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NATIONAL RESEARCH COUNCIL ﬁ

210 Constitution Avenue, Weshington, D, C, %%
Division of Anthropology and Psychology N
Committee on Selection and Treinfig of Airoreft Filots ]
Januery 18, 1946 3

Dr. Dean R. Brimhall . , ,
Asst, to Administrator for Remearch \ R
Civil Aeronautics Administretion : A
Reon 5835, Coumarce Bullding
Hﬂ.ﬂhlngton 253 Dv E"n

Dear Dr.. Brimhall:

Attached 18 a report entil‘u-ﬂx‘ An_Agaiyeie of Graphic Regopds of Pllot
- Ny alaed Mosna the dat s by Osoar Backstrom,
Jr,, and Horria ?italsa Thiﬂ 18 submitted by the Conmitteo on Selection
and Training or Airuraft Piigts with the recommendation that it be included
in the series of technlcal reports isdaued by the Division of Research, Civll =
Aaronantics Adminiétration. ;

The report raflsctie the Iinterest of the Committee on Sslection and
Training of Aircraft Pilcts in arriving at cbjective and reliable mess-
ures of pllot performance., It deecyib»s methode for mooring graphioc o
recorde, obtained through the ues of a aoumercial flight recording ine
strument, as a means of arriving at quantitative evaluations of flight ;
performancs. Of particular interest are the comparisons bestween the .
qualitative and quantitative method. Zor anelyzing graphic racords and
the discuesion of the ralative prec. " .a% a2 sctiveness and ooet of thess
two methods,
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FREFACL

In the seurch for objective measures of pilot effioclency the attention
of the Committee on Selection and Training of Alreraft Pllots was early di-
rected towards lnstruments, already in erlstence, designed to record grarli-
cally plane performance and control movements. While such flight recorders,
including the Friez Analyzer and the R-~3 Ride Recorder, were intended prir-
erily for use in investigating the influence of design on planeé performen:.,
it nevertheless seamed that they might also eerve a useful purpose in the
evaluation. of flight, performance in psychological experimentation. These
instruments were therefore procured and subjected to experimental study ai
Tulane University, under the direction of Dr. H, M. Jolngen;l at Harverd
University, by Dr. R, A. McFarland and Dr. A. H, Holway;< at the Universi.;
of Marylend, by Dr, J. G. Jenkins and Dr. R. ¥, Bellows;> at the Uriversiiy
of PennayJVania, by Dr. M. S. Viteles and ¥r. Osoar Baskstrom, Jr.

. Records procured through the use of the R-S Hlde Recorder Ly the
Tulana Univorsity group were analyzed ai the University of Pernsylvania
with the view of detereining the usefulness of' both qualitative estimstes
of auch recordings and of quantitative indicez as meams of diseriminating
levela of proficlency in flight performence. The findings of the quali-
tative analysis,% furnished aevidence of a rolstionship between qualitative
ratinga of R-5 Ride Recorder records of right 720° power turms and pilot
eklll as expressed in flying time. Tentative pattern scales were prepare:
as aids in rating performances on the 720° puwer turns and as a prototype
of simller scales for othsr meneuvers. EHcowaver, the results were not ade-
quate for demonstrating definitively the existence of this relstionship o
for pasaing final Judgmeni on the usefulness uf qualltative estimates of
graphie records se indicatcrs of pilo% skiil.

The qualitative analysis of graphic recoriiungs was initially viewed
chlefly as a source of orlterlon data. A&a e inveatigation progressed,
it becams increasingly apparent tiat a sulleu.y designed graphle rseoraer
might prove to be an extremely useful ald to tralning, einee an instruwent

o  — e

“See Part II of the studyr HRC womm*ttau on Selectlon and Tralping <7
Mrcmft Pllots. Mmmmmmmm.m
2 8 : - Trpining ptudentp. Washington, I, € «

GAA Divlsion-of.ﬁesearch, Report-HoAILB, March 1945,

%MoFarland, R. A., & Holway, A. U. The m £
. March 1942. Progress report in the files

(el

‘ance in relatiop to piloting
of the NRC Committee or Selection and Tralning of Aireraft Pilots.

3Bellows, R. M. . Septan-

ber 1940. Progress raport'in the filas'oi thz BRC Gammittoe on Selsction
and Training of Aizeraft Pilota,

f

Aviteles, M. 5. & Backstrom, 0., Jr. 3Agn.s
of pilot performance obtained by mee. . ri the R-0 Ride Recorder. Part I.
Waghington, D. C.« CAA Tivision of Rasearsh, Report No. 23, November 1943

e g

e Y

S SR ey g

i
il

i

-
wd

L
Ry
By

L4

f
AT



providing reords-of control movemerss, s&¢ §ell as of slrplans attitudes,
gould ba vsed to advanitage in demcrucrating to student pilots, and alse to
ingtruotors, errors in handling the sontrols end resuiting faults in flight
nerformance ., .

. The qualitative analysiz was supvlemented by a detailed quantitative
analysis of 720° power turns which is deseribed in the prosent report.
This analysis was arduous and time consuming even though 1imited to one of
the maneuvers lincluded in a flight exeminstion. In part bacause of the
rmall number of cases, the results of this enalysis, as thet of the qualita-
tive study of graphic records, must bs viewed as preliminery in charaeter.
As a matter of fmct, the entlre study ard +eport in which it I1s descrilbed
ara probably of greater significarcs in terms of methecdology than in terms
¢f fingl and immedimte applicatisn of outeomes. So, for sxample, the pos-
glbility of arriving at quantitstive indices is-clearly indicated in the
reaults of the study. Moreover, the results suggeet thset carefully derived
quantitative indices can ssrve to differertlate student pllots from 1llcensed
pllote and instructors who have had many hours of flying time. The possible
ugsfulneas of cutting scorea 1n setling off criterion groups with various
lsvels of skill is demonstrated, FHowever, the lmmediate applicability of
sush findings 1s limited by wlide differences among indices with reapect to
consistency in the measursment of flight performance on successive flighte
and by other factors which create a need for further investigastion before
firal decisions can be made with respect tc the research use of such in-
strumente.

Since the atudy has involved the use of both qualitstive and quantita-
tive techniques for the analysis cf gruphic recordings, it seems appreopriate
to ask whother the quantitative method is sufficiently superlor to the qusli-
tative method in terms of providing criterion data or in terms of fileld use
‘for training purposes to warrant the highly increased expenditure of time,
manpower, and fimds involved in the use of the quantitative approdoh,

This questlon has been given careful considsration, partleulerly in
disocussions with Captain J, G, Jenkins, USNR, who reviewed both thiz and
tha eerlier report dealing with the analysls of graphiec recordings. It
appesrs reasonable to summarize the answers to the above question as fol-
lows:

1. (&) The qualitative methud appears to be more useful than the
quantlitative approach gs g training gld. For example,
qualitative analysies of records of .control movemsnts may be
used to point out to a student hils fanlts in "riding" the
rudder, in failing to use enough’ rudder; in faulty coordina~-
tion between alleron and rudder, In turns, ate. With the
ald of flight records, it can be clearly and unequivocally
demonetrated to the student that when he falled to use enough
rudder into a turn he slipped extensively; when he used too
much rudder, he skidded extensively; when hias rudder adjust-
ment was approximesfiely correct, he entered the turn in lat-
eral balance, or with at most a slight slip or skid, and so



on., At ths same time, correct adjustments may be demonstra-
ted in a perticularly impressive mamner 1f instructor and
student alternate in performing a given maneuver,

(b} The qualitative method has a particular advantage over the
quantitative in that the recordinga may be inspectsd and
analywed immediately upon the completion of the flight. .
Considerable time would be required for the computation
of the quantitative indices which would be no more useful
than qualitative indices in reviewing parformanco of the
student pilot during training.

2, The usefulness of the quantitative method gg g resesrch tool re-
mains indeterminant until its applicebility to such relatively
non-patterned maneuvers as straight and level flight, normal
turna, normal climbs, and normal glides is further investigated,

- There ls evidence from other studies that patterns of perform-
ance in such maneuvers are clearly revealed on the graphic re-
cordings and may be subjected to qualitative evaluetion by means
of pattern scales such as are described in the earlier report
from the University of Pennsylvania Project. .

3. From the administrative viewpoint, the staff requiremente and
‘Atems of cost for the use of ‘tha guantitative method are invariably
greater than those involved in the use of the qualitative method.

Apart from the findings gatheresd in the qualitative and quantitative
analyszes of graphic recordings, the studies have been useful in providing
facts which were employed in the cevelcpment of a new improved flight re-
carder knowe as the CAA-NRC Flight Racorder.

In pressnting this repert 1t should be pointed out that i1t 1s the out-
coms of collaborative effort. Dr. H. ¥, Jechkogon and P, W, Cobb, Tulane Tmi-
versity, superviged the collectlicn of graphic records at the New Orleans
Airport, and contributed much in the way of suggestions with respect te
the treatment of records. Vidkunn Coucheron<Jarl aasgisted in the collec-
tion and identiflcation of the records, The ataetistical treatment of
Part I of thls report wae checked by Dr, M, G, Preston, University of
Fennaylvania., The report was reviewed flor publication by J. G. Jenkins,
Captaln, USNR, Psychological Section, Avigtion Mediecine Divlsion, Buresu
_of Medicine and Surgery, . S. Bavy. $Speclal acknowledgmsnt is due to
Dr, A. 8. Thompson, formerly of the University of Pemnsylvania, now at
.Vanderbilt University, who, as a member of the Editorial staff of the Com-
mittee on Selection ard Training of Alrecreft Pllots, prepared the report
in 1ts present form on the basis of a much longer report as orlginally
written by the suthors. )

Uhiversity of Pemnaylvania

Philadelphis, Pennsylvania Horris S, Viteles
12/28/45 Project Director
SMcKay. W, The development of the UAA-NRC F Regorder. Washington,

D, C,2 CAA Divislon of Ressarch, Report No. 35, Saptember 1944,
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SUMMARY

This report presents a detailsd discussion of guaniitative technigues
used in the evaluation of graphio reocrds of flight performance sacured by
moans of the R-£ Ride Reoorder. Reocords of the right 720° power turn of
three standard flights and of the laft 7200 power turn for the firat and
third of theae flights were projectod at a magnification of 5 and scaled at
an arbitrarily established time interval of 0.8 second. The procedure
gave meppurements of the load factor or "wertical acceleration" trace, the
left«wing-low trace, and the right-wing~low trace from whioch were derived
quantitative indiees of pllot performance., GCraphio records for a total of
28 pillots; including 10 primery C.P.T. students, 10 recently licensed pri-
vate pilots and 8 re-rated imstructors, wers analysed in this investigetion.

In all;, 31 quantitative indices were developed, descriptive of varlous
aspects of pilot performsance with respect to accurasy end consistency of
bank, malntenance of lateral bslance, and time consumed in exesuting t‘e
720° power turn. .

Intra-group d;fforanoos between mesn scores on the left amd right 7209 -

power turn were inveatigated for each of the three experimental groups (stu-
dents, private pilots and re-rated Instructors) by means of t tssts for
satched groups. Tsn of the 31 quantitative indices wers employed in this

investigation. Intra-group differences were also investigated with reepest

to #lipping and skldding.

Inter-group differencer amopg mean zcores of vhe elementary studente,
private pllots, znd re-rated instructors wero erelyved by means of t teasts
for unmatched groups. Fach of the 31 quantitative indless for both the
right and loft turns was included Iin thiz analyaiaz

, A preliminary investiguiion, employing 4 of the 31 inclices; was mads
to determine the vslue of using cuttiny scov-. for the differentiation of
levals of fiight erxperiunce. -

lastly, o soparate analysis was made of 7 of the 3} indices to slady
the raliabllity of sccres on flights fliown in imnedints svecessicn.

The results of thesc anslysss ylelded the following general findingaa‘

1. Within esch of the thres sxperimentel groups {slamentery etudenta,

' private pilots, and re-rated inatructore) difforences wers Juund
batween the 1sft end right turns with respect to the maintepance of
iateral bealanca. Thesa differsnces are siatlstically eignificast
in the n~ume ot the students and private piloto; in the case of in-
gtructors. tha difforences are in funarel not significmnmt, bav on-
aigtent

2. Difforences between 1aft and righi 4uri psriorwance may bo sunmar-
ized a2 follcwss

a. FPach yroup slips %o & groater worage magnitude, end for a
grariey proveriion of time, ma ths right turn thes on the 14,
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b, Each group g1idn to o yveater sverage magnitrﬂé, and for &
greeter pruportiom of ium, oa the laft turn than on the 3ight.

5. Esch group exhib:ts laferal imhglance (slipping plus skidding)
to a greater avermge mzgmitude, snd for a greater proportion
of time, on tha right imzuw than on the left.

DHfferenves in per{oieancs atween left and right turns may be ex-
plained in terws of Uwr» expsrimentally confirmed tendencies, right-
wing-low tendency, and grester proneness of all pilots to slipping
than to skidding. Tho graater pronensss to slipping than to skid-
dipng resides in ths subjectir while the right-wing-low tendency may
regide either in the subjecis or in the serodynamic .characteristics
of the airplane umed in the ressarch, The results are hot adequate
for unequivooal determinstion of the relstive responaibility of
subjects and airplsme for ths right-wing-low tendency. However,

‘the tendency ig almcut universal among the 28 pilots studled.

Thase intra-group trerds are of ilmportsnees 1n the interpretation

of differences in pariorzencs amwong groupa of varying expsrience
10‘?01. ©

The three experiments} groups differed emong themselves, in terms
of thé quantitative indices, as fpllowa:

a. Elementsry studsnic were consistently and significently differ-
antiated by ssversl indices cnly from the private pilote; by
other incéices only from ithe Inatructors; and by other imiices
from both. The private pllota were not significantly and con-
siatently differentiated from instructors on either the left
or right turn by any of the 31 indices developed in this study.

b. In each cass of significant differentistion, the studenta’ mean
score was lower with regpreot to proficiency in executing the
mansuver as prescribed, :

0. Elementary studenta were oconsistently and gignificantly dis-
ocriminated from the other two groups chiefly by indicea rela-
ting tc the maintonance of lateral telsunce. Altbough one in-
dex relating t¢ acouracy of bank (the mesarn "proper" vank) dif-
ferentisted the students from the instructors on the left turn,
the indices dealing with fluctuation of bank and time consumed
in executing the turn did not differentlate the experimental
groups. Fallure of the bank indices to diascriminate amcng ex-
perimental groups may be dus, in part, to the influence of er-
rors arising from a relatively inscocurate acoelerometer for the
measurement of load factor, or "vertical acceleration.” Com-
parisons employing the total time of the maneuver as an index,
while failing to demonstrste consistent and aignificant differ-
sntiation, indicate that s "trend of separation” of the groupa
exists with respect to this variable, and that it may be profi'~
able in future research with other maneuvers to investizate
time measures as & meanr of discriminating experience levels.
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7.
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d, Differentiatlon of experimental groups on both left and right
turne oscurred only in the cass of indices dealing with the
time or proportion of time spent in faults of lateral balance
(alipping, skidding, and lateral imbalance). The remainder of
the indices desling with latersl balance differentiated the
experimental groups on the right turn, but not on the left turn,
These disorepercies mey be accounted for by considering the
differential effecte of the previously noted intra-group ten-
dencles on each group of subjects.

in general, the inatructor group exhibited ths best pesrformance
and the studente the poorest. The private pllots were more fro-
quently differentiated from the atudents than from the inatructors,
suggesting that the uspectas. of pillot skill meesured by the indicez
reach & relatlvely high level of performance during the training
program required for privats pllot cartificaetion.

. _

For left and right turns, respectively, satisfactory cutting scoias
were obtalned on several indices, considering s asatisfactory catving
score ss ons shich aceepts a group inecluding a high percentage of
instructors and private pilots end a relatively low vercentage o
etudents., in many inscances it was impossible to odtain catting
scores vhizh would accept or rejech the snme individuals on hoth

left ané¢ right turue, indicating that tae indices ussd in thiy in-

vestigation refer only to emell segments of performance, and "plsze”
individunals only with respset to a single maneuver. For wildespread
field application »f quantitetive Indices lu Zhe placement of irsi-
viduals gccording to levels of flying experisnce. 1t would be 1:c-
essery 'c comblne scores by appropriate proesdures in order to ci-
tain a score represertstive of ithe psrforzuance of & group of fum
Gamente) maneuverz, or of an sntire filght.

A study of 5 seleste]d irndles- rzve:r 1 ride differencea rimuvg o
indices with respect to consistenc) of pilot performanoe on sac
cessive flights, irter-iight corrsicblons ranging from 09 tn 4.
In general, tha olip scurs exiitited bigher ralisbility than che
skid accrz, indleos on Uw pleht wapn highes than those on the Il
turn, and thore derling with msenitvne of ke fault bighsr iban
troga deszling with Lime
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AN AWALYSIS OF GRAPRIC CORDS Ok PILOT VEHFOSMANDE
HATAINED BY MEANS OF THE R-5 RIDE RECORDER

PARYT i1

Quantitative Evaluation of Pilot Parforasnce on 720° Power Tuims

INTRODUCTION

Part 1 of this rOportl presented a description and eveluation of var-
ious qualitative techniquea for the svaluation of graphic records of flight
performance secured by means of the R-S Ride Recorder. Part II desoribes

en extenalon of the investigation in order to develop quantitative indioces
of flight performance and to evaiuate thelr usefulness as a poasihlo sOUrcs
of criterion data,

The primary objectives in this investigation of the application 6f
quantitative teshniques 1n the analysis of grephic records may be summarised
ag follows:

1, To determino the sultability of quantitative indlces, .derived from
-R~S Ride Recorder records, in differentiating the skill ip exeout-
ing 720° power turns of groups of elementary students, private pi«
lots, and re-rated instructcrs characterized by wide differences in
mmber of hours of flying experience.

2, To‘apply these indices to the investigation of certaln specific
problems, namely:

a. Intra=-group differences in porformanue on left and right 720°
yowsr turns.

b, Intre-group differences 1o slipping and skidding on both left -
and right turas.

¢, Heliablility of indicea computed iron famda of £flights £lown
in immediats succession.

