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‘NATIONAL RESEARCH COUNCIL

2101 Constitution Avenue, Washington, D. &,
Division of Anthropology &nd Psychology
- Committea on Selection and Tralning of Aireraft Pilots

\ . , March 1, 1945
' Dr. Dean R: Brimhall | | g
Director of Research : : x;:,sga;;
Civil Aeronauties Administration . o Wi
Washington 25, D. G, . R
Dear Dr. Brimhall: : ) : i ;
. By
. . t N I:%:
of Tims ; 0 & iy
dents. ‘I'hia raport was prapared and 13 aubmittad by t.he Committ-eo on Salou- - \E?
tion and Training of Alroraft Pilote with the recommeadation that it be in- | =
oluded in the series of teohnical roporta 1seued by the Division of Research, ..+
. Civil Aeronautice Adminietration.’ b e
The report i1s largely the outgrowth of your 1nterest in exemioing = - &
the variatlone among alrports, emong instructore, emong student pilots, eto,, E
with respect to the amount of time spent on the ground and in the air during :sﬁ
flight training, There are presented- quantitative findings wiich are perti- i
nent in these connections gathered in two preliminarysiudieset the Univer~ 5
aity of Marylan] and at Tulane University, and in a major integrated study 1
at a number of airports conducted under the immedinte dirgction c” the steff ' %
of the Commlittee on Selection and Treining of Aircraft Pilotsg Z;‘%
Ptk
: Findings of the report confirm the opinlon held by many that dif- ,‘1;;,_
feranoes in amount of time spent in the air and on the ground dc axiat. The - g
investigations were not sufficiently large in scope or exaocting in depign ~ E;j,
to permit definitive explanation of the reasons for such variations cr to il
lead to specifio recommendatione as to the extent to which they should aend - 2
how they can be eliminated. FPerhaps the most immediately important finding - ..
of this series of studies i%.that which shows that students undergoing ia- . .}
struotion in relatively emall private fields, used solely.for civilian —_—
treinees, spent & significantly greater proporticn of time during Stages C Tt
and D actuelly flying than did student pllots treining at the larger commer- . %
cial aeirports. In general, 'the findings wsuggest the desirability for making ‘iﬂ ’
- instruotors end operators aware of the nesd for cousidering special loocal “%’,ﬂ
situations which may resuit in excespively extending the smount of time ‘ ;&;
spent on the ground during flight training. _ _ ﬂ)
_ Cordially yours, | Eﬁé
- - MotrrYs S."Vitelep, Chairman 5
L : Comulttee on Selection and 3
Tans - Trainipg of Ai.crart Fllots s
GRS 1 L1 N Ratisnal Research Gounoit
q oL T - o
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EDITORIAL POREWORD

Very soun after the initlation of the research progrem of the Commitiee
on Selection and Iraining of Alrcreft Pilots, Dr. Desn R. Brimhall, Director
of Hesearch, Clvil Aeronautics Administrstion, drew attention to_ths amount
of time spent on the ground and in the sir during flight perlods as a pos-
8ible source of significent varisnce in the training of cilvilian sireraft
pilots, As a result, in 1940, observations were made of the proportion of
flight tire spent on the ground end in the alr es an incidentel feature of

larger investwgations teing conducted et the College Park Airnort, Maryland,

&nd at the Nev Orleans Airport,

In toth of these earlier studies registrations on commercial graphie
recorders {P«S Rlde Recorder end Friez Cable Control Recorder) vere used as.
a marng of determining the distributiomn of "flight tlme® between ground and
air. Subsequently, the Committee on delsction end Tralning of Airéraft

Pilota secured & supply of Servis Recorcdess, especlelly edapted for register-

ing air, ground, and taxi time, and inltisted & mejor study, conducted at
four widely soparated eirports, designed to provide more extensive date on
di"ferences in the zmount of time spent on ths ground and in *he air snd on
the influence of such frctors as type of airpert, instructor, student attd-
tudes, etc., upon such verlability..

There are included in the present report tne findings of the two earlier

* studies, reported by R. ¥, Bellowe, University of Maryland, snd by H. M,

Joanson, Tulane University, and those of the melor study conducted by the
Comnittee on Selection end Treining of Alreraft Pilots. The latter investi-
gation was largely designed and supervised by J. V. Dunlep, as Director of
nesearch for the Comilttse or Selection wnd Trzining of aAlrcraft Pilots,

Fe Le Kelly, Purdue University, mede melor contributions, both to the design

of the study end in the adeptetion of the Servis Recorder for use in the in-
vestigations N. W. Lund, Unfversity of Uteh; E. L. Kelly, Purdue Unlversity;
end L. Mishach, University of Kensag City, served &s ProjectSupervicors in
tals study. : .

E. S, Frert, formerly of the Purdue University reseerch steff, was
responsible for the initisl treatment snd organizaticm of datd from the major

"~ atudy, under the cirecilon of J. ¥W. Dunlep. The report wea prepered in finsel
form by the Editorlel Staff, Including psriticulerly, 8. S. Odbert, E. S. Ewart,

snd R. C. Rogers, with ths assistance of the staff ¢f the Statlutical Unit,
University of Rochester.

The studiles included in this report; particularly the msjor 1ntagrated .
study, heve served to provide preliminery findings of interest in exsmining
the varlation emong alrports, smong instructors, and mmong civilien pllot
students with respect to the iixe =zpent on the ground end in the air during
treining. The investlestlons heve alse ssrved Yo Ludicate the needs 4f it
seemod deairzble to do furthor work in this area, in the way of more exacting
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deelign and of larger samplings of airports, instructors, and students required
to answer with any degres of definitivenass the queations aaked in 1nitj.at1ng
these studies or sireground time,

\

; Horris 8. Viteles, Chairman
Committee on Selection apd
Training of Alreraft Filets
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. STMMARY

Parts I and II of this report describe exploratory imvestigations
condueted at two elrporta to determine what percentage of "flying time"
student pllots spend in the ailr and on the gromnd. An analysls of the
data collacted in a preliminary investigation at the QJollege Fark Alr-
port, under the direction of R, ¥, Bellows, showad that in the early
stages of primary flight training, the percentare of time spent on the
ground was rather high, almostzz.%. The data in Part II, collected at
the New Orleans Alrport under the direction of H, M. Johnson, indicated . .
that between 15 and 307 of the allotted flying-iime was actually spent o \
on the ground, the darlier stages of inetruction showing higher percen- ) :
tages of time apent on ths ground than 4id ths advnmedetages,

‘ A more extenalve study in 19/2 at four alrports, including two suces-
. sive programe at three of these ports, discussed in Part III, showed

that student pilots undergeing §.P.T,. primary training at those airports
which were relatively small private fislds and used solely for C.P.T,
“trainees, spent a significantly greater part of thelir total lesson time
during Stages C and D actually flying thon did student pllots training o
at the larger commerelal airports. The possibility that these differ-
ancee may be due to the type of operation on relatively m]l private J
yports is indicated by the followln: facts:

1, The C.P.T. operation at Salt Lake City, carrisd cut at the

large Municipal Alrport during the Spring program, mas noved, at the
of the Stmmer program, to a flc¢ld uved selely {op O.P.T,

flying. Student pllots trained at thia port during the Summer progranm
spent a gignifiecantly zrcater portion of their total lesson tine &n the
air than did (a) student pllots flying at the Furdus port (a semi-commer- .
olal field), or (b) ptudent pilots flying at the Salt Loke City airport
in the Spring program.

2. At both Purdue and Salt Lake City alrperts the student pilots
spent a significantly grcater proportion of time in the air during the
Spring than during the Simmer program in Stage A. For Stages B, C, and
D it was found that (&) at Salt Lake City where the operation was trans=-
ferred from the fhmiclpal to a. private airport at the end of the Spring
progran the student pilots spent a greater proportion of timo in the
sir during the Sumner program, (b) at Purdus and Kansas City (where the
same alrporte were ured in both Spring and Sumrmer programe) thore wers
ne instances or sBignifisant differances betweon Sprinc and Summer programa
with respect to the amount of total lesson time spant in the alr, but ths
general trend of the data indicated that for Stages B, C, and D the studenta
spent a greater amount of time in the cir in the s\merthanintheSpring

Data on the 35 studentsattherdueportintheSpringprogram
for whom oriterion scorcs for pilot proficiency were avallable indleated
that for this small sample no relationshin existed between total lesson

time spemt flying and pilot proficlency.



