings 1 & 2 :
= Flight II -8 =11 3 +270
Swings 3 & 4 ; -
’ Flight I o4 22 2 =13 15 1.401

Flight II : ~14 -3 =11 1.11)
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APPERDIX
|
\ TABLE 20
RATE OF CLIMB

(Differences Between Swings 1 and 2 and Swings 3 and 4)

N ~ Nean Diff.
Sw. 3w, 8w, Sw, between

182 3&4 1l&2 2&4  Megns L vplye D wplue

Straight Climb and
Recovery (in Climb)

Continental '
Flight I 20 22 A8 455 237 559 -
Flight I1 435 466 ~31 0635 -
Franklin ]
Flight I 21 23 229 223 6 2233 -
Flight 11 . 23 263 . =32 1.381\ =
90° Climbing Turn
Right 45° Bank
Continentsl
Flight I 22 26 356 3e3 =37 o195 -
Flight II . 375 289 =14 0339 L
Frankl in
Flight I 20 24 190 - 206 =16 Tl =
Fiight II ' 203 215 12 AT -
90° Climbing Turn
Left 45° Bank
Contlnental .
Fiight I - 20 26 325 419 =94 2,200 NS
Flight. IT 308 4582 "144 3«-395 O
Franklin '
Flight I 18 21 - 189 186 . 3 o157 =
Flight II 208 221+ <13 bl -
Stralight Glids
end Asoovery
Continental
©  Flight I 21 25 786 =805 19 236 -
Flight II =645 ~748 103 1.279 -
Frasklin :
Fligat 13 19 =350 ~318 =32 LE9 =
Fiight 1I =330 -297 =93 2.650 L
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v

it 4dang Turn
A075 169 Lank
fonhiasntal |
Filight I
Tlight II
Franklin
Flicht I
Fiight IT

L 14 3iap Tarn
vaf 149 Renk
Zontinental
Flight I

Fiight IT

Fronklin
Flight I
Flight TX

¥

X
[¥): PN

18

FATE LUF

|
Sw,

20

16

17

17

TAELE 20

CLIim

{Detinued)

Maon

’

[
»¥,

w814

~406
=383

~848
357

=400
=397

Sw.

=245
=699

=303
=316

827
=797

~300

=31%

DAfE,
batreen

29
=185

=103
~67

-2l
360'

~100
~32

0564
2,608

2,690
2,041

2327

l ﬁ259-

2,563
2. 747

1&2 3864 1&2 3&4 _Means tovalup -p value

nol

=05

Bt



TABLE 21
AVERAGE BANK )
(Difforencea Betwesn Swings 1 and 2 and Swings 3 and 4)

N Ksan Diff.
Sw, Sw, Sw, Sw, between

l&2 3&4 1l&2 3144, Means tvalue povalu2

90° Glimbing Turn

Right 45° Bank
Continental
Fiight 1 21 21 23,2 20,7 2.5 1,14 -
Flight II ' 2690 22.2 308 20011 005
Franklin .
Flight I 16 13 18,8 20,5 ~1.7 - 622 -
Flight II 18,3 16.5 1.8 o737 -
90° Climbing Turn
Left 45° Bank
Continental
Flight I '19 20 22,1 18,6 3.5 1,803 -
Flight II . 22:2 20q7 la5 |791 b
Fracklin ’
Flight I 13 12 1909 '23n3 “‘309 1-398 s
Flight II 19.4 21.8 “2.4 1.168 =
90° Turn Left
159 Bank
Continental
Flight X i9 21 845— lgua =2,3 lo-:z‘!b =
Flight 11 9.0 11,8 2,8 L.T04 =
Franklin :
.Eight I 16 M ?06 13 ;_,6 “’60_0 20:‘:.5}2 ) u‘%:} .
ght IX 11.3 9.1 252 1.0 =
90° Tura Right
159 Bank
Continental
Flight I 51 ap  RE 1L -3 3.435 o
Flight TX - o 1.0 o =4 .2 2,233 LG
Franklin
. Flight E 16 n %J? ?;2 1.2 o?8§
Flight iX 9.4  13.9 3.3 ¢51b -

JERL L R R
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. T4BLE 21
AVERAGE BANX (Contigued)

N Kean piff,
Sv, Sw, oW, Sw. between

| 142 384 1&2 34&%4  Mepns Loynlue poyalue
180° Turn Left ' '

459 Benk .

Coatinental
Flight I 20 21 . 25.8 256.0 -2 =079 -
Flight II 26,8 26.8 0,0 000 -

Frgnidlin - :
Flight I 16 15 R3.% 27.1 «3.6 1.651 -
Flight II 25&3 29c1 “3¢8 10758 -

120% Tura Right
45% Bank

Continental 26 26.3 2 og8 .
Flight-I 1 22 sl o T N -
Fliggt 1X ? 28,2 28.§ ) =4 +191 -

Frerklia ,

Flight I 16 16 22,8 26.1 -3.3 1.180 -
Flight I1I 25&3 25o0 .3 n127 -
360° Steep Turn
La®t 60° Bank

ot T 0.7 41.6 9 399'

Flight I h L’l- a [ - ° -
Fllght II 18 22 38n9 4203 "3:4 1-358 -

Frankiin
Fllght 1 : 14 ]3 4202 4505 43.3 1,099 -
Fligh‘f- II " MDB , 43&5 193 93% . \_

35.00 St'eﬂ'p Turn ) )
Right 60° Bank : : .

Continsntal ' ‘ ) ‘
Flight 1 13 2, 41.8  44o3 -2.5 1.049 -
Flight II - 45,0 46,2 «1.2 ~383 -

Franklin
Flight T 10 13 39.3  44.5 =5.2 2922 ~
Flight II &4 o9 42-6 2.3 643



TARLY %
AVERAGE BAL. f9ion%diued)

N Mhan Diffo
Sw. Sw.,  Sw. i.*' . between
L&l 2f4 LEZ T80 Mewe Lyalus 23due
90° Gliding Turn.
Lef't '15° Bank
Continental .
Flight I 19 14 ST ARG =2,9 2,182 L5
Flight 11 10.0 14 wlyady 3.03L <G
- Franklin ‘
Flight I i0 a8 15%4 17.—,[} -156 0603 T
Flight II 13.3 13,0, 3 ad21 ol

90° Gliding Turn
Right 15° Bank
Continental
Flight I 20 18 13 Ig ' 1604 . =245 . 1.412 -
night II 1[&67 16;3 "le6 5848 - \
Franklin
Flight 11 ) 1.

3 Mc6 . '“2-:3 0697 o
113 G 198 -
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TARLE 22
BANK VARTES
{Differences Betwasn Swings 1 and 2 and Swiage 3 and 4)

N Mean Diff. -
Sw, Sw. Sw, Su, betwean . :

‘ L&2 3&4 L&2 2&4  Meang L yalue
180° Turn Left

45° Bank
Continental .
Flight I 20 21 8n3 905 -1-2 ¢830
Flight 1T 7¢1 714 '03 4236
Franklin ] ’
¥light 1 16 - 15 11.0 g.8 Ra2 1,360
Fifght II 12.3  10.3 1.0 375
180° Turn Right
459 Bank '
Continental ‘
Flilght I 20 22 8-2 9-1 ’.9 .620
Flight IT 8.5 9.1 =06 550
Franklin :
Flight I 16 16 903 901 -2 o128
'Flisht II 994 1006 -102 3504
360° Steep Turn
Laeft 60° Bank
Continental '
Flight I 13 22 1000 10.7 "u? -361
Flight II N 11.9 10.2 1.7 «920
Franklin .
Flight I. 1 13 10,0 10.0 0.0 000
Flight 11 9.3 11.6 2,3 .B881
3600 Steep Turn
Right 60° Bank
Continental . '
Flight I 13 21 13.9 12.1 1.8 2760
Flight 11 4.2 11.1 3. 1.433
Franklin . .
Flight 1 10 13 12,0 11.9 .l -037
Flight II '1006 B 1205 "109 n589
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TABLE 22
BANK VARIES (Continued)
‘ N ' Mean pife.
Sw. Sw,. Sw, Sw, between

l&2 2&4 1&2 264 _Moane

90° Climbing Turn ‘
Right 45° Bank
Continental
Flight I 20 21 . 509 601 '02
Flight II 443 5.2 -9
FPranklin
Flight I 15 13 47 6,9 =22
Flight II 5.9 9.0 -3,1
90° Climbing Turn
Left 45° Bank
Continental .
. nig}it I 17 20 4.3 453’ 0.0
Flight IY 4.0 5.5 -1.5
Franklin
Flight I Leb 4.8 .2
Faght 1 2 ¥ g6 62 4
90° Turn Left
15° Bank
Continental :
Flight I 19 21 8.1 6.4 1.7
Flight II f 6,8 8,2 1.6
Franklin 8.0
. Flight I . 7,8 . -2
Flight 11 0 14 5, 6.4 ' 1.0
90° Turn Right
15° Bank
Continental :
Flight I 7 o4 3,0 2.4
Might 171 *  ** g3 5 3.2
Franklin- ,
Flight I 16 13 8.6 8,2 oh,
Flight II - 8.5 5.7 2.8
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.180
<734 -