3. To investigate the utility of cutting scores applied to such indices
in identifyling levels of pilct experlencs, with a viaw to the ulti-
mate use of such indices as predictors of pllot performance,

DESIGN AHD FPROCELDURES

Naneuvers Selsoted for Apalyaia. The sample quantitative analysls in-
cluded left and right 7200 power turrce. The right 7209 power turns of

1V1telas, K. &, and Backatrom, Uacar, ur &g_gnglxn;g*g:_g;gphig_;gg-
X, ﬂé;higétdn,'hp b¢¥- LA&'D*viaion of Rnaaarch 'Report'ﬂoo 23, Hovsmhor

1943,
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three flights were used in 21l coxparisons, with the exception of the section
of the study dealing with the relatlon betwesn performance on the right and
left turns. Ip.this c¢ese, for purposes of eccnomy, the right 7200 power turns
of only the firat and third flights o1.d the ccrresponding left 7200 power
" turrs were employed. . '

B0 O e il ALLCLE = W-r ® L T . v - o Al
¥gls. The traces of the R-S Ride Kecorder chart used in obtaining data for
the derivation of quantitative indices were the geme ss those employed to de-
rive the items on which the qualitative ratings were based: namely, the load
factor trace, the left-wipg-low trace, and the right-wing-low trace.?

As described in the Supplemental Rsport ineluded in Part ]I, the load
factor trace can be measured in units of g wlich may be converted into angu- .
iar values of Tproper® bank;>? and the wing-low-traces may be measured in ar-
bitrary units representative of and analc-ons to deviatlons of the bell from

- the zenter position of a bell-bank indicator.%

Megpurement of the Reqords by Proleetlon. Accurate messurement of the

.graphic records was lwpossible without megnification for two reesons: first,
the low papbr speed at which the racords were taken auppressed the detailess
... and second, the verticel chart space of any one trace is pot great emoungh to
©" permlt acocurate, fine reading of any of the three effects. In order to se-
cure the quantitative readings, the records were projscted omto an adjust-
"able screen by means of a reflectoscope. The scresn {(covered with graph
paper ruled 10 by 10 to the inoh) was mounted in a swivel®joint to facili-
©,  tate the adlustment of reference lines of the projected chart to the refer-
% . ence lines of the sereen. A magnification of 5 was selected as the most
practlicable for purposes of this study. ‘ )

A plastic scales was constructed in order to synchronize the traces in
'. making the readings. The recorde were then read as follows:

1. The reader, hsving aligned the image of the chart properly with the

] referencse lines of the acreen, brought the plastic scale to the be-

Gom st ginning of the maneuver as shown by the initlal slgnal mark op the

R racord. The intersection of each of the threa traoces-wlth its re-
- spective soale aro was then read at this wero (or origin) space,

%}F. 2. Readings were then lada‘at each horizontal sersen space (represent-
o ing 0.8 second) up to and inoluding the final signal mark. The

B R ‘ readings were called off in units of vertioal screen spaces to a
e recorder, who entered them on the data sheet {see Appendix C).

FOE o

. ?These are the anly traces provided by the R-S Ride Recorder wiich are

" . amenable to meaningful. quantitative measurement, since neither the pitoh-and-
° longitudinsl-acceleration tracs nor the control movements traces supply mean-

ingful quantitative data. Ses Viteles, M. 5. and Beckstrom, Oscar, Jr. Op.

S5 git.app. 189 fL.
' " 35ee Viteles, M. 5., and Badkstrom, Ocsar, Jr. Zbid. p. 160.
43ea Viteles, M. S, and Baﬁk-tro-, Opcar, Jr. 1bid., p. 184,
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' The measures in tnrns of vertical screen specea-voro then oouvertod 1nto'
corresponding equivalentas as shown in Table 1.

TABLE 1

SHOWIRG EQUIVALENTS OF CHART DISTANCE, SCREEN DISTANCE, AND QUANTITATIVE
VALUES OF ITFEMS DERIVABLE FROM THE R-S RIDE RECORDER CHART

Chart Distance Screen Distance

1tem Measured Quantity —in Inches  ___ip Spacep
Time 4.0 sec. .10 5
Time 0.8 sec .02 1l
Load Factor 0.1 g (atatic calibration) .10 5
Load Faector 0,02 1

g (atdtic calibration) .02
Lateral Imbalance .
(left~or=right~ 2.0° or 035 g (static cali-

wing-low)} bration} <10 5
Lateral Imbelance O0.4° or .007 g (static cali~
bration) 02 i

-

The values of load factor in scresan spaces were converted on the data
sheet 1o values of load faector irn g. These values were In turn convertad
into values of "proper” bank, -

The values of laft-wing-los end right-wing~low were converted intoc wval-
ues of slip and skid in degrees as measured by the statie ealibration of ths
lateral pendulums. It should be noted that these values of the slip and
akid angle were not used in computing indices. They were used only aa an
intermediate step in obtaining values of "proper" bank (see Appondix ¢l
In computing indices relating to lateral balsize, the values of slip and
akid wers oxpressed in acreen gpaces. .

gy of Messurement., Accuracy of messurerent was checked periedi-
cully This informal checking procedure demonsirated that all meapurements
are accurste within a range smailer than 23,0 screen spaces, with the excep-
tion of s few readings of load feotor. The aksolute aversge of errors in

reading any trace ie less than 1 screen space; the algebrale averages of errors

in reading any trace apprcaches 0. Since the indlcea computed are derived
from a large number of readings, this level ¢f accuracy of single readings
scemed quite satisfactory,

Davelgpment of Indices. «lven the time history of a maneuver in terms
of the above values, it waz pnosslible to deviss quantitative indicés desorip-

tive of the pilew's proficieney in attasining and maintaining a prescribed

_bark throughout a turn and hisg proficlency in keeping the airplane in lateral

balance, Thess indices, 31 in mmber, are Jeseribed in detail later in ths
report {pages 4 to 13i.
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" Statigtical Tremtment. The following statistical techniques and pro-
cedurea were utillzed in the analysis of the data gathered in thia investi-
gation: .
1. Student's t for matthed groups of scores was employad {(a) to deter-

, mine if significant differences existed between slipping and skid-

ding indices in each group of pilois (see Tsbles 3 and 4) end (b)

to determine if mignificant differences existed between performance

of the left and right turns in each group, Seleeted indices on
left and right turns made during standard £lights 1 and 3 were uned

in this analysis (see Table 7).

2. Student's t for unmatched groups of scores was employed to reveal
- the presence or absence of statlistically significant differences
- among the mesn scores of the thrse experimentsal groups on each of
the 31 indices for both the right and left turns (see Tables 5, 6,
7, 8, 9, and 10).

3. In order to mske a preliminary investigation of the utility of the
quantitative indices in differentiating levels of pilot experiencs,
distributions of scoree of all subjects on selected indices for each
turn were plotted, and cutting scores assigned in an attempt to seg-
regate the oxparienced and inu:perienced pllote (ses Table 11).

4s Troduot-moment correlations were uned to determine the vnriability :
of selscted indices derived from records of flights floym in lmmedi-
ate succession. Scoree of all subjects on selsoted indices on the
left turn of ¥light 1 were correlated with their scores on the left
turn of Flight 3, Scorese on these sams indices on the right turns
of Flights 1, 2, and 3 were also intercorrelated {see Table 12),

DESCRIPTION AND DISCUSSION OF THE QUANTITATIVE IRDICES

uidering quantitativ: methoda of e:preaaing the proficioncy of a pilot in
atteining and maintaining a given bank, it is apparent that the pilot should
not be held liable for deviations during the period be 1s achieving his bank
during entry or leaving it during reccvery. Each turn was' therefore divided
into three arbitrarily defined sectiocnss

1. Entry -- that section of the turn between the inltial eignal indi-
-eating the beginning of the maneuver and the borizontal projection
screen space at whioh a propor' bank of 30° or greater® was “irnt
attained.

2. Recovery ~= that mection of the turn between the borizontal projec~
tion soreen space at which & "proper” bank of 30° or greater waa

6In projeoction of the record onto the graph-paper soreen, the first
point of attainment of a "proper” bank of exmctly 30° might fall between

the pointa at which readings were mads, '



last attained, and the final signal, 1ndicating th. and of the ian-
ouver.

. 3, Turp proper =« that seotion of the turn betweer the first attain-
‘ ment of a "proper' bank of 30°, or greater, and the lnst attain-
ment of a "proper" bank of 207, or greater.

The value of 30° was ueloqtod for use in this study for the folloning
‘reasonsi .

1. The value of ths prescribed bank of 60° could not be enployad ba«
oause many subjecta did not attain a bank of 60°,

2. The naximum bank attained during the moneuver could not be employwi
‘ ' because many of ths subjeots did nct attain thelr maxfmwom bank un-
' til the turn was nearly completed.

* 3. Sinne it was desired to eliminate the factcr of w readeris judgmert,
the procedure smployed in tyo Sarple Jualitative Analysis for de-
limiting the threes gections’ could not be used. ,

' L, At the veiue of 30°, readings of “prcper” bank become negligibly
affected by errors of measurement and extranecus sccelsrations,
Below the value of load factor corresponding to & "proper® bank of - °
300, slight errors in reading the load factor trace, or slight er- . (%,
rors in recording,s or both, may produce rslatively large errors

in the corresponding values Yot Sproper” bank.? (It is to be noted '%%
that although errors of msasuremsnt may be expscted to "average Tl
out" in the indices computed, errors 4us to the recording of ex- T o

. traveous accelerations might not. TR

R i 7‘1;-},.

'5. A1) subjects attalned a "propert bank of 30° on all turns {with the %ﬁ%
exception of one subject who nisunderstood the instruations). v

Bapk Indices,l0 Indices based on "proper* bank readings are as follows: ‘

7V1telas, M, 8., and Backatrom, Oscgr, Jr. 'Quh_gji;, pp. 19=20,

'sFor a detalled consideration of the‘aocuracy of the acceleromster or
load faotor indicator, see Viteles, ¥, S., end Dackstrom, Oscar, Jr. Ibid.,
PP. 171=178, ' ‘

The nature of the relation betweon load factor and "proper" bank is
such that increments in load factor in the lower pert of the range corrsd-
pond to larger benk anglea then equal incremerta in the upper part of ths
range, See Viteles, M, 5., and Backstrom, Oscar, Jr. Ibid., p. 179,
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loDiffioultiea encountered in the computatior of the quantitative indi-
oas are described in detall in Appendix B.
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MM“_MLQ Thie irdex 1s the averags of all readings
lin degrees, ¢f "proper”.bank during the turnm proper. As an indi-
oator of the conformity of the attained "proper™ bank to the pre-
scribe¢ ban! this index is influenced by &t least two factors: the

abilii; of the pilot to estimate angles of hank correstly and his '
abilit; to mrintain a given angle of ban:,

_ " " bank. Subjeots may differ not only ir the
average bank attained, but also in the consistsnocy with which they
maintain each leval of bank throughout tha turn. Aocordingly, an
index was developed whish would glve a quantitative indieation of
the fluctuation in bank during the twn.l? The index is an avaerage
(with correction) of the increments in "proper* bank from one read-
ing to the next (so-called "atepwise devistiona") during the turn
proper, The ineremsnt of one reading over the praceding may be
positive or negative, and these were recorded with regard to eign
(see pample Quantitstive Hew Data Sheet, ippendix G). In the com-
putation of the index, however, signe werc ignored, since 4n aver-
age of these algebraic values wust approa.h zero, and since it was

"desired to measure fluctustion without regard to direction,

[}

Index 2 was calculated hy means of {1e following formula:

. Pluctuation in "proper® bauk z g- ﬂ_z;ﬁ ’

Whares

\ ' ‘
B = the average of the absolute values of the stepwise deviations
in "proper” bank during the turm proper. '

*1- the abeolute differenca betwesn mean "proper" bank and the first
reading of "proper™ bank in the turn proper. B

®2¢ the absolute difference between mean "proper” bank and the last

, reading of "proper” bank in the turn proper.

F = ths numbsr of ¢£epvisa deviations included in the turn propor'.

By the above formula, & pilot can attein the psrfect acors of
0 only by holding a constant bank angle throughouwt the turn proper.

1lThe mean "proper” bank is used rather than mean deviation from the
prescribed bank becauses the former is obtained directly from the values of
tproper” bank. The mean deylation from the prescribed bank 1s given direct-
ly by subtraction of the wesr "proper" bank from 60°. All values of the,
masn "proper" bank are leas than 60°. - :

1214 1s to be noted that a messure of variability of a distribution of
the "proper” tank readings, such as the standard deviation, camnot be em-
ployed for thia purpose. The standard deviation would give a measure of the
variability of a distribution of readings of bank sbout the mean bank, but

would indicate nothing in regard to the tcuporal‘nltnrn of this variability.
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If the valus of Index 2 wpre not corrected by subtractiom of the ex- e
presaion 43 *ap/N from f, subjects with higher mean "proper* banks 7
would be “penalized”; in attaining and leaving the higher mean bank, R
their bank necessarily fluctuates more than that of subjects with lower -

mean banks. ) g;

. Indioes Relating to Loteral Balence. In terms of the prastical prob- 5

lems of the pilot, it seemed desirable to inveatigate slipping and skidding - g
separately. Indices were therefore developed to measure the several aspects L
in which slipplng may vary and ir llke fashion to measure skidding. Since . - i
both -8lipping and skidding represent deviatlons froe lateral balance, how- .
: over, 1t was also desirable to investigate the2 not only seperately, but 2lso %
| in combinatlon, as manifestation of the general fault of lateral imbalancs. ' ::
51ipping and skidding were therefore combined to derive indioea of lateral L
imbalance perallel to indices of slip and skld. _ =
-3

Slips end skids differ not only ip the paguitude of the slip or skid, E

but also in the time spent in slipping or akidding In the cazse of each —
fault (slipping, skidding, and lateral imbalance), thersfore, '-1nglo-vnriah1d "3
indices” were computed to measure the single variables of magpitide and time, E
and "composite" indieoa wore computed %o take accoumt of both variables. i
L

' S,

211 indicea relating to lateral bslance were expressed in the units of iy
projection soreen spacns in which the readings wetre recorded on the Quanti- ;;
tative Raw Data Sheet, e
"_ 1. Single-variable indices,
E

.o ‘:3

BB u o918 29 !

were obtninad from the graphic recorda by messuring along the }}g

base-1line of the appropriste wing~low trace the lemgth of chart ﬁf

during which the trace iz off t:» base-line, or beyond e pre- T

determined distance fro.: the baiza-line. j%f

Indlces relating to the time spent in faults in lateral ?}

balz.ce computed in the courss of this inveatigation inciuded: R

ik

(1) Tina epent in slipping, R

(2) Time mpent 1n skldding, 'E%

Tk

(3} Tiwe spspt in lsteral imbalance. fdg

The times moted above are absolute values. Since, however, iﬁ

one subject may spend more time in slipping than another sub- o

Ject merely because he spent more time in exscuting the man aver, 3

1t was neceseary azlec tr investigate the following ratios: j%%

S —— #

. - e

13since en instructor in the Pieid ecannot conveniently make use of ra- ¥
tios, lnvestigntion of ihs actusl time values was neocessary to determine if o

e

the differences irp time spant in slipping, skidding, and lateral imbalance
ware esignificant dasnite the efTect v cther variables.
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(1) The preowsloos 20 Loa gper . o 5i0p i v g, Plas gg.ous
I3

In Siloong duvived o Lo U0 00 Do olo tTeed
{2) The proawtion of Lhie epend, in wiocding
{31 The prepertion of tlan ¢oept ta Jatered Luhalsnce

b. lpdices relalirg %o Magpitife of uiimpine, Skiddipg, and Later-
so Imbalanes.” The rr attace of ol lo)'ryg or skidding at_apy

- gingle pgint in time wuy sseily te obuve-wed from the R-5 rescord
by & single mwasurement of the heipht of the eppropriate wing-
low trace from lts base-ilne. The simpliielity of obtaiaing this
informaticn and its comasguont pocsibls vtility in the field
led to tae couputation of the follewing Indieces:

{1) Maxmun ssgnitude of slin.

(2) Maximm magnituds of zxid,

g1

(2) Maxioum pegnitide of Zatersl lLitelance,

Three other sinple-variuhle imdices reluting to wegnitudas,
nemely, averazge magnituds of elip, avorage magnituds of skid,
and average megnitude of lateral ixbalence, wers also davised.
These indiees (sypressed 1n vertical projection sersen apaces)
were defined as follows:

| e L 2_EliE"IE5Q1EEEwLSIﬁﬂ%EILIhQB_QL__..
(1) Average magnitude of 6llp = Ho ¥ Ay S dings (greater tham O)

: ld = so¥id resdings ter then O) .
(2)  Average magnituds of sild = G e e Tinge ‘grester than 0)

. . _ % slip readings 'greater than 0) +
(2) A::;ag:] %E :;uda of lmt- 7. 8kid readinga (greater than ©)
¢ Mo, of alip readinga (greater than O) -
. £2, of gkid readings'(greater than 0)

The latier throe indices are tog complex for ieady celeunla-
tion in the fisld. The sverage magnitude of aslipping, skidding,
and lateral imbalaunse, however, may be presumed to be more rep-
regentative of the subject’'s performance than the maximum magni-
tude and are therefore preferable for purposes of research.

2. Compogite Indieces,

LSt VR LRI e L4 - Fall v} % " gl" Maeond
seemed possible that the groups of subjects might be differen-
tiated not only by the time spent in allpping, skldding, or
lateral imbalance, but also by the time spent im alipping, skid-
ding, or lateral imbalance beyond certein "eritical"” magnitudes.
For example, two subjects, A and B might spend exaoctly the sama

4
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time in slipping, but all of subject 4°'a slipping time might
be spent in slips below & certain "eritical" magnitude, and all
subject B's slipping time in slipe beyond this "eritical" value.
Indices based on this prineiple eould be sdapted for field use
since critical values of slip snd skid might be translated in
terus of & parallel calibration on the ordinsry ball-bank indi-
cator, For example, a wipg-low'trace of 5 projectlon s:reen
spaces in height ip produced by & statis inclination of 2° (soe
Table 1). If it should preve that the time spent in slips be-
yond a "eritlcal” value of % projection screen apaces discrimi=
nates t's sxperimertel growps, the ball=bank indicator might
then be calibrated by plecing sn appropriate mark in the posi:
tion sssumed by tnes ball when the sirplane is statloally in-
clined 29.14 In trainirz. »he instructor might then use this

calibrated ball-benk ir appraialip the performance of the stv-
dant .

From the Quantitstive Nae !'&%a Sheete, frequency distri-
butions of the readings < slip aud skid wers preparsd., Theac
distributions were then eraaired snd by luspeetlon, several
promising criti:al magnitudes wese selscted for ptatisticael
inveastigation, The follewing 12 fudices were devised:

{1} Tire spent in silpping al or perond the "critieal” lavel
of 5 (wertical) prolactior sereer apaces (% vertivel pro-
jaction pcresn spages corresponding to tilt of 2° by atatis
calibration).