IRVESTIGATIONS OF THE RELATIVE ANOUNT OF TDME SFENT ON TIIE GROUMD
AHD IN THE AIR BY CIVILIAN PILOT TRAINING STUDENTS

INTRODUCTION

The primary course in the Civilian Pilot Training Program required
that a student have a minimm of 35 hours of "flying time" before being
eligible for examination for a private licenps. However, field observa-
tion suggested thet the term *flying time" had extremely variable limita
resulting in qusstions such ae: filow rmoh time dc students
apend in the alr during theee 35 hours of training?", "What differences
are thers among instructors with referenee to the time thay spemd with
the siudents in the air ard on the ground during a standerd instruction
period?®, "hat is the extent of variaticn among students with respect
ft-othetimespentonthegromdandmthem?“ and "How is the time

on the ground apent -~ in instructica, in t-ux.‘:ing, in wnavoidable delays
dus to.traffic conditions of the eirport, or in unnscessary loitering or -
pérhaps even malingering on the part of the student?™l These questions
and their answers have an inportant bearing upon $he affactivmeas and
econow of training.

In order to arrive at & workable definition of "filying time,® the
total lesson timo may be éivided into two perts: (1) time actua.l'!y .
epent in the alr during & given lesson, end (2) time spent ir the plane
bul on the pround, i.e. . ;ime during which the plane 15 belng taxied .
or 1s motlonleas on the ground after the begimning of the flight leseon.
Time spent om the ground ray be infiuenced by any or all of the followlng:

1. Tioo devoled to imstruction and dlscussion ol noneuvers. -- &

funotion of the instructor (or adequacy of instruction) and of
the studeab's success in ground opevatioms.

2. Time spent in toxding end in prastice in handling the plane on
the ground -« alsec a function of tho instructor, and of tha, -
student s suwccess.

3. Traffic conditione and dslay by the tover -- a function of the
type of alrport at thieh tho instruction is glwven,

4« The studentis nctivation - roluctance, malingering, or fear
on the part of "l stulent weedhing in sloy teziing, wnneces-
pary deluye, ote. -

5, Type of mumeuver practiced, e.z., the student who has difficulty
in learnivg to Jend will epead mocs tiac on this maneuver a.nd
'bhwabry Inerease his mround tims.

— —_— Hu_L A s e a1+ et e TR i A i ¢ 8 -——

I5uch quastions were oripinally ratsed by D, Dean R. Brichall, Direc-
tor of the Diviﬁicn of Fesacreh, Civil Acronsutics Admindstration-
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An epalyeie ol Thopy Apflvonres sugpeata bhat a study of the rela-
tive nmounts of #irme gpant in the ~lr and on the geowd showld- -provide
Infermation corcarming the follismin: fm.s_icms

1. UDoesa U.’lf! type of sirport eppreclably affest the awount of -
time spznt cn the ground by the students? JTr & busy airport
witu a control tomer the amount of time spent on the ground
btecause of traffic mey coneceivably be a3 high as 15 minutes
per 30 sinutes of .;ogbed AT1lying time.® If such wers
fomd > be the case, ke velus of a 30-ninute lesson may be
quiatioled, Poaslbly surh tinc spont on the ground only he-

" conas of traffic should rot be logred as "flying tlme.® Alsc,
the adtvlgability of-hmring ¢.P.7. instructicn at gormercisl airs
ports may be queptloned. If it ds found tlat students who train
at alrports with heavy traffle sperd po—o time on the grownd and
that thls foctor 18 detrinental to $heir efficlensy, tho train-
!.n operation should be uwved io's smller pont

2. A thrare significnnt. iTtorencen in the ammmt of time epent
on the ‘fround at o sinuu port? If a ground~time differonce is
found auong students who havo ths pans ingtrmuetor, port, opera-
“tor, et:., 1t might prove te b2 un efficlent predictur of future
Flight auoeess. The ptudent ¥ho spends o lot of time on the

¢ ground may be "atalling,® overcanticus, or actually lacting

‘ abllity. Should a prediotor of this sort be found, students
might possibly be washed out at 15 hours lnstead of mi‘b:lng
until tacy had cmpletaé the full 35,

3., Do instructors aiffer iz, ths ancwst of timo they keep st—udenta
on the ground for (a) instruction and ai: scusslon of rameuvers,
and {b) taxiins and hendling of the plane on the grawd? If
there are differences atiributable to dnstrnctors, sdjustment -
values for individual insiructors misht ba esteblished so that

8 more valld index -of alr timc could be obtained. Further, if

>  Just as good flyers arc ;radunted by those spending pore tims or

the ground, money and eq.;iment might be saved by converting other
instruetora to those techniquea.

It should b3 recognized that these quertions have clear mean.i.ng donly
within a specific context of regristions und practises, - A large portion
. of the studentts timo i3 obviously spent in "instiuction on the ground!
if ono includes grournd school, instruction umder tho ving, ets, Strong
arguments can be made for develcrping a3 mach instruetion ap posaible on
the ground, so that flight time moy be used to the best advantage. O.P.T.
contraots with f1ight operators provids for a certain amount of time de-
voted "o such Anstructlon prior to the time "in the air.". Thers 18 no
implication ln these studies, therefore, that all of the t:lme spent in
‘flight instruotion should be tine in the =ir. Iun view of the rolatively =
-high cost of flight time, hovevar, 1t is loportant to lmow vhether this | -
tim is bedng used to tho bost possible advnntage or ie being davoteﬂ to
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i.natruot.ion whlch could be just as wall administered out of the plane.. - s

The following sectione of the report deseribe threo studies of the
snomnt of "flying time® actually spent in the air. Tha first two studios, - *

conducted 'dn 1940, were each concerned with resylts at’'a single airport -4
with a limited mmbor of students. The more extended atudy describsd in . “j
the Part III ansiyces results by ateges at four airporte, and by successive .
. programa at three of thosge portas. s - *

5 ’ ; B

PART I ‘ e
ARALYSIS OF RECORDS CHTAINED AT GOLLEGE Pm AIRPOR['Z - coh

As part of a 1argar investipation eonduoted during 1940, a study was

made of the percentage of total time spemt on tha ground during flight .
periods by ton students at the College Park Alrport in arylard. The study
made use of records obtained from graphic recording instrumenta {Fries -
Flight Analyzors #6.3 and {644 and ink-writing polygraphs) designed to run
at e constant speed. The records could be analywed so as to prov:l.de neas-
ures of (1) the time in the eir, and (2) the time spen'b on the ground taxi-
ing and waiting for traffis. . . ‘

o e
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Early in the investigation 1t was fornd that the imstrumentas did not
maintaln oenstant speed at all tines. For this reason not all records
could be uscd in a time analysis, In spiio of this, it wes felt that enough S
recorda tore usable to yleld fisures vhich vould be repressntative of the o
whole flying course.3 The data prosented below on tho time analysis of the
resords vere talen only from records which did uot appear to deviate eigni- o
' Pleantly from the time logped by the student for that flight. The student's
log time was taken from a sllp on which he vas punched oul, with a regular
time olock, at the begimning of the f’light znd punched in at the end of the
fiight by the fleld mamager. Throughout i1 s study, Model J-3, 50 h.p. Piper
Cub Trainer piznes mere used. ’ ‘

LY

AR
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- During this inveotipnition, e total of 533 flights were recorded for i0 ' Y
stl.ﬂezt. A1l records wers taken during the first 35 houre of thelr flying nd

Of these 583 records, cnly 318 protved to he usedls in the analysis G
-of the data. The percentagc of time spent on the ground during these 318 oA
flights was caloulated for each studcnt and for the tétal group. The 318 ... =X
flights on which these peveentagos wero bused ars considercsd a rendom sam- vy
plinr' of the f’lithB and tners i3 no reasca to su'f)pgse that percentopes based ‘f,

s . it i

2Aoapted fron R L, Bellowd, graphie resistration of‘ 13
Progress Report fo the Cortdtteo on Scleeticn and Training of Adlrcraft P:I.lotﬂ
September 1940. (Copy in Commiites files.)

