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Attached is a report entitled A Study of Ipdividua) Differ- ) §?
egeT Ingtructe lsking : Ta- A
la.lker, 8. V. Bennatt. and E. S, Ewart. This report. is submitted . e
by the Commitiee on Select.ion‘ and Training of Alrcraft Pilots with N
the recommendation that it be included in the serlea of Technical

Reports issued by the Division of Research, Civll Aeronautics
Administretion.

The study described in thls report was in a large sense the
outcome of your interest in the data pointing to consistent differ-
ences among transport pilots with respect to the portion of the
runway used in landing a plane reported in a study by the Technleal
Development Section, Civil Aeronsutice Administratlon, While the
present study of individual differences among experienced pilots
in the execution of "spot” landings 1s prellminary in character,
it neverthsleas indicates an. area of inveatigation which can pro- ’
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EDITORIAL FOREWORD

Every day cobservation has given rise to ths belief that there are wide

differences among even skilled pilots in the parformance of mansuvers re-
quired for the cartifiocation of pilots, Experimental evidence to this ef-
foct appears in a mmber of studies conducted by the Committes on Selec-
tion and Training of Airoreft Pilots,l Further indications to this effect
are found in an investigation conduoted by the Technical Devalopment Seo=-
tion, Civil Aerocnautios Administration, which provides data pointing to
consistent differences mmong transport pilots with respect to the portion
of the runway used in landing a plano.z

Such observations are at the background of the oxporinent deaoribed
in the attached report involving & study of individual differences among
oxpsrienced pilots in making precision or "spot® landinge under a variety
of conditions, It is believed that the results from such sxperiments
ocan have important praoctical impiications in determining the conditions
which should be imposed in formulating standarda for the performance of
maneuvers in the flight examination.

The experiment was exploratory in charscter and involved only a few
subjects, For this reason alone the results and the conoclusions stated
in the report must be viewed as tentative in character, In additlon, the
sxperimental flights were made iIn a piane which was somewhat heavier than
those to which the pilcts (flight instructors with more than one thousand
hours of instructicnal experience) wers accustomed, This increase in
waight resulted from the fact that the oriterion plans included experi=
mental apparatus not found in the planes in which the pilots were glving

l"'iteleﬂ, ¥, Su nnd Thompﬂon. 4. S, zhmn_ar_mmm_m

ton, D. Cos CAA Diﬂsion or Rouoarch Report No 15, lluy 1943.
Viteles, M, 5., and Thompson, A. 5. Ao analysis of photographic rec-
. Washington, D, C.¢t CAA Division of
Research, Report .Ro. 31, July 1944,
"itﬂl“ LE s,, end Bﬂckatroms oh, Jr- ADMILQLEW-

1. Washington, D, G.1 CAA Division of Research, Report No. 23, Rovember
1943,
Bﬂﬂkﬂtm; O., Jl‘a: ﬂnﬂ Vitoleu, u. 5. WM&M‘

McFarland, R. A., and Holway, A. H, i
a . Progress report in the filea of the
comitt‘“u &rﬂh 194'20 .

2uorse, A. L,

astaristics with asirport size. Hashineton, D. C. : 0. 5, Dﬂparmﬂnt of
Commerce, Civil Aercnautlics Administration., Technical Development Report
Ro. 40, April 1944, '
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instruction from day to day. It is difficult to evaluate the limitations
placed upon the findings and conclusions from the use of this heavier plane.
It should be noted that the same plane was used in the pomparison of two

‘sets of conditions identified as "Trick" and "No Triok," under which pu.-a-

cision landings were made, Névertheless, it may be that, in view of the
change in flight characteristics assoclated with overloading, the results
obtained may raflect individual differsnces among inatructors in quickly
adapting to the overloaded plane as well as differences inherant in the
performance of a preclaion or "spot” lending. :

In spite of such limitations it 1s of interest to observe that atatis-
tiocally significant individual differences appesred in the sccuracy with
which precision landinge were executed under the more reatricted set of
conditions ("No Tricks") while significant individua) differences in ac~
curacy did not ocour under the less.restricted conditions ("Tricks?) and
that the inocldence of overshooting and undershooting was markedly greater
during the landings sxecuted under the former conditions. While such ob-
servatisns cannot be accepted as finnl, they are nevartheless of intsrest
in relation to the restrictions actually imposed by the Civil Aercnautiocs
Administration in defining standards for "spot" landings and in pointing
to the desirability of further invesiigations in this and related areas.

The study wes designed by the ataff of the Institute of Aviation Pay-
chology, University of Tennessees, Knoxville, Tennesses, in cooperstion
with the staff of the Chairmen, National Research Council Committee on
Selection and Training of Aircraft Pilots, with the assistance of Dr. P.
J. Rulon, Harvard University, a member of the Executive Subcommitties.
The field work was carrled on at the Institute of Avlation Paychology,
University of Tennesses, under the direction of R, Y, Walker, The statis- ,
tical analysls was made by the staff of the Committee's Statistical Unit, - ‘
Unlversity of Rochester, under the direotion of S. Wapner,
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SUMMARY

Precision, or *spot” landings, are generally aonsidered toc be an
importapt item of the flight test. An investigation of individual dif-
ferences among experienced pilots in the execution of precision land-
inge can have important implicetions in assessing the conditions and
restrictions lmposed upon the pilot in this part of the flight test.

The present study, utilizing only five pilots, represents a prelim-
inary investigation of individusl differences among skilled pllots in
making "spot" landings. A sgerles of four experimental flights, consist-
ing of take-offm and precimion landinga, were made by five experieroed
flight instructors in a specially equipped Piper Cub J-3 plgne. Each
subjeot made two serles of flights: the flirst serles "Without Tricks,"
during whioh slipping, "mushing® or other methods of altering the glid-
ing angle of the plane wers not allowed; and the second series with
"Tricks Allowed,* during which any proceduvre to increase the accuracy
of the landing, within the limits of safe flyling, was allowed except the
use of additlonal throttle. The "Trlcoks -Allowed" condition resembles
the sltuation under which precision lendings are executed in the present
private flight tests in that intentionsl =2lips wers permitted.

During these experimental fllghtas data were gathered on a number of

peasures assoclated with flight profielency. A number of these measures, °

in particular theose obtained from the Ohlo State Flight Inventory and

from motion photographs teken of & concealed inatrument panel, were rela~

tively objective in neture. The data were analyzed by analysis of varil-
ance procedures.
R L
The moat important practical lmplications of thls study are summa-
rized ez follows:

1, The results cast doubt upon the advisability of the restrictions
against intentional sllp;ing -dvrl:og precision landings which
bave been in force until recently in the private pillot's flight
examinavion, since under the "lNo Tricks" condition skilled pi-
lots proved both extremely variable and inacourate in their
execution of this maneuver. Under the condition of "Tricks
Allowed" marked decrease in varlsbility of performance and an
incrense 1in accuracy of the landings were evident.

2., In spite of the emphasis on maintaining the "normal glide" under

the "No Tricks" condition significant individual differences
among inatructors were cvident 1n the terms of Range of A lrspesd
durlng the approach glide. S&Sipnificent differenses among 1ln-
structors were algo evident in terma of varlability of Wean A%r-
spead Juring the approaci: glide over the four flights. This
indicates that the "normel" giiding spsed varied significantly
more from flight to flight in the cage of certain imstructo
than in the case of others. :
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While this experiment cannot be considerad definitive, the results
F indicate the desirability of further end more elaborate investigation of
L. individual differences in the performance of pilots. The results of such
invesatigations would have important practical implications in reference
to the realistic nature of specific flight test requirements. ,
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A STUDY OF INDIV1DUAL DIFFEHRERCES AMONG FLIGHT
. 1RSTRUCTORS 1IN MAKING SPOT LANDINGS

TNTROLJCT TOR

Precision, or "spot" landings, are an important part of the flight

" examination, The epplicant for the fiight instructor's rating is re-
‘quired to land the plane wii» . ¢ - -1 "ieu area 200 fest aquare, or more
frequently within a spét:ifie’ sectio.. of the rumway 200 feet in length,
For the private pilocv's license the landing must be made within an area
300 feet square, Until recently the pllot was requirad to maintain a con-
stant and proper gliding speed throughout the approach and was not allowed
_ to alip the plane intentionally 4n order to increase the accuracy of his
landing, Recently, however, in the case of the priwate pilot flight test
the raat{ictiona have been eased and intentional slipping of the plane is
allowed ) ' ’

Strictly interpreted, CAA regulations require that a pilot who fallas
any maneuver in the filght test ba given a failing grade for the test as
a whole, irrespective of the excellence of his performance in other maneu-
vers, In meny casss this limitation has been most rigidly applied to pre-
cilsion landings, Because of this fact, end because of the rather stringent
requirements which heve teen sst up for this maneuver, it might be expected
that the perfermances of skilled and exparienced pillots in executling precl-
sion landings would hava hbecoms stancardized., For thesa ressons a study of
individusl differencea in perforzance anong skilled pllots in the execution
of preclaion landings 1s of comsidareble lmpoxtanes,

The present study, utilizing only iivs pilots, represenis a prelimin.
ary investigation of individual diiferences among experienced pilota in
executing precision landirgs under two conditionas (1) in which slipping,
“mushing" or othsr methods cf altering the gliding angle in order to in- .
erease the acouracy -of the landing sarce ot allowed, end {2) in which no
such reatrictiong were imposed. sxcsut Lue reguirements that a three-point
full stall lsnding be made at or Layocod the designated point; that the uss
of throttle be prohibited, =nd that the limits of safe flyling should not

"be excesded, The second sat of conditions, outlired above, resembles the
restrictions under which pracision landings are executed In the present
private flight testa in thet intesilonzl elips were permitted.