1.508
1.860
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e
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e
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1,081
1,013

L]

«104 =
161-4 -
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o
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2,365 .02
2.348 .02
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. S . TABLE 22
BANE VARIES (Continuad)

* H Hm Diffo
Sw, Sw, Sw. . Sw,. Tbetwesn )
L&k2 284 1E&2 3 &L _Neang L value
5 90° Gliding Turn , '
ek Right 15° Bank :
¥ Continental

B Flight I 20 18 ' 6 5.9 o5 336
S . Flight II 7' 5.8 1.6 1,057
R Pranklin . J

v ' Flight 1 10 8 7.8 10.6 -2.8 943
§ - Flight 11 7.1 4.8 2.3 1.194
90° Gliding Turn

':“:ti‘-‘ Laft 159 Bank
S Continental !
Flight I 19 14 7
Flight II 7
Franklin .
Flight I 10 7 8.
Flight II 8

6 1.0 - 67
.8 . l.& 0979
[
a

2.7 1.034
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TABLE 23 :
7 ATRSPEED
(Differences Betwean Swings ) snd 2 and Swings 3 and 4)
X Mean page, |
Sw, Sw, Sw, Sw, betwesn

Take=-off ' . :
Continental "
Flight I 4, 16 52,0 51,8 o2 +153 - A
N Flight I1 51-3 52&8 =1,5 10049 - - 5
Franklin ' w4
Flight I 15 19 52,3 £9.3 3.0 1.734 - ) e}:
Flight II 51,7 4B.4 3.3 1.858 - -
Straight wnd Level i
Continental
Flight I 17 21. ’ 73-3 75 ok “201 1-536 =
Flight II 73,9 768 ~2.9 2,077 05
Franklin ) : ;
Flight I 19 ) 24, 66,2 67.3 «9 <971 - . ‘.
Flight II 68.7 68.3 A 249 = 3
Straight Climb ard -
Recovery (in Climb) Y
Continsntal
Flight II 65-L 66:\2 ".B 0694 -
Franklin
F‘light- I 21 23 62.3 £8.7 336 2,592 201
Flight 11 = 61,2 59.0 2.2 1.876 =
90° Climbing Turn
Right 45° Bank
Continental .
Flight I 22 2(,1 63:9 &&u'? "uB ) 069‘7 =
Flight II ) 63.4 642 ~.8 #7137 - , 3
Franklin Ty
Flight I 20 24 6L.1  58.4 2.7 2 093 .05 it
Flight IT ) 536 520 6 - <345 -
90° Clipbing Turn i
Left 45° Bank =
Continental :
Flight 1 20 36 £3.1 €3.4 =,3 «220
Flight 11 ’ 2.4 63,2 -.8 668
Fronklin
Flight I 17 21 60,1 56.9 3.2 2,021 .05 -
Flight I1 8.6 6.7 1.9 1.473 - v



S ~5f-
X TABLE 23
W ' AIRSFFED (Continued)
L ' N Moan DALT,
j'f . Sw,, Sw. Sw. Sw, batwean
% 90° Turn Left
15° Bank
Continental )

F}.ight I 20 26 71:5 73.0 '-lp5 1»243 -
a"' Flisht II 71 05 73-51 "'] :\6 19493 -
i—‘; . Flight I 20 23 66.2 &-cl 2.1 1:.8?2
i  Flight II 6God,  6hod, 1,0 .827
. 90° Turn Right
;Ejr’ . 159 Bank
Continental o ,
i Flight I 70.0  72.4 -2.4 2.089 <05
K Franklin )
i Flight I 20 21 65,9 66 1.3 1.222 -
i Flight II 65,4 63.8 ° 1.6 1.464 -
n ' ~
: 180° Turn Left -
45° Bank :
k3 Continental ] -
i Fiight I 20 .26 7.9 72,5 =~ =6 odedy7 -
g Flight II ] 710 71.2 ~,2 154 -
5 + Franklin
£ Flight I 2N 23 €5.4 63,7 1.7 1.462 -
g Flight IT 65.0 62.4 2,6 2,019 .05
£2 180° Turn Right
Y 45° Bank
Continental . ’ ‘o
Flight I 23 26 70.7  73.9 ~3.2 2,536 02
T Flight II - ' 70.5 TR.9 =244 1,761 -
E ' Prapklin ,
1-’2; Flight I . 22 2, 65.4 63.8 - 1.6 1.509 -
:' Flight II . 65.7 6303 - 2:& 20196 005
360° Stesp Tura , \
Left 60° Bank
; Continental '
_‘1- - Flight I ’ 23 26 70.5 68‘9 106 a895 -
‘ﬁ \ !light II 70Q4 6901 1.3 0984 L -
T Franklin '
- Flight I 21 23 &05 62»6 1,9 1,268 -
; Flight II &7 60.7 4.0 2.420 - .02
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PARLE 23
AIRSPEED (Continued)

N Mean Diff.
Sw, Swe Sw. Sw, betwaen

1&2 32&4 1l&2 3&4 _Means 1 value p.yalus
360° Steep Turn

Right 60° Bank
Continental
Flight I ' 19 26 69olt 7107 '2o3 10381 it
Flight II 6.6 7.0 =24 1.478 -
Franklin .
Flight I 20 22 65.3 62.4 2.9 1.8)4 . -
Flight II &,.5 62.6 1.9 1.179 -
Normal Power-off
Stall {at Break)
Continental
Flight I 17 20 45.}5 4598 -3 0336 =
Flight 'T1 L5.1 449 R R9Y -
Franklin
Flight I it 12 37.5 7.2 <3 9253 -
Flight II : 37.2 37.2 0.0 .000 -
Straight (lide and
Reacovery {in Glidae)
Continental
Flight TI 0.1 62 4 o7 . 599
Franklin . )
Flight I 1;_} 19 63.-!- ?3 ll' ~ o 3255 -
Flight 11 62 4, 2.3 o1 .095 -
90° Giide Turn
Right 15¢ Bank
Continental ‘
Flight 1 Y, 71 64 5 - 664 1.2 1.825 -
Flight II ' 6.0 of O =2.0 2,043 .05
Frenklin
Flight I B T 59.6 B0 4 9 717 -
Flight 11 ‘ %, 0 A7 -8B « S4B -
90° Glide Turn
Laft 15° Bank
Continantsal
Flight I =1 1r; {)“}.df "r“‘: ’uf'i ;6% -
Flight I - ) £6.0  &iL.D 2 185 =
Franklin
Flight X g 5 L 283 0 .808
P ighs I3 o Hha BR R 1.7 1557
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ATRSPIw: {Coatinued)

R Hean Dife.
Sw, Sw. 3w Sw. betwaan

A2 3&4 1&2 2364 _Memne L value

Landing
(¥oment of Landing)
’ Continental ‘
Flight I M G 4755 45 a9 106 lu5?’
Flight 11 Aﬁal 45-4 07 -815
Franklin *
Filght I - - ~
Flight II 13 T - - -

romitted N 8



~0)

TABLE 24
. ALTITUDE DIFFERENCE
(Differences Between Swings 1 and 2 and Swings 3 and 4)

N ’ Nean Diff.
Sw. Sw, 3w, Sw, batwaen

l&2 264 1&¢ 2&4 . Jeans Lvalue p.3alua

Straight and lLevel

Continental 2,513
Flight I 20 -3 R3 41
Flight II 17 2 7 16 -9 900 .