3’Uaable records: hecorda baren when the insviwments vers rumning at e e
rezgonably consicnt epecd. il.@., whep thorz were no mechanical failuraes, T
evident friction in the papex guldes, or other obvious ruerons for believirg S,
the instruments wera rod in goed mumning crder, o

4{Sea faotunin I3

~d,



- - " 1 EEY
L - N - . - T
e YL Tam e TG [rCha, B . . S
S S N S P - : . ' Coe 7 ! N
2 R : ot . : - - : o el
el PR ) - - - - - LY E AN b
o o0 » . . - . s .
1 . . S
gﬂu.-'., } . . EEL 1 LT
- iy - . . ‘ ] g
i v g v h

mo o on all flights would have waried s:;gnii‘icnnt]_y from those 1ndieated The
! percentage of time spent on ihe gronni by all 10 students during these 318
- fiights was 23.4%. Prescuted in [ebla 1 are the percsntages of time spent
© on the ground by the individual students. It should bs noted that although
. the mear percentage of time on the ground for all subjects 1s 23,4%, ‘there is
ona subject vho spends as much ss 24.6% of flight time or the ground and
another as little as-18.9%,

o ) During the early stage of flight training the ﬂighta were npu-atad .
5 for amlyeis into two categories: (1) "flights m‘imarﬂy for the prectios ’
W of landings.” and (2) "flighits for air mensuvers.” “Flights primerily for

| . . Lo
. A TR S

[ T !¥ ) v ot \ ' T
Ty ' .- . :

s the prectice of Jandings wers defined sa flights lesting no less than 15
B minutes and during which at least three landings wdre made. These records
. - were all taken from Stage A; 1.s,, the training period up to -the time when
Lo the gtudent makes hias first solo flight. During this period most of the
o time is spent przeticing landings, . .

szle 2 phows the pereentage of time spent on the grcmnd by individual
students for both types of flights. The everngs percintsgs of time spent
. cn the ground during 61 sush flights for 21l ten students was 35.2%; the
average percentage of time on the ground during 38 flights for air mneu
vers in the seame stage wms 16.5%, OSuch a grouping of the flights wse not
possible sfter Stage A wes complsied because the studepts were 1aarn:l.ng
new menouvers ani practicing many different maneuvers in one flight,
< . gata in the last colusm of Table 2 show that atudemts 25 and 46, who toek
T . the smalleet mumber of flights, appeared ta have spent the largest percqntaga
. of time on the ground. while student No, 50, who took the largest mmber of
flights, spmtthamallaatpmvmrbagoofﬂmontbm

. As an incidental finding of this investigation on the phic regilstra«
tion of flight performance. it was discovered that the amount of time spent
. ' . on the ground at the College Fark.airport was rather high, and it was
questioned whether 1t was desirable for the students to spend appro:dmtaly
2% of training time on the grouné. "It was obmerved that not all of the

- ground time was spent 1h taxling, but thet much of it was due to traffic
T conmditions, e.g., miting at the runwmy for other ships to land. These
o . findings aided in asuggesting further extensions of thia problem which appeared

to pooit impnrtant practical mplieatians for pllet training. .

| TABLE 1

PRRCESTAGE OF TCTAL TIME SPENT ON THE GROUND _
DURING FLIGHT PERIODS ' -

¥ Student ' 'Fumber of % of Time
! 12 N - 2.9 : C
. 23 B b . :
: 27 ! 3 L R

4’5 ; o 31 ) 2201

45, 25- . . 23

47 33 - 23,0

48 . "3 . 214

L9 - 34 R

50 T 18.9

51 ' : 13 24,2

A1l 1o «tudents. 318 ' 2% .4

n

e
L
AT



i PERBENTAGE OF TIME SPSKT ON THE GROUND DURING FLIGHT mn:mm ma: e
-. . * FRAGTICE OF AJR MANEUVIRS AND FOR PRACTICE Lo
o " OF LATDINGS (STAGE A) s
" : " . L . ' o7 Co £ r;t:\;‘n
B +Student Nuzher of % of Tine Mumber of % of Time - . g“i,’?
AN T I 3 17.1° 7 SR 5 N A P
T 18.9 % 3.7
o '4' PR g” ' 3 16-9 8 3610
REY 23 6 16.4 5 2%.6
RS 46 . 5 1.8 A . - 427
AT Lo T 6 34.8
UL kB 3 16.3 6 3.4
SEERE /A 16.3 5 2.2
I e 3 12.2 S 30.6
S m k| 256 S a
S total 38 16.5 6 35.2
ST | Pmr II SR
I ./ PROPORTIONS OF PLIGHT TIME SPENT IN THE AIR_AND ON THE GROTND, U
R ¢.P,T. RO CRALEANS AIRPRTS e

(Juna-Septanbe: » 1940)

In this :Ltwaatigation an R=3 Ride Racorder and g Fries Cable. Comtrol 7 .,

Recorder wers mounted in a Model 50-TL Aeronca Tandem trainer. Records o

from each of these instruments indiosted, by means of charectaristio t:ra.eu, %

the doments of take-off and landing, It was thus possible to sppertion the: oy ﬁg

s "tipe spent in the alr and the time spent °p the ground for each recorded < i%
. flight by carefully scaling either record.® Also, by means of sither rec- fﬁ
v ord, periods during which the plane was taxiing over rough ground, psriods :
during which it was at rest, awl periods during which it was moving aléng & i‘gl,i,

smooth runway (as in tha initiai take-off run), oould be differentisted. _‘E'g*

. It was therefors possible to apportion the time spent on the ground smeng -
"thess activities. This investigation, however, was confined to a survey . <3

of the relation of the tims spent on the ground to the time allottad'te ' % “2

" the inatruction flight and took no acommt of the purpcses of par:loda spent »{ff

on the ground.

, The R-S5 Ride-Recorder records vere chosen for soaling ainee ts oha.rt
S was printed with a horlsontal scale (graduated in fset, inches, and tenths’
R of an inoh) and wit® convenient horizontal referéence.lines, whersas the

T . Fries Cable Cortrol Recorder chart was pln:ln. The record of uuh mtrm-‘

5From a Progress Report submitted by H. M, Johnson to the Committes
on Selsstion and Training of Aircrsft Pilots, Februbry 24, 1941. {Copy in .
. Committes files.)

6These deta wers aolleqtsd by Oscar Backstrom, Jr. and compiled by -

N 111lian Gelt Martin under the direction of Dr. H. M. Johnson, Professor of
. Payohology, Tulane Ihivu-niwu \

f:‘g;h;t"'qwﬁ P - ‘ !
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tion flight obtained was. carefully scaled to the nearsst .05 inely {oor- ~ = 77
respcnding to 0.0l minute at the employed paper spsed of 1 1/2 inches i

per minute). Since the detarmination of the moment-of take-off may be

_ subjoct to an error of savsral seconds,” and sincs this order of preci-

" - 8lon- was wmnaceasary. for the pu.-ohleu in hand, only one' place of decimels

was rotained in the aversges.

. Records were received for 10 C.P.T. students and a rosearch asalp. =
tent for Stagos A and B of flizht twainings 9 C.P.T. students for Stage
O3 and & C,P.T. students for Staga D.8 ﬂlsttﬂentswretmimdhyom ;
inatrustor? at the Sowthoin Aviation School st Hew Orleans.
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The results are prosented by stages of instruction in Table 3

TABLE 3 S

. VARIABLES FOR-FOUR STAGES OF INSTRICTIOR . b

Colmn  § - B g D . B

: ‘ Hmites of - Por eemt of Totei

Fuzber of Total Flight  Flight Time § (100) Flipat Mme Spert

¥oan 8D, Hean B5.B. Moan S
A 1340 351 67 T4 3.0 238 a7 0 8l
B 67 3556 9.18 ].0-4 4“2 : @.% 3005 10&7
¢ 92 50,5 ' 13.6 8.4 3.4 168 17.6 . 7.8
D 55 53 05 16 oo 8 no 3 05 15.% .1600 9;6

Stages 198 4.0 14,9 B., 3.5 19.1% 209 - 9.7

Colum A of Table 3 obows the number of flights etudled. The nulbar
of flights is largest for Stage A partly because two students wers trans-
ferrad to anpther instructor and no .records were available for their pexr-~
formance during S*ages B, C, and D, Tha results given ea "1l Stages" are ;
* . . based not on the totsl null?er of flighta, but on a sample of about 50 o

' per cent of tho total number of flights, selected so that the nmmber of . ..
flights for each atago is neerly proportional to the total tina allotm . “
to 1t, S

'Columw B and C give the uvmgellmd the standard dovhtiou (Sa.BJ N

of the time scores; Column D showe the average flight time on the ground 3
- expressed as the per cent of the gygrage total flight tire) Colwmn £ shows 2
ihe aversges and standard deviations of the percentage scores for flying :

times spemt on tho ground, bha score for each flight being expressed as .' g

It 1s to be noted that all a,veragas'and standard deviations ard
. thowe of a distribution of flighits and not s distribution .. pilots.

i Zgee'footnots 18, . |
S2a0a Gardner Kidd, | - .