‘2% Time spept 4n ekidding st or beyond the "critliesl” jevel
of 5 (vartica) | prolection sepean spueas.

(3) Time spsn® In isterc. imbalrance £7 cr beyond the neritliesi”
level of 5 {vevtiea®™ . .- 7 ii0% zorden spacen,

{4) Time spent in slippi= as v vaye.ad the Teritlieal™ lowe. of
10 ivertieal) vrojescicn ssrasn spaces {10 vertieal projuc:
tion ecreen spaces corresponiing o 3iiv of 40 f statin
calibration).

(5} Time spent in avijding at o- beyond the "critiecl® ldsvel
of 10 {vertieal: profaviicn soroew speces,

- vl AT - W W AW e en b M- Eopt P n Ewe TRk ram e L el

1lisince the effects of slipping rud skldriay nie indepondent of tle nas-
ses involved, ths bell of the ball-bunk indicetor snd the wing=low penduluns
of the R=5 Ride Recordsr are gublest t: iLhe sade effecis in the ssme 2zounts
except for differenzes in dsuplpyg. n ihe getonl caliteetion of the hall-
benk indicator in foras of teriticsit reridinden of alip or skid defined
from graphic recovda, dus regard wouid be te'sn of aueh diffesences in demy -
ing For exsmple, tne deaplng Tastor oo W18 bajlebank indicstor might be
considerably reduvesd {by reducing the density of the fluid through which 0+
bail movea) in order to minizize tha fif arenves in Jdemping. See Viteles,
M_ 5.,and Backstrom, Ussar, «r 9p, 2i% .o 2% |
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L1 irwlercsw nt o beyond the "eritical”
weveld of 1) (ves

<1} peolection eoresn spased.

G

(7-125 Aopropriate r tizs fo: each of incices {1-6): namely,
tne relio of essh i1udex o the tims of the maneuver.

3. lndices Taking iequrmt cf doth Magnitude and Time Spent in Siip-
ping, Skidding; or laie-al Imbelance. In the singie-variable in-
d1zes relatlng to tim., the magnitude of sach fault was disre=
garded, and conversely, in ths single-variable indices relating
%o magndtuds, the timc spent in each feult is disregardec. In
the composite indices relating to the time spent in the various
fauita beyond certain "critical™ levels, cne variable, timepis
"sampled! st sslspoted ysluep of the other varisble, magnitude.
Nons of tihese indlcea de thus diroectly ressponsive to changes in
hoth variables, It wra sdought, therefors, io devise indices
whose values would do_end directly on both time and magnitude
and would cnanga with clanges In elther time or magnitude, Such
composite indices, talrz full account of both time and magnl-
tude, may be presumed tc be the most "valid"l5 indices of pro-
ficiency ln maintaining Lateral balance, and accordingly the
moat periinont for reserrch simed at deseribing the charecter-
istics of the various g*:ups of pilote. The following indlices
were cerlved:

-

(1) Sliip scora, The slip scors %8 ihe sum of all readings of
slip (nxpraaaec‘ sn vertisal prcjection soreen ape.cea} di-
vidad Hy toe rimue: of reedings in tne maneuver (the time
of the mansuver ip acreen apaces). The slip Baore is thus
the cveraga magn.iude of siip throughout the maneuver. As
suech, lts velue cdevonds Airectly upon both the magnituds
and time scen?® 1n s«lipping. For a mansuver of a given
loength the proater the magnitude cf slip, the greater will
be thg sur of the ailip readings; the longer the tlme spent
in slipping, “he gihatar will be the sum of the sllp read-
ings; and tha grea‘cr will be the magnitude of the pcore.

(2} Skid scors. & siid scors representing the average magni-
tude of skiddimg througlout ‘the maneuver was completed in
similar fashions,

(3) Lateral imbalence score. The lateral imbalance score, rep-
resenting the averaze magnitude of lataral imbalance through-~
out the maneuver wss simllarly completed. It is equal to
the sum of the slir aecre and the gkid score.

15rva11an 1 eaploysd here in the physical sense, 1,s., desoriptive of,
#snd messuring, the physical events of deviationa from lateral balance. The
gingle~variable indices might prove ito be aqually as valld in a gtatistiogd
rense, i.e., in discriminating the experimental groups.
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Indices Kelating to the Time Copsumed in Executipg the Turp. The fol-
l2wing two indices were computed and investlgated:

1.

Totgl Time of the Maneuver (expressed in horizontal projertion screen
spaces). The total time of the maneuver is determined by a number
of fartora, including degree and staadiness of bank, degrees of turn,
ang rapldity of entry ani recovery. It thnerefore;, beare no simple
relatlon to pllot skill, It was thought worth investigating, how-
ever, on the chance that it might cifferentiamte the groups, and also
because the information it ylelds wuuld be useful in interpreting
other inditesa, particulsrly theae time items concsrned with lateral
imbslsaace,

Time betwsen beginning sigral end firat attainment of a "proper?
bank of 306 or greater. This ilndex [p the time coiaumed in the s7-
bltrarlly defined entyry. It wae thoght thet this index would oe

of particular initerest in fe.srnintng whether the tima tazken by mora
experiencec piloats in roilisg up to & “proper® benk of spproximately
3¢° wea leas than the time requirsd ty the lees experienced pilets.

Suemery a8t of the Indices. For refersnce in tables and later discus-
sions, the indivee have bean given index nuwbars end abbreviatad titles, Foi~
lowfng 13 o uvomplels Lliat of the 3. indirve:r

1.

4

v

Mesn tank, i..., mean Tproner® burk dian degrees.

e . m——- o e

Bgnk Flucsuatior, i.e. , flucuialics i+ “proper™ bani, eoxpreseed i

dagrees pas ¥ R oonp,

Jdime ie Atigln Leank, Lo, Lo, ib toeizeniel projection sereen

apaces, bolween oogle Wop aromel! oane flrst attainmoni of a Ypropao¥
hank of 473, )

Lle.. fetal trme o rovevar exprszseld in horlzouta!

. et . i v

Fal

fhly Beoges e, oeensL mrnaslide oF alip tlwouzbout the mapeuvar,
includirg O readdape oot -oneenss s 1o vertical projestion zoresy
augcesn,

Averape Selp Mogeltods, o | everge magolinde of positive alip
realegs Danelinding O PeaSing o ernosesed in vertleal projeetion
SOTEM. Apenst

,
FEXIIE Ll SR S, s A ow spnn e of silp, wiprebsecs

In vertioanl orajertion 27 mel, Qo as

Time Digpeino 7 oo ST b s teping, aFressed it borisaate
[REOR TRV I AR TR AL

eg gent s cinsiny coor e s e b rRToany cdividen by ot
R P T -

1

A

e

)
B
E
R
+

¥
@

ok,

_1s
Tt eh

Ta e
ah

e S aka T e

e
v

TR e

Sy

pork oy

BT I VRSP AR



-

T T

e

-

£ol

g R

e Pme g Ree F gt
et .

)

‘| - - o tT'\ L :_

R

RPN
A

Mz T
=

,{.' ::.“\1‘; 2

. T S
. I o4 oL LTt . A_‘j_.w’,‘lj‘. L 0 f-__i'.;:r

C4in Vime, Hodepsie ‘,gin oL arrelET, a,w., Wme ppent in alipping et or
beyc"lfi tha level of ot il prelaction sersen gpseces,
il Fer cent Time, Moderats o¢13  or ureater, 1.c,, time spent in Blipﬂ

ping at or bayond tne level 2f 5 noreen ppacey, divided by total
time of mamsuver,

™

Time, Large Siipa, .%., uive apsnt in slippire at or beyocrd the
lavel of 10 vartieal prajoctlon scraen spacea,

13  Fereent Pime, Laprge Silpa, 1 2,, time apeat 1n slipping at 51' be-
yond the level of 17 scrasn spaces, divided by total tima.,

=

i4  Skid Score, l.e., averags lagnitude of skld throumghout the maneu=
ver {innluding ? readinge}, cxpresssd in vertical projeetion screen
gpaces.

15 : &35;53@;§%Lg_géggégqggg i =, everage magnitude of positive skid
readings (excluding U reacingsl, and expressed in vertloal projec-
tion agrean spacas .

16, Maximup Sldd Yaemitude, i.v., maximum magnltude of akid, expressed
in vertical projection scresn rpaces,

7. Time Skidding. i.e.. ‘imo =pent In skidding, expressed in horizon-
' tal projection acraen spa>:ua.

18, Per cent Time Skidding, 5.~ . time spent in siddding, divided by
total time of maneuvsr.

'19. Time, Moderate Skid or Greatvar, i.s., time spant in skidding at
cr beyond the level of § vertlical projection s¢rsen apar ey

20, Perocent Time,  Modarste Skid or Oreater, i.¢., time spent in skid-
ding at or beyond the lewsl of 5 sareen spacéa, divided by .total
‘time of maneuver.

2. Time, Large Skidg, +.s., time spent in skidding at or bayond the
level of 10 vertical projection scresn gpaces,

22. Pt \] Skidp, i.e., time spent in skidding at or be-
yonﬁ the level of 1) screen spaces, divided by total time of ma-
nguver,

23. Lateral Imbalance Score, 1.s=., average magnitude of both slip and
akid readings throughout the maneuver (including O readings), ex-
.pressed in vertical projection soreen spaces.

2% L 1 g ie, l.e., average magnitude of
both alip and akid readings excluding 0 roadings), expressed in

© vertical projestlon soreen apaoeso

arid



‘l’jr.

i Br ) e, 1.0., maximumn magnitude of
alip or ukid readinga, ezproasod in vertlcal pro1oetiun screen
spanes,

26, Time, Latersl Imbalance, 1,e., time spent in both slipping and
. akidding, expresaed in horizontal projection screen epaces,

27. Pergemt Tins, lateral Imbalance, i.e., time spent in both slipping
*  and skidding, divided by tota! time of maneuver,

\
28, Time, Moderata Laters) Imbalence or Grester, i.e., time spent n
both slipping and skidding beyond tho level of 5 vertical projec-
tizn screen mpaces,

29. Pergent Time, Moderats Lateral Imbslecce or Grester, i.e., time
gpent in alipping end slkddding bayond level of 5 vertiocal projec-

tion soreen epates, dlvided hy total time of maneuver.

30, Time, Large Interal Imbalancs, 1.e., time spent in slipping and
‘akidding beyoud levael af 10 vartiicel projection screen spaces.

31. Percent !lme, Large Latergl Imbalancnh, 1.e,, time spent in sllipving
and skidding beyond level of 10 vsriloal projeotion BOreen 8pacs:;
divided by total itime of maneuver

RESETG

The results of most genaral luteresi mre Inter-group comparilsons rela-
ting to the aignificanne of the differsnves =mriong mesn scores of alemeniary
ptudents, private pilots, and reé rated inatruaotors on each of the 31 indices.
These resulte, howevar, may be adequaiely Int.orpreted only with the kmowl-
adga of certein intra-group diifsrorn:ss bel:usn performancs on left turns
and psrfornance ou right turns, srd . oec Jipping and skidding

For convenlsnce in discumaion, . :reter:. the performance of cach group
on the left turn and right turn, reapectivuly, and the performance with ra-
spect to alipping and s'dddlng within essn .:cup vill be considered firpt.
Following this discussloun, the differcnces i performance among the thres
oxperimental groups will be presented. In ﬂﬁ:it.on, there will be presenied
s discuseion of ‘cutting ssoree ou severel jquantitative indices and data oD
the correlation betwuen scores on suctessive Tlights.

Differsnces between Performsnce of Left end Right Turns for eash Qroup.

Comparimons were bmsed on the gean scorss of the left ard right turne dur-
ing Stendard Flights 1 and 3 -©, Ten of the 21 indices were evaluated for

——al

1§Gompariaons were not mede for Fiight 2 because the records of tha
left turn on this flight were not rsad,
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Table » rouwant. om mes < o Mee Lala Tue Tiy el erad Lath burne and

e aifPsronens (="t} Tateoon T i e laas beuded o io bhe probabilily
ihat the difforense Polweat ~a0r oo (nlir of ssern scovea is a“tribatqble
to cranes,  For o thors dnfiies oalet - ca retlias, Lle,, Todiceas U 16, end 27,
vased on .~ fentaf time in Yipo. [, cvicsing, mne It leral imba;ance, e

gredtively, tho pp value cortelnl - Lowrious slepent dve bo spuriens Index
T!erJ&ﬁioﬂa Whan such ﬁght‘famﬂﬁ ¢olg arvancnt, s ameller diffe?mnca hetweern
Lre nean seores ¥i11l appear o b oseslistienlily elgnllizant Ly the test. For

vompiriecns o7 trege tatiom, Thewe.g. g, n osoond probabllity velus (p2), de-
vzld of thlsz gpurlouse e]:'ar*, rz: ~aivel.  Tra pz velus weas computed for
zach compardsmn by wremloiove whe o -artioam o tie difference beiween each
peir of matched peores and c-wpulice “he archebility that trhs obesrved mum-
brr of % and - dlfferencen soold wre7 . o/ thsace.l

Tahle 2 nrasenta, for oo™ eoor " inam Jovelving a ceilio-index, e muer
st of positive and nsfﬁtLVF sificencer botmesn bic metehad goirs of raw
acores.+? In esch canv, a + aign ndlortes thal the score for the lefi turn
iy higher. For ezamp¢u, in the tnovriron 2etroen the laft and right scores

cf the 8 elementary siudentz on the vergept of Lime spent in eiipping on
¥ P

‘"light 1 {see Tablie 2, Ilnrdeox G,, ﬂLv waft turn =curs of 1 gtuden’ was greeter,

sbile the right turn seorer & 7 nuadands wers greater thun thelr left turn
gcores. {he probablilty (g ) tﬂaﬂ cvt of s group of & pbtudents, V7 would show
& higher rlght turn scove By ehand fiane s .00,

i. Significance of thg_D"Ain?w:cas Lgtwﬂaﬂ Mean_ﬁiwyead Emplojing the
A Zovel of sionifl-on.e, saoniaation of Telle D ravewls the fal-
lowing:

.

e - - T T e e, MY W R R A ) AT ——y A T Ry B ATt TR T WL B m————

17Theee 10 indices were corwldared tha nost portinent for inveatigating
the relative difficulty of tue left and rigitv turn, eince they are tho more
fundamental of the 31 indiecer devierd for measuring ths perfarnsnce with ro-
speot to "proper® bank and leatera: belenes. [f differenses betwean lef't and
right tuarns were revealed In the casge of these baslc Indices, investisstion
I the other indices would aseu tu Lie azvedomi; esince the differenilal ~Lffi-
culty of the two turns would be eoteblishod and objevtively defined.

18thin P, value was coanputed oy axpansio1 of the probabllity binouial
{p+q)®, nhere. p © chance of a *+ differente (1 in 2 ar &) q = charee of a
- difference (1 in 2 or #); and n = rumber of matched scoraa.” It shouidl be
noted that application of the probaniliiy binomial to the directisu ¢f ob-
served differences hetween matched scores 1s not soc eansitive e test as the
4" teat, since it tekes into azcount only ‘requencles and 0ot magnitudesm.

19%Cases of 0 differsnce were plzeced in the category having the lower
number of cases, thereby reducing the amouni of difference and resulting in
a more conservative estimate of the significance of the difference.
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a. In ‘*he case of all indicau, the mean scores of ths elementary
students on the left turn are significantly and consiatently
different from the mean scores on the right turn with chs ex-
ception of: Index 1, Mean Bank on- Fli%ht 1 (py » .07)) Index
18, Per.cent Time Skidding on Flight 3 s07 and p% » .02);
and Index 27, Per cent Time Lateral Imbalanna on Flight 3 (py =
.06 and P2 = .16) . .

b. In.the case of aYl indices except Index 1, Mean Bank, the mean
soores of the private pilots on the left Rmrn are also signifi-
cantly and consiptently different from their mean scores on the
right turn, with the quaiification that the p; value for the
Index 18, Per cent Time Skidding on Flight 3 is .12, In this
comparison, howsver, one case of 0 difference ocourred, which,
if groupsed with the ¢ inatead of the - differenceas, would reduce

+ the p; value to .04.

¢. The mean acores of the instructors on the left turn are not slg-
nificently and consistently different from their mean scores on
the right turn on any of the 10 indices., In the case of two in-
dicee (Index 6, Average Slip Magnitude, and Index 15, Average
Skid Hagnitudes howevar, the differencea in mean BCOTes of the
instructors approach significances.

Direction of the Differences betwsen Mean Scores. Examination of
the "zeft-Right® coiumn in Table 2 reveals that, with the exveption
of Mean Bank, the direction of the differsnce between the mean scores
for the right and left turns on each of the 10 indices 1s the semo
for .each group. It wili also be noted that{ the direction of theas
differences reveals consistent trends with respect to maintenance

-of latersi balance by 21l groups. In the case of the slip indices

(Indises 5, 6, and 9}, the menn score for all groups for the right

turn ia greater than tnu mesn ccore for the left tura, In the case ,‘: f”
of the skid indices {Indires li, 15, snd 18) the mean score for all -

groups for the left turn e greefer Ghan the mean score for the
right turn, Lestly, in the cane ¢f the lateral imbalance lndices
{Indicee 23, 2/, end 27, tho meen score for all groups for the
right turn is greater than the xeen score of the left.