F - 3.364
Flight I 14 =11 25 .
Plaght I 2 2 19 26 1.726

90° Climbing Turn .
Right 45° Bank ! y

Continental
F]-ight I 22 25 28 46 "18 10902
Flight 1T 29 28 1l al12

Franklin .

Flight 11 3 33 =2 284
90° Climbing Turn
Left 45% Bank

Continental
Flight II 20 39 ~19 2,592

Franklin
Flight I 17 22 36 23 13 1.440
Flight II 37 30 7 1.197

90° Turn Left
15° Bank

Continental
Flight 1II 22 11 11 1.193

Franklin
Flight- I 21 23 18 u 4 3267

Flight II 14 11 3 309

o2

seil

201

3 PR . .
e B T U L gt
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90° Turn Right
15° Bank
Continental
Flight I
Flight II
Franklin
Flight I

Flight I1

180° Turn Left
45° Banlk

Continental

Flight I

Flight II

Franklin .
Flight I
Fiight II

180° Turn Right
45° Bank
Continental’
Flight I
Flight IX
Franklin
Flight 1
Flight 1I

360° Stesp Turn
Laft 60° Bank
Continental
Flight I
Flight II
Franklin
Flight T
Mlight I

TR R e Lo

0y LT

‘ '
TABLE 24,

ALTITUDE DIFFEREHCE (Continuned)

Sw, - Sw, Sw. Sw. batwesn -
1&2 3&4 L&2 3&4 _Meape Lvelue poyalus

10 9 1
22 2 30 57 ~27
21 18 7 8 -1
14 .11 3
: ~11 2 -13

2
20 5 > 2 o
3 3 0
e 1 6 -7
22 26 4 8 “4
-2 5 =7
2 3 3
22 23 1 1 -10
3 1 5 ~4
-~13 ~24 11
Nt 10

o141 -
»622

=096
2384

1.975
.981

1,079

<644,
2974
791
1.262

2.294
«354

.807
o75%



TABLE 24

ALTITUDE DIFFERENCE (Continued)

360° Steep Turn
Right 60° Bank
Continental
Flight I g
Flight II
Franklin )
Flight I 20
Flight 1T

$0° Gliding Turn
Right 15° Bank
Continental
Flight 1
Flight II
Franklin
Flight IT

o

2

90° Gliding Turn
Left 152 Bank
Continental
Flight I 21
Flight II
Franklin
Flight T 18
Fiight TI

26

22

21,

15

15

16

Hean

=20
-1l

=132
=117

=92
=139

=132
1T

=158
=133

=134
-123

=113
-113

=123
-129

~112
~13%

Diff,

=7

-7
-8

23
=26

~9
=48

=46
3

oThY
»990

A
735

2114
279

330

1.270

.156
1.544

1.468
-0E8

o Y Ehe:)

R TR
Bt o

3
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TEPLE 25
ALTITILE VERIES
{pifferences Betwesn Swings 1 and 2 and Swings 3 and 4)

] Esan DifL.
Sw, Sw, 3w, Sw. between

L&2 3&4 L&2 3 &4  Meaps % value
Straigﬁt and Level

Continental )
Flight I 16 23 25«0 1403 1037 1:393
Flight 1I . 13.r 30.9 ~17.8 2,268
Frenklin , )
Flight I 19 23 22.6 25,2 2,6 339
Flight IT 29,5 13.0 16,5 1,723
$0° Turn Left
15° Bank
Cot
onﬁ:;ﬁ?-}j 20 26 301: O 28 ol 1a9 0220
Flight II 25,0 19.6 8.4 2021
Franklin :
Flight I 20 23 2895 2906 "lol u101
Flight II 27,0 20,0 7.0 1.162
902 Turn Right
15" Bank
Continental
Flight I 22 27 2257 18-9 308_ 071?
Flight II 30.5 14,4 16,1 2,272
Franklin .
Fl}ght 1T A4 20,5 o9 + 151
180° Turn Left
459 Bank
' Continental
Flight I 19 26 14,7 16.2 =1.5 311
Flight II 905 14:!6 '5 01 10274
Franklin
Flight I 21 22 26,2 2.7 4o5 737
Flight II 2.0 17,0

4.0 .B11



o e

180° Turn Right
45° Bank
Continentsl
Fiight 1
Fiight II
Franklin
Fiight I
Flight II

360° Tum Left’
604 Bapx
{iontinental
Flight I
F.ight 1I
Frunil. .n
F.ight X
Fufghi .I1

07 Vurp Soght
L0 Bk
B ST TN
Flagn. 7
s E::‘] N
RN+ K
T 1A

E."‘:__"?'b' [

22

22

TABLE 2%

ALTITUDE VARIES (Continued)

-N

Sw, Sw,

b3
\hn

A0

Hean

oW,

I L

Sw.

&
AFLEE ]

ST
i AN
A

A
PR
o

D "

P

Taw M

R .
- 2

J

- [y

LN

Diff.

betwaen
1&2 1&4 162 3&4L  Mosne

™

(S I o8
wm o

;_')\ L

LS N o

I

L valua

243
AT

«-.788
731

LOL2
1,356

638
L.2:2

745

- |
£ 7130

R

L

LR
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APPEIDIX 5
TABLE 26
ALRSPEED

. {Uifference katween Flighta)

, s
[nl N AL

REL

3 .-
O e A T
S S LT Ll e A

Honns and Ditt,
Standard Deviations between

N Bl A1l _Koaga, L. yalue SLI:IHI
Take=off
Continental ’
Swinge 1 & 2 % 52,0 51.3 a? « 534 -
4.2 3.5
Swings 3 & 4 16 51,8 52,8 1.0 952 -
R.5 4.0 :
Frahklin
Swings 1 & 2 15 52.3 51.7 6 +690 .
) hef 5.3 ’ . _
S'ingﬂ 3 & 4 19 1’}903 4804 09 |763 -
5.1 LT ‘
Straight and Level
Continental _
S'ingﬂ l1&2 - 17 7303 73!9 °n6 0561 -
4.7 & ody L.
SwingB 3 & 4 24 75 ,.r'ly ?6&8 "1;4 1.217 -
3&8 452 )
Franklin
SIi.I‘.LES 1 .4 2 19 6832 ) 65@7 '-:.5 0382 -
3.5 5,2 ‘
Swings 3 & 4 2 67,3 62,3 =1,0 0917 -
2.4 5.0
Strajight Climb
Continental
Su‘.ings le&r? 20 6543 6504- -1 - b099 -
La& 300
Swings 3 & 4 3 669 66,2 7 - 0636 -
4.4-& 432
Franklin '
Swings 1 & 2 <1 62,7 61.2 1.1 859 -
4&) 3.,8 '
Swinge O & 4, €3 38.7 52.0 %) o345 =
bob z.8 .
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TARLE 26
ATRSPEED (Continued)

Means and pirr,
Etandlrdlnsviation: batwaen )
I H.JX Fl. I1 _Meapn _t velue R value
90° Climping Turn |
Right 45 Bank

Continental
Swings 1 & 2 22

Swings 3 & 4 - 26

é3
3
&4
3

e Franklin
Boa - Swings 1 &2 20 @41,
gt . i
58
4

g: Swings 3 &4 24

63.4 C W5 .538 -
o5 495 -

wWawo
£
*
N

105 1'136 -
-6 0368 ‘ -

LV
W
O
.
o

PEp N
i
o0
LI ]
o

G 90° Climbing Turn
Left 45° Bank
Continental - -
Swings 1 &2 20 63,1

Swings 3 &4 .26 6344

Franklin ' |
Swings1&2 17 60,1

Swings 3&4 21 56,9

vy e
e A
_1?._1.‘
KT
IR

1‘ .