PRV

W T

PR

. of the time allotted to flying was actuelly spent on the ground, and tha¥ ; "7

" D,) Table 4 shows the total raages of these ratios by stages. e

RRVE ST
. FATE O

a1l stages was almost 21f,. On the basis of the suggestive naturs of thsse

. C Cn e
pow cont of the total timo allotied for the game flight 10 These yalués® T ¥
differ slightly from the correcpending veluos in Coluwim D the former ex<; ©ir
pregses the por cent ratio of one avorege to another, whiXe Column.D -ghows ~ - % i
the averages of the individual ratios. Tvo such determinations will not .- i #
in general agres, : . ey

-~ o
a4 RN i

-,

From Table 3, it is evident that between 15 per cent and 30 per.cent S

e

et ke

the praportions vary according to tho several stages of instruetion, (A ° .- %.
iarge proportion of many {lichte of Stagee- A and B consisted of prastfoldy ~.1 iry
landings, It would therefore be expacted that & larger proportion of time -~ .. [

would be spent on tho ground in theee stoges than in the later siages € -and = .

+ TABLE 4 .
' RANGE O VARIATIQN RLTIOS BY STAGES &
Renge of Time  First . Third
Ratlor on Groumd Quartile - Hodian Quartile .
Stages  toTotel Time (Pop Qamt) .. (Ber Gent)  (Pem Gemb)
A £ ~ 46 por cont . 16 20 % S
B 1/, - 6 per cent A C2 39
.C 6 - D por cent . ¥ S 20
D 2= 43 _per cent 4 3 "
Total 7 - & por cent 1 19 26 ;
If ve use the syubol T to denote tho totol time allotted to a flight' -3

and the symbol G to dencte tho part of this time spent on the groumd, the
correlation hetween T and G/T is of the order of 0.32, Therp is tius s
slight positive assoclation between length of flight and proportion of
time spent on the ground.

In the Maryland study the average perceniege of time spent on the -
ground for all etudents during 318 flights was 23.4% (Teble 1), while the
analysis made st the New Qrlsans eirport by stages. showdd that the mean
percentage of total flight time spent on the ground varied from 30.5 for
Stage B to 16.0 for Stage D (Table 3). The mean average flight time for -

data & more elaborate study was designed which is deicribed in Part i,

e

10y comparison of the aversge per cent 20.9) of flight time on
the ground for the four stages of ilnstruotion obtsined in this inves~
tigation showe a close approximation to the aversge per cent (23.4)
of flight time spent on the ground for the ten subjects in the Univer-
#ity of Maryland Stady. . . : .‘ ’

5




 PART LI

A COMPARISON OF AMOUNTS OF TIMG SPRNT ON THE
mmﬂnnmmummm
‘The pri.-n-y purpou of the presént ltm;r vas to determine whether g
thuo‘m differences among students flying at different airports in the L
/ percentage of total flight lesson time which they spent in the sir, The A
. following fagture wers alsa spudieds (1) differenges among ste in RS
or total lesson time spent in the airy (2) differsnoss batween . = °
frosr- single airports; (3) differences between dual and solo flights; =
4) the consistency of 4iffersnces am students; and (5) the relationship  ¥'F
Potween tha proportion of time in the t:l.r and ratings of pﬂqt conpetency.
o . ‘ : Ty
- T ' THE STIEI! A B - e
PR Stodies were m&drtakcn in 1942, using O.P.‘h ltudeutn o;r tha Spr:lng : S
i 'mmmgrmnttowmtauh Lo
Tadle 5 nxliutu the relative size (in terns of’ thn aumber or :l.n- : -' ‘?
. structors) of the C.P,T.- st these ports, - Two of the a;z;“thou L
st . Purdue and Eensas City) wers used inm both Spring end Summer ;
In Salt Leke City thers was & change of alrports between the Spring and o F
Susmer progrsas, mm&prmmnorwe-myunupr,apmum s
' was studied et s la:ge Municipal Airport. In the Suamer program, becauss <
: 9;‘ 't.ho traffiq at the Hanicipal Airport, the operation was moved ' L
;ull figlds, date on only ond of which wore availisble for this s
s In al) onu e subjects i ths Spring and Swmer programs w5
di{fand. 1%e:, n new group o£ studants sntered for the Eummer progréin, g
It was not pogalble to to secure flight rmxﬁu for all students et g
a)l ports. Teble 6 shows the number of records ectually taken at:each 1%
port. Table & i¥ to be resd as follows: In Stege A 'in the Spring A
:;:v_twnp (8pr.) in the Salt Laks Munioipal Port, the total mmber of avail- o
- Ugge fostuote 18, ’5
: nﬁrm it was planned to mﬂudo o large eonmura:ul nrpom, ?’h
one in the Northwest and the other in ‘the Southeast; and two private air- g
ports, one in the North and the other in the South, Unsontrolled oirm- A
lt-lnoﬁ Iudo t.h.u distribation :lnpoui.hla for the M am o
o gy, opérator of the Salt Léke Muntcigel Airpett was K. L. Pocky ths
projuet-wvi-or,lllhm ijoatsupemmutﬁhamnc?rpm—t «
- 1in Balt lake City was M, C. Barlow, Port operators at the Purdue Unims.ty i
. port were L, Arets and Q. Webster; the projact supsrvisor-wes E, L, Kelly. ::;;
gl . In Eansas City the port o.pantor ws N, A, Ong; the project supervisor, =~ - 3
i L. Misbach. 7 o }E‘H
WQL‘ ’ : ) ) f}%:;%'é
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TABLE 5
Im'rmoas AND STUDENTS (W) AT THE FOUR DIFFERENT PORTS. -

nmmsmmuumsm&mﬂmomm

Aot
‘ 1. Salt Lake Munioc.
.- Salt Lake Oity

2. C.P.T. Port.
Selt Lake City

3. Pumrdue Univ, Port
© Lafayette Ind.

4. Ong Airoraft Corp.

Kangas ciw’ Lo,

Tom."mm OF STUDRITS OH WHOM T7O OR MORE RECORDS WEHE AVAILABLE ‘N),
MEDIAN NWBER OF RECORDS PR STUDEIT, AND THI NUMBIR OP STUDBHTS OF -

Number of
lastructors -
3 Yiot
Used
ot 4
vUgad
6 7
n 12
TAELE 6

Humbar of

sﬁ%

30
Not
Used

40

50

WHOL! FEWER THAN FIVE REGORDSEERETM

. Salt Lake
Mumjcipal

Pro-

Stage gram . N Mdn. Ree.

A Spr. 20 3.5
Sm-t . e

R B spro m 7
. Sma C1s o~ o,

° . c Sm-& -28 J-l
’ : Sum, e ame

‘ 'p  Smr. 28 9.5
Smn e e

able racords is twenty, with a median number of records per student of 305n - 4%2
On twelve of the students more than one and less than fi SN
taken, i.,8., thay had elther two, thres, or four records.

24

12

.2

W

1

-

0

Salt Loke
Q..I_E.i._...l_ M
2k . 24,
.3 Mdr. Reg. E Mgdn, Reg.
15 4 9 15 4 14
L 9
O - T / h
15 7 0 20 i 4 2
S P TR
15 12 0 20 12 0 .
b e e 3T 12 O
15 13 20 19 O

0

Wot
Unod’
15
20

62

e
p i) 8
55 6
% 8
s 6

I‘Shﬂmtaonwhomonlyonerecordustakenamnotimludedin‘?abld

60 ‘!

’




imwmahla irﬁgﬂnrit‘ias 1.:1 tha famzﬁa neve linuited ‘t«he t;rp@a of
treatmant which are posaible. For excmple, &t nl of iae carte tgertain

tnetrictors were veplaced during ths scurse of ¢ #ingle program. There
Y . Wam BD Anterahange of gtudante ameng the instructurs at two of the three
- ports. Ap a aonsequence of thase irrogularities the number of subjests

wioae cepords wore uniform for the complets’ sourse and whoss treining had

#0 L. ¢ been wader ons instructor tbmughaut wag tuo soall to Warrant limiting
S S T the traamnt to this grevp

- AV CTTS

Tima records wers talen by means of modified Servis Recordar (Fig.
1) zeunted in Piper Cub J-3; 60 h.p., tandenm training planes., The recorder
was nownted in the left-hand side of ngm bagrege compartnent of the plans’
elose to the fobric of the fu:palagnﬁ ‘.