I% ia recognized that definitles conclualons cennot be drawn solely
on the basls of tho detsrminstion of indivicval differences exhibited in
terms of the several orliisrios rzamiris. 1 significant differences be-
tween pilote are not fovmg, dve wo &ns ciuall nusbsr of cases in the pres-
ent study it cannct be concluded that guweh individuel differences of
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necessity would not bave been significant hsed the pumber of cases been
larger. Furthermore, if sigoificant differences ere found the necessity
of esteblishing norms remains. FNevertiheless, the investigation of indi-
vidual differences among the pilots serving as subjlects in this experisent

is & necessary basls from which subsequent procedma and reeomnd«tm
can develop,

PROBLEM

The nature of the problem to be sxumined in this sxperiment may be
stated in the form of ths following null hypothesis, vis.:

There are ne significant differences in performance of spot landings
among sxperisnced pllots in terms of criterion messures designed to

~ reveal sccuracy of landing, vertical acceleration developed during
landing, angle of attack at time »f coptset with ground, magnitude
end constancy of siraopsed, amd certain qualitstive aspects of paer-
formance, '

Data gathsred under the "Without Tricks® and the "With Tricks" situa-
tions were evalusted meparatsly in terms of thia hypotheais.

SUBJECTS

The subjects in this investigetion were the five regular flight in-
struotors employed at the Institute of Aviation Psychology, Univeraity of .
Tennegsee, Xnoxville, Tenneasse. These men all held flight instructor
ratings, and were all experienced flight inatmcto:m, sach subjeot havlng
logged 1n excesy of 1000 hours imstructional time.

PLANES

A1l flighta were conductsd in one alrplane, e Piper J~3 Cub, powsred
by a Continental 65 borsepower motor. Although the recent instructional’
experisnos of the subjects had been in J-3 Cubs, the plane used in the
sxperiment was somawhat heavier than the J-3 Cuba the subjects lisd been
used to £l because of the inmcluslen in the plane of certain criterion
apparstus (desoribed bslow) used in collection of data for this study.

-The inclusion of this spparatus did not altsr the center 'of gravity of the
- plans, however,

CHITERION FORMS mﬁz APPARATUS

ight Ipvemtory. The parfmm of the pllot subjects
was mmréad by tiza check pilot on the sheuts for ’Qliding Torn® and
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"Landing® taken from the Ohio State Flight Inventory.? (Ses Appendix 1.)

Yortical Accelerometer. A Vertical Acceleromster was mounted in the
front instrument panel of the plana. This instrument was used. to deter-
mine the maxizum vertical scosleration resulting from contact with the
groumd on landing, thus furnishing a measure of the smoothness of the
landing.

« The Photographic Unit, which was mounted behind

fhotographic Unit
_ the rear seat of the plane consisted of a ooncealed instrument panel, and

s motion-ploture camera by means of which photographic records of the in-
struments in the panel were taken,? The cemera was controlled (turned
off and on) by the check pllot, The following instruments were included
in the panel: :

1. Artifieial borizon
2. Ball-bank indicator
3., Rate of turn

4. Tachometer

5. Alrspoed indicator
6. Sensitive sltimeter

7. Eollesan anglo-of-atiack indicator (the externsl appavatus for
this instrument wza attached to the right wing at the strut Tocts

Far?

8. Control indicator, in terme of whizh the poaition of throttls,
elavetor, rudder,; ond ellsron were representsd on a lineo~r r:a’e.

9, Swasp second clock

T e, o b,

T Ll e L —

2The Ohio State Flight Inventory 13 cemposed of a sories of checke
sheots in terms of which the porformsnce of & pilst on given mensuvers
can be rapidly and couvanlently reccried by tlhie chack pilet. BSes: Ed-
gerton, Harcld A,, end Walker, Robert 7., FBistory srd devslopmant of the
Ohio State Flipht Inventory, Part 1; Esrly verijons and bealc research,
Waghington, P, C.: CaA Divialon of Ieavarch, Report No. 47, July 1945,
BRC Commlttes on Selactlon end Training of Sireraft Piletss; History and
develoomant of tho Ohlo State Fliphi Iaveritoyw, Pard IT: FPesent versiona

. and current gprileationg, WYeghington, D, C.t CAA Pivislon of Research,

Report No. 51, Novembsr 1945,

JFor dstails of the photographic inetalletion, see: Vitelss, Morrie
8., and Thompeon, 2lbait 5, An snalveis of vhotograrhle racords of sir-
oraft pllot merforwsmes. Washingtosn, U, C.: CAA Division of Research,
Resport Fo. 31, July 1944, :
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ar. A daubar wos attached to en arm, walch vae hinpod to

‘the landing gear of the plana, The arm was rotractable durlhg taxiing and

while taking off, but could be lowersd during the approach to lending, The
dauber, which was covered ®ith blue chalk marked the point on the rumwuy
at which the plane landed. ‘

g

ADRINISTRATION OF EXPERIMENTAL FLIGHTS

4 Personnel. Experimental flights were administered by
two check pilotme, who operated the photographic unit and recorded the re-
gruired data on the Dhio Strte Flight Inventory, The specifié dutiee of
the chechk pilots are cutlined in Appendix 2., Two fleld assistanta weas~
yured the distancs between ths point at which the plans landed, as marked
by the runway marker, and the designated "spot™ on the in terms
of which the accuracy landings were tc be made, Other edminlatrative per-
sonnel ineludsd a resesroh maslistant sbo collescted the data eheets, serv~
iced the camera, ete., end the men who serviced and msintained the experi-
mental plane,

Progedure. Check flights ware admingsterad'onlg under wind velocity
conditions of lesz than 10 milvs psr hour, sand when lass than 15° of cross-

wind preveiled, FKovever, if the wind velocity was less than 5 m.p.h. this

lattar condition was ignared, The gerilea of "With Tricks" and "Without
Tricka® landings, reppectively, vzere executed on different days. The

same administrative procedures, were followed in both parts of the expari-
meant. The sxperimantal flights consieted of take-offs, followad by 1850°
rectangular approaches to precision landings., In both parts of the ex-
perizent each zubjisct made one practice flipght during whish no criterion
neasures were taken rollowed by a series of four exparimental flights
during which all criterion measurss wers taken. The two check pilots aliers
pated on successive flights with each subjeot, "including the practice

- flight., Ths mubject flew the plane from the front seat, the chack pilot

sitting in the rear seat. (The subgects vere flight 1nstructors who wers
uzed to flying f?am the front meat

As indicated in the Direstions to the Subject {(amee Appendix 3), the
aubjects were directed, in exsouting the 180° rectangular spprosch, to
closs the throttle dirsctly oppoeits the spot, at B00 feet altitude, They

-wers directed to make s full stall, three=point landing at, or as qldce as

possible beyond, the designated "spot.*

Under the condition of "No Tricks® the subject was instructed that
the correct gliding speed was to bo malntained, and that the only adjust-
ment he would be allowed to make In order to alter his point of laxiing
wae to "play the turn,” i.e,, to incresse or doorease his rate of turn on
the last twrn into the fisld, Other dovices such as ellpping, going be~
yond the wind line, "fishtalling,” "mushing" or diving wers not allowed,

bthe apot consisted of a 24-inch yellow strip across the rumway, st
right anglea to ths adges of the runway, 600 fest from the downwind end.
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Under the conditivn of "Tricke silowed® tuw =ublfect ms instructed
“hat with the exception of use of edditionel throttle, e could employ
any procedure hs desirsd (within the limits of safe fiying) tc increase
the scouracy of his ianding.

CRITERION MEASURES

The following criterion measures were obtalned from the seversl Ain-
struments and criterion forms, -

1. The distance from the des ted "ppot" at which a full-stall
three-polnt landing wes made. Distances messured (in feet) on
the far side of the designated spot were recorded as positive
quantlties, Distances on the piear side (1.e., if the pilot
landed "short") were recorded as negative quantities,

2. The meximum vertical acceleration {in G'a) developed during
the lamding. \

2. Angle of attack at timz of contacl with the ground, This ylelded
a measure of the degres to which the plane was fully stalled at

~anding.

4. Henge of airspeed durin; that part of the approach beginning at
the completion of the recavery from the turn into the crosawind
leg, and ending at an sltatude of 10U {eet above the ground.
Range wnn deflned me the diffevence beitween maximum and minimum
airspeed reedirge during this period, ag determined from the
photagrephic vecords. inla variable represented a measure of
the pilowntas atility 4o maintain & constant airspeed during the
approsch, one of thu: vequirements for the inatrictor's rating.

Averag cnarn port of We approsch defined in 4
abova. This mapgure wec nbialiced 13z readlngs of tle photo-
graphte sgwde, Laken at twe gecond intorvels, and indicated
ghathod or not the oilot'e,glicing opoed vas optimal

6. Ihe Ohin Styple [ght liventory muweilon sgore, represented by
the sumealion of the lism valghte of items merked by the checg
pllots = the CLU% sheete for "L0llnz Turns" and “landinga.t-

A Seacscatod” Fiishb jursiiory sapsbics geore, in which ltems
© gkide nere Jproved in the summation. This

dealing wilh gilpe o
arore wag nead 9T vles o tan oot Shat in the second balf of

the aperhn i Inteatioiel slipphy, vas ellawed,
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8., An over-all wrude for tne comnlets manenvdr, vepres2ating the
checkk pllot's gensrsl evuiuntlon of ihe subject's prerformance
in terms of the ptandsrds of performance for tte instructor's
rating which applied,

9. The degree of plip gnd pkid in turng, and duration of slips or
skids. This item roprecented prinarily a .countrel vsriable to
determine whether or not the svbjlect slipped markedly during
the turn into the field in order to,lome altitude rapidly,
thereby corrvecting for uvershro’ing. ‘

0. to let nal *urn into fiald. This value was ob-
"telned in the course of delernining the percentage of the
final turn during whieh slipe cccurred, snd was included as
a criterion varisble on'y because of the insight 1t might fur-
nish in regard to individual differences in performance, '

HESULIS

Data collected] under the "No Trlcka" and "Tricks Allcwed"™ condi-
tiong were treated ssparately by ep &rvalyels of varisnce technique.
The scores of subjects on all of the criterlon measvres ars given in
Appendices § and 6, for the "Tricks™ and "No Tricke" parts of the ex-
periment, respectively. The indivldual peans and standard deviations.
of the criterion messures for each subject are included in Appsndix 7.
In Table 1 are presented the mean sscoros ip terms of each criterion
measure, and the range of each criterion score as determired from the
pooled data from all subjects.