T WS -
Y ,187 -

T REtE
" &

1.5 1.049 -
o2 175 -

T i o
S L Au" oo

u"o’lb? +3ud
2R ™Nhe

T e S

S ST
.
a

90° Turn Laft

15° Bank

, Continental o
b SMB 1&2 20 'nc5 7105 0.0 ' aom bd

3'-’-118'3 & ‘ 26 73!0 73.1 ! ' 0103 -

Franklin . '
Swings 1 & 2 20 &6,2 65.4 .8 o T48 Co-

S Swinga3&4 23 & 644 =3 .36 -

s #.J.".’.\”l‘%‘ e o
L H J

It

o, 3.4 4ol
Ll
iy ' ‘ !
0L
¥ .
iy
e
5 1

I
T,

. ) g
. ' EEPCI N
= - . LRI SR e,



90° Turn Right
15° Bank
Continental
Swings 1 & 2

Swings 3 & 4

Franklin
Swinga 1 & 2

Swings 3 & 4,

1eg° Turn Left
45 DBank
Continental

Swings 1 & 2
Swings 3 & 4

Franklin
-Swings L & 2

Soipgs 3 & 4
180° Twrn Right
45° Bank

Continental

Swings 1 & 2

Swings 3 & 4

Franklin
Swings 1 & 2

Swings 3 & 4

23
26

ST T

AT D (Bt rumd

Voang and
Standard Daviations

Edacd,

-
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~d
LA W B
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o
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O a
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O3y wmaHN
>
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wmRH O

W

g

b%ug \.uju‘ﬁ
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.1l

Dift,
katween

2.2 2.4
1.3 1.667

55 ¢735

& 1.013

=9 978
1.3 1.688

o4 2396
1.3 1733

o2 238
1.0 1,075

=3 0361
05 R 0781
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D T LA T W
SLE AL e AL

‘f;‘"‘-}"f o | . Means and DAfE,
g . Stendard Deviations betw an
£ S B Bed .11 _MNesup 1L1:;na nyalus

: ' 360° Steep Turn
g Left 60° Bank

= Continental : o )
£ S"iﬂg' 1&2 23 70.5 7004 ol am -
i_::—‘ o ‘ 6.1 ‘ 5.0 o

::{n . ‘ S‘ingﬂ 3&4 26 68,9 €9.1 "ol - o253 "
b 6.2 4l

3{“ : ?rlnklin ' .

i oL i S'ingﬂ 1 & 2 21 &55 &n? -.2 .187 had .
Swings 3 & 4 23  62.6 60.7 1.9 3,016 01
. ol 408 ,

-Lg"r . ’ ¥

'k.? ' 3600 Steep Twrn

e Right 60° Bank )

R Continental

Svir_igs 1&2 19 8 . B60 -

B €9.4 68.6

i 5.1 4.6 '

‘:-". : S'ing' 3& 4 26 7 a7 . T1.0 o7 875 -

-:{5 . 5 06 5.7 )

o Franklin :

‘ j"; e ’ S'ins’ 1 & 2 20 65 03 & L] 5 GB -] 537 -

AT ek 50l _

g Swings 3 & 4 22 62.4 62,6 -2 .217 -
BN Normal Fower=off .

f‘,x: . Stall
[ Continental ’ ’ ‘
" Swinge 1 & 2 17 oy o T02 -

Swings 3 &4 20 -9 968 - e

Franklin
Swings 1 & 2 11

#.
Oy 1= 3

o
c

o

>~

]
"

A

o
wn B A v W OO \howt

53 R 0270‘ . -

Q

0.0 000 -

i
)
Mol by =g W
o ©
T

()
N-Jbg Ntl—‘&
-] a .
Qhxwih Ll sl B

j " Swings 3 & 4 'u. -

rod
<)
=

- . D e -
oo Nl e .
LRI - .. 1 JELE A ‘M&ﬁfr et e
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Y
Frvd

A b =Rt

1

Lysys arco pifrf.
doaa ey Jeviations betwoen .

R fawndi JMeans Y yalug poyalye
Steadght Glid
s Rsrovers ,
Cortiruentd.
CEage S T T s =1.1 1.692
3 ¢ a.a
Galoge < 4 . 24 L 684 1.9 1,900
) A 2.6
Franklls
Seinas % 2 LY 42 4 27 .875
jun J—-:vz =
Swines 3 % 4 g3 643 . 3 1.1 1.964
2] i.a

Ci
90 ldding Torx
Rigtt 15% Raanc
Continantal
Swings L &
owings 3 &

L= -

Trenkliin
5'-‘!-'1!'1‘!2,"!" 1 &

%

it

Swings

5
90 Gliding “urn
leaft 137 Bank
Continente.,
Swinge 1 &

™)

bl

?

Swirgs 3 & .4

Franklin

Swiage 1 500

Swdpe 1A

L1 2
-
L
£
- -
.
‘.; r
e
- Y
[

640
1.5
66,0
2.7

592.0
F
9.3

Ty

o5 »581
A . 2635

6 625
i o129

e 256

:‘Ly_l 134’4-7

P e AT T e et

i

v

.
S T

l
Al

bt

-

ez T
R e

.

*fe

Lo
R

A4

[TRLR I

1]

A

,

e

Wl ‘;5 ety

F T e,

I

T I

e P
LR T sy

o P
N

E



ARE A eI T g e I Y g D T e e e L LT i e
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g
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i

S
-

TA:B‘L:."- ;..(:‘
ATRSPEID (fontinued)

Means and Diff.
Stendard Deviations betwsan
E E.J Flo I1 _Mospa L walue
Landing | ”

Continentel
Swings-1& 2 14 4

Swings 3 & 4 9 4

Franklin
Swings 1 & 2 13 3

1.4 1,795
.5 459

'¢1 ' .099
Swinge 3 & 4A* 7 - - - -
*Omitteds N (8



Tare - 77 .
R i
(Difference Batwsen Flighta) ‘
Means and Diff.
~ Standard Deviations between
E K.l . Il . Means L yalye pyalue -
Take-~off
Continental
Swings 1 & 2 14 2029 2032 =3 320 - :
31 36 ' L
Swings 5 & 4 17 25 202/ -9 657 - g
29 57
Franklin o
Swings 1 & 2 15 2137 2157 ~20 3.0% .01 :
53 48 :
Swings 3 & 4 18 2095 2092 3 374 -
33 A
Straight and lLevel
Continenial ’
Swingas 1 & 2 18 2020 2017 3 o223 -
63 80 -
Swinge 3 & / 2 203 2042 -8 611 -
57 ‘ s “ :
Franklin !
Swings 1 & 7. 19 2050 2032 18 1.455 - .
' 5% 25 - 2
Swings 3 & 4 26 . 9ER 2000 =12 ° 1.249 = :
3_1 48 -
Straight Climb and .
Recocary 't
Continentnl . i
Swingas ! 7 ? 20 2048 203 5 -260 -
vl 5
Swings 2 & 4 A S005 ‘10 P07 -
£ b
Framiilla .
Swings 1 & Ly 20T KUFES 23 1.008 -
i 78
Switgs - o 7. FORS IR =47 2.670 02



T e TR D T,
T -

[ - !
EEy T Al g

e
s =
R

90° Climbing Turn
Rignt 45° Bank
Continental

Swings 1 & 2

Swings 3 & 4

Franklin
Swings 1 & 2

Swings 3 & 4

90° Climbing Turn
Left 45° Banlk
. Continsntal

Swinga 1 & 2
Swinga 3 & 4

Franklin
Swings 1 & 2

"Swings 3 & 4
90° Turn Left
15° Bank

Continental
Swings 1 & 2

Swinga 3 & 4
Franklin

Swings 1 & 2

Swings 3 & 4

fors)

22

-106: .