Kature of the Differences in Left and Right Turn Performgnos. On
the bapis of the dute presented in Tabie 2'it 1s posslble to gener-
alize to a certein extent as to the nature of the differemces in
tha performance of right and Zefi turna. #First, there seems to be
a tendency for the eiementary students tc bank more ateeply cn the
right tura than on the left., As Zar ss the mean "proper" bank index
is concernad, the reaults ares nol 3¢ cleer cut as in the other in-
dicen. Consldering the indax, the reality of this tendenoy iz cpzn
t¢ some doubt. not only becauss ths py velue of .07 obtalnad for
Flight 1 i3 below the preacribed ievel of significance, but elsc
hecause the private pllote dn not show a similar tendeney (as they
do 1u *the ¢ase of the gllrr Ladicea) . Also, the extent of error
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of measurement in "proper" bank valuss derived from the R-S load
faotor indioator, while deemed to bs small epough to permit use of
the data ix an explorstory study. such as this, cannot be stated
definitely. Only highly significant and consistent difference could
be accepted as satisfactory evidenos of the tendency.20

Apart from the oompariscns involving the mean "proper® bank,
however, the results clearly indicate that performance of these sub-
Jects op the laft turn ia different in certain respects from perfora-

- anoa on the right, The differsnces are demonatrated to be statls-
tically significant in the omse of the less experiemosd pilots
(students and private pilots)., In the cass of the re-rated.instruc-
tors (most experienced group) the differences, though not statis-
tically significant, are in the same direction. These faots
goat that the differences result from a tendency (or tendencies
common to all levels of experience but which are presumably mini-
nized by the greater experience of the instructors. . The

. nature of the tendency (or tendenoies) mey be partially inferred

from the results, Froa Table 2, the trenda noted in mean acores on:
the -slip and skid indioces suggest a tendency to keep the right wing
low since the means scores for the right turn on all the slip (righte
wing-low} indices is greater than the msan score for the left turn
where slipping 1s left-wing-low, Purther, tla mean score for the
left turn on all the skid(right-wing=low) indices is greater than
the mean soare for the right turn where skidding is left-wing-low.?l

Having ildentifled the naturs of this tendency, it remainsg to
examine the means whereby it exists and itp utility 1ln explaining
the outstanding differences between left and right turn performsnce,
The tendenoy to keep ths right wing low, as notsd above, is common
to all groups of subjests. It is spparent, furthermors, that this
tendsnoy may reside eithsr in the structural characteristics of the
test airplens or in the subjects themselves., Two possible sxplanae

tions of this tendency may be set up:22

2. The arottynﬁio oharacteristiss of the teat sirplane were such
that it tended to fly right-wing-low. '

2071teles, M. 5., and Backstrom, Ososr, Jr. Q&_g&. The results ob-
tained, of course, constitute presmumptlve evidance such a tendancy which
might: be checked fv future research employing a more accurata load factor
indicator and a mors suitable instsllatlon, '

2174 45 to be noted that the nature of the tendsncy is such that right-
wing~low slipping is greater than left-wing-low slipping, and right-wing=-low
skidding is greater than left-wing-low skidding. It does not necessarily fol-
low, however, that skidding on the left turn (right- low) is any greater
in amcunt than slipping on the left turn (left-wing-low).. ' -

2y tul1 ocﬁniddntion_of the possible sources of these differences as
oonsidered in the two explanations is presented in Appendix D.
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b. When “he leas experienced pilots apply right aileron, they tand
' to apply it to excess, and woon they apply leoft aileron, they \
tend to apply it inauffiziently. ,

Eithar of these explsnations can acocunt for the fact that the
less experisnced pilota slip more on the right turn than on the lef%:
and skid xore on the lef* turn than on the right. They can also ac-
sount for the fact thst thr mor experienced pilots do not exhibit a
pignificent difference batweogalsft and right turn slipping or betwoen
left and right turn skiddipg . ©~

Certain juesstions arise imm3digtely s to the generality of this
right-wing~low terdency., First, would this group of pilots show ths
samo tendency in other airplames? Obvlously, if the right-wing-low
tendency is sntirely attributable to ihe aerodynamic peculiarities
of the test airplane, it might ta eptirely abasent in others., Thise
experiment vwas not denigned in 2 msrnner which permits this queatior
to be ansrersd. However, on the besis of other evidenoce (see Appsn-~
dix D} A1t seems likely that aven if the subjects showed this tenden:y
whila £lying other alrplanee, it cight 20t be 30 marked as in flying
the test zirplane.

. A seccnd question might te, ¥s the right-wing-low tendency gen-
eral among all pilots? ‘A ganara_ answer to this question iz found
in the fact thaet thu consistent directisn of the mean scores (sea
Table 2} for ali groups would ss~u Yo indiocate that the tendensy is
comnon to all experdence levela., In order to investligaete this ques-
tion further, the deta wers re-s:numined to see whether the tendency
was genersl among the individuel pilote studled. The resuits of thia
analysis indicated that {with very few sxceptions) the right-wing—low
tandency apgfias not only to groups of pllote, but alssc to “he indivii-
el pllot.r«

T WL ke i s

23That the tendenoy nay nevertasi.rg he ﬁroa&nt is indicated by the Fast '

that their meen scores on the alip ir s of the right turn sare idgher hut

not significantly) than their mean azu:ng zn +the left turn. Alsc, their womn
acores on the skid items of the left turn ars higher (tut not significantiy)

than their meun skid scores om the : s S\

24The resnlta of the analyeia of the individual pllots may be briefly
pupmarized as followe: )

a. In the caga of the skid score &nd the average magnitude there
were no mubjscts who had a grsater scurs on tha right twin than on the lait
for both fiights, although thare were scveral inatances of reversels on ons
flight. There were therefore no couzlstent raversals of thils tendency. Ia
the case of the proportion of time spenv in skidding only 3 out of the 26 sub-
jocts showed & consziztent reverssl of this tendsney for both fllghts. Thees
3. men were lpstruators.

b. In the 2uzs of ths alip zsors and the proportion of time spent Iin
slipping, cnly two subjects (2 of tha obevs S mentioned instructors) showsd
consistent reversals or the tandency ic kesp ths right wing low for both
f1lights. In the cese of the averags wirmituds of slip, one of these sams
Ingtrustors ernd ons private pllet shawn? reversels.
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Lions explerp certaly of wae doila-woe I paefer arts ot rignt and Laft
turna, neither of thexm 2an weccori * e e fagt bhet the coan score of eash
aroup on lateral imhalarcs ig.inning-3xidding? indiese 1o greatar for wie
cight tura than he 1adt. In ordsy fuily to expleirn tioee obesrvatlions,
comperisons (by weans of Student': { Yor netehed paores) were made of the
glip scorea and skid scorec > wran ;zmp 6 determine wnasther they slipped
or skidded to a sigpiflomntly diffes..t wount or sach dirvesction of turn,
It should be noted thei thees ncowres sre nomposites, iuvolving koth the mag-
nitude of tho feule, end thoe fime aspent in =lipping or skldding, TIhe mean
scores for sach group on emet directisn of turn arng thay p vailes of the dif-
fsrences are presantsd in Tuhls 3.

g w =
_{“J_‘uf-'; 2

DIFFERANCES ANz By SLIP AND X0 BCORES
OF PEACH ohlss OGN ALL TUREGw '

Direeticn Flight Haep Slip Yean Skid
Group LOf Twen, o No, o N Seore | __Sogre. . SlipsSkdd  p
Lort a 5 168 3,99 0.89 "7
© 3.7 220 . 0.79 1,51 06
studonta’ 1 g &0 0.14 7.90 200
: Right 2 g 5,30 0.49 4,81 .01
3 G 6.95 0.27 6.68 .00
, Legt’ 100100 1.10 1,47 G, 37 .20
® 3 1in 0,85 1.08 0,23 31
B . : 112 3.92 0,28 3.64 .00
pilote . Right 2 11 3.33. 0.22 3.11 .00
3 ll - 3922 0:217 21)95 100
i 8 1,69 0.66 - 1,05 .19
Lefs 3. 8 1.5 0.57 = 1.02 12
instructors 1 8 3.08 0.40 2.68 .01
Right 2 g8 2,68 0.35 . 2,33 R
3 8 2085 : 0019 206'6 GOO i

*No comparisons are prassnted for the left turn of Flight 2 on any of
the analyses, since the records for this turm were not read. The N'e of any
analyasls in this report may vary owing to the necessity of discarding scores
because of instrumental deflciancies or fallure of subjest to follow instruc-

tions (pee Appendix B}.

Examination of Table 3 reveals that all groups slip significantly more
than they skid on the right turn (using the 5% level of significance). In
no case does the difference hetween slip and skid scores on the left turn
meet the 5% criterion of eignifiocance, although this difference for the ele-
mentary students approaches significance (p velue = .08) for the left turn
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on #iight 3, Am to the diredétio. ol tis diffarences sn the turns, it

can ba eeen thet the mean slip scores a3f bcth the students and the instruc-
tors ave nighsr than the mean skid scores or both left turns. The private
pllots, however, exhibl% a mean skid ecore higher than the mean slip sgcore
on both left turns.

The evidence “rom Table 3 points to the existence of another tendency
which, 1n conjunotion with the tendency io keep the right wing low, can ac-.
count for all of tha facts thus far vovesaled concerning the mature of the
differences in right and left twrns. This tendenoy is the greater proneness
to slipping than to akidding. The evidence for this tendency is not, how-
ever, completely dafinitive since the differences between slipping and skid-
ding on the left turn are not significant, It will be recalled, however,
that the subjecte in this atudy also Jdipplay & tendeney to keep the right
wing low, Skidding on ths left Yurn copsiate 'n holding the right wing lcw.
Therafore, if the “endeney ¢ aiip and the trnlancy to hold the right wing
low exist, they would operate to offset carh other on left turms.

Copeiusgive evidenes of pronsusss to slipping way be obtalned by holding
conatant the variable s the spesilic wing (wliethei right or left), l.e., by
somparing lsit~wing-low alipping witbh ieft-wing~-low skidding. In Table .
are pregented the souparisons of the 31lp saoxre on the right turn with tue

skid score oz the laft, (each fawli sonsist'rp 1n keeping the right wing 1w),

and the ¢ompariecaa of the 82ip soore for the left ture with the skid scors
of the right {es~h fuult szonalsting in keoplrg the left wing low), Compari-
Boma werz made by weans of Student's t for matched groups for sach group on
each flight.

- TAGLE

JIFFERENCES  BETWEEN MEAN LiFT-RING-LOW
XD MEAN RIGHT-%INC-LGY SCORES

Dzen 3dp Mean Skid

e R T

Flli:ht doeure Score
Crou _ Ne, B }eft. _720° right Slip-3

Lioup @ rigav 2 B
o i 3 1,08 14 1.7 .01
sTudents a 2.20 .27 2.03 ‘01
Left-wing-low 1 0 1.10 23 87 .05
Scores pilots S 16 B5 .30 .55 .Ch
1 £ 1,69 40 1.29 (oA

En) ¥d (‘ » e \
lnstructors 3 P L, £9 .19 1.40 04,
_ 1w 04 .99 7.05 .00
studsite 3. 5 6.9 .79 6.16  co
Right-wing-low 1 1o P | 1.47 2. hdy .01
Scores pllots . G 3.3 1.08 . 2.0/ a7
) il @ 3 08 .66 2, .0
ingtrucoors 3 > 3 Be 57 2°g§ ‘né
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The repults in Trble « wleeiily Jeconstrabe ile reallty of tha grester
proneness to slipping thex o sxiddirg. The maun left-wing-low siip score
of ench group on each flight o sirnflicantly greatsr than the mean left-
#ing=-low sidd score (with the exceptior of cnc copparison, p valus = ,06);
and the mean right-wing-low slip =core for cach group on éach flight is
algnificantly greater then tbe mean right-~wing-low skid scove:

The Significance of thn Right-Viing-Low Tendepcy and the Pronepess to
Slipping. All of the cbmervaed differences betwsen left and rdght turn per-
formance with respeot to iuteral hclence and all of the differences in slip- .
ping and skidding on each turn may be accounted for in terms of two tenden-
cieg: the tendency to keep the right wing low, snd the greater pronenesa

to‘alipping a8 comparsd with slddding.

The implications of those two tenuaueios for airersft oparetion may be
briefly eumnarized ne follown: :

1. On right turna, all zroune ray be expsoted to slip more than skid
ainge both of sho Serdensics cporate to inducs s3lipplng exd nélther
operates o produce akidding (ase Table 3},

2. - On left turns, no significent differences may be expected in slip-
ping and skidding sinee the vight-wing-low tendeney {operating to
induce skidding) will offest the pronenesa to slipping (see Table 3).

3. More slipping may be expeated on the right turns than on the left .
sinoe, in the cass of r ight turne, alipping is induced by both ten-
dencies, while in the left twrn orly cne of the tendencies operates
to produce slipping and thie is offset or equalized by the right-
wing-low tendency. It might alao be expeoted that ‘there would be
a greater differerce in right and left turns slipping in the case
of the less experienced pilots (ses Table 2). Conversely, more
skidding would be expected in left turns then in right turuns.

. 4. oince, in left turns, the two tendencies offset one another, lateral
imbalange may be expected to be less in left turns than right. Also,
1t night be expected that the differences would be less in experi-
unond pllots (see Table 2).

5. Even the effect of the instructors' experience in flying is not guf-
ficient to compensate for the effect of the two tendenclss in com-
bination (when compared with a situation in wmhich neither tendency

18 operating) since on right turns the instructors slip more than
they »kid (mee Table 3),

Conp: 0B _©: Th lmental oupg. As in the evaluastlion of
the qualitativo lothod of analy:ing R-Srﬁide Retorder records,?5 the degree
of relationship between the quantitative indices and pllot status may be taken
as indicative of the validity of the indioes ‘a8 measures of differential pllot

25vitelel, M, 8., and Baokstrom, Oscar, Jr. Op, git. pp. 43-51,
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pep:srman «  Sinne tue Lires groups differsd with respest Lo exXperiewis - .on
Terns of total flying time) the quantita.ise indices pf “he groups wigh'
roesonably be sxuested to differ, with the inatwructors obtaining the test
‘scores end the atudents the pocrest eccres, Whether the asoree of the pri-
vate plloie would be closer to those of vhe instructors or of the students
rould depead upcn the nature of the lesrning curve of the elements of tlight
verformencs measurng by whe quantitative isdives. I1If the curve is assundd
t¢ hawe a rapid initial rise and ear’y :eveliirg off, the performance of the
privats piiots would be cleser W tase ¢ f e instructors, I1If learning pru-
cended olowly urd bie final level sttaiced uniy after considerable flight
svperiance. the privete plicts' perforusnce would be oloser to that of the
sfudsnle,

»

The threa oapy were cormodee by waniing the significence of the dif-
tersncas LetWesn paics of mean Bores tipreugi use of Student's ¢ test for
rnmatehed grovos % foailiabie for esuch compa™ieons werse uean scores on esed
st the 31 indioss [oo vight worns on ail #Jighis {1, 2, 3) and for the lef:
turna fer viighes & osaad 50 lediea O L. %, ivslusive, present the results of
these corpariasne, logluding uhe mesns tor each of the three groupe, ths
diffarencas bHetws moans, and-wos glgpificanca of ths differences. The ot
reetion of whe diflierencea 14 indiented by Lhe appropriate slgebraic sign:
In sach wese Lve smscond of Lbe nair of grovrs being compsrad was subiracteas
frem the flvsy. -

oy Ml

26gnether the difference between two giroups will attain statistical aig~
nificance by thie teat depends upon ths variancs of scorss within each group
ao well ame the megnitude of the differences botween means. (The larger the
varisnce, the graater muat be the diflarence vetween means in order to attain
significance,) In considering the resulia of the inter-group comparismns pre-
sented in ths pages Tollowing, the reader should bsar in mind the fact that za
this study was desipned, the varlisnes within sach group world be expected to
be reletively large, bacause wech group wae sowswhat heterogensecus with re-
.spect to flying tine and oxperience, 23 irndicawad in the followings

a, The renge of total flying tino o 'R elementary atudents ams 15 o
29 hours., '

b. The range of total fTiying time of thy privave pilots was 35 to 84
hoursa, ' . .

¢. The range ot totui “Iying tine 5" .t instruciors wae 300 to 4,000
plua hours,

d, Some ndividugela dn eash group wars relalitely unfamiliar with the
tost airplane, having ned only su faatiel fradliarization flight previouslv,
whila some wers thoroughiy fawmlliar with iv.

a, ‘The instructora warisd widelrs n their principal types of flying

- experlence.

In one saensag, wiire natocopdneiiy of tue sxverimental groups 1s s flaw
in the axperinmuntel cesign, aince 1t nilsht heve. obsoured real differences
between expesrlan~e Jovaels thet would hmve baen revealed 1f each group had -
been more homogenecus; Tor sranple, 3 233 tho Atederts had had 8-12 hours
cf flying *inme, all tiie priveie onilots had had 35-4% hours, and-all the in-
structore had bad 2000-3000 bours, -avsl iJ s\l bad had more thsa an initisl
fapiliszizatlion with bra ten o mirplace, ia anciber sense, hdéwarer, 1t im 2 °
congareative festurs, since the diYovgnuss Tevealed among thesme hetercgen-
mous proupd mey be erpreted T bs tors apnareni among groups more "purely”
Eamploc, ool LG &L DOME guAcELlic o ahn aomples of “slausntsry students .
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1 douk tems ipee Tniin .
Index it Waan “provg:” eyl On lhe isft fwns, the means of

the three groupe Fall in i.iv sipected crder of sxcellsnce, the in-
structorg’mean bank zcet cicsely approaching tha prescribed bank23
ard the students’ mean .pant Deing farthes* from the presoribed
bank. The instructors =mer-n signifiezntly superior to the atudente
on both flighte snd to ke pilote.on nelther fiight. The piiots
were superior tc tha studesta »op cne of the tmo flights.

Un the thrae right U.ara, o irsiances of aignificant diffesr-
encen oceurred. The mean Twnks of the students and private pllots
were virtually identicel. lue inatructorsg’ score was highest on
all flights, however, and :paricrity over the private pllots ap-
proached slgnificance on 7o nt the trraes flights and over the
gtudents on ons of iLre Mid..uis.

The abasence of six - ant dlfferences between the scores of
the students and the other l4c groups on the right turn, and their
presence on the left tuvn, ey be attributable in pert, at lemst,
to the previously dercnsiraled tendenny cf the students vo bank
significantiy hisher on th: rizht turn than tke left, while neither
the private pilots ror the instructors showed a significant dffer-
ence between the me “prup-r® henk on the right and left turns,
Thus, the students fzprove their mean bank on the right turo culfi-
slently to approach the level of proficlenoy of the instructors
and private pilots, aithough differentisted from the others on tha
loft turn.

Index 2:i Flurivatlor in ®"proper® bank. Thia index rsvealed
no slgnificant differencer .atwaen groups. The repults are consis-
tent, however, in that the ~nsiructors phowzod the lesst amount of
fluutuation on all five fjirnts and the private pilota the grestest
amount,

PLue) ITTDL et 3 L e rraew e (T MR s e ET el e gl e e w— B T

<71t 18 to be borne in mind tiaw the bank items treated in Table 5 con-
iain certain physicel errors of unks.wn extent. As lvdicated in Viieles, M.
i3.s and Backstrom, Oscar, Jr..Ssectles 5, op, oit.. the magnitude of these er-
rors 13 belleved to be small ennugh ic permit treatment of thess i1tews in
this exploratory atudy, although ths possibility remains that either or both
the negative and positive resulis r-»orted hers might e in part due to the
influence of theae errors.

28The presoribed bank of 60° is virtualiy the upper limit of bank able
t2 be'maintained in light sliplanes of low norsepowsr. The test plane used
in this atudy was an Aeronoa. tandem irainer and it was expected that the
nean score on this index of ell proups would be considerably lower than the
vrescribed bank. The mean banks in Table 5 are mostly within the range of
40P-500, .
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2.