’ Qomparabliity of Instructors Jn Terms of Varlablility of Perform-
anoe. The "L" test7 wes uced ap o measure of itha homogeneity of vari-
ance, l.e., 4o determine if the verlabllity of performance on the four
landings was constant from supjeot to subject, or varied from subject
to subjest more than could be attributled to chance. The results of ' .
the "L test are summarized in the firat and third columns of figures

in Table 2,

It will be noted that if a value for "L* of 491 or less is ob~
tained the hypothesis of comparsbls varlebility (homogemslty of varl-

6The particulsr analyeis of varianoce procedﬁrea used in thiz in-
vestigation were derived by Dr. P. J. Rulon, Harvard Uciversity, a mem-
ber of the Exeoutive Subcommlitee of the Committee on Selection and

Training of Aireraft Pilots, This derlvation is presented as Appendix .

4 W this report.

7300 Appendix 4. See also: Jackson, R, W. B,, Avplications of
analysis of variance and covariance to educational and psycholog.oal

ressarch. Toreuto Educatiop Bulletin Fo, 11, 1940; p. 103. '

]
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TABLE 1

MEANS AND HANGES CF CRITERION MEASURES

No Trickg : Irdgks
riterion N Range | Range

Distance from epot ©JO7.8% ~258% to 441" +7.1%  -249' to 155!
Number of G's 2.07 1.6 - 2.8 1.98 1.4 = 3.0
Angle of dttack 28 3% 25¢ - 29.5 17.2% 13,5 - 22.0
Variability in alrspeed

(m.p.h.} 2.5 5 = 16 1.4 5.0 = 18,0
Kean airspeed {(m.p.h.) 62 .4 58.0 « 64,1 61,6 57.9 » 67,1
OSF]  uncorrected egore i3 2 -3 - 26 1.2 ~1 to 24
0SFI corrected score 10.4 -2 - 19 12.9 6 to 19
Over-all grads 750 60 ~ 100 83.3 60 ~ 95
Seconds to complete turn i13.5 11 -~ 22 20. 4 10 - 32
Per cent of slipplog . ;

{any degrese) 0 18 ~ 100 o 14 - 120

*The actual means of the measurements of "Distance from Spot” and
~"Angle of Attack"™ under the two experimental situations are not directly
comparasble eince the adjustments of the angle-of-attack indicator and the
runway merker were not the same under the two conditions (see page 12 f£f.).

TaELT

SIGRLMICAPCE OF TRNIVIDUAL DIFFFRENCES AMONG
INSYRUCTCHS 4d MARIFG STCT LARDINGS

Ho Trlets Tricks Allowed

terisn MY Feptior Iz lesl o4 Test IE" Test
Distance from guolb AT “woa 71l 2,24
Number of G's o f35 R 2451 -
Angle of attenk Las 1,67 <972 2.55
Renge of elrspae! JFan R, L5 697 boI2%E
Mean a’*:wspsed 365 e <127 8,08
OSFI uncarractes score i IA I R 917 2,36
0SE' correclad score CBL6 R L . 885 3.84%
Over-all grads 270 SET 596 1.06
Seconds to cowplete twes el & Bk 960 2,25

tenoter Y1 8. onlficant av be.somn bue 55 and 1% levals of confi-
dence. ’
#xDepotas YO algnllleesd st Doper then the X1 level of confidence.
i, yateer of loos Char 090 ioficete that veriance within pllots
ls not conateni,, 1.e., “aad dlifovaces {siguificant at the 5% level of
confidenas) ~0ir' bebwerr ploous Iy onr af sarlability of parformancs,
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ance) can be rejected ol ths G0 “e 2l 2F heciisenze, L e, ullere oan be
considered to be 5 or less civac.a in 30 toaw ihe HWifersnces ia vari-~
ability, or conelstency of perforacree. ommong the five instructore aie
attributable tn chance. EBxaminatich of Table 2 indicatee that under the
conditior of "Ho Iricks" valuer of lacs thaen .491 &re ontained for ()
Distance  from Spot, (2) ‘4veruage slrspeod; and {3) Over-all Grade. Under
vne condition of "Tricks Allewad® » velue of lems thar 491 was obtained
for the variable "Kumber of G'p [vertiecal acceleraticn} produced by lend-
ing."®

It is of interest that in terma of the varicus criterion' measures
there wap a grester incldence >f individual differences in varlisbillty
of performance under the irestirivied conditior of "No Tricks" than under
"Tricks Allowed.® It is perticularly noteworthy that such individaal
differences were evident in torms of the messure of acewraoy of landing,
probably the most critlcal of the msasures, as well es in terms of "Over-
all Grade" which wes lergely & finctl o of the aecuracy of the landing,
Under the unrestricted oonditlicrma, "Frlrke Allowed,”® the only significant
difference in variablility wae ip rterms of the numbar of G'es devaloped .
during the landing, Tils might De acizounted for by the differsnt methods
used by the Instructors on the wvarlous lrials to increase the sccuracy of
their landings.

n of In dual Differances in n_Per
Subjeots. The "F" teat wes used in deteruining the significance of in-

" dividual differences in mran perforarsnca, each critsrion messure being

treated separstely. The results or the "F" test are presented in the
second and fourth columns of figurss in Table 2.8 Examinailon of this
table indicates that undsr the *ho Tricks™ condltlon significani indivi-
dual differences among instructors were evident in terms of (1} Range of
Alrspeed, (2) Ohlio State Flight lmvenvory soores, and {3) "Kumber of
seconds required to complote the fine: turn.®™ W®ith the excepiion of
the Ohio State Flight Inventory corrected sccre the "F" atatistic for
these measures was significant at less than the 1% level of confidence,
indicating that such individuel differencea aa these could be expected
to ococur by chance in comparable camcles less than 1% of the time. ¥or
the variable "OSFI corrested sccre™ the "F" statietic was significant
at the 5% level.

81¢ will be noted that the "F® statistic is not precented for the
variables "Distance from the Spot,® Hear Airspesd, and Over-all Grade
under the "No Tricks" condition, end for "Number of Gis" under the
iTpioks Allowed" condition. One of the amssumptions on which use of the
"Fo test is predicated is homogerel ty of variance. The "L" test, prev-
iously applied, indicated that for these criteria thls assumption was
not satisfied, i,e., in terms of these varlables significent differencee
in variabllity of performance among inatructors existed. Although ren-
dering the use of the "F" test invalid, the demonstration of aignifiloant
differences in variablility represents a positive finding in itaelfl, an
indicated nbove.
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’ incre&ae the accurscy of landing might well fnvolve Llying st
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. Lndw the ™Tricks A.Llond” mndﬂsbioﬂ ai@if c{m% ia&ividu&
farencws between imstructors in meen perfirmance wers evidemt in |
of {1) Hange of Airepeed, {2) Mean-airapeed, and

o, a0 nt
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level of confidence for Mean Airspesd gifl Range af A%
55 isvel of confidanne for the 0SF1 uorrqc'b-d aoaro.
- Y *:* T

Under lthe W ke Allswnd“ copdltion h&rtﬂin W ‘uaed fa

bﬁmr than required for the ‘sormal glidh“ “Therefore e, fiﬁdﬁﬁ“’
individual diffavencses in Nean Airspeed; -and in Range of Airspedd. dif-
. ing £lights coaducted under utrestricted conditions 13 not awng.
However, for flights condudtéd under the more restrigted "No Trioky®
“gondition - emphasis was-platsd on mainteining the norsal glide, o

. tuds reason the fact thet significant individual dfff'swences: wers’ .f!oand

both in Mean Airspesd ant in Ranga of Ain@ahd dtn*ina tho m W
landing is notemrth;y ‘ .