TABLE 27

REM (Continued)

Neana and
" Stendard Deviations
E EH.I1 Fl. I
2055 <039
- 45
26 2054 2054,
37 - 59
19 2113 2111
56 53
24 2090 2102
68 59
20 2045 2035
65 53
26 2052 k 2056
47 55
17 2091 2089
63 39
21 2091 2105
59 FAA
20 2015 2005
48 61
25 2026 2028
53 49
21 2022 2034
55 39
23+ 1998 1992
54 a8

DALF,
hetwean

HMeang, tovalye p value

16

1,340
- 000

141
843

656
«270

0094
299%

2167

972
422



90% Turn Right
15° Bank
Continental
Swings 1 & 2

Swinge 3 & 4

Franklin
Swings I & 2

Swings 3 & 4
180° Turn Left

459 Bank
Contlinental

Swinge 1 & 2

Swings 3 & 4

- Franklin
Swinga 1 & 2

Swings 3 & 4

180° Turn Right
45° Benk
Continantal
Swings 1 & 2

Swings 3 & 4

Franklin
Swings 1 & 2

Swings 3 & 4 -

22
27

21

20
26

23

26

22

T -
LI LY

¥ {(Continuad )

Moans and
Standerd Devlatloas
Flo..l Ele,ll
1969 . 1973

54 &0
2013 2013
&5 L0
2019 2019
5o 40
1958 1984
61 39
2013 2010
€1 70
2025 2000
69 57
2026 2024
48 40
2007 1998
48 46
1998- 2007
54 60
2027 2020
51 &,
2037 2032
55 &7
2004, 199
JA) L2

DAL,
batwean

Foays L _valus

i1

25

10

<174
1,630

+187
+926

o435

354
1.199

}anlne

e
e

»- _ -
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TABLE 27
RPH {Continued)

Means and Diff.
. 3tandard Deviations Ybetween
: _ S 20 U Fle il  Meamp, L¥alug p.¥alye
s "
. 360° Steep Turn
R Left 60° Bank
Continental .
Swinga 1 & 2 23 2068 2061 7 409 -
- 76 91
Swings 3 & 4 26 2075 2070 5 2349 -
o 59 67 '
Franklin ' '
Swings 1 & 2 21 2138 2136 2 123 -
67 86
Swings 3 & 4 23 2096 2102 -6 bR =
76 69 ‘
360° Steap Turn °
Right 60° Bank
Continental
Swings 1 &2 19 2048 : 2023 8 473 -
75
Swings 3 & 4 26 2073 2068 5 329 -
6l 87 :
Franklin .
Swings 1 & 2 20 2208 2113 =5 358 -
83 - 76
Swings 3 & 23 2100 - 2102 -2 2134 -
TS5 89.
. Straight Glide
o and Recovery
' Continental
Swings 1 & 2 18 867 922 =55 1.330 =
173 228 :
Swings 3 & & 22 750 e 34 1,320 =
. 139 - 109
; Franklin ' ' ' ,
o : Swings 1 % 2 17 768 738 30 2.521 .08
168 154
Swings 3 & 4 15 871 7L, =103 1.318 -

L 55 340



30° Gilding Turn
Right 15° Bank
Continental
Swings 1 & 2
Swings 3 & 4

Franklin
Swings 1 & 2

‘ Swingﬁ 3 &4
90° G11ding Turn
Left 15° Bank

Centinental
Swings 1 & 2
Swings 3 & 4

Frankiia
‘Swings 1 & 2

Swings 5 & 4
Landing
Continental
Swinge 1 & 2
Swings 3 & 4

Franklin
Gwings 1, & 2

Swings 3 & 4

N

19
20

16

14

10

BTCE

TABLE 27

RPN (Continued;

deana and DifF,
Standerd Deaviations betwaen
Bha L o R. Il _Heaps L yalug n_xnlnn

874 845 29 .693
176 B4

T45 738 7 =764
109 117

T84 Tde 42 1.065
204, 3196

950 B3 56 823
276 61

85G35 Q42 ~47 865
166 235

l 3 142

136 0 =1 2638
12¢ 15s

863 32 -2 1,69%

}r( ”-i-‘fd' .
T B » 26 o134

3 7
127 TLY g 413
114 116

657 672 -15 L89G
138 b

g ) 810 A0 1,608

a9 iy

ol



ke SET YL

Straight and Level
Continental

Swings 1 & 2
Swings 3 & 4

Franklin
Swinge ]l & 2

Swings 3 & 4
Straight Climb snd
Recovery

Continental

Swings 1 & 2

Swings 3 & 4

Franklin
Swings 1 & 2

Swings 3 & 4
90° Climbing Turn
Right 459 Bank

Continental

Swings 1 & 2

Swings 3 & 4

. Franklin
Swings 1 & 2

Swings 3 & 4

TARLy Z&

AIBSPLRED VARTATION

(Difference Batwean Flighte)

bl

17
24

19
23

20
23

21
23

22

26

20

Means and
otandard Devietiona

El..l

4a2 3.7
1.9 2.5
4‘1 3"9
2.0 2,8
5a1§ 3'!8
5.0 2.2
3.9 3.5
2.2 1.7
7.6 8.0
401 3,3
10,0 g.8
5.0 5.7
7.0 7.6
AR 3.2
6.7 7.7
3.4 3.6
2,8 2,2
2.8 R.5
4ol 2,9
2.9 1.6
bod 3.5
3.0 2.4
3.6 3,0
2.0 1.9

Difr,
batwasn

5

ol

1.6

ok

=4

1.2

-6

\'1 00

1.2

=9

»735
. 267

1.481
615

9345
759

0455
1.000

759
2.069

»865

1.034

Fl..I1 _Means . Y value R value .

.05
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TARLE 28

ATRSPEED VARIATION (Continued)

Means and Diff,
Stardard Deviations Dbetween
¥ E.1 El. I1. _Meapp L valus p.valug
90° Cligbing Turn
Left 45 Bank
Gontinental
Swinge 1 &2 20 2.3 2.6 =3 o429 -
. 291 205 *
Swings 3 & 4 26 3.2 3.1 .1 o143 -
2‘,8 108
Frenklin
Swings 1 & 2 17 4ol 4.9 o8 1.290 ~
2.2 3.0 _
Swirgs 3 & 4 21, 3.4 F A ~1l.0 - 1.493 -
3.3 2.1
90° Turn Left
15° Benk
Continental
Swings 1 & = 20 5.7 3.7 1.0 1.087 -
N 2'35 2!9
Swings 3 &4 25 5.1 3.8 1.3 2,364 ~05
2.6 2.2
Franklin
Swines 1 & 2 20 3.0 FAN 1) ~1,0 1,538 -
1.9 2.1
SWiﬂgs 3 & k 23 - l!l—nl . 402 f ""91-' 0192 -
2.4 ] 1.8
90° Turn Right
15° Rank
Continsntel
Swings 1 & 2 22 P 5.2 -7 ,886 -
2.5 2.8
Swings 3 & 4 27 f25 o3 ¥ «313 -
2.5 2.6
Franklin
Swings 1 & 2 19 4.5 4.5 0 .000 -
1.9 EpA ’
Swinga 3 & 4 22 42 3.6 ST 1.346 -
2.6 1.4



AT RN LSRRI
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AZRSPEED VARWATICON {Continusd)
~
¥ Msans and DASF.
I Standerd Deviations betwser
4 ¥ -E1 Fl..Il _Meang % valug p_ta;lm
180° Turn Left

459 Bank T

. Continental

. Swingsa 1l &2 20 45 3.0 1.5 1.786 -
4 - 2,9 2.1 ‘ ,
E‘:,‘\ S‘lings 3 & 4 26 3-9 4-2 -03 0732 -
T 2.0 2,1 C
X Franklin
f‘ - S!’ings 1 & 2 21 1;- r_-.6 5 no - ﬂlp L] %7 -
‘y; - . ' 204 2.‘.\6
é‘ S'ings 3 & 4 23 II- 19 592 - 23 0370 -
; 1,9 2.9 :

180° Turn Right

45° Bank
4 Continental
: Swings 1 & 2 23 4,7 4ok 03 390 -
i : 3.0 3.1
3 Swings 3 & 4 26 5.1 4.5 Y < 811 -
i 2.7 2,1
i Franklin .
3 Swings 1 & 2 22 Sar 3.8 1.4 2,000 -
by ' ) 3.3 2.5
5 Swings 3 & 4 24 4£o9 . 5. ~o2 .82 -
s 2,2 ¢ 2.6
360° Steep Turn
¥ Left 60° Bank
<! Continental
# Swings 1 &2 23 4.8 6.2 =1.4 1.359 -
& 2.6 4e5
Swings 3 &4 26 6,9 5.3 1.6 2,105 .05
: 4.1 2.9 .
i Franklin . '
4: S'ing! 1 & 2 21 509 507 02 -244 -
“e 203 301
3 Swings 3 & 4 23 6. 5.3 Lol 1.028 -
L 20.8 3-1
¥ .
3
3
%r



ST

ATHoPron o TAT 0w ontlgasd)