Az, mound, and taxdi u‘&me wore read fron traaings made by two sbyid

© 7 om & wex dso record, This dlse, sallbruted ia mimmies, vas olanped on a

spring clock mechanisn which rotaiad at a constant speed., Vibratlon of
the plane while taxiing cr 1a flight dctivated a wolghted rendulun ingide
the recorder, causing 2 hooad troce "to ba made on tiho wex disc by Stylus

S (eee Fig. 1),

- A apectn.l mcdif cution of the Servis Recorder pade i‘t pessible to
record "air tire" by meanp of tho scoond siylus. The time that the plane
was actually in flicht conld thus bo differentlated from the time the x
flaae ws toxding or standing motioniess on the grownd, This stylus

Stylus 2) was nonneotod mochanlealiy with an 1l-inch alr-time arm hinged
on the back of the racsorder snd citending 5-imches out inbto the "alip
stroem? of the plane through s hole cubt'in the fabrio of the fuselage.

CEttached to the end of this arm sms o meta) diasc 1 inch in dlameterl?

The apring tanglon of ike sir-tine aurm was co adjusted that the sfyius

- # . yould eontact tie wax dise when the plane attained a flyin? speed of
, - approximately 38 miles per houwr, Thus, when the plane attained flylng

spoed {38 or more miles per hour}, the slip stroan tlew on tho motal
Moo at the and of the air-time arh and activated the pseond stylas
causing a second trace indicating cir tire %o appear on the rscord
directly bflow the trace indicating taxl time and ‘ground time. (Bursts
of tho throttle during ‘taxiing occealonslly activated this second stylus.

. - " Hpwever, the duration and character of the trasing under these conditions
.- 'were auaily dlstinguished rrom 0 woild line :moulbiqg from msta:!.n&l

Fipht,)

L5t aqulpmut s LMMmtmc&W“mw Serrice Recomder Loy Clowalend,

) G}ib e . . I I !

. Xrhe mothod of mounting. tha Sarvis Recorder in the plane is describved
an Appondix A, _

. 17This dise is not moc'min'ng\:ro 1,

h
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+«— STYLUS No, 1
*—— STYLUS NO. 2

UAIR TIME"

ARM

PENDULUM

CLOCK MECHANISM
AND RECORD HOLDER

SERVIS RECORD
(Wax Disc)

FIGURE I

SERVIS RECORDER
(Open)
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PROCEDURE o
. One individual (the operator) ab eock port was in charge of compiling
data gheots and interpreting the Serwls records, The following basic in-
formatlon was rocorded by the operator for each student a.t. the time of each
flisht which was studied:

1. Plane munber {coded to corrcspoqd to the reglotration mmbers of
‘the planems}.

2. Servis record mmber (rcoerds were to be numbered couuecutiv..h) °
3. Student wumbor {ccdes™ » ‘ | |
4. Duel or solo flighs 2
5. Staze of tralning in which flight wap mads (A, B, G, or D)8
6, MNumber of hours logred by student previous to given flirht,
7. Timo at which plane left line,

‘8, Time &t which plane returned to line,
9. Total lesson time (elapned tina-, from 7 to 8 a&v%} ’

10, Wind dircotion at time =lght wee made,ld

1l. Wind velocity at timo flight wno made.

V12, fi0eiling" at time of flighi,

13- Visibilivy ob %me of fidght,

4.  Traflic conditions at time of fiight, coded as followst

(a) Eo trafffs -- nmo planos x,lrcling airport or tﬂxiing on
i1,

(b) Light traffic -« 1-3 planaes cireling e:lrpor‘b or rbaxﬁ.ing
", on fiald.

— - e -y O

I’BAt. the tiwe this investigation wae carried out.the controlled C.P.T.
‘flight course wee divided into four stagesy A, B, 0, end D, Stags A ended
when the student eoload, ususlly between the sipghth and tenth hours. Stage
B covered five sdditional hours, through the thirtsenth hour. Stage C anded
at approximaiely 25 bhours; and Stage U at 35 hours, Frovision wes made for
additlional houre in each ctage in cas08 yhers the gtudent needed further
prectice on certaln meneuvers,

1%ariabies 10. through 16 were not analyged in this study dus to
the apparent unrellabllidy in the resording of theso measures,

1
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(0) Fedivm wpn fle, -~ 2 -7 winnes efrvoliug oiqort or taxiing.

{@} Heavy iwaftie - - 8 o e plokes texdin; or clr¢ling alr-
rort. '

1L. FFleold conditlong" coded ap Tollowase C=licod, F-Fair, P-Poor.-

16, "Commonts® -~ iuciunding any mmrusl ineidents such as sudden
gqualls, breeking of landing goar, ote.

. The followlng four time meneurvments waro racorded for each student
on the bapls of the interpratation of the Seryls records:

"1, Totel lesson times The total tire elapaing between the planels
' leaving and returning to the 1line.

2, Alr times The cnmownt of time astually spent in the air.
3. Taxt tire: Tim~ on the grond epent in taxiing.
f. Grownd tinmep Tirs spent "motlonlesa® on the ground aifter
' the plane 1oft the lino and hefore return-
ing to it

Three facts complicated the interprauation of the records: (1) cer-
tain gtell mancuvers, vhen the plase lost flying speed, caused a brief -
cessation of tie air-tims trace. {2) If a plaao landed on a smooth mm-
way, and contirued to roll with tho angine 1d1inpr, a troce gipilar to
the ground-time trace was evldent, (3) in landing perootice, when tke
plane touched the ground and toolk off immedlately, determination of
taxl tine was difficuit. In-view of theae factors, the following gtand-
ards for interpretntionr ere lsgned to the project.directors and opemtors :
at each ports

1, 'Qﬂ]@%__tm. tihen ths planc wms nctionless on the ground (md
Stylus 1 nmade a nerrov traes-.on tho vax dise %mee Fig.
The grownd~tice trace s not consldered ‘unlesc it wos contimxed
for 1 nlmte or 1onger, macapt when the operator could definltely
state (from obruervation of the plane) that a trace of less duration
reprecented pround tinc., o trace from Jtylus 2 wae evident in
this portion of the record. .

P Im_t_i,ma Becauso of the vibration of the plane during the time
the plane wos taxiing, Stylus 1 made & wide linc on the wax disc:
Ho trace wa ecnaldered ss taxl tlme unlass contimued for 1 min-
uta or longer or unless the operator could corroborate tba ghorter
tmce. Bo trace fronm Stylus 2 wes evident.

3. Alr timg. -When the plane pained alr apcol- (appro,d,mt.o‘.ly 33 miles

., per bour or more) a trace becamo evident from Stylus 2, i.e., the
alr pressure on the disc at the end of the eir-time ara exteuding
out into the slip strean canased Stylus 2 to contact the wax record
directly below the tracs mado by Stylus 1, Due to the fact that the



plane . vibrated a:d rocked while in flight, Stylus 1 also made a
br'cad trace at this time. Tho taxi-tine troce from Stylua 1 was
broader and heavier when the notor was running at crulsing speed
than when the plans was gliding., Short brenls in the alr-time
trace were disregarded unless it was evident from the taxi-time-

: traee of Stylms 1 that a glide preceded the break in the edr- .
time trace and that the motor was "gunned” for a teke-off, in-
dicating a landins and irmediate take-off,

4. Total time. Total time was computed by deteruining the time whieh
aelapsed botveen the beginning of the first taxi-time trace and the
end of the last taxi-time trace for a glven losson. A check an
the beginning and ond of each lesson wae provided by the operator's
observation and recording of the time each planc left and returnecd
to the line,

. Trailning of Operators. Inanefforttoinmn'ethatreadingamdeby
the three operators would be comparablo, ten "test records" wers made av
the Purdus alrport and sent in o sealed envelope together with the readings
to the Salt Lake City operator. This operator then made hils own interpreta~
tions of the records, compared those with the readings made at Purdue, and
sent the recoxds plus the Salt Lako and Purdus readings to the Kansas Qity
port. The operator ot Kansam City repeated this procodure and returned the
racords end readings to Purdue. Discrepancies between rendings were dis-
cusged by nmail, ' _

Ap a further aild in the interprotation of the records, cach projoct
dirsctor was instructed to meke a 30-minute flight while the Servis Raecorder
was in operation, During this period he mas to jot down careful observa-
tions, using a stop-watch, es to whon the plone wos on the ground motion-
less, when it taxled, took off, lended, stood with eigine runviing, and otood
with engine dead. It was then possible for hin to conpare the traces en the
Servis rocord with the noteg rade rogording the behavior of the plane st
specific times and to instruct his operator in reading tho yecords in secords
ance with his observotions.

heets and Recoyrds. The data sheets and records wers
sant to Purdue Unimrsitv for annlysis,. The records from each of the rorta
.ware "spot checled," 1.e., sample records werc ro-read, and the readings
compared with the entriea on the data sheets made by’ t.1e operators. Where
consiatent errcrs had been made by the operstor at any given port, all the
rocords from bthat port were re-read, and the ontrles on the data sheats.
cianged. The data from each port were punched inte Hollerith ocards, cach
card containing the data from o single flight for one subject.