:l.emco nfthe demnatm’ole individm Mmcal tillhe dealt with
. more thoroughly under the’ detailed @imounsion of individuel orit
‘measures, following, However, brief attention should be ‘given to

" question of individusl differences bstwesn’ instructors-in tezms of 'm-in K

ability of performance, and in wean pérforhaﬁue, comlderad togeﬂbhurp
B

r "Examination of Table 2 dndicates that under gg_@*'ﬁo h‘:l.crks' m{i

"=Tpicks Allowed” eonditions significamk.individusl dkfferences (eifig:

in mesn performance or variability of performance) were evident for - -;tl_.-j;;_-'

{1) Range of Alrspeed, (2) Average Airspesd dupring gpproach glide, and.
{3) the Ohlo Stste Flight Inventory correected score, Afs noted- ‘abavay

airspeed under the "No Tricks" condition is of" Anterost, Undex the i

"o Tricks" condition, bul not under the "Trivks "Allowed® *l’.a&nn,

significant ¥ndividual differencea were evident«ium terim of *CE): Diss's -
tarce from the Spot at which the lending was made, (2} (%FI- mrrwm
soore, and (3) Over-all grade, . Tha-presence of significant Individuel -
differences in tnese oritiosl messures, partiocularly Bi¢tance fiem the
Spot and Over-all grade, i of importance, - Under the "Trloks Allowsd®

, condition, but nst under “"No Tricks™ algnificant 1nMﬁM Jdiffmﬂnu'

e — ——

- %n connidering the’significanca of 1ndivid1ni.l astevences mh‘-.q-
digated by the "F" test, a3 well as the *L* “teat; 1t ahould.ba remem~.

bered that the fact that in this atuly significent differarass in terme

of spesific oritericn measures aré not shown -t¢ sxist dues,not ingieate
fhat auoh individu&l differsnces might not ‘be evident~il a_lavger:study
utilizing a greatar muber of subjects were carried on. ;. The msmnt
differences, either in variability of performsnce or.in msan poriapmence,
that sre dsmosstrated ere of importance, however, because-ef. the fao¥

that they were evident ip anite of the few mumber of cemes. -3 -
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the demonsiration of significan’ individnal differenves in. tesms o.t G

and {3} Ohis State. Fﬂ&:ﬁ‘--;‘_f
" inventory carrected ecore. The "F" statistic wes a:l;gﬂiﬁmt e ;
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part of tho expariment, the relatively isrge residual varisnce {or the
zasgure "Distance {rom Spot®™ might be gooounted for by apparatus srror.,
However, 1t should be noted that the reslidusl variance was also larger
for the varlable "Over-all grade," wilch was to grealk degree s function
of the accuracy of the landing, and whishk waa not affected by apparatus
arror, the grade being sesigned without kuo¥ledge of the objective deter~
mination of the gecurmcy of tha landing. ‘

. Inany evant, (1t 13 <. i oy «f 1) an far as the present experi-
ment is concerned in no ea s was w0 L #1 usl varlance significantly
greater than the variance sttribuleble to pilote. It L= possible that

wers the numper of csees greater, the residuel. variance, under ths "Tricke.

Allowed® condition would prove slgnificantly greater than the pilot vari-
ance for the critical variebles "Disicnce from Spet® and YQuer-nll grade.”

3 nd Skidding during Firel Tuen into Fiwld. Through snaly-
stz of the photographic rocords a study was wade of the slipping and skid-
ding which occowrred during ke exasuticon of tha final turn inde the field
tafore landing. The primery purpose of thia snalysia wuag to determine if
2 marked degres of slipping oecurrsd undar the "No Tricks” condition as
a check on whether gublests wmight nave used thle tsgunigue to lose alél-
tuds intentionslly.ld

Anslyeis of the dava indlopted that no skide grostor than degree 1
{sufTicient to cguse nn sxrurslon of more than § ball dismeter} oocourred
during any of the {iighty. Tt shovld be soled, In this connection, that
aven #light wvariestiszna of the ball were consicered degres 1. Sipos 1%
was evident that no esrious ohlde coourrsd, po detelled tr-atment of this
meature wed wade. Tt is of goms siteroat 15 nota, however, that iu terms
of pocled dats from all fiighits af sll subjecis, ekidding easurred under
gonditions of "Ho Teleks® ) 4f b Lire apenk in the flngl Lwns, whereas
under "Tricke Allcwad® corditian suiddin zan obheorved 4% of the total
time apent ipn the toern, .

Analysipg of sligs wae wioe sads In ievos of the povled Cada from
subjecte and $1l:ghts, alikoush meeninginl tomparleona of performante
under the %Noe Tricks? ' 4h ps-formasce under tho “Iricks Allowed are
difficult o ra¥e due 10 the fect tnat wilsir the latter aonditdons im-~
tenticonsl silpping wes eilnawnad, 1t may be noted In pnesing, howevar, -
that the mssn degreo of =iin was .25 degrees durlng the *ricks Allowsd”
irials, and 1.20 dsgreee Cwing the “Me Tricke® twiela. Fowever, under
the "No TrickeV econdition sporoxioately cre-third of all slipe wore of -
degree 2 or greatar.,

C T Y, Sl e

Wysuratong af whe ball in tho Tali-bond inetrument wers quantified
ar follows (cuiillxatins mwris Leing deaww o She cebe of %he instrunsud):
Dagrss 1+ Jo @0 and oaoclading boosll owiotd,
Dagren . Hors theuw £ and fnetuilng one ball slddh,
Fod % B )
Ceprea %y Fora b b oLatd aldih 2 Laen dhan 2 balle wdil

4 W -

Dagwaz 4 Twe nlls #ndbe e o -
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The proportion of the turn during which slipa to any degree were
present was 59% under the "No 1ricks" condition and 70 during the
"P’ricke Allowed" flights. A4s might be expected then, during the "Tricks
Allowed" flights slipping wes more pronounced. Analysls of variance in-
dicated that significant differences existed between pilots in the per~
centage of time during which 3lipa occcurred in the final turn. There
seems to be little evidenoe, however, that under the "Ho Tricks®" condi~
tions slipping wes of such a pronounced and prolongad nature as to repre-
sent an intentional effort to "cheat.®

PRACTICAL IMPLICATIORS

In consldering the practical implications of the findings of this
inveatigation, it is desirable to consider the results for each criter-
ion measure individually. Criterion scores on all varisbles under both
experimental conditions are given in Avppendices, 5 and 6,

Under thn No Tricks"

condition the fact thet Lhere was a demonstrably significant difference

in the variability of the performances of the five pilots indicates that

as far as the accuracy of the landing was concerned certain pilots tended
mors than others to0 te ilnconaistent. Furthermore, only one of the pilots
landed within tgg specified area on all four landinga. Four of the five
pilots overshot*+ on one or more of their landings, ard two of these men
overshot more than 100 feet, l.e., landed more than 300 feet beyond the
"spot.* Three of the pilots undershot, two of them landing more than 100
fset short on one of their landings. Three pllots both undershot and over=-
shot. It is significant to note that four of the flve pllets would have
been failed on their flight tost because of lack of accuracy in precision
landings, under the restrictlon that no slips or other tricks could be used,
Granting that the instructors mey not_have besen familiar with the partieun-
lar plone used in this investigation,l2 nevertheless these results cest
doubt ot the advisability of the restriotions agains’. intentional alipping

_which have been in force until recently.

Under the conditions of "Tricks Allowed" individual differences be-
tween pilots were not evident, either in terms of variability, or in terms
of mean performance, Under these conditions no pilots overshot, only one
pilot lapnding as much as 155 feet beyond the designated "spot.," Four pi-
lots undershot, but only two of the eight landings short of the spot were
more than approximately 50 feet short, During the "Tricks Allowed" part

1lrye ‘yollow strip ucrose the runway which constituted the “gpot"
repregented the pear boundary of the segment of the runway, 200 feet in
Jength, in which the landing was to be msde. OCvershooting therefore is
defined as landing beyond this segment of the rumway, or more than 200
feet beyond the designated "spot.," Undershooting 1e defined as landing
anywhere ahort of the "spot." )

1271e instructars: expressed confidence that had téaining planas been
used with which they were familiar, they wonuld have "hit the spot® on ench
trial.
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of the experiment faulty adjustment of the runway marker resulted in ita
hanging several inchas below the level of the bottom of the wheels of the
plans. Partioularly, since in thils part of the expsriment the pilots used
a fast glide on the landing approech, holding the plane just off the
ground until past the runway marker, some of these measures of undershoot-.

‘ing are suspect, :

It ahould be emphasized that while the faulty adjustment of, the run-
way marker during the "Tricks Allowed" pert of the experiment rendered
measures showing a small amount of undershooting suspsot, it is excesd~-

- ingly improbable that the total absence of indications of overshooting

(landing more than 200 feet beyond the spot) during this part of the ex-
psriment can also be atiributed to apparatus error. 4 landing on the apot
or immediatsly beyond the spot was at timee recorded as undershooting be-

cause of the fact that the runway merker lmg below the wheel level during -
this part of the experiment. For the sams reason a landing made immediately

beyond the point on the runway repressnting 200 feat bayond the spot might
have been classified as a satisfactory spot landing. However, only one
landing was made as far as 155 feet bayond the spot, only two: wars made es
far as 120 feet beyond the spot, and eight of the 12 recorded landings be-
yond the spot were lesas tlen 50 feet bayond (see Appendix 6). These facts
indicate that the abssnce of overshooiing was slmost certainly not due to
apparatug arror. At very least, not mora thsn one landing (the landing .
155 feet from the spot) could have actuslly been overshot and erroneously
recorded as a satisfactory landing end even this is improbable, However,
in five of the eight recorded instances of undershooting, the mark on the.
runway was 51 feet or lass short of the apot; four of them being {1 feet
or lesas short. There 1= a possibility that some of these five lardings
were actually "on the spot"landinga mistakenly recorded as "undershot" be-
cause of the faulty adjustment of the runway marker during the "Tricks
Allowed" part of the experiment. (The runway msrker was properly adjusted
during the "No Tricks" phase of the experiment.) - _

The conolusioh, thersfore, ssems justified that under the "Tricks
Allowed" condition the precision landings were made with a greater daegree
of accuracy than under the "No Tricks" conditlon, and thet unquestionabily
greater uniformity in performance of the group of pilots was evident. '
Suspioion is cast on the realistic nature of the restrictions on execu-
tion of preoision landings, inocorporated, until recently, in the private
flight test, singe under these restricted conditions even the performance
of skilled pilots proved ao variabls and inaccurate, This study indicates
that the removal of the restrictions against intentional slips in the pri-

vate pilot flight test represents a step in the right dirsction. It should
be emphasized, however, that establishment of norms of performance, through

further experimentation using larger groups, appears to bes nesded. ‘

gt » The fact that no individual dif-
ferencee in mumber of G's produced on landing were evident under the "No
Tricks" condition, while significant differepnces in varlabillty ocourred
under the "Tricks Allowsd" condition reflects the fact that different
"Trioks" may have bsen used by certain pilots on different landings. The
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mean mumbsr of G's prodused under the "No Tricks" and "Tricks Allowed"
situations were 2.07 and 1,98, respectively. In no case, under either
condition, was a vertical acceleration of more tham 3.00 G's recorded.