Lone eod . Diff,
Stardurd Desviations  bstwasn
L 2 N | Fl..Jl  Means, t.yslue p value
360° Steep Turn
Right 60° Bank
Continental '
Swings 1 & 2 19 5.5 5.8 -3 - 361 -
w9 3.2
Swings 3 & 4 26 5.4 5.4 =2 2y -
e 3.7
Franklin
Swings 1 & 2 20 &4 6.6 5 & -
) 2.8 3.9
Swings 3 & 4 23 &L 5.9 5 658 -
E"*-'Il— 3:»‘5'-

Straight Glide
and Reoovery
Continental

S'l’ingB l & 2 20 534 4*5 o9 10154 N =
3.4 Lohy ‘
Swings 3 & 4 23 6.4 6.5 -1 130 -
3.1 1.8
Franklin
Swings 1 & 2 19 5.4 5.7 ~.3 353 - -
2.0 2.3
Swings 3 & 4 19 5.3 5.4 =.1 .128 -
2,0 2.9
900 Gl4ding Turn
Right 15° Bank
Continental
Swings 1 & 2 22 3.4 3.2 02 " .317 -
2.4 1.7
Swings 3 & 4 21 4.6 3.7 .9 1.324 -
' 2.0 2.8
Franklin
Swings 1 & 2 18 4.1 4.2 -.1 «122 -
214 2!'.5
Swings 3 & 4 1s . 3.7 5.2 ~1.5 2,206 .05
j..»:9 2@6



L R

I AP

90° Gliding Turn
Left 15° Bank
Continental
Swings 1 & 2

Swings 3 & 4

Franklin
Swings 1°& 2

Swings 3 & 4

-114;

TARLE 28

AIRSPEED VARIATION (Continued)

B

21
17

18

17

Means and
Standard Devlations
.1 . il

3.4 2.4
201 1\39
2.7 3.0
1.6 1.4
3!79 z}aa
2.1 2.5
,'r :6 -L-o
2.5% 2.5

Diff o
between

Moeps .t YRIMG © R .yslue

<732

1.268



THILY 2=
AVERAGE BANK

{Difference Between Flighta)

¥eans and Diff,
Standard Deviations betwean ; .
O R Fi. I1  Meapnp = Lt ovalue p yalue
90" Climbing furn
Right 45" Bank
Continentel .
Swinga 1 & & 21 23.2 25.Q 2.8 1,750 -
7.0 61
Swings 3 & 4 21 20.7 SR.2 «1,5 1.034 -
6.8 5.8
Frenklin
Swinge 1 % 2 16 18,8 18.3 "5 oR21 -
7.0 6,32 .
Swinga 3 & 4 13 27,4 165 4 o0 2,381 .05
. 7.1 6.3 .
90" Climbing Turn
Left 43¢ Bank
Centiperial
Swinpgs 1 & 2 i 24,1 22.2 =1 - 104 -
4.9 5.7 .
Swinga 3 & 4 o 186 20,7 .23 1.373 -
6.7 6.6
Franklin ) .
Swinge 1 & % 13 1ng 19.4 "5 463 -
P 5.3 . '
Ywings 3 % 4 2 238 RN 2.0 <952 -
8.5 e .
907 Turn Left , .
}.“J Bank ; \ ’
Coentinsntal
Seingz L &« 1% o5 2.0 -3 o455 -
3.5 A
Swinga I 7 4 TN 21,42 1.0 752 -
S 50
Frenklin
Twdmpe Lot N o W3 w27 2.312 (OF
Salaps 3o o A Tl do5 1.807 =
.‘4 - ‘{4
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TARLE 27
ATARACE DANK (Continued)

¥aanes and DAff .

¥ Staindard Devietions' batwesn
S 3 WP § Fl,. 11 _Keans  f.velus R value
90% Tuya Right
15° Bank . -
Continantel
Swinegs 1 & 2 21 2.8 11.0 -2,2 2,750 0%
2.9 43
S’ﬂ"iﬂga 3 & A 22 Mol 15:2 "11.1 :BAD -
5.3 7.3
Srznldin ’
Swingz 1 & 2 16 8,6 9,6 ~1,0 676 -
5.1 5-2
Swings 2 & 4. 14 T3 10.9 ~3.6 1.809 -
3.3 8.0
o .
220 Turn Left
45° Burk (4n Turm)
Continzntal
Swings 1 & 2 20 25,8 26,8 -1.0 685 -
. , . B.9 10.0 -
Swingz 3 & 4 21 26,0 26,8 ~,8 0533 -
6.9 62
Frenklin .
Swings 1 &2 16 23.5 25.3 1.8 1.639 -
5.9 4.8 :
Swings 3& 4 15 27, 29,1 ~2.0 866 -
5.8 6.7
180° Turn Right
459 Bank (in Turn)
Continental
Swings 1 & 2 19 26,1 8.2 2.1 - 1,296 -
8.5 7-3 ‘ ’
Smgs 3 & !l- 22- 26.3 ' 2816 "203 2.371 ' .05
545 5.8
Franklin
Swings 1 & 2 16 22.8 25,3 2.5 2,119 -
) ' , 8.9 7.3
Swings 3 & 4 16 26,1 25.0 1.1 164, -
. 6.). 545



- ell%e

TABLE 29
AVERAGE BANK (Continued)

Means and Dife.
Standard Deviations Tbetween
8 HR.l1 Fi, II _Heaps L value p veiue
360° Steep Turn
Left 60° Bank
Continental
Swingas 1 & 2 18 40.7 3.9 1.8 1.118 -
8:-0 7.4
Smgs 3 & A- 22 4106 4203 _"07 l395 -
5.9 7.9
Franklin ‘
Swings 1 & 2 1,  A2.2 L4 .8 -2.6 1.300 -
9.2 10.0
Swings 3 & 4 13 45.5 43.5 2.0 1.316 -
' 5.1 5.7 :
360° Steep Turn
Right 60° Bank
Continental .
Swings 1 & 2 13 41.8 45,0 -3.2 1.221 -
6.1 9.6 :
Swings 3 & 4 21  44.3 46.2 ~1.9 1.407 -
6,8 7.9
Franklin .
S'ingﬂ 1 & 2 J-O 3903 Mcg '5¢6 2-344-3 . -05
10.6 10.0
Swings 3 & 4 13 A4.5 42.6 1.9 «955 -
* 603 6:3

900 Gliding Turn
Right 15° Bank
Continental

Swings 1 & 2 20 13.9 14.7 -8 « 451 -
5.1 5.5

Swings 3 & 4 18 16.4 16.3 S R ¢ /5 | ‘-
5.5 5.8

Franklin

Swings 1 & 2 10 12,3 11.7 .6 .223 -
6.1 HeS

Swings 3 & 4 8 14.6 11.3 3.3 1.227 -
7Q‘1 353
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P
up

i o AVERAGE BaNK (Continued) .

. Means and Diff,
i?: Standard Deviations betwean .
: N Fls.L Flo, JI _Means & value p.value

S 90° Gliding Turn

S Left 15° Bank

A Centinental

5 - ' Swingal1 &2 19

-
(]
[ ]

BWolaw orwo

i . 3275 hit

DONM Oonaw

=
Ea

b
1w W bW

'l.B 1.714 -

- Swings 3 & 4 * 14

Franklin
Swipgs 1 & 2 10

'-l
'Ww oo
-

2,1 2913 -

: Swings 3 & 4 g 17. 13. 4.0 2,286 -



e

._i \I"': uop o ("i‘:‘)‘:l
’

!Difference Hetweern Flights:

Means and Diff,
Standard Deviations betwesn

T Fll El. Il _Mesns .