RTSTLYS

tr of_ﬁwd s of Servia Resoeds. A representative sanrls
of 63 records from each port was randomly solected?20 and read by a eingle
observer. Pearsonian CL4':QILuiOBB between these roadings and the readings

bt LS I W T LY e A T b T et

. - 1} " +
20Ths cunber of Jwbs Seabs from 3 .sh porh v divided by 62 end 2
avery {N/&63}E regonl mur aelecton fur veadin); '
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ontared on th: sorrespond data rhests werse then determinad a8 a messwra ot
the reliability of the eat: N

Table 7 prosents thosc. cowolationa separately for cach tine measure,
each prograa, ant each airport. <% chould be noted that the individual who
made the readings was the same individusl who had corrected many of the

" - date sheets aes a rcoult of the apot clieck doscribed sbove, It night be

oxpected that tho correlations would be scmewhat highor than would be ob-

_' tained hatween two indepsndent observers. Actually, the correlations for
the Susmer progran at the Salt Lake City C.P.T. rort and the Purdue port

show no marked difference from the remaining correlations even though the
data for these corrslatlons wore not corrected by the individual making the
gecond reading. At the poris for vhieh all records were re-read, corroo-
tion proved to bo neccssary for oaly a part of the mepsurembnts, While
the correlations do nnt représent the reliability of the oporator!s read-
ings, they appear to be a fair estinmate of the roliablility of the measure~
asutz aotually used 4n the present analyses. | _

Examination of_‘l‘abla 7 indicatos that correlations are extremely high
betwcon the data sheet entries and the indepemdent measurcments of tobtal-

. tire and eir time, Neasuremants on taxi time and ground time arc ponevhat

leas relinble, the least rellable belng thobe of the ground tine variable.
X , - [
K TABLE 7 ‘

CORRELATION BEITEE!N OPERATOR'S AND OBSERVER'S READINGS OF
- SANPLE OF SERVIS RECORDS- FROL! THE THRERE AIRFORTS

 FURDUE ' KANSAS CITY ~ SALT LAKE OITY
. | (Munteipal) - (Private)
Total o -

Time 99 990 9% 99 99 9,
Tlm 0979‘ .990 . ' 0%6 dm . -Wﬁ o9‘90
Tims !905 0971 r959 941 0893 ' .958
~ Ground - o ,
o . 546 W590 935 ML 3 350

Ova op ¢ arjaliles. It wes originally intended to study tha
mean o ‘tha mtmrementu for a given student on'‘eath of the following
ables: total tine, mir tihe, ground time, and taxl time.. Analysis of the
data indicsted that the inr-lua:lon of grmmud tine a8 a soparate varlable was
inadvisablé for the following reascns:’ :



i, Hudincl of ground tmm-dubommlhm-“é"""

2, The eontribution of the ground time varisble to
spant on the ground was slight. As showh in Takle
ground time was only appraximately 1/25th of the
ground time, The relatively large standard devia
time and the faot that over Oiorthogroundtho
.%ero indioates that the ground time dlstributions wers:
akewed . ' ‘

TASLE 8 !

COMPARISON OF "PAXI TIHME PLUS GROUND TIME® WITH
TGROUND TINEY#{IN MINUTES)

TAXI TIME FLUS

GROUND TDE RO TRE
Mean o @3 80 6T
5.0, .30 59 242 275

3. Experionce in the field indlcated that the distinction batwuoen
$ime ard taxt time would not ald in a stiidy 'of causative
factors. Traffie delay, for cuample, may result in slow taxiing, '
or in e ccuplete stop.  Loiterin; may be manifested br- the same
two types of perforﬂanceo

For the obove reasons ground time was elininated as ‘e soparele vari- — -
able for furthor study. Only three voriables, then, are-usad in the pres~ . %
ent analysis: total length of lesson, tirme spent in the alr, and time: b
spent on the ground (whether taxling cr motibnless)}. The rgad:lnga of
total time and air time; talen from the Servls records, bavs heen dewon-
strated to be relicble, "and represent the only Servis record
 pecessary for this analysis. Time spent on the. .ground “in e given flie,h‘b
*ia merely the differsnce between total time ard air time,

e 1 Tdme.apd Aly Time. The prosent in- RRNY.
veatigation wns not concerned primarily with tho absoluto total or the - ' =

' mean amounts of time spant in the alr or on the ground at the various
airports, but wac rather concernsd with the properbion of total lesson
time spent in the adr, i.e., the relatlve amunts of tims spent in 't.ho
alr and on the ground per total lgsson, by each atudent at each. o
airports. Therefore, the ratio between mean alr tine- and pean to time

for cach student was computed o8 the best estimate of the,relative amownt

5 of total lesson time motually spent in the alr, These means were computed °
: from tke total mmber of records avallable for cach studaqtu ‘This ratlo -

wﬂlhereafberbereferredtoaaﬁ/r -

S At

i

T

- 'J‘_‘. A
"R
S
>
R
w

. -
¢

et
- —;-{‘A .|I:E*<ﬁ,”:i
2 Q_nﬁ} "
¥




o mnwummmmmmmfmmmm
. ratios might be expoutaed among stages of t¥pining, It aleo seemed pos-
. " sible that significant -difforoncoe might appear botweon Spring and Sumner

- srate for airpartu, stages of trainihg, end mrogracs. Distributions of
' the pearinﬂppendixﬂ, Table 9 shows for each wubgroup tho
mmber of amaen for whom ratlos wore obtained, along with tho mean
and sigsa of thoss ratlos,

. -TBE9
MEAN A/7 BY FORTS AND STAGES
PEDUS - SALT LAKE CITY . RANSAS CITY
" " (Muntoipal) (Privel |

S B w15 NO - 56
. o788 oAl N .78 689 DATA T84
T o047 076 (f 045 u& ! Tl 0061

%> . N2 15 . %W 47
- ﬁm ’ .m ' . , " .m "—om . . , ’ DATA T om
' 0045 ‘ . o nm‘ 0043 N g em¢

069
3% -2 W22 15 ®BI 55
Fo8RT . 8991 ¥.808 - 90 H 847 876
AL ,033 o049 019 0¥ 037
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S W o5 ARz Alsmehe. dre there tisn!.ﬁ,nmt a8efererioes among
S Wﬁ frfawﬂ%t«huwbrtt?w . tha att dring a
aiﬂinntwhofthud:&inmoﬂmtom&hm&ma-

1. MM}E: | * s
‘2. The "t" tests, - - R et

prograns, in view of differenées in weathor conditions, stdnderds of train-
ing, callber;/of studerits, ete. For this reeson data have been txeated aepr

mm © Spring m; mm

l?.ﬁ' Om Haw - B9k 7 ‘ lirgﬂ !893'
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only two ports Por Stages A and B of ths Spring program. Dif- Ve

ferences betwesn these two ports were therefors studied omly - L

by the t test discussed below.) The results of the test appear

in Table 10, All of thé cosfficients of relationship, exoept S

that in Stage B of the Summer program, are seen to be signifi- T

cant, The atrongest relstionshipz appear to ocour in Stage D. ;3

o TABIE 10 - | B

SIEMARY OF APPLICATION OF "EFSILON SQUARED™ TO BATA I

2 Level of Siz. B2

' E=  Susmer -

. ] -y

Suring Sumer Spring - Sumer LR

Sugo A ok _ a2_2 . - < ,01 ‘1;‘3‘.‘
Sum B Cr L 'm B - wam Hot .mm ,.: ,_" A:i%
Stage O - S _.(:01 {0 | :}
stag‘ D. ohD 056 ‘ ( 01 < Ol . ;}
{b) Application of the "{" test indicates more speoifically- . ;;‘;“'"

which of the differences between any two ports wonld be least J%

likely te ocour by chance. Table 11 indicates that eleven of tht S

- twenty differences are significant at better than the 1% level, - -

. The Spring program {Stage A) and the Summer program (Stage B) K

of the Salt lake City and the Pwrdus ports, as well ae the . oY

Sumper progrsm (Stage D) of the Salt Lake City and Fansss - R

City ports, show the least ligniﬁmnt diffmnnn. o e

(o) Ratios such as thoss considered here will usmlly not distribute
themselves norsally, and when they do mot do so {(within students, - =

within stages, and within airports), the use of the adove tests - i

of signifiosnce may be rendsred suspsct. However, an examims- ~ “J-

. tion of ‘the distributions presented in Appendix B indicatss mo - -,

.very strong reason for rejecting the hypothesis of normality of . ', :

distribution in the case of the population or popuht,ions from oy

which theap data were drawn. B 1

2rhe statistic "Epsilon,” developsd by T. L. Kelley, is an unbiased REd
expression of the correlation ratio which is not subjeot to distortion re- R
'sultj.ng from size of the sample, as is the convertional "Zta. * Swe: Feters, %
Cuw G, and Van Voorhis, W. 3. Htatistical procediges and ti mathemm tie; A
Dagoy: Few York; MoGrew Hi1l, 19&0 T.pp, 319-330, &9&-& £