Angle of Attack. No. individual differences among instrustors in
Angle of Attack at time of landing were evident under elther set of ox-
perinmental conditions. The indicated mean Angle of Attaock under the
"Ko Tricks" oondition was considersbly greater than under the *Tricks
Allowed" lamiings. However, there was reason to believe that the adjust-
ment of the vane on the instrument wes not comparable for flighta made
under the two sets of oonditions. Although the lack of individual dif-. .
ferences in terms of Angle of Attaock ls of passing interest, this meas- -
tfn-a cammot be given serious welght in the consideration of exporimtal
’ mmlc

Bage of Aipepeed. Significant individual differences in Range of
Alrspeed were evident under both "No Tricks" and "Tricks Allowed" condi-
tions. This would appsar to be an important development, partioularly
in regard 4o the "No Tricks* flights, in view of the considerable empha-
sis on the maintenance of .alrspeed during the approach glide, It should
be noted, however, that there were only four oases in which Range of Air-
spesd was greater than 10 miles per hour during the "No Trioks" flightt,
the maximus range being 16 miles per hour. At lsast this latter: I
tion might have been oonsidered disqualifying by a CAA inspeator.
wide Rangs of Airspeed under the "Tricks Allowed® condition undoub'bedly
refleots the different procedures used by thc varioua instructors in
effecting uoournuy 1andingll.

| Mean Alrspeod. Individual differences in Mean Airspeed were evident
under both conditiona. Under "Tricks Allowed™ significent differences be- -
twoeen instructors were evident in terms of Hean Alrspeed, As above, this
may refleot differences in procedurss used in executing precision landings.
Under the "No Tricks" condition, howesver, significent differences among
instrctors were evident in terms of variability of Mean Alrspeed over

the four flights. Because of the ewphasis of the "normal glide" it may

bs noteworthy that the "normal® gliding speed, as esteblishbed by the pi-
lots, varied significantly more from flight to flight in the ocase of cer-
tain instruoctors than in the case of othera. The greatest range in Mean
Airspeed, over ths four flights, for any imstructor was 6 miles per hour,’
from 58 to 64 m,p.h, Two instructors were extremely consistent over thelr
four flights; the other three showed greater variation. . The Mean Average
Adrspeed for all flights of the individual 1mtmctors varied from 61 to
64 miles per hour. , .

13p0c0rding to CAA speoifications for the private pilot flight exam~
ination available to the investigators, variations in airspeed of greater
" than 10 miles per hour during the approach to precision laxdings are con-
sidered M"unsetisfactory." See

Inetrictiona to flight exsniners for cop-
mmm_nm%mmm 'uhintwn. D, C.t Clvil Aercnautics
Authority, April 1, 1940, page 14, Section 16, 4, (1).
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Oh tpte Flight n oy . 1n the "Ko Tricks" situation
significant individual differences occurred in terms of both the corrested
and uncorrected scores. Under "*Tricks Allowed" asignificant differences
betwaen instructors were svident only in terms of the corrected acores.

Oyer-all Grsde. BSignificant individual differences ln the Over-all
Grades assigned to the instructor subjects were evident cnly umder the
condition of "No Triocks," These differsnces were evident in terms of
the variability of grades sssigned to the four lendipgs made by each
tnstructor. Thess results are similar to the results of the analysis
of the oriterion "Distance from Spot." A4s noted previously, this i=
in line with expectation, since the Uver-all {rade mas influenced mar-
kedly by the socuracy with which the landing was made, particulsrly under
the "Ho Tricks" copditicn. Under these restricted conditionm, 11 of the
12 failing gredea were assoclated with cssez of elther undershooting or
overshooting. In the case of the twelfth falling grade, the landing wes
made 199 feet from the spot, and was undoubtedly regarded by the cheok
pilot as being beyond the limit of 200 feet, Only one subject recelved
a passing grade on all four lardings wmder the "No Tricka® conditiom.
Two pilote received falling grades op all four landings, and iwo pilots
received falling grades on two landings. ’

Under the condition of "Tricks Allowed" no individual differences,
either in terms of mean grade or variabillty of grades were ewident,
Ondder the "Tricks Allowed" condition, 5 falling grades were given to the
exsoution of precision landings, three out of the five pllots recelving
falling grades op one or more landings. (Two of these subjeots received
a falling grade on two landinge,) In this part of the experiment, how-
ever, a failing Over-all Urade wes given to only four of the eight 1ndi-
cated cases of undershooting. This is probebly explained by the fret that
the runway marker was out of adjustment as noted previcusly, and certain -
indicated cases of undersghooting were undovbtadly considered as satisfac-
tory landings beyond the spot. However, cne falling grade was given to
an indicated landing 39 feet beyond the spot, Whether this wae due to an
srror of judgment on the part of the check pilot, or was dus to pilot pex-
formance not measured by the other eriteris, 1s uncertaln.

The conclusions 4o be drawn from study of the Over-all Grades aasigned

. by the check pllote ere essentislly the same as the conclusions dramm from

analysis of the measure "Digtance from Spot.” It should be noted, how-
ever, that in a gitustion where atteniion was fooused completely on execu-
tion of the preclsion landing, in the opinion of the check pllots three
of the five pilots did not meet the requirements for the insiructors 1i-
cense oven under the "Tricks Allowed" pltuation.

Iipe to Complete Fingl Tury. Tis feot that significant individual
differences in mean performance were evident, in terms of this varisble,
under the "No Tricks" condition would apresr to have fow meaningful ime
plications. Under the restricted conditions the pilot wes allowed %o
select that rate of turm which would best ensble him to land at the des-
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:Ennted spot. This device was presumably the only correction he was per-
tted to employ. Thus, it is not surprising that individual differvences
in time to complete turm were evidernt under #No¢ Tricks," bht were not evi-
dent under "Tricks Allowed," It may also reflect the faot that overtain
pilots habitually flew the crosewind leg of their approach oloser to, or
farther from the field than othsrs,

2 aiPDINg g okldging daring Finat 1 Fisld. 4a noted pre-
viocusly, slips and skids were not sufficlently pronounced to warrant
serlous consideration. Significant individual diffsrences were svident
under both experimental conditlons in terms of the percentage of the time
spent in the final tyrn during which slips of any degree ocourred, How-
ever, since intentlonal slips wers permitted under the "Triocks Allowed"

ocondition, interest centers on the prectical significance of degree and

amount. of slipping under the "No Tricks" situation., In view of the fact
that in only four of the twenty times did slips of degree 3 {representing
excursion of between 1 and 2 ball widths) ocour, it can be concluded that
the inoldence of seriocus slips was nut great enough to warrant further
eonaideration, J

DISCUSSION

On the basis of the performarices of the -plilots in this experiment,
pertioularly in regard to accurzcy of landing, it might be oonoluded (1)}
that the restriotions, particularly on "No Trioks" landings, were unrea-
sonably stringent; (25 thst the sample of flight instructors used in
thig study were wnusually poor pilots; or (3) that the pilots' unfamil-
isrity with the plene rendered -the flight test situation unrealistic.
The second of these conclusions sesms patently unwarranted, aince. the
subjects were, ix fact, & highly selected group of flight instructors
in terms of experisnce, training, and education., In regard to the third
of these conolusions, 1t is undoubtedly true that the pilots' unfamili-
arity with the plane used in the investigation, and the fact that it was
somewhat heavier than the planes with which they were familiar had a
deleterious effect on their performance. The exact degree to which the
flight test conditions were rerdered "unrvaliastiec" by this faot is im-
poseible to determine. It is noteworthy that student pilots in elemen-
tary training regularly switohed to this special plane for their cheek
flights, apparently without vnusual difficulty. Neverthelems, this fac-
tor of unfamiliarity with the plane pust be taken into acoount in avalu-
ating the results.

It sesma doubtful, however, that the extreme inaccuracy in landings
under the "o Tricks" condition eould be dus entirely to the fastor of
unfamiliarity. Rather, it seems poseible that thems data suggest ocon-
firmation of the axiom cwrrent in some quarters that the most certain
way to pass the acouracy landing test, under the restristiona in foree
untll recently, was to "cheat,” i,e., to employ some device which the
inspector would not recognisze, or would overlook. In any event, the
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increass in accuracy of landing, and the decrease In varlabllity of
performance undsr the less restricted condition of "No Trioks® sug~

gest that the current revision of the requirements for the private pilot
flight test by which intentional alipe are allowed is a step in the right
direction. Further expesrimentation in which the present restrlotions -
are duplicated exactly, would eppeer to be indicated.

SUMMARY AND CONCLUSIONS

In this investigation series of four experimental flights consisting
of take-offs and precision landings were made by five experienced flight
instructors in a specially equipped Piper Cub J-3 plane. Each subject
mnade two series of flights: the first series "Without Tricks," during
which slipping, "mushing," or other methods of altering the gliding angle
of the plane were not allowed; the second series with "Triocks Allowed ™
during which any procedure to incresse the accuracy of the landing, Iithin
the limits of safe flying, was allowed except the use of additional throt-
tle.

Analysis of oriterion data collected during these flights indicated
that; : . :

1. The performance of individusl pilots showed more variability

- under the restricted condition of "No Tricks" than under
"Tricks Allowed." Significant individuel differences between
pilots in terms -of variabllity in performance were evident in
terma of accuracy of the landing, Over-all grade, and Mean
Alrspsed, Under "Trickas Allowed" significant differences in
varlability were evident only in terms of nunber of G's pro-
dueed during the landing.