Time Measuree (sce Teble C;

© index J: Tilme to gttein "proper? bank of 300. Of all five
flighte, thie index places the groups in the expected order of ex- _
cellence, although the differences are not consistently significant.29 .
However, the superiority of the ilnatructors over the students is
significant, or approaches signlficance, on four of the five flights,
and of the private pillots cver the studente on three of the five
flights. On only one flight are the instructors aignificantly au-

perior to the private pllote,

§

;i T Time of Mgneuver. On this index the groups
fall in the expected order on all five flights, the inetructors com-
pleting the turn in the shorteal average time. Tha date show that
the instructore are most often significantly differentisted Trom.
the students, while ths differences between private pilots and atud-
ants and between instructors and private pillots show no conaistent
significant. differentiation. ’

In view of ths weriables which enter into <he magnitude of
this index, little ilmporisrco per ge would seem to attach to thege
instances of signifigsant differentimtion. The trends nmoted here,
however, are of considerable importance in evaluating results on
certain other indices: osmely, those indices d:finied as the abso-
lute time spent in a fault of lateral balance (slipping, skidding,
lateral imbalance, slipping et or beyond a certain "critical" level
etc,) These results suggest that inter-group differences in such
items may be in part attributable to inter-group differences in the
time spent in the maneuver, end the concluslon that proportions
must be employsd to reveal true differences in the given fault.

epe Dealing with Slipping |6 ] . Table 7 presents the
results in Indices 5 to 17:inclueive, which deal with various as-
pects of slipping. The resulta differ markedly depending upon the °
dirsotion of the turp and will thus be discussed separatsly.

&L -
o

t n, On the left turn, the private pilots most often
rank first on these indices, the instructors most often rank secord,
and the students, with two exceptions {Indices 11 and 13, Flight 1),
rank third. The rank of theo ptudents is in aceoord with expectations,
but the renks of the private pllots and instructors are reversed.

29This lack of consistent sigrificent differentiation may be due, in
gome part, to the arbitrary selection of 300 as the end point of the entry,

to errors in signalling the beginning of the maneuver, and to physical errora

in the determination of the first point of attainment of a "proper® bank of

300,
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Fer inslances of vivo.floans U0 r - wustion geour on tha

1eft turn, “hers gre ro inatances o, sigrdfleapt aifferentie-
tion of students and imstrustors, or o jralructora and private
pilota. In tha csse of two irdloes, nowever, the time spent in
slipping ({(Index 8) and the per cent time spent in slipping (In-
dex 9}, the private pilots are comsistently snd significantly
differentiated from the studenis,” and *trere are soveral other
isolated instances of slgnificunt differertiction of these two
groups. . '

. Bight Turn. On the right turn, ihe anticipated ranke of the

three groups are obtained slmost universally, viz.; Iinstructors,
first; private pilots, seccnd; and students, third. Moreover, an
the right turn, the inetructors are consistently and significnnt%y
differentiated from the studente in the cuee of Indices 5 to 13,
inclusive. With the expeption of Indices &, 9, and 11, the priv-
ate pllots are also consisiently and significantly differentisted
from the students., The pr’vate pilots and irstructors, howsver,
are not differsentliaved in rny instancs,

results presented in Teble 7 may be summarized as follows:

a,

Co

d.

8.

On the lefi turn, the studenis' spend significantly more time,
and a significantly greater per cent of time, in slipping
than the private pilots: The students and privats pilots,
however, do not differ significantly on the left twrn in the
magnitude of elip, in the time and per cent of time apent in
slipping beyond the seleoted "eritiocall magnitudes, or in the
composite slip score which takes into account both the magni-
tude of slip and the time spent in alipping.

On the left turn, the instructors do not differ significantly
from either the private pilots or from the studenta in the
case of any 6f the slin indloes, '

On the right turn, the instructora spend significantly less
time, and & significantly smaller par cent of time, in 8lip--
ping at or beyonl the selected "critical® values than the
students, and have a2 mean slip socore significantly smaller
than the mean slip score of the studenta.

With the expeption of Indlces 8, 9, and 11, the private pilots
are also consistently and algnificantly better than the studenta
on the right turn with respect to slipping.

The instructors and private pilots do not differ significantly
with respect. to alipping on the right turn, although the mean
acores of the instmictors on each index for each flight are
almost invariably superior to the mean scores of the private
pllots, ' ,

N SO T L TR R IEY L w -



: enTea d q08xe oYy fuoTioedsul £q POUTWIOLED FUA EUCUELEU] UTELIOO ut

* £0°
EE“T o¥°g-
* €0°
Lo 896°T-
* z0°
gy- - T g~
» »
20°= °  g€9°~
* "
ge° o1 "~
o
-9
9€” lel
bnwa EL7E-
gg° | g0’
. g9° ~ )75
: Toge” T0°®
’ 78° - Zr°Y-
1 7 go°
VA A
qag” Y1
0“—.“ f. wh\o!
d-1 §=d
L ]
€9DOURIB IIT(

un._ﬂ; Wn,m. - e, eI s T _Ma_n,_u..._.( LR Bl
B A v S N

IR J._.L.J ﬂ.m v

£0°
£ET'E-
v0*
zLoe~
T0°
6T Y=

™
697 -
.
gg" -
co*

oT Y-
3..

Z9°e~

10

d
"JIta
d
F A
d
“3FHa

8 T 6
68°Y 95°% 20°8
9 It _ 8
m e Vi 4 42
g T 8
6%y 67 89°3
8 ot &
1L°2 £L°2 ¢ 9e"L
Q Cl 2
s Rl L Al S S

8 1T
e°2 ret Ak €69
2 1T 2
89" ¢ (£ g CE"S
8 17 8
g0°¢C TH'E 7000
g O1 6
65°1T ¢8> 0E°2
8 01 8
69°1 0171 .88°1
{IY "3eu7 (3} ?36Ttg [y Mg

ednouan

TR

L
i

uway

L!
A

wRay

a

B
HEET

j14- Bk

Y

uBOp
ey
uBay

§

-

uesly

oy

TPOATIOD 20T 9w

80UeI0IITP 61 JO WOUBOTJTuS[B=UOU &Y.

€ 15231y
2 143ty

T 1937y apri TuTey

drg efvisav 3

¢ 4uS Ty

Z 43Ty

£ 1397

T 4307
UETLY eI, BAGTI
- PRty b G

ORIdITTS W4 SHILOOYISNI NV ‘SIL0TId ‘SINRANIS 40 STHODS NVER THOAY SHONTYELIY G

3

4L TgYL



0g” £0°
0" - T2’
ON..- go
ot~ T~
ND 80
mObﬁ h'
T €o*
£+ Ye'-
7L° . T0°
.‘1.”_9 + omul
“2f. - T0°
PR 8L LT-
o AN
SRTer LS
RTE 50°
.‘.iwﬁv.sul ) Oh.ijl
LT 1c*
LT e iR g
- e
R A
g rAs
- 0" L-
HET Yo"
S PN 0% g~
ﬁ....ﬂn ..I..h.-n
LEo. L0° B~
87’ e
ST o+ €28~
ger 9¢°
L9 o £0° T~
e S
8OUGIR T IT(]

L
ta

- 20°

T0°

MWIJIIm™

a
*J33ta

"IEVQ

Il

TIFE]

"IV
*33Ta

*IITQ

S & 32
d

IFTT

NO4 SHOLONMISI GHY ‘SIOTId ‘SINUGLLIS 40 SEHOOS KVAR DNOWY SEONTHTAS T

88°€E
3

8E°€E

£y

88°7e
eL’52

R
32°0T
8
05°8
8
gL0T

8
cz'L
8
z°9

I) 360l - [d) 9301

L

1T

19"

T%
NLOG )

€Lt

ot
ge’
01

11
00°9¢
T -
BL°€

(1T
143 ¢

ot
08°LT

Ol
06°9T1

Tt
£EL°0T
it
00°0T
11
BL 1T

ot .
0T°L
ot
09°L

gdnoan

28"

BL"

68"

md -
L€

SL°1S

§T 99

L3° 3¢

ETIEY

8L" L1
05°€T
$2*6T

€e'6
£9°8

(s) "vas

(P13T00) L TTRVL

. s
P a

[y

Cr AN

[T

£ 4931y
Z W3ty

T 348ty

£ 3391

T 3497

£ udry
Z qu3dty

T yudty

£ 5o

T 3387

£ +u3Ty
2 3931y

T 24311

£ 1397
T 3597

AT
pue uany

Zuddrrg
smT ],

qued Jeg

ST

L

TN
xepug

BT
-

e

S
PR Y

B



F!.

d 8 It 6 M.

. : .33%a 6z° TE" .o9e usoy € Ty
o~ se KA 0° d -8 Tt g N _
L 60°= L1°- f- 331 g2’ e ¢  weey Z 2udty
€e’ go° - IO d .8 4! 8 H .
01" - v ITALTI ¥4 i ge” BE® - 69 uBRy T 2uBTy

8T° 0" u* d g ot 6 X ] .
SRR 4 M gI°- or°-  JIW . or° €0" 0z uBoR ¢ azeT FERLECR A
i 1€° 0s° €€’ d 8 i 3 N dyrs evwaepoy
T, o o ' Yoot 1w €1” 60 60° e - 1 4Jeq  OULD W ds1 U
PR |
LI 20° 10° d ] 11 6 B | ,

¥%"z-  YL°6T- g9°ze- JIW - 881 ze° L1 9%°LE weey . £ W@ -
. gz 60° o’ d - 8 1T 8 N- :
v g2°9-  2L°ET- 0002 33w £€9°71 16°02 €9°%€ uvey; > udTy
L BT* 10° 00° d g 1T 8 N
28°L-  I8"%e- £9°0€- FIWM O0°LT 28" €9°L7 umBep 1 9Ty
LT €0° 1° d a ot 6 X .
g $E°€+  OU°2T~ SL°8- JITa §2°9 06°2 00"$T  usey ¢ 3391 Pt
, 52° 0E° zv° d 8 o1 g X v S
. gz-g+ §T°2- Uk 3IW 8£°8 ¢1°g €74 usey { agey  “IEP o0
1 & T Iy *a6aT  (d) 5301w (5) 'bWS R 5 5 7 R 3 8 4 O
o puB uamny, XD §
5 #00U0I057q : sdnotp
i’ DNTJ4TTS ¥0d SHOIONHIGNT ONV ‘SIOTId ‘SINWUAIS S0 STHOOS NVER DROWY SHONWUEALIC
S P . y
mwﬁ_ _u - - ("pi2T0D) [ FIAVI



oﬂWﬁb d j0wxs og}

OE" Y0*
£0’- 61°-
%7 60° L
r Gt~
W 20°
T~ - LE -
s.un... . gb
0" = 0
I os”
2 o
pt £Qr '
O "¢ TETT=
e mm,
AR A EeT 1T~
-z 10" -
QL e 0712~
i¢” %0°
WL ERTe  09°2-
g ¥ *-
AN €L 0"
T =
Lo £90UBIeIITq
P

it 7

-
o
T

«f

9

. POATJSp 00 S8

fuojjoedsuy hn,vonﬂuhupov 9EA $OOUESUT UTEIIN0 UL S0UGIBJIITP oU} JO eousolyudyg-uou oyl

£0°
et
30
¢y’
z0°
T~

T A
[0
RD
0

£0°
2791~
¢G°
0% 'Zl~
10°
g€ *YZ-

ge’°
LE“T-

04°=

S=1

d

by i
d

I
d
Jae

d

J4H
d

JF1d

310
3I1Q
JIH

SN
d

JIta

g
¢Q°
8
co°
8
§0°

8
20°
8

n woq

-

%
¢z‘z
e

8E°Z

8
sL°e

8
£9°1

8
SL°T

r

I
80°

T,
£0°

Tt
60”

. 0%
10°

ot
£0°

T
6°y
131
€5°¢
Tt
$7°6

10T

oY°0
01

06°1

('P23UCD) L TIHVI

6
Le*
8
oe®
8
Q.mﬁ

6
0" .
R
£0°

6
€3°81
8
88° 71
8
ereLe

6
oe°E
8
T ArA

N

TN

£ 437y

£ BTy

2z Iy

T sty

€ 3I°7 edyis
eduaw] ‘euy]

T Je1 ues Id . °€1

*

¢ 13Ty
T 3Ty

€ 1397

. od1Ts
T 2397 o3y ‘euyy AN
JUBLIL [Ty 44 "ON
pus uang TapuI

. DHTJ4TTS H04 SHOLORUISHT CNV ‘SIOTIJ ‘SINFIOLS 40 STH0OS HVSN DNOWV SHONHWLAAI

LT

e M

LEng

AL



bo

" of time spent in skidding, r2vpectively. On these two ipdices,

Items Dealing with Skidding (see Table 8}. Table & presents the -
results on Indices 14 to 22, inclusive., These indices measure K
aspects of skidding similar to those of -8lipping, as presented :
in Table 7. 4Ap in slipping, the results of indices on the left :
turns differ from those on the right turns. h

On the left turn, tbhe ‘natructors most often rank firet on
these indices, the studeris scst ~° a rank second, and the priv~
ate pllots most oftea wverk ~h i " trhe right turn, the renka :
of the mean acores of the tirza groupe occur in somewhat random ° Sy
feahion. The meat consistent relsvionship occurs in the case of
Indizes 17 encd 18, the time spent in skidding smd the per cent

the studenta rank first for sll fiights, end with the exception
of Flight 3, the private pilots rank second and the instructors, 5
third, These results are therefore not in sccord with the ex- .
pected performence of the threse grcups. On none of the skid in-

dices are sny of the thres groups conaistently and significantly
differentiated from any -f the others., Isolated instances of sig-

nificant differentiation occcur, Lut wherever such appear, the dif-

Terences on the remaining flights sre not slgniflcant, It may be

stated, therefora, that there iz little differcnce smong the thres
axperimen+al groups with reszpect o the time and the per cent of

time spent in skidding, the wmagnitude of skid, the time and per

cent of tiwme apent in sklddivg st ur beyond tha selected "critl-

cal” values, and the coLpoaite skid score, on either left or

right turns.

items Deallny with Luteral iswbalanza (gee Tgble 9). Table 9 pre-
sents resulis on Indleas 22 to 31, inelusive, These indices ars
gimiler In matwa te these of siippipng end skidding and ere es-
sentislly a summation of the iwo twisa of fault.

A8 in the cuse of iha sllp irdiess {see Table 7), the re-
sulta obtalred on the right turs fer the lateral.imbalance indiesw
(Indiese %2 %o #1, inclusive, 3iffer warbadly from the resclts ob-
tained on the l:0¢ fturn. )

Cn the left tura, the sturdsnte wost often ramk third on theso
indivea, The privats pilote end lnstiructors each attain first -
rapk with approximataly eyani frdquecey. The students are cone
sigtantly ovd signiflcantly dirfcventiated from the private pllots
only in tho e¢sse of Indleag 305 SA. 2'7. the time spent in lateral =
imbalance, and the per sent of ©loe '*pen{: in leteral imbslance, -
respactively., The stuvivrtz sre secsistently differentiated from - =
the insiruciora by only e of ihese indlces, numely, Index 26.
Thare ere no Instoneas of gignitlicsot differertiation of the in-
atrustors and prlvate ol oia
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e TEnT e, v ovdeipater ranko of Loy threw:
croupes are oontedned o’ oleersnlly, viz.o:r lustruencrs;
firet; private plloir, asiore; end gnudenls, third.

0n the rizht Laor, the svudentos ond An3truciors are vone

' sistentiy and signllicent.y differsnilated in the cuse of ail
indicea. With the exuepiicn ol lrdicee 76 and 27, the time
apent ip latersl izbelencs wnd tae por cent of tims spent ln
laterel imbalancs, respec:isely, the privats pllots are alsc
conslstently and elgnificosoly differontioted Trom the stud-~
ento by theee indicex. 12 n tbe left turn, there are no ln-
stances of significant differencea batweer Iingtructors and pi-
lote '

Qver-all Trends in Inter-irous 2ifferances. Table 1C provides a
cumuarization of the inter=/voup cosceripona preaenied in Tables 5 w 9,
snclusive, It ip based on a tazulx:i.on of the frequenmcy of instances of
auperiority of one grovp ov~r epvt -, (m vhe left turn, for exampls,
the ipstructors were signiiinryitiy auperior {p valve of .U5 or less) to
the students in 7 of the tetsi of "0 comparisone between these iwe groups.
The total of 56 t tasts inoludss uoinerisons on 28 indices {t tesis were
nct made on indices 20, 2i, and 22° on seach of twe flighte. In a like
manner, the total of 84 campariroav on the rignt turns {28 indices on
tures flights) were tabulated as t3 lirection znd sipgnificancs of the dife
ferences vetween means, ' ‘

inspestion of Table 1C reveals the following:

i. Instructora va, Gtudente. .
8. Of the 56 comparireons »f laft turns the instructors were mu-
. perior in 48 instencec, of whish 12 gere significent or ap-

proached significance The students were euperlor in 5 in-
stances, none gignifirantly.

‘b, Of tha B4 comparimson: of right turns the instructors were
superior in 75 ilnatascues, of whlch 59 were significant or
approached aigniflasrcs. The students were guperior in 9
instances, 2 instances of whilen approached significancs.

c. Of the total of 140 ccuparisons, tha instructors were. signif-
. locantly superior {(p of .05 or less) in 60 instances, whils
tha students ware signifisantly superior in no 4nstance.

2. Pllota va. Students.

a. Of the 56 left turn coumparisons, the pllots were superior
to the students in 39 instances, of which 20 were signifi-
cant or approesched significance. The students were supsr- .
lor in 15 instances; l1a no case, however, did the difference
approach significanca.

‘
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TABLE 1C
INTER-GROUP COMPARISONS FOR LEFT AND RIGHT TUKNS

Instructors ve, Students Left Turn Right Turn Total
Significant 7 55 60

Inatructore Approaches significance 5 € 1
Superiox Hon=aignificant . 36 16 52
Equal 3 - 3
Non-aignificant ) 5 7 12

Studente Approachea significance - 2 2
Superior Significance - - —
TITAL 56 84 140

ingiructora ye, Piilgis

, 3ignifiecant. 3 2 5
Inatruoters Approaches aignifisance 2 3 3
Superior Non-aigndficant 27 61 ag
Egqual 1 2 3

Non=-gignificant 23 16 39

Pilots Approaches signiflicente - =
Superior Significant it — [
TOTAY 55 84 140

Pilote ve Stucunts .
Signifizent 1o 43 59

Pilots Appreashes significanze A 3 13
Superior Non-aignificsnt ~G b 35
' Feusl ? 1 - 3

Hor- elgnifican: & I3 28

Students Approackes signdfic-, oo - 1 1
Superiox Signiticent i - i
- HOTRS =6 g4, FAS,

b.