90° Climbing Turn

Right 45° Bank
Continental
Swings 1 & 2 20 5.9 4e3 1.6
| 2.8 bo3
Swings 3 & 4 21 6,1 5.2 «9
440 303
Franklin . -
Swings 1 & 2 15 4T 5.9 -1.2
2,7 3.3
Swingas 3 & 4 13 6.9 9.0 -2,1
1536 ‘;n-:.
90° Climbing Turn
Left 45° Bank
Continental
N Swings 1 & 2 17 4.3 4.0 23
) 3.6 £.8
e Swings 3 &4 20 (3 5.5 =1,2
. 3.£ 4.7
Franklin
Swings 1 & 2 13 b £,6 «2.0
. nF 3.4
Swinge 3 & £ 12 4.8 LR - =1.4
2.9 2.8
90° Turn left
15° Pank
Continente! ‘
Swings 1 & 2 L5 27 6,8 3.3
ALl 5.2
Swlngs 2 ¢ 4 ot ~ .0 1.2
) 4o%
Franklln ‘
Swinga ¥ % 2 18 v 5 4 2.4
A PN
Swingr 2 & 4 14 2o E. 4 16
R a.3 -

} valge

1.168
B957

1,062
1.628

-160
.968

1.481

L8012

802

1.412
182

wr e E
PR N

-
s

Iy by frel R
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Tyt e
B
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|
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R .?‘“

ot M,
Gromp

r‘x;'ﬂ*jf"\.‘i:

1
I

90° Turn Right
152 Bank
Continental

Swings 1 & 2

. Swings 3 & 4

Franklin

Swings 1 & 2

Swings 3 & 4

180° Turn Left
45° Bank
Continantal

Swings 1 & 2

Swings .3 & 4

Franklin

Swings 1 & 2
Swings 3 & 4

180° Turn Right

45° Bank
Continental

Swings 1 & 2
Swings 3 & 4

Franklin

Swings 1 & 2
Swings 3 & 4

.L,:

bt

TABLE 3D

DANK VARIATION (Continusd)

§

16
13

20

21

16
15

20

22

16

16

Hegnzs arnd

. Standard Deviations

. I

N

[ 7]

L]

UWE Wur =)
Q RO N ~N O~

o

-

m:nmr-' f’\Dl‘-m
L1

VIROO hRwviwiw

i3

- & g

o

&~\D¥~:D MOP-®
N v = X

Diff,

-

8-3 '09
4.8

5.1 ".1
3.9

8.5 ol
4ol

5.7 2.5
3.8

7.1 1.2
4.7

74 2.1
3.1
11.3 '03
T3
10-3 -1.5
7.0

an '03
3.9

9.1 .0
3.0,

9-4 -1
5.3
1096 -105
Teb

batwean

Ela. Il _Means t.znlgﬂ pvalue

841
090

4069
1,366

1.053

10750 .

43

.196
.000

069




360° Steep Turn
Laft 60° Bank
Continental
Swinga 1 & 2

Swings 3 & 4

Franklin
Swings 1 & 2

Swigs 3&4
" 360° Stee, Turn
Right 60% Bank
Contir antal
Swiiga 1 &2
Swiniga 3 & 4

Frank.in
Swaogs 1 & 2

Swoangs 3 & 4
90° Glid.ng Turn
Right 15" Beak

Contl:ental

Seinge 1 & 2

Svings 3 & 4

Franklin
Stings 1 & 2

Svingn 2 & 4

BANE VARTATION (Continued)

18

13

13

- 21

10
13

18

10

o

TABLE 30

Means ard
Standard Deviationa
CHBLI .1l
10.0 11-9
5.5 6.9
10,7 10,2
603 4‘4
10,0 9.3
2.7 5.6
10.0 11.6
4B Ty
13.9 14,2
5.6 7.8
12,1 11.1
7.0 4_.4
12.0 10.6
5.1 6.5
11.9 12,5
6.3 7.9
6.4 7.4
4a3 4.8
5.9 5.8
4.6 42
7.8 7.1
B, 3.3
ic.6 4.8
11.9 bok

Diff.
between

-1 09
o5

7

"-3 .
1.0

n,?
5.8

1.173
338

372
556

109
637

455

L

PRI S ST
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BANK VARIATION (Uontirued)

ﬁér ' Means end DALT,
£ Standard Deviations  between
g - S A N Pl Il _Means L vslue p yalus

T 90° Gliding Turn
- Left 159 Bank

: Continental
'rj—hk, Smﬂ 1 &2 19 2 o u4 czw -

-8 635 -

L

a
Mo\ o

o

i -Swi.ngl 3&4 1

. Franklin
Swings 1 &2 10

Swinga 3 & 4 7

ATLRE TP S
o

“:'92 GO% -
2.6 1,019 -

 n
-

WOrQ B mn

R v
- Sriba Ty b
i -

fx

tng;ucn W Onds -2
> ovn G
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| i v A N |

&

Ty TV
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-

°

I
)
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N
£
S
-

-
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2L Te

Straight and Level
Continental

Swings 1 & 2
Swings 3 & 4
Franklin

Swings 1 & 2

Swings 3 & 4

90° Climbing Turn
Right 45° Bank
Continental

Swings 1 & 2

Swings 3&4

Franklin
- Swings 1 & 2

Swings 3 & 4~

90° Climbing Tuarn
Laft 459 Bank
Continental

Swinge 1 & 2

Suings3&4

Franklin
Swings 1 & 2

Swings 3 & 4

.22

Means and Diff.
Standard Deviations Dbetween

R Ha.l Fle Il MNegna L valua p.yalus

17 20 7 13 1.295 -
33 2 '

24 ~3 i6 -19 1,990 -
24 36

19 ¥4 19 -5 284 -
25 " 68

23 =11 =7 LA 726 -
2 17
28 29 =] .100 -
29 39

25 L6 28 18 2.67M -0R
3, 19

29 A n 10 1.379 =
27 21

24 29 33 =4 693 -
20 2L

20 18 20 =g =367 -
17 18

258 38 39 =1 .Q92 -

’ 53 28 -
)7 3% k¥4 =] o171 -
i 23
2 23 30 =7 1.468 -

-123-

TARLE 31

ALTITUDE GATN OR LOSS

{Diffarance Between nigﬁta)

2Ly

Sy T L.
a0 L N I

Tisstet =1 ¥
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2 . 90° Turn Left
& 15 Bank .

£ Continen
£ : .

,{}{ Swinges 1 & 2
5 . Swings 3 & 4

HE Franklin
NS Swings 1 & 2

S Swings 3 & 4
. 0
25 90 Turn Right
T 15° Bank
Continental
Swings 1 & 2
‘ . Swings 3 & 4

Franklin
o ' Swings 1 & 2

Swinge 3 & 4

s S
1 . -

i 180° Turn Laft

o 45° Bank

- Continental

: Swings 1 & 2

Franklin
Swings 1 & 2

Swings 3 & 4

c Swings 3 & 4

TARLE 2L,
ALYITUDE GAIN OR LOSS (Continmed)

Koans and Diff .
Stsnderd Devietionse  between

SN

Ty T
he Y

N Rl Fi. II Means  Ltvalue Ryalue

20 14 .22 - .B
18 . 34
23 21 1i 10

52 32

23 14 1 3

453 31

22 10

23 3R
24 197
30 19

18 e 11 =3
33 28

20

Bo¥ue EaBE

13
19

ai. A
3

19.

25

~The
1,305

+303
26

2,358
1,138

269

12,309
1,018

o458

837

<05

205
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TABLE 31

-

" "

Lo,

S

TSN
P o' i

ALTITUDE GAIR OR LOSS (Continued)

Means and Dife,
Standard Deviations Dbetween .
§ Rl El. Il . Megps L value pyvalua

. .
[ )
gLt TP

180° Twrn Right
Continental

Swings 1 &2 22 4 -2 889 -
20 27 : |
Swings 3 &4 26 8 5 3 +651 -
22 22
Franklin _ .
Swings 1 & 2 22 2 1l 1 «131 -
26 29
Swings 3 &4 23 8 1 -3 o421 -
24 23
360° Stesp Turn
Left 60° Bank
Continental -
Swings 1 &2 23 -7 , 1 =8 738 -
, ! 33 . 49
Swings 3&4 26 15 5 10 1,946 -
33 27
Franklin ‘ :
Swings 1 &2 21 +13 -11 -2 277 -

Swinga 3 & 4

360° Staep Turn
- Right 60° Bank
Continental
. Swings 1 &2

Swings 3 & 4

Franklin
Swings 1 & 2

Swings 3 & 4

23

19
26

20

=5
27

3

~13
40

-8
30

-u-

35

=3
32

16

=10

3.324

338
2.532

s 966
<968

L e
gt =l

GRS S I

E“l

4 :.‘.I“r‘l_‘

AT
e

.,-; '—n-!w;aﬁ-v{q:‘b'“ "4"-.-'

-r - .
S

BT
NP RN

e
na't

Y D
PR T

s Mt .
R W AN

(‘I
PP
Lol P

.‘.‘ 'I'nj;-: ';.“ v

o Coe L s e
LR QS e P ' L

eud



»

-F -
Te
B
W

3

i

¥R

Saghg

T e AR
Biiace

S B E, iy W SN T

[ L™

2L AL .7 I Faml G
(S ALY
- &+

90 G2 1ding Turn

Rlcht 15% Banl
Lontivantal
Swings 1 & 2

Swings 3 & 4.