2. Individual differences in mean performance were evident in
terms of Range of Alrspeed during approach and OSFI corrected -
acore under both experimental conditions., In addition, such
differonces were evident under "Ho Tricke" in terms of OSFI
corrected score, and the mmber of geconds required for the
final turn. Under "Tricks Allowed" individual differences
were evident also in terms of "Mean Airspeed.® '

3. In no case was the residual variance gignificantly greater
than the pilot variancs.

4. Significsnt differences, attributable to whioh of the two pllota
dld the rating, were evident in the "subjective" criterion meas-
ures represented by the Chio State Flight Inventory scores amd
the Over-all grade. In the latter case, significant differences
were evident only under the "No Tricks" conditlon.
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Y The most importzat practicel ulicticms of this study would seem

£ | to bes : .

i , &

A 1. The results caet doubt upon the sdvisability of the restrictions .

S8 against intentional siipping which have besan in force imtil re- =
;gf] "ocently, since under the "No Tricke" condition skilled pilots -

5

'u
+
:

proved botk extremely wvnriabls, and insecurate, in their execu~
tion of precision lendings., Under the conditions of "Tricks

iy Allowed"” marked decresse in variability of performance, and an
o increase in acouracy of landing were . evident,

i

2. In epite of the emphmeis on maintaining thn noraal glide" umdnr
the "No Tricks" oondition, significant individual differences
anong instructors were evident in the Range of Airapeed readings
during the approach glide, and significant diff'ersnces among in~
structors were evident in terms of varisbility of Mean Alrspeed
‘over the four flighte. This indicates that the "normal® gliding
speed varied significantly wore from flight to flight in thn onse
of certaln instructors than 'in the came of others,

While this experiment cannot be considersd definitive, the results
‘indicate the desirsbility of further and mors slaborate investigatiom of
individual differences in the performsnee of pilots. The results cf such
investigations would have important implioations in reference to ths real-
istic nature of aspecific flight test raquirementas,
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APFENDIX 2
DUTIES OF CHECK PILOT

The duties of the chack pilot shall be as follows:

1.

2,

2.

bo

5s

7.

Then approximately one-third ef the way on the downwind leg, he
ﬁhail:

a, Lower the runway marker,

b. Instruct the asubjoct (in the front seat) to reset the werti-
cal sccelerometer,

When on the dewnwind leg the plane is at 800 feet altitude and
opposite the designated spot on the rumwey, he shall instryet
ths subject to closs the throttle.

At the cemplaetion of the recovery frow the turn into the croes-
wing leg he shall instruct the subject to turr on the camers
switch (which is located besida the front seat of the plane),

Begioning with the entry to the lsst turn, he shall make the re-

quired eptries on the OSFI.

At the conpletlion of the lsnding run he eghall Instruct the sub-
Jeet to turn the camera off, shall record the vertical accelerc-
meter reading and assoclated datz on the proper forwm, and shall
asomplate his sntries on the CSFI, FEe shall also retract the run-
way marker, :

If the subject falle to follow the proosdures in regard to alti-
tude requirements, or if "cut oubt™ by other traffic, the check
pilot shall direct the sul lect %o "go around® and re-enter the
lsnding patiern.

After the completion of the landing run, he shall retract the
runway marker and direct the pilet to taxi over io the servics
orew. .
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_ APFENDIX Ja
INSTRUCFIONS TO PILNT SUBSECTE UWDER "EO TRICES® CONDITION
APPENNIX 3b
INSTRUCTIONS T0 PILOT SUBJEGTG UNDER TRICKE ALLORED® CORDITION
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APPENDTX 3a
IRSTRUGTIOHS TD.PILOT SUBJECTS UNDER *"ND TRICKS® CONDITION

You are being asked to participate in an experiment on landings., You
are to do your best to make the type and precision of landing required of
the applicant for an insetructor®s rating. The obeerver riding with you
will give you instructions 2s to when to-out t'a throttle, ete, The land-
ing area starts st the black gtilp scrozs 'he uway approximately 600 £1t.
from the end of the runway. Keasurements ¥ill Le made from the midpoint
of this atrip. You are to make a normal three<point power-off landing as
near to but beyond the black strip as possible.

Cn inatructiocns from the cbssrver taxi out and take off into the wind
on the dosignsted runwey. Fly the normal roctangular fleld pattern. .One-
third of the way down the downwind epide of the field the observer willl ask
you to reset the vertiesl mcceleromater. When you have gained 800 feet
altitude hold it in pattern until you sre opposite the mark on the rumway
when the observer will ssk you to close the throttle and make a precision
landing, FEstablish rour glids and make a standard 180 degree rectengular
pattern precilgion landing st or beyond tha 12=inch black line across the

runway .

Arrangements have besn mads with the tower that you do not have to
scknowledge the green light On recovary from the first turn onto the
crosewind leg the ohsarver will ask you to start the camera. This is *
done by closing the iIndicated switeh. You may "play® the flpal turn but
you mey not cross the wind 1lire, ¢llp, musa, dive, fishtail or use any
other "trick" to correct for errorz of Judgrent. If for any remesn you
do not have 800 feet oprosite the spot, are "cut out* by other traffic
during tha approach, or get a rad lilght, ynu are to opemr the throttle
and go eround for another attempt.

-

Aftexr completion of the landin: zun tro ehsarver will ask }ou to tuwm
off ths camera. When you mmve done Lhia raxi in to the serviecing crew,

You will not be checked on tha Flrst of flve landinges. The first
lending is to permit you to baw:me vawliliar with the wind oonditions at
the time of this tssat,

Two cbuervers will siterrmte rideg wivh yon untll you have hed s prac-
tice trial end four rocordsd *risls. Romeahsr the crew st the llne are go-

ing to measure off how far you have lsadad frox the line,
Lo not. dineuss wyor FlLiphn ~i900 amy o tha other instructors,
Bemember vour ure "o

1. Meke a casnden s DY rogweapelor aporeach st 800 feet altitude,

“, fut tha taro*tle -1 09 dirsetic. o %he check pllot, when oppo-
alte the oo o trr fowncial lao,
2, You ray isry vewny glide petl Ly rlaring” the final turn, How-

aver, vou srd not fe «iip. zweh; Fishtalil, crose the wind line.
of wiw o oohey Fheleks" oo oorsout foo mivors of judgment.
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INSTRUCTIONS TC PLLOY SMEWECT3 © .25 "(LICKS ALLOWED® CONDITION

In the axecution of precision .ndings under the condition of "Iricks
Allowed" exmctly the same traffioc pettern e to be flown as under the "Ne
Tricka" condition, and an 180° ractargular approach is to be made as be-
fore. However, under ths "No Tricke" condition you will be allowed to use
intentional slips, or any other device (within the limits of safe flying)
you wish to increase the accuracy of your lending except the use of addi-
Licoal throttle.

As under the othar experimentel condlition a series of five flights,
consisting of take-offs and precislior lendings, will be made. As before,
two observers wlll alteruste rides with ycu wmtil you have had a practice
trial and four recorded trisls.
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RATTONALE OF STATISTICA« PROCKDURES
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APPERDIX .
RATIONALE OF STATISTICAL PROCEDUREST4

The analysies of varianceé procedures ocutlined below are dolifnod
for the experimental situatlion im whieh there are five subjects (flight
instructors) and two observers, or check pilots. Each observer ias to
ride twice with each pilot during the execution of teke-offs and land-
ings, Let the firat ride by one observer with one pilot be called the
first "trial" and the second ride of the same observer with the same
pilot the smecond "trial.” Of the actual flights of any pilot, the
first flight will be with one observer and the second flight with
another, while the third flight will be with the first observer again,
Thus, one obaerver will ride with a pilot during his first and third
landings, and the other observer will ride with this same pllot during
this pllot's second eand fourth landings,

’

Various records will be made of the cheraateristies of the landings

| and for all of the records which are made upon a contimuous variable,

and analysis will be the same. Therefore, let one criterion measure de
considered es an example of the analysis, choosing for thils exnnple the
accelerometer readlng. ~

. let X4tq be the accelerometer reading by the gth observer on the
%th trial wi%h pllot i. Then g will take values 1 and 2 for the two
observers, t will take values 1 and 2 for the two trials for each ob-
server with each pilot, and i1 will take valuea 1, 2, 3, 4, 5, for the
five pilots. There will be 2C scores ati’

In the population from which the sample data are drawn it may be
supposed that

Xgps = X+Bg + By vy +Woyy _ - (1)

where q is the factor common to all pilois, obmervers, and trials; c?s
1s the observer factor; &y is the pilot factor; C{i is the faetor char-
actorietic of the partlcular trial, a factor which is

if the pilot's second landing is systematically better (or worase) than
his first; and (Lg44 is the individual factor for a particular trial by
a particular pilot ®eith a particular observer. (Mggy is the individual
factor not characteristic of the pilot, the observer, or the order of
the trial, . .

It is here assumed that there is no interaction between pillota
and observers. It is necessary to assume this, becsuse the proposal
for the experiment does not plan for the gathering of encugh data to
study interaction, If it is thought thst some pilotes do better with

14The derivation presented herein was developed by Dr. P. J. Rulon,
Harvard University.
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cartaln observers than with other observers and it is wighed to make
an investigstion of this suaplelion, the tern & 4 must be asdded to the
‘above sxpression, Although this would be an ax%rmly interesting study,
this partiouler investigation is not concerned with that problem and .
not encugh data are golng hn be gathered to make any good attack on 11:.