T

0f the 84 right ru vosperlscens, the pilota were superior
in 58 ilratancern, &7 of which ware slgnificant or approsched
aigrnificance., The ztudente were eupsrlar in 15 instances,

13 af ahiech ware not elendfdlean.,

OF 1he total of 140 comparieons, the plldta wers signif-

teantly superios {3 velue of 0% ar lees) in 59 instances
lle tha ~todents wero sigrdficanily superior in only 1

Ingireng, ‘

. lusiruebtorg ve, Rllage.

LA

OF the 4 caft turs cowperisons. tie instrucltors were super-
ev ta the viinte 15 37 Jnstarces, of whlch ouly £, however,
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were Aignificant or apnooached glgnilicenca. ‘1ne pllote were
auperior b 23 Instances Buv none approeched significance,

b. Of the 8/ right turn corparisons, the inatructors were super-
ior in 66 instances, ot which 5 were glgnificant or approsched
significance. The piluis were superior in 16 instances, but
none epproached significanocs.

o. Uf the total of 140 comparisons, the instiructors were signifi-
cantly superlor (p velue of .05 or less) in only 5 instances;
the pilots ware significantiy superior in no insiance,

Tha over-all trenda reveecled by thla summary tebulation are in accord
with the expectation that, i1f the indices were meapures of differential
fiight performance, the inatructor group would obtgln the best scores and
vhe students, the pocrest socreg In addition, the summary tabulation
anows thdt the privetes plleots were wich mors freguently differentiated
~om the studenta than from ".:p ios*tructors. In fact, the results show
only slight superiority of tue lnsilvontors over the privats pllote.

It may, therefore, be infecred trat lesrning curves of the aspects
of performnnco moasurad by thepe indfces would shiow a rapld initial rise
and early leveling off, This mighi he considered as presumptive evidence
that the standards of flight proficisncy requirec by the CAA for the priv-
ete pllot lloense and the 35-pour irdinming program set up for clvilian pilot
treining are adequate and perhags even at too high a level, Obviously, and
apart from the fact that thepe data ure artifacts of the partioculsr test

- plane used and may not be applicable 4o other planea, this evidence is not

dafinitive. It ia known nelther to what sxtent proficlency in the aspects -
of performanne measured by these indices is representatiye of over-all pro-
ficienoy in executing power turns, nor to what extent proficlency in exscut-
ing power turns is representative of over-all ekill in executing the maneu-
vare in the CPT course, The evidence, howaver, is suggestive,

In regard to the inatrumentation of this project, the followlng fac-
tors also limit the generality of coislusions to be drewn:

1. As stated previously, the R~S Ride Réoorder reccrds gave an indi-
cation of only a few aspects of performance. It is possible that
the instructors and privets pllois differ materially and signifi-
cantly in other agpects of performance than bank and lateral bal-
ance, €.g., mainterance of proper alrspeed, correct longitudinal
attitude, holding & constant altitude, etc., which cannot be deter-
mined from the R-S Ride Resorder.

2. The slow papar speed of 1% inches per minute suppressed much de-
tall which may have been a usans of diseriminating the private
pilots and instructors. ) :

Ae to other statistical' procedures, it is poseible that the differ-
ences between the private pllots and the instructors sre of such an order

SED L oL sz
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that any ona aspect of performance alone will fail to discrimingte ths

two groups, and a "global” use of quantitative indices would be neces-
eary to reveal the differences.’® Such a "global® approach might, for
example, involve the combination of indices by appropriate weighting
procedures in order to arrive at over-all soores of proficlency. Welightas
for the given indices might be arbitrarily assigned in aocordenoce with the
Judgment of expert pilots as to thelr relative importance; or might be
statliatically establiahed ualng the license status of the subjects as an
external criterion,

i It was felt. however, tbat auch treatment was beyond the scope of

this exXploratory study and should await o more ambitious experiment involy-
ing both better lnstrumentation and larger and more appropriately-consti-
tuted experimentsl groups,

Effest of Intra-Group Trends Uoor inter~Group Diffarences. It has
been noted above tnat inter-~group diffarences in slipping and lateral im-
balance differed markedly from left twrn to right turn; in particular,
the differences smong groups were mors pronsunced on the right turns than
¢n the ieft turne. It will alz2o be rcecalled that certain intra~-group. dif-
ferances appeared Letween performance on the left turn and the right turn,
as followss each group bad & grealer proneness to slipping than to skid-
‘ ding (ses Table 4); the less experients.. groups, i.e., students and priv-
ate pllots, had a statietically counfirmed tendency to keep the rlght wing
low (see Teble 27; the instructors slzo manifested this right-wing-low
tendency in that thelr right-wing-low plipping and skidding ecores were
conslatently higher than their left-wing-low sllpping and skidding acores,
although the differenzes were not statisticslly signiricent (see Tahle 2).

it might be proflitable, therefﬁra,'tc conajder the extent to which
the differences betwsan lef't turn and rigkt turn in these lnter-group
comparlsons may be awxplained in tecms of ths observed intra-group.

1. Right Twrn:  Slivping dindices 5 tu 12). In a right turn both
the greatsr pronsness o slipndng and to skidding and the rlight-

wine-low tendsncy combine te induce slipping. This combination

«f both tendereies wap 2 razisted unly by the ekdil of the pllct
. in compeonsation, whieh is presumcbliy s function of experience.

It might, therefors. Le expsctad that the three groups {instruc-

tors, privata pilots, and studuntz) would be consiptently and

significently differentiatad. s Tohle 7 shows, this differen-

tiotion was ebipined in tne resulie.

— e 1 s, ar At = R e T s e b e A kR AR

30Thie remarx spplise only tw élemont&ry weneuvera, on at ieast some

of whlsh the privete pilots appaventiy mey attaln or nearly attaein a final
piateau of profictency within tne allotted tlwo of the CPT primary course,
It would seem likely ihat privats rdiole and instractors might be ‘differen-
tlated by Andices wesavring singia sprauts 0 the parformance of advanced
exrolbatis msnewrera.
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Right Turns Sikdading ilaoioin 14 3o 220 Lu right turns both
tendencins mentlioned above would operabtn to nrevent skxidding and,
 therefore, reduce dilferzocer smong groupe. J7n sddition, the
students, heving epent = graster troportlon of the maneuver time
in slipping, would hava ‘he isnet opportunity toc ekld., In con~
trast, the ingtructoras, hwying spant & swmaller proportiocn’ of the
time In slipping, wonld neve the greatest opportvnlty for skidding,
It might further be expectwc twt wien skidding does oocour the in-
structors would exhi 4% w - suellest magnitude of skid and the
students, ths lavgest,

- The results in Yable 8, in generai, ere in accord with the
expected effect of those two tendencles eince none of the three
groups 1is consietently and significantly differentiated from elther
of the other two., Ig ndclilon, Tur Indlces 17 and 18, which are

_directly affected Uy tno tiso epent in skidding and the percentage

of time epent in akldding, the students exhibit ihe best mcoras
and the instrustors tba pooriset. amlthough the differences are not
significent, '

Right Turns latgral Iubalence Items (Irdices 23 1o 3)). Since on
right turns the amount of alipping of each group greatly exceeded

the amount of skidding, the lateral imbalance items for all groups
are composed chiefly of slipping. The repulte on the lateral im-
balance items {pee Table 3}, therefore, virtually duplicate the
results on the alip itena. '

Left Turny 'Siipping (Indices 5 to 13). On left turns the two

tendencies operate in an antagonistic manner thereby reducing’
the frequenoy in the mmomnt of Blipping in Zeft turma, Differ-
ences among groups mlght, therefore, be expected to be small
since the differential effects of experisnce are minimlzed by
the "help™ glven to Leas oxpa-lenced groups resuiting from the
faot that the two terndensles offset each other.

As shown in Table 7, or most 'of the elip indlces in the left
turn the studente benefit frem the oppoaition of the right-wing-
low tendency and the pronensas 4o ellp to an extent sufficlient to
bring their sgores close to the scores of the lnetructors and pri-
vats pilots. Although the instructors tend -to obtain the best
scores, the differences among the groups are in general not signif-
10.11130

3

It cannot be assumed, of-ocurse, that these two tendencles,
although present simnltanecusly, would actually balance each other
so that the pilot would neither slip nor akdd. The greatest bene-

-fit to the inexperienced pilot, unable to resist each tendency
successfully, would be in the reduction of the magnitude rather
than the time of the slip, This may partially explain the faot
that the private pilots were aignificantly differeniiated from

a3
L



the etudeats in Intlices B and 9, Doty vl whicr ae, #it .0 tinme
Tactor Additional evidence for unla wuppositi= o fwi-s 7
Table 2 which shows that the studants’ scores on avermgs msgni-
tude of slip (Index ¢) were 8,68 for the right narn 4pz 3.2% Por
the left turn for Flight 1, a reduction of 63 per cent, whereas
the reduction from right turn to left turn 1u Index B wap from

.89 to .54, or only 39 per cent.

5, ndi ). As in slipping, the two-
tendencies would also operate to reduce skidding in the left turus,
As shown in Table 8, none of the three groups is consiatently and
slgnificantly dift‘erentiated from either of the other two on any .
of the skidding indices, although the instructore most often at-
tain the best soores. '

aral imhqlanoe indicou take account of both alipping and sikddding
the effect of the twu opposzing indices would again be to reduce
group differences and result in a lack of significant differen-
tlatlon among the groups on these indices. As shown in Table 9,
the students are conaistently and significantly differentiated
from both the instructoreg and the private pillots only in the case
of Index 26, time spant in luteral imbalance, and from the private
Pilots only in the case of Index 27, the percentage of tilme spent
in lateral imbalance.

In general, the differences between the right turn and left turn re-
sults are in accord with expectations bmsed upon the effect of these two
tendenoiep end tend to strangthen conclusions as to the value of the quanti-
tatlve indicea as velid measures of pilet proficiency.

Cutting Sgores. The fact that txs groups, differing in amount of ex-
perience, differ significantly in mesn s2orss on a certein index does not
necessarily indicaste that scores on-the ipdex would classify individusl
pilots in one or the other of the iwo experience levels on the basia of
their individual scores on the particulsr index, A statistlcally signifi-
cant diff'erence in mean scorea mny have resulted from a few extreme acores
wlthin esch grovp, end a large proportion of one group may have spgores 4if-
faring very little from the scoves ol a larcs proportlon of the other group.

For determinirg the valne »f quantitative indices in classifying pllotia
in terme of experience or proficicncy levels, the most practical procsdure
is through the determination of cutiing scoras  Although cutting scorea cb-
tained in this study are not immediately appiicable in the fleld, because
based on small samples of zubliects and on the cvesults of only one plane, e
pra}liminery investigation was mude to determine the practicebility of usirg
the quantitative irdices for classifying nurpoaaes,

Lateral imbalance iiems were seleciod hecauze they are the most compr e~
hensive of the indices perteaining i» he muinlensnce of lateral balance,

. Since the lat~ - -

G
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Moreover, two of them, Indicee 26 and 27, discriminate among the groups on
poth left and right twrns. Acoordlirgly, dlastribution of scores were plot-
ted for four lateral imbalance indices, namely, Lateral Imbalance Score
(Index 23}, Time Spent in Lateral Inbalance (Index 26), Fercentage of Time
Spent in Lateral Imbalance (Index 27), and Time beyond eritical level of
10 units for each turh in each group {Index 30).

In most distributions thare are usually several pointe at whioh out-
ting scores may be set, Which point is selected will depend upon the
practical situation,31 For example, 1t 'is frequently possible on a given
distribution to eet a score which leads to the acceptance of only those
who rank highest on the oriterion variasble. This score may, nevertheless,
be undesirable 1f the rumber of such individuals is less than the number
required by the practical situation of £11ling fasotory jobs, obtaining
military pilotd, ete. In such & case, a lower cutting score would be re-
_ quired which would lesd to the acceptance of some fair and even some poor
prospects. Accordingly, several possible cut soores were pslected for
each index on the basis of simple lnspeotion,

Table 11 shows the nmumber of cases aocepted or rejected in each group
by eeveral possible outting scores ov each index, The eriterla for accept-
anca or rejeotion were as follows:

l. In the caso of left turn, an individual was consldered to be ac-
oepted by the cutting score if his score on both Flight 1 and
Flight 3 fell below the outting score.33

2. In the case of right turn an individual was considered to be ac-
cepted by the cutting score if his scores on at least two of the
three flights fell below the cutting moore.

Examination of Table 11 reveale that, in general, satisfactory cutting
scorea for the right turn were obtainoed on all four of the indlces. Satls-

33Th1l problon hau be.n discuased in detnil in: Johnuon, H M. 0On the

‘ ) _ - HauhingtOn, D, C,4 GAA Airma.n Deval-
|0pmant Divilion, Roport Noo 32, August 1944, :

32por the purposes of the present study it dld not seem desirable to
use highly refined statistical techniques for setting cutiing scores, The
general problem of cutting scores and & method for the selection of the most
‘afficlent cutting score are di-ouuaed inz Frnnzen, Raymond A_lggggg_ggg

CAA Diviaion'or'nasearoh, Report Noa'12, Haroh 191«3°

3331nce these indices relate to "faults,” a low soore represente super~
ior performance.
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G cem, namely, lpoiuns o oapd 47, Hbe seme T wnliol | deaskar yighivices’
. ferances ATOLE group peane in previcus ¢coaparisors. Oy, rodex 20, toT
sxample. 8 cutiing aoore of 40 rajscted only ~na { the sastrustora bul .
ail eignt of the students, end a sutting seore of U rejecied vne ol whe
+netructors and 7 cf the 8 atudents. When the gcutting score 1% raised
1o 60 it rejects only +wo of the students ani none of the ather groups.
slthough the cuttlng score of 70 rejects tniy Jne student, if acceptance
is besed upon baing above the ¢ Wting ascars - o - coth turns the score a0~
cepts all of inatructors and private pilots w. only four of the eight
students. :

gimiler inspection of the other indices shows e cutiing soors of 60
on Index 27 to relect all thelstudanfs rhile rejecting nelf or less of
the private pilots =ud instructora; wisvering" the cutting score to 5
would accept & group insiuding ail of the instructors, a1l but two of

the privete pllots, it only two of ine gtudenta. The reaults show Index
130 to be of 1ittle value in clagsiiying individuale and Index 23 to be
only slightly wore diaeriminatiag

in spine of the goneratliy Az tiesfasicry periormance of the cutting \
goores nnbed above, tv pany AnFisncss & fuiriy large proportion of several
of the experdmental (TOUPE 58 mocaptsd ¥ O given score on turns in one
Jirection, wut nov o rens Ao the ot T Tpie is true even in the case

of the tims and the parcentage of time speni in 1ateral imbalance, which
differentlaie whe arperimental grows on turne of both directions. For
axampla, referring 5. Teble 11, &b sy Le gesn that in he cese of the
percentage of 1dpe srent o Tarera:r Labelance {Lndon 27) ¢

1. Tha cubiing pcors a¥ ¥, neeonts Ol the left turn 4 1ndividusls
na% aeoep i on e whght Tora,

7 The suttiny uncTd ot OY solepis un rhe lelt turni & individuals
pat aceepteri on tne rigny bacn. A outents ob the rignt turn 2
1ndividvals ot parsoted an v Loty urn.

1 The eutting acers oi TEL gooaghi On (i left twn 8 individuals .
not aecepiic O e right TATH and mwooepts On the right turn 4
{nAlvidues . Ant accephad o fre Lait AL

L. Toe o, annre f b smeunh3 0n Lus Left trn ¢ 1ndividuals

rob maesued of At piokt &, o acoepta on {he right turn FA
ypdieidusis 0% g e + e Lery LLTD

Whis shietlos Db YIRag it bR T vhe iptra-group differences
hetwesn the Llalt £t shent W Ldwza oa ik turns both the students
and priTata pliohy e slandidonnsly NRguEs si;oreg Tor lateral imbalance

jremo than “hey de o Ll tauag o 3t would not b8 expected that the same

'
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27

30

Time
Spent in
Lateral
Imbelance

Percentage
of Time
Spent in
Lateral
Inbaiance

Time
Beyond
Critical
Lavel

CUTTING SU0LL3 i SELMCTED TNDICES

Cutting

Soore
40
50

60

70

50

75

2o

10

15

SreuD

Instrue,
Pilota

" Students

Inatrue.
Pllots

Studants

Inatruc,
Pilats

Stufante

Instruc.
'1lotsa
Studentns

Insﬁrue,
Pillons
Studernts

Instiuc.
Fllota
Students

Instrus,
Filcta

Students

Instruc.
Filots

Students

Inptruc,
Pilote

Students

Instruc,
Pllota
Students

LD

MU i1 e+ & wa

Q

Do

@O m &g &

oD o DO m

Accepts
Left Turn Right Turn Rejects on

Eoth

Turng ___Only _ _Oply = Eoth Turne
3 3 2 1
2 4 1 3
0 0 0 8
2 3 2 1
1 ) 1 2
) o 1 7
5 M 2 0
7 2 0] 0
1 3 2 b
2 0 0 0
123 1 0 0
A 2 1 1
1 ‘3 0 4
0 1 0 8
0 G G B
1 3 1 3
1 3 1 &
B 0 0 B
1 5 2 0
3 3 -1 2
1 0 1 i\
2 4 2 0
A 3 1 1l
1 1 1 5
7 0 1 D
7 1 1 0
2 3 1 2
g Q 0 0
B 1 0 0
.3 5 0] 0

o HT



CUTTING SCORES ON SELEGTED INDICES

By

TABLE 1

S
[ .

cutting scers would aecept and reject the same individuals on the left and
right turn.

In addition, examination of the schani 47 2tributions revealed thet cer-
tain individuels obtained high soores oa right turna and low scores on leflt
turns, or vice veres; inm other words, L1e reiationship between sccres on the

i1ndividual waneuvers was not very high.

Syverel Interpretations cf these

disorepancies are posaibile:

1.

3.

-In the present comparisons, ths sbgenra of inarked relaticnship be~

twoen left and righl turn performancs ray e cttributable to the
differential effsat of the previously noted intra-group trends on
the three groupz of subjects cn left and right turns.

The absence of marked relstionship might alse be attributable to
the faet that each dndex measures oriy one aspect of the perform-
ance. It i3 possible that the tolal performances on left and
right turme, respectively, ere mors Lighly related than the parti-
cular cspechs measured by thone individuel indices.