-

(a)

R N P
e “‘”:“;{ ot e S -‘}"r“{l«‘mﬁ—w f‘.\-.;zl h‘j

lﬁ“ S : ﬁ LW-—- RES T Ny P

. ’ AR, -A.....'.'\,,.., i:f‘ﬁé
Epellon squaredzl was wsed as a proliminery test to. determine -:; 7%
aignificance and extent of differences among ports, The sise’ ; ’é@
of this coeffiolent is a function of the relationship between 5%
tha standard deviation of the scores in sach port amd thé aht'du 5
ard deviation of scores in the entire distribution, The sta~
tistic offers a convenient test, snd in addition gives san indie
m}rion of the strength of relntionship between nirport and -
I'IA ]

The test was applisd for each stage of the Summer data, snd for
Stages C and D of the Spring data, {(Duta wers avallable from
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.TABLE 11
DIFFERENCE IN MEAN A/T BETWEEN PORTS

Stage A Stage B Stage C . Stage D -
Suring Susper Suring Sunmer Soring Summer Spring Susmer

Ay TENT % a, N ] i
SR b S A AL T YA R
- » - P . ot

T Salt lake vs, Furdus : v . ‘
W Dife, (MgyeMp) =004 - =052 w015 003 ~019 07 O0m 08
’:& o - t ‘ ‘ .2% 2,02 : .%2 nm 1.71 7.5 2068 7085 .
£ v ¥ " Pewalus 076 ' 905 : om‘ 035 . .08 ' < 01 ( OL ‘.001

L 043 s = 0Ll 040 O .09 083 -
!g - - t . - 2.22 -—— ¢619 3043 - 3992 9.% 9037 ;v
L ﬂ°3 ki 053 < 001 . ( 001 < .01 < 001 ‘":

’a’
3
|

L LI, -

SR F LS o S 32
T T Tt

. - R

LY

E“%; . :\. Di.ff, (l.l '&a)"“' - .095 - oou - 0059 30% - 3%5 .001 ‘ :
{_’i : t —— 5 v aGW . 4.39 3.40 5.79 - . 112 'H:
y Pxvalue . - < .;01 - 50 <90J. <o°1 <u°1 «90 .
‘ . . d

Ve
LY

. mc:&'%ﬁmmm. The differences between steges in mean A/T -
" matio at the perts are tabulated in Table 12. Each differsncs is o
toMfmd.@ifimmointmsufthp“t* test, JInspection of the table
Jhontlpttnmtyofthothirty-mhulmhuatorhlwthl!!.ilmlor
signifioance; Differences bstween mean i/T ratios of Stages C and D are not
' significant except at the Purdus port whers the mean A/T retio for Stage C
" is gignificantly higher in both Spring and Shumer programs,
' .Diffarancan Petween Suring and Sumuer Progrems. In Table 13 are tabulated:
' \/T ratics at the various airports of Spring and Summer programa .
RN " and the Aifferences batweon the two mean ratios for sach port. Fach difference
i is tested for signifiounce by means of the "t" test. At the private 3Jelt
N _ 'Lake City port in the Summer program, the mean'A/T ratio is higher than at
T ., rths Mmicipsl port during the Spring program in Stages B, C, and D, The
G . &1fferences in Stages C and D are significant at the 1% level, In Stage A, -
¥v:_, ~howwrer, the mean A/T ratic. is significantly lower for 'the. Summer program

oo ! ‘At the other airports the only P-value which is significant at the 1%
Ry T level 1s that between Spring snd Sumner programs during Stage A at Purdus
o : University. Taking the results of Table 13 as a wholo, howsver, the data -
PNE ' indioante a tendency for ths Summer programs of Stages B, C, and D, to yleld
T ‘s higher proportion of time in the sir, sinee all eight of the obtained

s TR S T g,

E;w differsncep are in a negative direction. There is only 1 chance in 256 that
e in a group of Oilh‘tg‘ differences all eight would eccur in the 'same direotiom,
A ' ' . :
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DIFFERENCES IN MEAN A/T BETWEEN STAGES

PURDUE

TABLE 12

SALT LAKE CITY

(Municipal)
Spring -

"'9020
1.01 "
31

o 024
1.64
.10

039
. 2481

(. oL

« 0l
2.64

(.01

3.32

(,01

«C15
\ 1.\]-_;
'525

(Private)
Summer
«111
5,57
1301

aRR),
12,77

{01

0205 .
1.6

01
C

110
9.16

<:°01

o094
7.58

<.01

.0016 )
2,11
‘o
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" Pevalue

PURDEE

275
(.01

1,06
JO

«792
T Summer : 810
. ,_,T_gm,'(ul -iy)

047

-00.18 i

&
2047
076

059
.N&)

SALT LAKE CITY*

S84 -
689

" 8764

800

+808
«310

o823

894 .

 DIFFERENCE TN MPAN A/T BETWEEN SPRING AKD STAMER PROGRAM

095
4.87
f .01

-,036
1. 74

‘{1102
7.73.

-.0'71'
€.21
'(oUl

=040

KANSAS CITY

-

.784

«045
06,

0049" o I'
9019 doﬂ fg
= 008 S

891 3
T R

876

o 0R2

- differences batween a mumicipal port and o
_ diffsrenys there may be betwsen Spring and Summer.

vate

part. donbined with "hl"'m _ ‘;}5

*Differances betwsen -Spring and Summer programs for Salt L.ke represent phts
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vealad diftoranooa inzk ratios'in.stage Anaécording to the ‘type of man~ _i
euver being empiasized. The question arose concerning a possible differ- 1
ence bstwesn dual and solo flights in the relative amount of time spent in g
the air, Obvicusly, no such comparisons could bs made for Stage A since i
all flights are dual, In Stages B, C, and D too fex recorda were awvailsble n
for dual end solo flights reapectiveia'for individual porta to warrant the B
computation of mean total tire snd mean air time by etudents. The cowperi- B
gon 1s therefore based on corbined data fronm Stages C and D, It scems -
Justifigble to combine thess two stageu pince they ara similar in the ' i
_type of maneuvers practiced, and since, with the exception of the Purdue . L
" port, mean A/ ratios on all flights in Stages C end D did not differ , LR
gignificantly in either the Spring or the Summer program. o
#
The t values botween dual snd solo for the game students wers deteymined - - =

by the t test for matched groupe, and of the Bix comparisons, in Table 14, iy
five were in the direction of greater 4A/T mtios for dual flighta, Thres *
of these wers significant., The one difference in ths opnosite direction was 7
significant .. ' : ] s
COMPARISON OF MEAN A/T BETWEEK DUAL AND SOLO -

FLIGHTS = DATA FRON STAGES C AND D COMBINED S

PURDUE SALT LANE CITY KANSAS CITY

(unioipal) (Frivate) |

fual-Solg Pwal-Solo Dual=Solo DJ.!E_LEQLQ m& Mﬂﬂn o

iz

¥ k1) 20 27 S 15, 26 .43
Nemn , B
Dift. 011 5060 .005 029 . « ,039 016 - .‘%
¢ 1.15 7.47 57 46l 4,03 2,56
P=value 25 Z 01 B0 7 2.0 < <a01 A
' 8 A S - The ranged of A/T ratics for the studeﬂte 4
in the various ports are Indicated in Tables B+l and B=2 in Appendix B, &
For many roasons it is interesting to lnow whether individual students temd &
to mintsin s congistent A/T ratio. A rough indication of the degree of o
congletency can be obtained by getting renk order correlations for the ratios -
betwoen stages. Tho coefficlents are in Table 15, The Summer progren E
date from Kensss City and the Spring progism data from Salt Laks City ylelded Ca
rhols which wars relatively high and positive. The ccofficisnts betwsen ¥
stages at the Purtus airport for the Spring yrogram showsd wide variaticns -
and were not oconsistent with those for the 3pring program at Selt lLake City. .
Since it 1s not known to what extent these corralstions are spurious (since &
the air time ard total time are probebly.correlated} no definitive statement i F
¥

ean be made rslative to the significance of theses correlations.
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- | TABLY 15
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S RANK (RDER CORREIATIONS OF BEAN A/T VALUES, BETWEEN STAGES

- EARIAS CITY SALT LAKE CITY

. Suring g ¥ 2 | £

B u - = ;.17) Om

AC — .60 {17) -.08

AD e ok (17) -.56

BC o .82 ! 28; .03

ii"._ ! BD " , a% (21 n01

: ep 29 am 262 {21} -.02

Suanex

AD 6L (27) ol (15) oleds

s, AB B£7 527) 629, (15) ’ 041

‘u BC 66 . }_27) -u32 - ’:15) oI»S

1 BD 5L A2 | 17 i15) »34
. €D 61 (27 -68 (15) 234

1 . l

\ TANIE 16

W RELATIONSHIP BETWEEN A/T RATI0 AND MEASURES OF PILOT cm'mcr

- (Purdnao Spring)

4, € Between A/T Ratio and Check Pilot's Hat:l.ng, Purdue 30ale, Item. 1.9.