" So let us go om,

To establish individual differences between pilots as regards
accelerometer reading on landing, it must be proved that the pilot fap-
tor &% in the population is dif'}&rqnt from sero. The nnll hypothesis
is them!’an

H: 5}*(},1UI23,1.,5' S {2)

The spalysis of the data will be directed to determining whether
the observed differences botween pilota ars go great ss to t&rrant o=
jecting the rull hypotheeis,

The analyuiu procesds as follows: bLy anslogy to (1), write for the
sanple : ‘ : '

Tgtq A+ By + Gy + Dy + Bpes | (3)

in which A both Bis, all five G*s, and both D'e m urknown, but will
be dstammﬁ g0 a8 to make

Eati¥ats : ,
a pinimm, To determins these ralﬁea, def'ine
X2 = £pta(Xets - & - By - C4 - Dy)° ) (2)
and azxgarmuta, first with réspect to A:
3—% = 2 Ky01(Xgrs - A~ By “Ci-by | (5)
Next with respect to Bys
<2 %34Ty - 3 - By = 61 = Dy) o - (8
Du‘!’ermtuting with respect to Bp,gives & result similar to (6)

with B2 for Bl, ao it is poeeible to !mi.té in gensral 'for the d:!ffom-
tiation with respect to B,

2
3—§ o “2%44(Xgtq = A - By = Gy = Dy) {7
which represents two equations, one when g eq\:als 1, another when 2
equals 2. k -
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Naoxt differentiating with respect to Cq gives

:s‘f’g , . . - "
SR S S TR R MR I Y
and in general
3 .
%g 2 -2 Zgy(Xges = A = By - Og = Dy) LY
This (8) represents any of five equations, depending on whather g
equals 1, 2, 3, 4, or 5.

Kext differentiating with respect to D glves

;}‘{2 . f .
L w2 LR = & - B, ~ Jy = {14° .
o Dy aivopli ] 1 1

and in genargl

2X

: % A .
apy 52 eildats m 8- Bg - Oy Dy 9

whick repressule two squations, one when % equals 1, anotber when i wguals
2. S5inge (5] ie one equaticn, (™; s two, {8} is five, and (9) is two, there

are apparantly ten sxpressions whish can = get equal to zero and solved for -

the ten unknowna 8, 53, Bp, U3, Cp, O3, C;, ©x, D}, and Dp. However, adding
the two equatiovna (7, with respect to g givas exmctly equation {5}, snd mo
there ars only two independent equetions amang the three of (5} and (7;.

-Similarly, adding the five equations (8, with reepset to 1 pives exactly

equation (57, apd so only four of tne five agquations In \8) sre independsn.
Likewine adding “he twe squations In (9} wivh respeot to t plves exactly
equation {5;, an only one of the two in {9 is independent. These are

then, mot 1 + 2 @ & ¢ 2 » 3% {ndependent eguations, but enly 4 + 1 + 4 » 1
x 7. Three more oguations Involving the unmowes A, By, U, and Di are
needed. Hssgtrictiops on ths wmknowns a7 Le made ugse of o give the rTe-
quired three sdditional eguetions WHithow lmpairing the utillty of our
analysis, it mey be proposed that Lie 3'e2 Le messured frowm the mean of the,
B'a, that the U's bs measured from the mesn of the C's, and that the D's be
maagured from the mearn of the L'sa. This resuits in the following equations:

é{j_ﬁﬁ & 1}

i’i tD‘:’x LY
These vegirloibiops iy Yo intomluces sach wiih 1t own Leagrarse multi-
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b may new be dlirfarventish=l - 00 sspoet to a1l of  tha varisdles 2§
theugh a1l of the variables wace dvie wndent, this beirg justified by our
having taken care of the depencencee Ly veans of ihe Lagraryge multipliers.
Let each derivative o» set of dorivetives be st equsl to zero as we de-

:'%T" I b A O A IR LI . (10% -

%: -2 iﬂ{x,ti <R v Bg ot oo v oo "’"\_;_ E3Y. {13;

it | ; '

LN JINT U N PIITILTTO RN N {12}

E] e . Al g LA

%Ei stiigtl 8 I t. e

Sl= 2 & gy(Ryty -t v By - 0 f D) vAy a0 ) : (13)
D¢ l 2

Now adding the two erusiiovs (1) with respect to £ and comparing with
(10} shows that A equals zerc fLading the five equations (12) with re-
oot to 1 and comparing with (1l 5!~sm that 2 equals serc. Similarly,
sdding tho two equatione (12} #iith respect to } end comparing with (10)
shows that /A 5 equals zero. Urowpping the -2 throughout ylelda

From (10),

+§

L
—
E

€ yeilXgey = A = Bg ~ Uy »-Ug)

From (11), .

T t3(Xgee = & ~ By - Gy - By) 1 D (15)
From (12),

 ot(Zgrs = A - Bg m V1 - D) = 0 (16)
From (13), ’

Soi(Kgyg - & =By~ 3y Uil 20 (17)

Distributing the Sget in (1) srd rememboring that € B, = =404 =
étnt = 0, glves )

A a -2%- é,ﬂx,ti nX,.. . BAY.

Similarly, from (15), : .

By = Ib t1¥sty 2 A

=-x-.!c ’fcce ¢ pay,

|



From {16},

o4 a%‘i:,tx“iuA

-x“i-'f;.o ] !l}’n
And from (17},

Dy ® 9§ £ o1¥ars - 4 .
- iatw - iOIJ A ’

Denoting the value of X < after these velues of the unlmowns have
been substituted in 1t; X g, then

e -

- = - ]
x% 4 E’atil\xati - xat‘u = Autu = ".ll:li 0 2'1.1«0:}‘J

For this X2 a computational formula ip needed and the number of
degrees of freedom asscciested witbh 1t. A 1ittle algebraic manipulation
shows that the ocomputational formuls is

< 2 ~ G . a2 2
xE: Foutdu - 2 Eofunn” - Eudarman
< : P N
AxE stiatii® * 4 (& i Xge1? {18} -
%+

20

The computer may wish the following suggestion: the first term above
is to be obtainsd by squering each of the accelsrometer readings and than
adding all 20 squaram. The second term is obtained by adding the 10 read-
ings for each obuerver, squaring the sum, sdding the two such sums for ihe
two observers, and dividing by 10, The other terms are to be read in the
gale pannsy, )

The number 2 dezraes cf fresac: $x 1+, as =sn be ghown from the fol-
lowing conelderationy; the muwler of degress of [reedom in )(% in alwaya
equal to the nuwber of independent obzurvations. diminished by ths dif-
ference between the mumber of verlablss fitted by differentlatlon and the ,
nusber of restrictiops impossd upcn ths variables. The number of obser- N

vations was 20. The nuzber of variables was il: &, By, ‘Bp, Cq, €, Cy, *
Cao Sgy Py, and Ua, The musher of restrlctione wes three: - - o
s "; a “ - ” - q . - -"’7
2 ﬂBl - ‘3; £ iy - Wy (’Z{D;.’ w . Renas pd® 2 20 - 410 3 FEN

R

The purpose in detsrxining }{% wre Lo nas it in the F-test; celeulating
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So fer tie formuis for f Bl s wevainad, ot 1t hes been

de{'emineu that £ wileh poey with H: L; 1z The dercuinator of the F
1.-3 then taken care of For tre & ARl O V £ end f3 are needed. The
mf_ is determined by rewritiny (17 wnoow Lhe hrpothesis that F4 = O.
Than '

By analogy writz fa the zarplo

Xgti = L+ Bg + By o By

ead again determine A, Bg, and )4 so sa 4o mile {’»gtiﬁﬁti & minimum. Pro-
ceeding .as before, ' : .

K2 2 @gpalXgpy - & = By - 2 S (20)

a.3 find thet the valuss of A, By, c0l Dy which make the minimum are the
saza velues as derived above for the other minimm, Substituting them back
iato (20) snd calling the resulting minism a pelative minimum, gives

2

4% = s‘bi(xs‘bi v ia"b ~ xatu t Noord

This ia not convenient for computational purposes, so & 1ittle algehraic
juggling indicatea thet

] i % 2 . 2
)(12. = ‘atiﬁti - ﬁ 3 3\2 AT T j%j & t{ Ea1fatyl
+ "l {é Bt.:xati;:: ' {21)

In (19) la 12 are gaipg to Ge useded and nov a‘;". 1teelf, so 718}
may be aubtraoted fron (211, getting

Xr " kl s % éi(sstxsni}z & 1:1 & 3tixsti>2 | C {22)

The number of degrees of fresedom asesciated with this is the mmber

of independent statementa 1n ihe nu}l kypothesls being tested, The null
hypothesls was

J‘i:cs 1219213’495a |

However, the analysis receasitated setting in the samplo & 3Cs = 0,
which leaves only 4 independent staterents in the expresaion G4 = %

in the population #1 ie meesured from the mean of the U ‘s, as the C's m
the sample were messured, then there sre only four independent. statexents
in the hypothesis H: Jy w 0, so that f5 » 4. The F-test is now complete

as follows:
X8 - X3
‘T

X
55 (23)

F

T thr,



in wuion & g - b‘ﬂ ia Lo D FMLLULATEd VitR <k Aand &g From B a4
usbaL, the resuivi.g b s lookei ap b cusdasor's tabia, snd ©* it axcewds
~he 5% point tha nsgpothesls /7, = O may ba ~mJect=3 and ;he pressnses of
eignilicant individual differances smong rili.ts as rega-J: thai~ azrelar-
speter readings wiil be indicatad,

The following remarks may bs of interestc:

l. An estimate of the variance amopg pilots a8 regards acvelerometer
readings on lsndings is given by the numerator of (23), nanoly“% (& - 7).

2. An estimate of the variauce (among accelerometer readings; not
accounted for by the identity of the pilot or of the abserver or_of the num-
ber of the triaml, is given by the denominator of (23}, namely LG .
13

3. If it l1a desirat to test whether there 1s any difference between
the two observera, the fF-test iway Ve ussd vwith the same denominator ag in
{231 but with numerator given by

. 2

LA Y"U*’QF P

r'».\

:‘:(ét}';ai %
20
Iith one degires of f;beuog Mia comau out by settlng the hypotheaia ﬁda s O
in (1) and deterwiuing ¢ % (rom

Xsti; q‘$ .ffi-—;;!t“uj J‘

L. 1f 1t ia degired o tezbt wheiber there 1ls any difference betwssn
trial 1 and trisl 2 ty & gilven pilot asd clacrver, the F-test may be used
with the denomiuator eyual o lhe dencmiuator of (23) snd with mmerator
equal to

" 41 4 , B ‘;1
'i% é t*éa‘i aged’ "S%j AT
with one degréa A Frosdom.