On the basis of conparisops presented in the following sectlon 1t
is8 ghomn thet indices deriwed Trca single performences of a maeuec-
ver are not adequets for s cunzigtent sppraleal of skill in the

*

A
.ndex Cutting Both Left Turn Right Turn Rejects on
Bo.. Iitle Score Group N Twne __Opnly __ _Only = Both Turns
Instrue. A 2 < 2 2
2 b Piloun 3 L 1 i 3
. Giudenta 8 2 3 0 5
Inatruc. 8 P 2 2 2
3,0 Piloty 9 4 2 1 2
Students 8 1l 3 0 2,
‘ - Latersl Ingtruz 8 g — 2 i ]
231 1mbalanace 4.6 P¥oits 9 5 2 0 2
Score Students g "2 P 0 4
Instrus. 3 4 1 1 "0
5.0 FPiliotsy g 5 2 D 1
Student: & 2 3 0 3
, Instoue. 8 3] O 0 0
7.2 Piicts 3 3 1 a 0
Svudents b A & 0 O
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day~to=day exeouticr '~7 tix.. wanewver, becsuse of pilot variability
from flight to flight e absence of marked relutionshlp betwsan
acores on left anc right %iurus may be one aspeot of a general in-
stabllity of indlces nucn us thouse devised in this study, each re-
ferring to small segrents= or-d brief perioda of perfonmanoa in pilot-
ing an airplana. '

The resulta ‘do- ghow that it is posasible to classify, with Tregpect to
sxperiencs, pilots performing +ts anme maneuver under standsrd conditions,
through the use of quantitatLVu inél«es such a3z those employed in this
study. The results presented in Tsblie 11 indicate that for one meneuver,
cutting scores or norms may be obtained on indices derived from graphie
records which will satisfactorily “place” unselected individuals for that
meneuver. The results do not furrish evidence as to the possibllity of
combining quantitative indices wivk r view to "placing" pllots with re-
spect to total or global performanve. To arrive at more general quantita-
tive indlces of pllot performsrce wovuld 1avolve the analysis and combina-

. tion of such indices for a mmber «f maneuvers by appropriate weighting

orocedures and the discovery of these indices which are moat highly related
with over-all proficiency ae :. pii.»: in successive groups of subjects,

dnteroorrelatlons Awong idcovey wn Selected Indicea for Sucgepslyve
Flighta. As indiomted above, indizer derived from single performances
of a mansuver were not adéquate o & conslstent appralsal of sgkil]l in
expcuting that meneuver because cf ..:lot variability from flight to flight.
Additional evidence on varisbllity v performance was obtained by correla-
ting the scorea of the subjectz on ~ive selected indices for the left turn
sf the first flight with their seorsz on the eams indices for the left turm
af the third flight, In nddi?iﬁng vieir scores on these same indices for
the right turns of Flights 1, 3, and 3 were lntercorrelated.

The Indices selected for thsum ‘ntercorrelstions were:

1. The Slip Score {Index 5}, 3kid Score {Index 1), and Lateral Im-
balance Score (Index %), As stated earlier, these indices are
‘composlte indices eacl taking inte mcoount both megnitude of the
particular fault in mzintaining lateral balance and the time
apent in the fault. TInvesiigation of their successive-flight
reliability would therefors indlicate the reliabllity of the
total performance of the subjects with respect to lateral bal-
ance., Moreover, since thess indices are everages, hlgher 1n-
teroorrelations would be expected then in the cass of single-
variable indices; hence, i thase irdices did not show high
successive flight reliability, it might reasonably be concluded
that the simpler measures would also not show high successive-
flight reliability.

2. The Time Spent in Lateral Imbalance (Index 26) and the Time Spent
in Latersl Imbalance st or beyond the "eritical” level of 10 units
(Index 30). It was thought that intercorrelations of the succes-
sive-flight soores on these indices would be of particular intereat
because of their employment in the investigation of cutting scores.
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L. With the exueption of the skid-score intercorrelations, signifi-
cant. positive correlatior. 1s present in all succesasive-Iflight
comparisons, since the probability of obtaining the given »
through the chance fluctuatior: of random sampling, if the true
T were G, is lower than .05 i zach case.

2. HNone of the indicea, however, ~an b» judged to have a high suce
cegsive-flight reliability, sicce the nighest intercorrelation
of scores on &n index for the left turn 1s +.70, obtained in the
case of the slip scors. Although the scores on several indices for
the rlght turns of Flights 1 and 2, and 1 and 3, are highly cor-
related (of the order of +.80), the acores for the right turns
of Flights 2 end 3 are not highly correlated in the csse of any
Index.

The cegree of veriability from flight te flight exhibited by the pi-
lote on the indices umder investligaticn has certain important implications
for the employment of the work-sauwple technique (as represented by stand- -
ard flipghts) in the measurement of pilo% proficiency. Although the number
of cases 1s smali, the followlng tentative conclusions seem to be justi-
fied from the resulta presented in Tsble 12 clted above:

1. Although there are wide differences in the conaiatency of vari-
ous aspects cf performance, the orders of several of the cceffl-
ciente sre sufficliently high to euggast that certain aspects of
performance during a sirgle flight give a falrly conaiatent index
of pilet proficiency applying from fiight to flight.35

2. From an inspection of the dzta there ssema reeson to belleve that
further examination of such qusntiisiidre indices under improved
experimental conditlons mey w-"% iacd o the identificatior of
those aspecis of perforrance #iich are particularly acceptable in
terme of successive-flight relisbility.

3. In the light of reneral experientaticn in thls fleld; it seems
likely thet such resaarch shouwid be ccrcerned not with single
indices, each mepsuring a2 Jimited espeet of performance, but
with. the combinatior of indicae oy aprropriate welghting in order
te obtain & seore representative cof st least an entlire maneuver.
Thi= point of view 13 surewhat nossted by the findings ineluded

- - rmary

3quhbsmru¢n* to this rtudy of gpraphic recvois, an anglogous study
e been mades of “ilct varlablllity frau fight te flight ag revesled by
photogrephic records. Intercurrelations ou such items of performance as
average elirspeed, everage banu, altitvufe variatlon, eto,, are progented

in: ﬁapner, 3., Mestioger, L., & Gdbart, H. & ggngggg%ngz_gf_gggggnj
pilot, perfornance as chsevied in phescerophlc reserad. (A fiual repert
to e published in the CAA Teehniecal Sevlcs.) .
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1; Rarc 1 ot ipls report whien failed 1o revenl s Ligh order -
relianiiity between qualitative global retings cf manesuvers (o
aunccesaivs flightaa32 However, the higher order of reliagbiliivy
found to bs characteristic ¢f quantitative wsesurements as con-
trested with qualitative judgments should tend to contribute
towards the consistency of s composits index.

The poseibility of combining scores on different maneuvers to
arrive at a single score for an entire flight should also re-
ceive conslderation in further research. In gemeral; this prob-
lem of arriving at a ccmpletely scueptable and reliable index of
flight performance iz of critical importance with respect to the
use of azingle flights such ms are employed in the flight inspec-
tion program of the TPT in assessing pllot proficlency.

L el - e Tty A — L il

3830e Viates, 4 7, and Becksiren, -scer, Jr Ip. cit.
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APPENDIX A
ACCURACY OF MEASUREMENT
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Fursher detalis of the peasuping procegs.

1. Hea loyed. Thres perecme served as readers and recorders
in the quentitatlve measuri-y + w87, only two of these three
working at & given ‘re. T . ~ ~ »red alternately as reader
and recorder. The reader cr.! .. 1.y ead the whole of one turn

and then became reccrder for the next turn.

The time resquired (including the handling of the record, in-
sertion into the reflectoscope, and edjusting the screen) for
reading esch iurn varied from about 34 minutes to about an hour
and twenty ainutes, the average being about 45 - 50 minutes. In
the case of unususlly leng turns, the regder and recorder aome-
times oxchanged placeas if thc reader became particularly fatigued.

2, HReading the load factor irace. O5ince the load factor trace con-
tained a superposed complex of vibration traces having the form

of a simple sine curve, the reading of load factor at any point
was padg al the mid-point of this superposed complex of vibration
traces,”‘This feature of the records made for some difficulty in
reading, since the reader had to determine two points (the top

and the boitom of the vibtrations itrace) and obtaein the mid-point
.betwsen these two to get ibe resding of leoad factor. Accuracy

was undoubtedly lost bocause of thia feature of the records, since
the meaevring procese 1s obviously a rather complex and unsetis-
factory means of making reedings

‘Further pregguticns laken to insures sceurpcy of the regsdingg. One ol

the three readers; tha junior writer, in esftablishing the measuring tech-
nique, rad become experlanced in the jraci < of measurement. The other
two readers3t neoce practice readings in hie presence until in his Judgmeni
they had learhed ths memsuring process. ~.ese practlice mespurements were
checked with re-usesuvements wale DY the more experlienced regdsr,

Check on the socurasy of tue peasuremsnte.

1. No Tormal check ar tns asccurascy »f vt guantitative measurementa
wag wedc. [ne ac~uracr of thy messarements in general depended
on 8o meny variables. suczh as clarity of the record, c¢larity of
the praulected image, tne purticular reader, the practice of the
reader, mnd fatigus of tha vender, that 14 wap felt that a single
forial eheek would nmotl h3 renresentative of the entire couras of

the reordvpr

4 atcmme Rl H Eaa e e = —ama s e e

37306 Vitwien, ¥ ,,and Heckatroo, Geear, Jr. Opg il

EThg o e cwn resdeve wern P, 3. PriJlios and Jean Goldsteln-
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2. Accordingly, inforrmel cneoxe were made fregquantly throughout the
coursa of the readings. l.ese lnformal cheexs consisted of the
re-measurement of sectrons of the records snd corparisca of the
second measurcments with tae first Re-uweasurementa wars scme-
times made by the gams readar and scmetimes by & sscond reader.

3. 1n each case of re-measwremant, Lhe measurements wers called off
to the recorder as in the regular meessuring process discuseed in
the text, and the recorder, with the original data snset in hand,
helted the re-measuring at'ter he was assured that the re-measure-
ments did not differ materially from the original measurements.
Usually each re-measurement session included mpproximately 15 to
20 sets of meazsurements of the three traces. It was intsnded in
the event of widely divergaent readings on the second messurement
to record the re-messuremsnis., No re-measurement resulted in
such divergent remdingse, .owever.

Regults of the informel checks on the accuracy of the megsurements.

1. ¥©ith the exceptlon of a few readings of losd factor, diecussed
below, all re-measurements of the chart agreed with original
measurements with a deviation no greatsr than + or « 3 sgcreen
spaces. Deviations of 2 or 3 soreen spaces were rare. A devia-
tion of 1 se¢reen apace wam Talrly frequent, but O deviations were
more common. A conservatiie ogtimate of the avarage (abasolute)
deviation is thus momevwhat l1ess than 1 screen space; and the
average elgebraic devistlon, of course, approaches O,

This order of accurazy is nquite acoceptabls, particulsrly in
view of the fact that the juantitstive indices take Into account
a large number of readings, ellowing cancellation of the arrors.

{

2. In isolated cases of very rapid changes of load faotor or "verti-
cal acceleration,” measurement and re~meesuremsnt oceasionally
differed by as much ea + or - 3 or 4 screen spaces.39 For a-
eingle reading in the upper or middle”part of the chart soals,
however, (where such changss usueliy ocgur) this error would in-
troduce an error of no more than 32 or 49, and as little as 10,
in determining the "proper" bank, Such en error in the few read-
ings would operate to introduce negligible error in the bank in-
dices.

3% rrors of this megnitude, cccurring only when the slope of the trace
is stoep, would seem to be attributable chiefly to varylng locatlons of the
synchronizing acale on originnl and repeat readings, rather than differences:
in judgment; 1.e.,, the trace was actuelly meaaured at two slightly different

points on original and repeat readinga.
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DIFFICOLTIES ENCOUNTERED XN COMFJTING
TRE JUARTITATIVE. INDICES

Dis d of recor

1. Recorde of 4 turns (3 of one subject and 1 of another) in which
the subjecte misunderstood instructions were disoarded, and no
indices were computed for them. The first subject intentionally
mada medium-banked turns tihrough s misunderstanding; the second,
in executing his first turn, mads a turn of enly 360° through a
misunderstanding,

2, 1In gll other cases, ovne index of & record might be dlscarded ow-
1ng to a particular deficlency of the record, but other indices
derived from the relisble infurmetion of other traces would be
computed snd treated. For example, if & reccrd displayed the
"haywire® effect in the load factor irace, the bank indices were
discarded, but the indices relating to isteral balance were com-
puted in all such cases, since the wing-low traces of all records,
with one excaption, supplied accurate information,

Difficulties encountered in computing indices relmting to "proper®
bank. :

1. TIregtment of extreue yerdings of load factor.

a4, Dage-line reajingm. 4 bage-line ieading of load factor may
correspond to any benl: irom (% to 18°, since the load factor
may be 1 05 g or any lesser veluedd, Althmugh the indices
relating to "proper? bank smployed only the readings durlng
the turn proper {that saction of the turn between the first
atteinment of a "proper® bank of 30¢ and the last attainment
of & “proper” bank of 20°., huee -ilne readings of load fastow
neveriheless cecurred oczesionallvs after the subject remched
a bank cf 309 terminating the arblirary entry, he mlght drop
off bank to & point below 16°, in which case, a bage-llne
reading, or readings, of iload fretor wounld emsue, Seventeen
such inatanesr ware encountered emong all the turns read,

(1; In computing tns mean "proper” dank dwring the turn
proper, thess swventser cases were handled as follows:
The lLase-iine readings were first assumed teo indlecate &
bark cf 18° and nesn bink was calsulated. Than the bagze-
1ine reedings in esch cnse were aszumsd to indicate &
hank of 9, and msen banlt wos egain calculated The two
reen benks thue abteined wers the moat divergent vosalble.

1 sk -y et et
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These mean banis were then compared in order to see if the
apeigning of a dofinite wvalue to the base-linse readings
was Justifiable, The largeat diffarences between the two

values weres 4.239, 3.94°, 1.97°, and 1.770, The remain- .

der of the differencss were less than 1.59 and most of
them leas than 1°. In view of the small order of these
differences and taking into account the fact that the true
mean bank falls between the two calculated, it was not
thought necessary to dlpcard these cases.

{2) In all such cases, the value of mean bank which was ob-
tained by equating base-line readings to 18° was employed
in the statlistical comparisons, aince 11 seemed likely

that the bage~line readings were closer to 189 than to 0°, .

Moreover, in the case of the largest differerces, selection
of thies higher value is conservative, in the sense that
these larger differences ware obtailned in the cases of the
less experienced elexentary students and private pilots,
who were postulated to demonstrate lower mean bank scores
than the instruztor group.

(3) It was impossihle to apply a parallel prosedure in comput~
ing the fluctuation score. Between two base-line readings
of "proper" benk, the fluetustion might be az great as 18°
or as 1ittle as 0°., Between & base-line reading (repre-

senting e berk anywhare from 090 to 18°) and & known reading.

the fluctuation might be as little es the difference be-
tween the knowh reading and 180, or ay great as the dif-
ference batwaen the kmown reading and 0°,

If, however, as in hendling mean bank, the two most

- divergent values possible of bank Mluctustion were calou-

~ lated {one value computed by assuming doubiful fluctuation
values to be as large as possible and one by assuming
doubtful values to be as emall es poasible), these two
values would differ so greatly that use of either ae the
score would be unjuatifisble, The velues of the known
stepwise deviations are, in general, much smaller than 189
and the inclusion of such extreme assumed values would
meterially increase the size of the mean fluotuation,

(4) Accordingly, in computing the mean fluotustion for these
oases, all atepwise deviatione derived from two doubtful
values of "proper" bank were excluded. This procedure
amounts to gpsigning to these doubtful vaelues the value
of the obtalned mean of the known velues. Such treatment
1s justifiable provided the proportion of such doubtful
values is small.4<

4211 will be moted that, conversely, this procedure wes impossible in
computing the mean "proper" bank for these cases. It was known that the
doubtful values of "proper® bank were less than the mean "proper® bank.

On the other hand, these doubtful values of fluctuation might have any
value throughout the range of fluotuation values, and therefore, assign-

ment of the mean valus to them ia justifiable. T
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in obtaining velues of fluctuation rwn sna krow ~alue .
of "proper” bank and one base=-iine reading, ths basa=
iine reading was assigned the walue of 189 or the Uasis
of the evidence obtsined in handling the doubtful zares
for mean benks., The difference between the known "pro-
per* bank reriing #nd the dubious value of 18° 1g the
lesst flu tlfﬁ +.8.47312 between the two readings.
Since th ‘nae t e oo 189 might be less than 189,
the true ._L.xctua‘ric urght be larzer then the obtalned
valus, but it could not be smaller.

In computing tank fluctuatlion, if all the values
of fluctustion so obtalned were at the top extreme of
the range of the accurate fluetuation velues, the dubi-
ous values were in-lused. To assign them the value of
the mean of the accurate values (by excluding them)would
not ba justirisgble. since they obviouely differed from
the mean. If, however, such.dublious velues were scat-
tered througheut tue range of the aceurate values, they
were asmigned the velue of the mean of the accurate
velues (by excluding them).

All ceses in Which thc proportion of doubtful flugtua-

tion readinge excseded 10f were discarded sntirsly,
whetner ths doubtful fluctuation readings were gbtainad
from Lwo base-line readlings of "proper" bank or from

ans bBaro-line reading and one lnown reading. There werse
5 such ceges.

Top_axtreme readings. Twe records were encountersd in which

values of lond factor higher than the top extrame cf the
2caie .correspending T a "prover® bank of 619) were obtalned.

1

In the gomputation of peen bank in these cases, a pro
rodure wes followed simiiar to thet employed in irsatirg
the ¢roes o7 Paae-line vesdings of load fector' The
doubtful resipgs 1n thaze instances wers sguated o

709 {tle yveourupable sxtrems of bank in the type of air-
plens uzsed, and & mean wFas caleulated us a check on tns
mean obtained when the off-~acale readinga were assumed
o ha 616, Tha difiersnoe betwean these two means in
whe one csse was . LGO pnd in ina other was 649,

Bank flaatuation wes rot cuupvited {or one of thess cress
gince the proportion of doubiful values of [luctustion
wom W%, In the other casy, tha doubtful values of
Fluctustlon (4 ot the ia1lasl) were oxcluded.