Fraakliin
Stiqgs 1&2

Swings 3 & 4
909 311ding Turn
Laft 15° Bank
Conticental
Swings 1 & 2

Swings 3 & 4

Franklin ,
Swings 1 & 2

Swings 3 & 4
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CALTITOLS GATIN OR L0SS (Dontinued’

l'genn ard' ' 15 % gl
Stendeard Deviacticons  betwaan

Fiol o FL. .4t _Hmm_ L.yalue p.value

=132 ‘ =127 =15 656 -

56 81 .
~134 =123 =11 747 -

25 53 :

=92 . =139 47 732 =
256 - 59

=315 ~113 =2 © <095 =
55 52

138 2 39 8% -

<07

A2 . 129 00 . .00 .

75 73

~158 ~133 =25 760 -
105 123 o
-112 w 13’6 21‘ 1 0876 o -
A 51 J
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Straight and Lsvel
Continental
Swinga 1 & 2

Swings 3 & 4

Franklin
Swings 1 & 2

Swingms 3 & 4

90° Turn Left
15° Bank
Continental
Swings 1 & 2

Sw%nga 3& 4

Frankiin- .
Swings 1 & 2

Swings 3 & 4
90° Turn Right
159 Bank

Continentel
Swings 1 & 2

Swings 2 & 4

Pranlklin
Swings 1 & 2

Swings 1 & 4

TABLE 32
AL?[TUDE VAHIATION
(Differance Betwesn Flighte)
pizans and Dife, ‘
Standard Deviations batwesn

E Bl Fl..II _Meops L valua p value

6 2.0 13.1  11.9 1.228 -
29.2 18.9 .

23 uﬁa 30;9 -1606 20726 om
17,46 - 26,2 .

19 22 06 29:‘-5 "6 ng 07% =
20,5 L1.6 .

23 25.2 13.0 12.2 1.776 -
26.8 15.2

20 30,0 25.0 5,0 427 -
33.9 32,6 ‘

26 28.1 19,6 8.5 1,252 -
23.5 25.2

20 28.5 27.0 1,5 2152 -
R0 23.9.

21 29 .6 20 0 9.6 1,106 -

i 37.5 3N

e " v e AG.5 =7 .8 877 -
19\3 :ile-f}

wd 8 G Yod F 1.236 -
L i 167

217 224 21 4 1.5 58 -
0.3 147

R 240 : 20.5 3.6 462 ~
6.7 2.9
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TABLE 32
, ALTITUDE VARIATION {Continued}
Maans and pirsf.
- Standard Deviations Dbetwsen
| B E.1 Bl.1l _Meass &yvalue R value
180° Turn Left
45° Bank .
Continental - .
Swings 1 & 2 19 14.7 9.5 5.2 904 -
16.0 13.2 ,
S'ins’ 3 & 4 26 1602 14 6 196 0469 -
- 15.4 12,8 ’ :
Pranklin : .
Sm' 1 & 2 21 2692 21.0 - 5.2 0781 -
21,9 20.4 |
Bﬁﬂsﬂ 3 & 4 23 21.7 ‘ 17-0 An? 10%1 -
. 17.6 10.4
180" Turn Right
45° Bank
Continental :
Swings 1 & 2 22 17.7 18.6 -y 181 -
‘ 13,1 16.9
Swings 3 & 4 25 le.8 16.4 2.4 o512 | -
* 16 8 16-2 ' .
Franklin : k
S'ingﬁ 1 & 2 22 ' 2005 ' 26:8 "'603 ) 10173 -
20.1 3.0
Smgﬂ 3 & 4 23 16 5 21-3 "4-8 1a260 -
. 12.7 1608 ’
'360° 8 Turn ‘ o
Laft 60° , . |
Continental ' " _
Swings 1 & 2 22 25,5 .37 =7 .2 -2 VA -
) 2802 ' 3‘7:!4 :
Swings 3 & 4 25 25.4 21,2 Y] 913 -
26.6 18.7 ;
Franklin . oo
Sling! 1l1&2 21 4109 4303 '104 n219 -
29,2 3.5 )
Swinge 3 & 4 23 5.7 25,7 10,0 1.468 -
2B.4 19.1
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TABLE 32
. 4 \: ‘ e
ALTITUDE VARIATION (Continued) i

‘faans and T pafre,
Stanviard Deviations Dbetween :
§ El.d Fl.. Il . Meaps L valus pyalug

~

360° Steep Turn
Right 60° Bank , . , ,
Continental o
S'in.gﬂ 1&2 19 - 22.7 23,7 .00 .00 . -

Swings 3 & 4. 26 280 28.8 200 .00 .-

Franklin o
Swings 1 & 2 20  40.5 36.5 4.0 .522 -

A T
Swings 3 & 4 23 32:.6 G.g 6,1 _ 913 - “
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TABLE 32
" MAXTNOM RATE OF CLIMB

o (Differencs Between Flights)

Jgse -7 ‘ Besns and - Diff,
;;;gl - Standard Deviations Dbetwean

% Straight Climb
& - eyd Recovery
i Continental ' .
B ‘ Swings 1 & 2 R0 418 435 =17 «353 -
gan 4 ‘ 151 ' :
. Swinge 3 & 4 22 4355 466 -11 . 0229 -
P 29 . - 158 -
S Franklin . : :

; : Bwings 1 & 2 21 229 ) -2 2089 -

‘ 8 68 _
Swings 3 & 4 23 223 263 =40 1,579 -
83 : 81

90° Climbing Turn

Right 45° Bank

o Continental

i Swings 1 &2 22 346 375 =29 849 -
‘ 178 " 167 ' : '

Swings 3 & 4 26 383" 389 -6 207 ‘-

Franklin O
Swings 1 &2 20 190 203 -13 - 568

, Swings 3 &4 24 206 215 -9 ry -

-4

"kir
E 90° Clinbing Turn

ik Left 45° Bank .

Continentel . '
& Bwings 1 &2 20 325 308 17 425 -
& 155 132

i Swings 3& 4 26 . 419 452 =33 N-(v O
Wl 129 152

S Swings 1&2 18 189 208 -19 . 0957 -

By Swings 3&%4 A 186 L2 =35 1.7% -
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Straight Glide
and Recovery
Continental

Swing,‘ul&z
Swings 3 & 4

Frarklin
Swinga 1 & 2

Swings 3 & 4
90° Gliding Turn
Right 1:% Benk

Continental
Swings 1 & 2

Sminge 3 & 4

Franilin
Swings 1 &

Ry

Swinge 3 & 4

90° Gliding Mura
Left 15° Bani
Continantal.
Swings 1 & =

Swings 3 & 4

Fraaiklin
Swings 1 &

awirge 3 & 4
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TABRLE .3
MAXIMOM .ATE OF CL.MB (Continued)

. Means and bire,
Standard Deviatiorns be

twean
B F.1 Flo. 11 _Means tyalus p.yalue

P S
5“"'.'3?“‘?“_ b 35
A

ks

i1

.
".%‘a—:

i

2], ’*786 "64-5 “14-1 1 nm =
1925 264,

22 =05 748 =57 818 -

| D57
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PR SR I

b H gl .
TR

3

_ 8 =350 =390 40 1,155 =
103 A

19 =318 =297 =21 0524, -
112 101
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22 =Blé =884 68 1.602 =
186 5% .
20 =843 . =599 =146 2,018 -
123 22

TR e

18 =400 =383 =23 650 =
jwe 94

16 =303 . =316 13 T L3232 =
105 88 oo |
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21 =RUB =557 9 .183 -
229 134

. i : A
o ~ B2 =Py} =10 993 = igi
R

130 LA o -

18 400 =3 3 094, - - <

124 o7 L

17 300 SIte 15 585 - e
g w® - ¥

E— T