. The I -tuemi. =roposed In racs :1>ha 5 and 4 above will paturally
lead to the same resuits rr e 2 or =5 fre o-negi in the seme situation,

6, Tha va diliy n7 b showe snslivels &ependv tpon two assumptions;
{a) thot (U gty in {1J e o aron L 1nxmrl1v distribvted in the population
from which the memply zas iraen acd (B0 Teet the va~isnos of Ugey is

equal for all valveeg of ¥ " 13 fdr2¥r1"Ce t2 tast whether in the sample
the variance of .y “Htfe~= ¢ ool for “ifTerant § as to sast suepliclor
ou the egualitsy »% 1hw vrarianzes v T peulation This can be tested

ae follows:

S T
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Find dogyply. Slrlleriy riac by tos Do~ 2y a0 00 W aed Tied logyn®s -

‘Tiatermine Jog L from ihe squaiicw

Z oy - ok o Egdy)

v

logxpl =

LTI

and from the log obtalined fryu- (0is. Yool up e antllog, getting L, If
tha L is leap than 491, *li: vrethosls Liat 1he vwersanes of Ulgey la the
ceme for a1l 1 muet b= refe btod ar s KU Tevel,

7. DPowever, Iif T rurma tul 7ozt fhan G401, an e:q:-érimenf_.al.finding
is rapreéﬁn‘tan,\ withoot siozving tre apalysic whielh Joads to (23},
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AFPPENDIX 5

INDIVIDUAL DIFFERERCES IN LARDIRG
MASTER DATA SHEET

o Trioks"
1l 2 3 4 5 6 7 __ 8 9 10 a1 12 13 14 15 16 17
1 RY DATA SPECJAL FORMS CAMERA DATA
- Distance Wind Slipg in Turn Skids {p Turnm .

Feet from Wind Drift< Var. in Hean Max, % of Mex, % of
wmmwﬂ.umﬁibww;vﬁl (R or Lj A.A. Alrspeed Alrgpeed Doz, S1ip Deg. Skid
A 1 100 26 2,0 D 577 8 15. 16 2 8.5 64,1 X 57 0 0

1 2 95 22 2.0 O 4 26 Vi 5 200 5,0 60,3 1 25 1 13
B 1 95 18 2.2 0 4 93 10 10 16.5 6.5 64,1 1 56 O 0

2 95 16 1.8 0 - 10 i5 24,0 5.5 8G.4 2 &7 1 19

A 1 90 2 28 0 "2 118 12 5 7.5 7.5 60. 3 3 42 0 C

2 2 95 20 1.6 0 » 167 5 15- 29.0 10.0 604 2 S AT
g 1 65 =3 1,8 © - 65 10 15 27.5 8.5 64,02 3 5% 1 .

2 65 5 1,6 0 4 223 8 5 290 8.5 58,0 . 2 211 20

N 1 65 16 1.7 O + 213 5 15 28.5 5.0 64,1 2 100 O o

3 2 65 22 2.2 0 +199 10 10 28,0 ¢©.5 61.9 2 88 0 s
B b} © 60 7 1,8 0 - 258 10 -15 29,5 6.0 61.2 2 100 o 0

2 60 9 2,4 1 - 4 10 15 28,5 7.0 60.8 3 95 0 G

A 1 65 g8 1,6 0 AA 8 10 29.0 13,0 63.8 2 74 1 10

i 2 95 16 2.8 0 34, 8 5 28,0 12.0 63.8 2 50 0 0
B 1 70 1 2,6 0 0 5 10 25.5 16,0 63.6 2 18 1 27

2 65 5 2.6 0 o 224, 5 0 28,5 11.0 63.4 3 63 1 6

A 1 € 1% 1,6 0 - 103 8 10 28,5 8,0 63.6 2 59 1 28

5 2 65 17 1.6 © + 381 '3 5 28,5 6,0 63.2 2 66 1 11
B 1 65 8 2,6 2. - 16 0 0 (28,5 6.0 64.0 -2 8 0 0

2 60 13 2,0 O + 41 10 15 28,5 9.5 62.4 2 51 10
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APPENDIX 6 . : e
INDIVIDUAL DIFFERENCES IN LANDING

MASTER DATA SHEET .
MTricks Allowed" ' . R

S SRS SEY S S - S 2 9 10 13 )2 13 14 15 1% 2y
RY_DATA SPECIAL FORMS CAMERA DATA

Digtance Find Slips in Turn Skids i M
Feet from Wind Drif"i'.g,;\ Ver, i  Yesan Maz % of Rax. . o
vug- Triel Qver-all OSFI G'p B's Spot {: or =) Vel, (R or L) /4. Airspeed Lirgpeed lec. Siin la;.  S¢id
N 1 90 20 2.0 O s 155 8 0 16,0 5.0 842 1 7 By
2 95 20 3.0 © > 33 5 15 185 @.3 £4.1 4 YIS '
" 1 95 12 1.8 ¢ S 10 16 150 7.5 b4.5 ! e o o
- z 95 9 1.8 0. > 18 10 10 19,0 100 7.1 i i€ T o
& l 65 18 2,0 © = 249 1 REORE 0 SN o B £ 34 5.4 4 LOn 0 '
2 90 18 2.4 0 +  £9 30 L 5.5 B ©3.5 2 e 7. i
e 1 90 11 1,8 © @+ AW 10 5 1560 120 57.9 " L0 y
2 65 5 2,0 0 = 2710 15 1.0 1a.0 609 i oy )
1 90 24, 1,6 0 103 7 5 180 5,5 55,5 1 ¢ 6 .
2 95 18 1.8 0 . = .1 O L5 16,5 7.5 62.7 4 O 0 -
) 1 65 13 1.2 © s W " 20 18,0 125 616 . Lo g &
2 65 9 1.6 0 - Al 6 0 19.0 5.0 62,2 4wz y
1 95 18 1.4 © = 4 5 25 18,0 13,0 80, & 3 24 o ;
A 2 80 24 2. 1 s 35 A 5 18,5 . 12.0 s2.1 1 %0 i
. 1 90 13 2,6 0O + 120 1 £ 22,0 12,3 AG.3 A R X "~y _
- 2 60 11 1.9°0 - 126 5 0 18,5 10,0 £1.0 4 % ¢ 0 i
1 7 12 2.0 0 T 5 0 170 16,0 54,6, - 4 100 3 0 T
! 2 8 22 1.8 ¢ - 35 10 10 13.5 1.0 0.4 4 3007 O 5 oS
8 1 95 7 1.8 0O - 38 10 5  L,5 170 59.5 & ™0 fn s
2. 90 =1 2,0 D + 45 8 15 16.0 15.0 58.2 b 87 G G v

]
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, R TEs e LR . . ST LT T e A . . . LA ST L . R
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PILOT
istxace from spot

G's

Anglia of Attack
Airspeed variation
.'Averuga airspeed .
"(0SF1 uncorrected
$15) ¢ corroctad‘
Over=-gll grade
Time to complate

LAl Ey

% slipping of any
degrea

APPENDIX %

MEANS ARD STANDARD DEVIATIONS IN TERMS QF IRPIVIDUAL P1LOTS

INDIVIDUAL MEARS® AND SIGRAS

_ ¥o Trisks
- | 2 2 L 5
9.5 110,75 27.50  165.50 175,75
20,8, 108,66 193.94 162,01 238.20
2,00 195 2,03 2,40 1.95
0.14 0,50 0.29 0.47 Q.41
19,18 28.25 28,62 27.75 28,50
3.16 0.75 0.55 . 1,35 0,0
6.38 8.67 6,88 13,00 7.38
1.34 0,89 1.67 1.87 1 47
62.23 60,72 62,00 . 83.65 63.30
1.88 2.22 1,27 0.7 0,40
20,50 11.00 13.50 7.50 12,50
3.84 10.42 5.94 5.50 3,50
14.50 8.00 10,50 8.50 16.50
2.96 6.67 3.64 4,20 ~ 3,20
96.25 78.75 62,50 73,75 63.75
2.17 13,86 2.50 1244 2.7
26.25 15,63 19,88 14.13 17.00
4.81 1.51 2.07 3.85 2,52
4L9.75 39.00 95,75 51,25 0h, D0
15,51 9.3% £4.92 20.99 . 14.78

*Upper figure is the mean.

~

LN

Tricks
i 2 3 IS
AB.00 =3,.25 12,50 -3.00 200
56.25 55 95 &2 B2 01,08 7 ga
2. 35" = .05 1.7 a8 NV
.50 D22 2,15 N4 ATy
7,13 17,130 WRLRE 1RLES 1585
L6 A 1.19 1.60 13k
5.0 3.1 3,55 11,38 PO
3627 3.09 2.58 28 S
€458 AQ,53 AL DS T 0E :
11\213& 2-12? l g ’ :a
15.25 13,60 1600 oy N
&7 >3 5.1 o :
1zZ.758 W50 is.50 P ALk
2,19 Z .87 Al o 27 LoD
33,75 T 50 TEk?ﬁ 51,25 T, 00
2,37 2,80 15,8 LA G 35
16,00 2100 23,00 20,90 A .GQ
£.10 7,68 763 7.0 L
w5370 QL,28% #7080 25,00 SIS
17,58 8,93 21,68 2k 20 EC

Lower figure is the standard deviatiom,
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APPERDIX 7
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