Teeptment of jrop-sual_~iiezhe

T
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Another prceblem wpeouwrarad in compubing these inclces was oc-
currence ir scwa ingtanees cf prop-wash e“feots, It will be
recalled uhat one of the cheracteristios of these effects is
a falriy rapld and complete drop in the lead factor curve to
1te bese-line fcilowed hy a pimilerly rapid rise to approxi-
mately its former height.43 These rapid changes in load fac-
tor are Hue to tha acceierations of the "jolt" accompanyling
an encounter witk the prop~wesh, and do not represent changes
in "proper"™ bank. Moreover, they are a mark of axoesllence
and should not be ireated in such a manner as %o lesaen the
rating of the porformance.

Accordingly, in the somputation of mean bank, values of "pro-
per" bank derived {rcm rsadings of load factor during the
presence of prop-wssh s ’Tects were not ineluded

Likewlse in the copputs’ion of bank fluetuation, those step-
wise deviations involvivz "proper” benk obtained from such
readings of load f:rtcy were excluded.

3. Treatgent of records gcnteining the "havwire" effect in the lpad
factor trace.

-

It will be recalied thet' the lask of damplng of the acceler-
ometer or load factor indicator allowed the load faotor trace
under certein conditicwy: to exhiblt a damping curve, and that
recorde of load fantor during such occasions are subject to
muoh doubt of accuramcy.+4 The records were inspected for
this effest, and sil those exhibiting it were clessified
according to its meverivwy and the proportion of the record
during which 1t persletcd. '

The bank items of all recorde exhibiting the "haywire" affect
in a savere form, ever *hough-for merely a short time, and
records exhibitling it t¢ a slight or moderate degree for a
feir proportion of the turn were discarded. The records of

- 20 turna (out of 136 ireated) displayed this effect to an

amount requiring c¢lacerd of the bank indices.

The disoarding provedure was quelitative in nature, but
was categorical, since the effect is easlly identifiable. A
mild form of the effeszt consiste in only a moderate deviation
from the complex sine curve pattern of the vibratlona. If
the deviation persists for only a alight sectlon of the turn,
little effect aun be expected on averaged measures computed
from the "proper™ bank veluss. Hence .the discard could be

r—m—

433ee Viteles, M. S, end Backstrom, Oscar, Jr. Op, git.

4hSee Viteles, M. S and Backstrom, Oscar, Jr. Op. oit.
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gwen) alight lugeoors iea u. the asomputed aeesures .

The sing=low wrmene o7 the R-3 inatrument ocossionally exhi-
bit “epige" trumcea cAuzed oy +ibrationa.4? Whenever these
rraces wers srcowntsred in measuring the reccrd, thay wers
identified, [leadinge of thazes vibrations Lracaa, Laaaily

‘oply one or iwo peTeen spaces in height, were tresxted as O
readings in comgutitiz the dndicos relating te lateral bslance.

Tae recerd of wne turn o7 one subject conteined so nany such
tracen chet it »ez azasrdec,

\

Simyl tpneous resdines of siip and gkid,

a.

[£]

ds

Oeoasionally, whan a record exhibited a slip. immediately
folliowed by a skid, or s zxid followed immediataly by a slip,
gimul-anacus raadings of slip and skid wers recorded The
values of ewscl raading are Ilnvarlably lowr the velue of one
ig aluwest alweys lez2 Lran 2 acrasn gpaces

The caclurrence of thess slmultaneocus presdings of glip and
skid is attributabie to 2light maladjustments of the trane-
parent synchronizing szais used 1n reading the records, since
the ]ag in tho recording systems ie megiigible.46 Occasion-
aily, also, one of tha readinrgs lf an unidentified vibrailons
trace.

Such pairs of readinis were treated by-the followlhg arbl
trary rules:

(1) 1f the tws readiir;s were unequal in wvalue, the smaller
one was crongsed sut on the datu sheet and weated ap a

0 reading.

(2) If the two readings were equal in valus, the cne occur-
ring st the end of a slip or skid trece was crossed out
on the dats sheet snd treated ms a O resding. The other
Qne, occurring at the bezinning of & slip or skid trace.
was emploved in computing the indlces,

The values of auch simultaneous readings are so small that
negligible effect would be produced on any index by the in-

4%See Viteles, M. S. and Backstrom, Oscar, Jr. Up. ci%.
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E?" clusjon of the ome which 1s in fact erroneous (i.e., obtained

at the wrong point in time owing to malposition of the sym-
chronizing scale), The gbove tresatment was therefore estab-
lished in the intcrest of conslstency rather than accuraocy.

 xoadinga of alip op skid. Single resdings of slip or skid
i.e., positive readings not preceded or followed by another posi-
b tive reading of slip or skid) were crossed out and treated as O

3, 8

[P readings. Such readirnge are almoet invarlably only cne screen

Y space in height, and are likely toc be erronecus judgments an the
e part of the reader, rather than true readings. Since there would
. be negligible effect on any index by thelr inclusion, this treat-
4, ment was aleso eateblished in the interest of consistency rather
b than accuraoy. .

%@ be

s a. Records of 13 turns lacked sigrals to indicate the beginning
S or erd, or both, of the turn, Theae records were neverthe-
w“ - leee read; the resder seleoted for the arbitrarily chosen be-
. ginning a peint severel screen spaces before the first posi-
B tive reading of load factor or for the arbitrarily chosen end,
i a point several screen spaces efter the return of the load
%;‘ factor trace to its base-line,

T b. The indices relating to lateral balence were computed for all
v + these cases, Inspeotion of the data sheete revealed that

R relatively lerge errors in determining these points would

G not affect these indices appreciably, with the possible ex-
£ ception of the (absolute) timee spent in slipping, skidding,
B 'and lateral imbelancs. In the case of the ratios corraspond-
e ing to these indieces (proportion of time spent in slipping,
i) proportion of time spent In skidding, end proportion of time
o spent in lateral imbaluice), howsver, thée effect.-of such -

L errors would also be silzht. These casem were therefore in-
" cludedh? S |
o . ‘
W, Indiges relating to ihs time gomsumed i 8_turn. .

b 1. Recgords lsc dequa .

i &. [n ocomputing the totsl time of the maneuver, records of 13-
T turns lacking either an initisl signal or terminal signal,
B or both, were discarded. It would have been possible in such
Fon cases to assign two aliernative values fo thig 1ndex, one

o A77t 18 to be moted that the bank indices are mnot subject to this am-
. biguity in the cases of inadequately slignslled records. The bank indices
L are computed only for the turn propsr, which is deflned with reference ic
R

the load factor trmce, rather than ths pignali trace.
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rapresenting the lcast poseibls ilme of the maneuver48 and

one rapresenting e reasoneble estimated maximum possible time
ol' the maneuver; and tu meke duplicate caleculations using the
tac seta of values, In view of the gropeness of this Index,
however, and 1ts lack of a eimple relation to pllot proficiency
it was not thought that the additional labor Involved in eueh
treatment was Justified.

b. In computing the time c¢f the srbitrarily defined entry, rec-
ords of 12 turns lacking an initlal signal were discarded.

2, Hecords containing the "neywire® effect in the load factor trace.
Since pressnce of the "haywire" effect renders the obtained values

of "proper" bank inaccurate, the point of termination of the ar-
bitrarily defined entry {1.e., the point of first attainment of
a "proper" bank of 30° or greater) cannot be derived from records
exhibiting this effect, The time of the arbitrarily defilned
entry was therefore not couputed for these cases, 20 in number.
(The total time of the maneuver, however, was computed for these
caaea,)uinca it was obtained by reference to the signal trace
aleone. : .

481 long as the load factor trace is above 1ts base-line, the "pro-
per® bank of the airplane must be 18° or greater. Hence the time during
which a poeitive trace or load factor trace was exhibited would be th
lsast posaibls time of the maneuver. -
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EXPOSITION OF QUANTITATIVE RAW DATA SHEET

Column 1 glves the ordi:nal nuaber of each horizontal projection soreen
space at which readings were made. WValues of time were also derlived

_from Column i in accordance with the relation

1 horizontal projection mcreen space = 3.8 sec.

The wvalues in Columns 1ii, iv, and vl were recorded during the process
of measurement. From these velues, the values in Columns iii, v, vii,
vili, ix, x, and xi were then derived as indicated below,

Each verticel projection soreen space in height of the load factor trace
= .02 g, by static calibration. The initiel tension of the accelerom-
eter or load factor indiaatar 1 .05 g- ,

Each value in Colm ~14% .was t.hererort derived from the corresponding
va.lua in Column ii in accordance with the relation

Load faotor in g = (load factor in vertical projection sereen
spaces)- (.02} + 1.05.

Eaoh vertiocal projection soreen space :Ln height of either wing-low

trece correspords to .40° {24 minutes) of tilt (i.e., latera) inbalance)
by static calibration. Each velue in Columns v and vl was therefors
derived from the corresponding value in Columns iv, and vi, respectively,
in accordencs with the reletion

Lateral imbalance in © = (1atara.1 imbalance in vertical projeution
screon spaces) (0.40).

Each value in Coluen viii ie the gecant of ths indicated slip or skid

angle, taken from a standard trigonometric tuble.

Each value in Column 1x is the product of the corresponding values in

Coluzms viii and 111, -Each praduct In Column ix is a close approxima-
tion to the megnitude in g of the forees vector normal to the winge in
the position of “pioper" bank. The magnitude of this vector, expressed

- in gravitational units &s in.Column - 1x, is the secant of the anglo of

"proper” bank.

Each value in Colutn x is the angle of "proper" bank derived from the
gorresponding values in Column ix by means of a trigonometric table.
Valuea of "rroper" bank were rounded to the nearest uhole degree,

Each yalus of fiuotuation in proper bank in Column xi is the ircrement
of each reading of angle of proper bank over the preceding reading,

horisontal rad lines set-off the arbltrarily defined turn proper.
ror sach record, the first red line was drawn at the polnt at which a
"proper” bank of 30° or greater waa first obtained; the second red line

2

v’w"% e
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P o B

was drawn at the point at which a "proper® bank of 30¢ or greater was
laat obtained, Tha section between the 0, or origin, space and the
first red line is the arbitrarily defined entry; the eection from the
lapt red line wp t¢ and including the final reading 1s the arbitrarily
defined recovery.

Values of angle ¢f proper bank and fluctuation in proper bank were not
derived for the arbitrarily defined entry and recovery, since indices
relating to "proper® bank were computed only for the arbitrarily de—
fined turn proper.
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APPENDIX D
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POSSIBLE EXPLANATIONS OF THE RIGHT-WING-LOW TENDENCY
ROTED IN THE GROUPS OF SUBJECTS
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APFENDIX 3

' BOSSIBLE EXPLANATIONS OF THE RIGHT-WING-LO® JENDENCY

NOTED IR TIE QdOUFS 0% ZUBJECTS

Two possible explanatione have been suggested of the‘iendonoy of all

.groups of subjects to keep the right wing low, and that tendency may reaide:

1. In the structural characteristics of the test airblans, or

2., In the subjests themaelves.

Both of these posaibilities are treated in detall in the following disous-

sion,

1,

Y e e o

as

Qe

The truth or falsity of this explanation muet remain in doubt.

It could have been tested empirically at the field if the ques-
tion had srisen or had boen foremeen. The teat would have con-
aiasted simply in diascovering whether the airplane would main-
tain stralght and level flight with the hands off the controla.

* |
Unfprtunsuely; howevar, the problem was not foreseen, The
alrplans was regulariy inspected and checked by & competent
airport mechanic, hence there was no reason for the field ex-
perimenters to suppose ibst such a pecullarity might exist,

The faot that the airplane was so checked end inspected how-
ever, 18 not acceptable evident:e that the peculliarity does not
exist; for the "abnormality® might be .due to design and struo-
turel features beyond the comprehension of the airport mechanic.

A slight differency in wing oamber, or e maladjustment of the
dihedral angles of the tvo winga, might causa the left wing

" to have more 1ift than the right, These peculiarities might

not te so large as to make the plane unalrworthy, but large
snough to produce the tendenoy noted above, There are perhaps
seveoral other possible structural peculiarities which might
produce such a tendsney. irical tests on other airplanes
of the sgme make and moda1,£ or on the identical test air-
plans at e diffsrent time, would not serve to test this hy-
potaesie; Tor even slight changes in the rigging of the ailr-
plane would seen sufficient to produce, emphasize, or correct

~

e m—— s (n -

49The test mirplane was en Aeronca Tandem trainer, Medel 50-TL (a stick-

type eirplens),
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the ‘structural *:ndew:y .ostuieted here, 3U

d. It 1e to be noted that ,ilotes could correct for sush & char-
acteriatio of the airpiaﬂe if present, by properl? compensating
control adjustments. It would be expucted thet inastructora
would be most successiul in so compersating, private pilots
next most siocessiul, and students leeat spuccessful. It might
furthermore be expected that owing fo stiffness of the controls
of the test alrplans, nz group would be completely successful
in compeneating for ihls tendency. If the postulated pecul-
larity of the test airpiane were present, the following results
might be expleined by Lt

(1) The less experienced pilots (students and private pilots)
8lip more on the right turn than on the laft,

(2) The less experiocncsd pilots skid more on the left turn
than ‘the right.

(3) The more experisnced pilots (inetructors) do not exhibit

" a significent difference between left turn slipping and
right turn elipping, or between left turn skidding and
right turn.skidding, Thet the tendency may nevertheless
be present is indicated by the fact that their mean
scores on the slip Iitems of the right turn are higher
(but not sigrificartly higher) than thair mean scores on
the slip items of the left turny and thelr mean scores
on the ekid items of the left turn are higher (but not
significantly higher} than their mean scores on the skid
items of the right turn. .

2, Hhen_the less experiepoad pilote apply right aileron, they tend
wwm@umﬁw
M__Q&Lieienm

50Certain "background" evidence is afforded by the opinion of expert
pllots as to the characteristics of the sirplane, None of the ingtructoras
who flew the airplane during this expariment liked it, and this opinion is
ghared by every experienced pilot miith whom the experimenters have subse-
quently discussed the characteristics of the airplane. They complain that -
it 1s "hard to fly," and that it is impossible to desvelop the proper "feel"
because the controls are stliff and do not respond properly to slight pres-
sures, Such complaints would seem %o have no direct relatlon to the struc-
tural peculiarity postulated here, but the fact that the airplane was gen-
erally disliked by expert pllots indicates that these reaulta cannot be

appliod to other airplanes generally.
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a. [ne mechanism of such a tendency is suggested ir pages H2-83
ot the Civil Pilot Training Manual, by J. R, Cram and U, J.
Brimm, Jr., Civil Aeronautics’Bulletin No, 23, Septonber,
1940, T straight and level flight, and in other situations
calling for neutral aileron, the etudent may simply relax his
right arm on the stick, The weight of the pillot's relaxed arm
pulling against the stick 1s enough to cause a slight deflec-
tion of the right ailleron; hence the right wing will be brought

e e
sov B N f,

low. S,
s

b, In straight and level flight, this slight holding of the right b
wing low, instead of being corrected by the pllot, may lead to - ‘
enother bad habit. In order to compenmate for the low right
wing, he may develop. the habit of hblding left rudder to keep I
the ship directiocnally atraight As g conseguence, when a 3
turn is started, the starting neutral' position is not exmot.. i
This mey result in a tendency to use too much rudder to the -
left (inducing left turn skidding) and too little to the right

{inducing right turn slipping).

e oo

¢. 7Tt 18 apparent, morsover, that not only may this slight right
alleron deflection occur in supposedly neutral positiocns of
the ailercn, but aleo excess right aileran deflection (or in- .
sufficient left aileron deflection) may ocour whenever the .
pilot relaxes hia arm on the stick while applying slight ail~ ‘

eron for any pyurpose: -

(1) In a iefi turn, efter the controls heve been neutraligzed,
a slight, fairly conetant amount of right eileron must
be held tc correct fcr the overbanking tendency of the
alrplene. Afier this adjustment has been made relaxing
the right arm against the siick might cause excess right
allercon deflection.

e e A —

i e —

5lSee also pages 120-121 of Givil Aeronautics Bulletin, No, 23, 2nd.
Edition, Septamber, 1351, L i

5‘A1though {t is not so stated in the Manual, it would seem that the -

geriousness of this compensating habit snd the extent to which it is fixa- oo

ted might vary with the strength of engins torque in the iraining airplans.
In Americen airplanes, engine torgue tends te turn the airplane left, so P
that (sssuming perfect alleron performence) it is frequently neceapary to ;
hold right rudder to offset the engine torque. It 1s concelivable, at least, ‘
that in the case of some alrplanes that engine torque might supply a dirseoc-

tional correction sufficlent to offsst the faulty right eileron deflection, o
end thua the atudent might not develop the compensating hablt mentioned :
tbove (or the habit of holding right rudder to offset engine torque, either).

This situaticn might occur particularly in the case of airplanes which are

not equipped wita an ‘adjusteble fin or rudder tabe to offset torque. -
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(2} In a right turn, after the controls have been neutral-
ized, & alight, fairly constant amount of left aileron
must be held to correct for the cver-banking tendency
of the airplane. After this adjustment has been made,
if the right srm is relaxed, the weight of the relaxed
ara may tend to pull the stick to the right,53 and cause
insufficient lef't aileron deflection. ~ .

(3) Thue, not only in the entry, but.alsc in the turn prOpar,
there may be a terdency to hold the right wing low.,

d, Needless to gay, however, the explanation linted under 2 need
not dspend upon mechbanism here outlined -- namely, the relax-
ing of the right arm upon the atlok, Any other mechanism or
copbination of mechanisms by which the tendency to hold ex-
‘eess right aileron wouldl be brought ebout might also be as-
qumadn' ‘ '

The postulation of this.tendency to hold exceas right
aileron clarifles tie facts which explanation undur 1 acoounts
for, namely:

(1) The less experienced pilots (students and private pilota)
slip more on the right turn than on the left.

(2) The leas experienced pilots skid more on the 1eft turn
than on the right.

(3) The more experienced pilots (ipstructors) do not differ
significantly in left and right turnm slipping or in laft
and right turn skidding, The directlon of thelr mean
psoores is in aoccordance with the postulated tendency,
but the differences between the memn scores of the left .
and right turns are not eignificant. -

530bviously, the direation of movement of the stiock in such a situe<
tion 18 a question of leverage. It is possible that in acme left ailer-
on defleotions, the weight of the relaxed right arm may be applied to the
stick in such a fashion that the stick will actually move to the left, de-
pending on the relative direction of the foros applied by the relnxnd arm,
This direction will, in turn, depend in part on where the stick is grasped
(at the top, or lower) and the extent of its inclination to the left (i.s.,
the extent of the original left aileron defleotion). In general, however,
it would seem that relaxation of the right bicepa will tend to cause move-
meut of the stick to the right, whatever the aileron defleotion beZurs re-
laxation, .