% (N = 35)

3 Stage A a1 '

2 Stage B .02

:." St‘gﬁ a -ol.O

:‘ St&gﬂ D ..{ﬂ

: A1l Stages -.16

B, £ Botween A/T Ratic on Solo Flights ami Criterion Measures

Chock Pilotts . ' Instructorts

;I Shga c . -n13 007

Sug‘ D wo]—c "'.‘19

Stage C and D =14 =212

- Conbined

Mg

(35)

§35) :



,%m, Wachington, D. G.t B.AA. Divisionof Re,

1ine to the beginning of the rumway and found it less than one minute.® T

Tmmmaofpﬂotmtawmﬂm; s far
ng et the Purdue port in the Spring program: (a) the over~

all rating given the student at the end of the courss by a aheok pilot - L.

{not the C.A.A. inspactor), and (b) the overeall rating given the student -1 s

at the end of the ccmru w his inetruotor. The raiinga wore made on 1tal i
!.‘.'_ 1 ‘-. ! c - MR _‘j

1; of the Pupdys

The coefficients appesr in Tahle 16, Bone of ‘t.hs coafficients is I:I.gn:l* %‘w
ficant, whether solo flighta or dual and sclo flighta together are

This lack of correlation may be related to low reliability of the A/T ratios- ’f
or of the measures of pilot competensy, -or it sy indicata that the mers - .%y&
‘ratio of time in the air to total time is not related to pllot conmpatensy. :{;}*‘ﬁ%w
DISCUSSION AND INTERPRETATIORS B
w. Amalysis of data from the Spring program indicated Ef
that in 3tages C and D, student pilots flying at the Kansas City port spemt = °°
a significantly larger part of their total lesson times motually flying g
than did etudent pilots flyirg at the Municipal Sali lake City or Purdus . i
University airports. A posaible explapation of this difference lay in the LR
fact that the Kansas City port wae small and was used gelely for C.P.T. 5
training.R3 DBefore the beginning of the Summer program, s change in aire v
ports furnished evidenne bsaring on the suggested hypothesis that "pllots B
training at emll sirports, used solely for C.P,T. flying, spend a grester = . %~
part of their total lasaon time in the air than do pllota treiming at other - -Tun
types of ports.” This change was the remowmal of the operation at Salt Laks i M
City frok the large mmicipsl airport to two small fialds, some distance ,,g*
from the city, Data from students at one of thess filelds were anﬂ.ablo e
for the present ax.nalyn:la0 F T

1f this l:wpothos:la ware trus, 1t would be oxpootad thati

i. The mean A/T ratios at the Salt Lake City C.P.T. port would be
significantly greater than the mean A/T ratios st the Purdue
port, and they would not differ mrkedly from the mean Aﬁ.‘ :
ratios at t.he Fangas City port.

%E.Lunll The

| ] July 1943 -]

2?\1%hough ms shown in Table 5, the number of students trainsd at
the Kanaas City private port was relatively large, the smll aise of the
port did not result in grester traffic congestion than at the Purdue port
which was phyaically larger. According to Dr. Lorenz Nisbach, Project
Supervisor at the Eansas City port, "Fllots and students ocbasrve vaguely
_but apparently with sufficient clarity, imaginary runway boundaries, It
follows that width of runways is great and elastioc, There are no buunduv
obstructions nor hasards in the field itself, Henoce, many planes can be
taxiing on the port simultanecuszly....l have often timed a plane fyom the




ay mm&fr m*éiossttmsut r.d:onf.w'
: mmmm&&mmbumm
*, for the Hjring progran

3. mmaﬂnmaatmmmmcuym for the
Spring and Sumier programs would not differ signifisantly,

mtmwTathMmtutht-hmdnmmSugncm
D are conwideted, the conditions outlined sboye are met, The dats from -
wammﬂuuwmmwuwmmam&nm»

*'- . conalusive einse, while the mean A/T at the private Salt lake port for

-:r,thSmumuhthhanthmhﬂtnrtha progras
" {mmnisipal port), the difference is aiimificant at only the 8% lewel,

'~ The data from Stage A are whelly ocut of Iins with the hypothesis, mince

at the Salt lake ’hyport,thomnAﬂn ean’!‘.];highorfortho
3pring than foor the Summar program, and e 1cant differsenne between.

%"  Spring end Susmar programs was evident st Purdus Univeraity, The inferencs -
P f . I wight be that efther {(a) the type of operation does not affect the amoumt

‘_‘u.f'ko'tallumtile spent Tlying in Stage A, or (b) some other factars
m&, ‘shioh diutu‘b.dthiurohtﬁnlhipu (Tt has
dy thttﬁmmmﬂatmmbeingmmphtddm
ing Stage A stm&lthhﬂityG.PeT’. port.)

The epooific factors in the type orowrationatthql'anna Bityport
the Spring program, and at the Kansas City and private Salt Lake

‘O1ty ports during the Summer progran, whish oaused the stndent pllots
traiping st thess ports to spend n sigrdficantly greater part of their
total lesson tims in the sir, are Unknown. Traffic conditions might per-.
haps accoumt £or the differemea. Relisnble estimmtes of the. amount of .
traffic during each flight are, unfoMumtely, not avellable, However,
the faot that the Kanses City port trained approximatsly 60 stulents dur-
ing the Summer n;, and 50 during the Spring program, yet showed no
significant erences in mean A/T, would gssem to dissount treffic com
ditions as an influencing fastor.

rhom-cityportmlthemnu mt‘xahomyportdmnctm

}-’i . Summer program hed cortain charscteristics in commont Both were ralatiwely

small ports bounded by no obstructions, and pilets flying at thsse ports
sere not oonfined to landing ¢n well-defined rumwsys, Thus not only was '
there less traffis oongestion on the rumways, but perhaps more important,
due to the relative smnllness of the porte, pdlote were foroed to lapd

. . oloser to the take-off point on the down-wind side of the field, spd thus
- bad & mmtommmmg,mrmmmm
off,

fammtw:mmm-namt L ,mmtisttulmaomt
. is availabtle to prove that ary obtalned differsnces betwsen ports are not
mwmmnwa,wmmm. or an interwction
. of the two. In opposition, howweer, to thewmnthatthodi:rrm
mmMnAﬁhtanaﬂme;mumw
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pecul’arities in typs of student and type of instructor, are the facts

.that (a) student samples ohanged in Spring ant Summer programs at all V

ports, (b} in general, instructor samples changed in the Spring and Sm-
Ner programs at. all ports,24 (c) at all ports, there was considerable
interchange of students among instructors, sither between instructors

in pervice at o given time, or as a reesult of turnover in the staff of
instructors at a given port during the course of ths Spring and Susmer.
prograns, reapectively, The student and instructor factors may be, in
part, cancelled out, '

Sompardoon with Farjjor Siudleg. Data from the University of Mary-
land study indicate that when all flighte sre considered, 23.4% of tha
total lesson time was aspent on the ground; or, comversely, 76.6% of the
total lesson t{ime was spent inm the air., At the Selt leks City lamicipal.
Airport, the of mean time spent in the air during the four stagses .
ws from 765 to . The difference in time spent in the air between the
College Park Alrport and the Salt lake City Municipal Airport is smll -
and might be explained by differences in type of operation or by differences
- 1n instrumentation in the two investigations,

The amount of total lesson time spent flying bty student pilote at the
Rew Orleans Airport (reported by H. M. Johnson in Fart II) is not markedly
different, except in regard to Stage B, from the values presented for the
three alrports in Part III, . -

. The studles hera reported are concerned chiefly with
a gross study of time "on the ground"™ and "in the air.* They also consider
briefly the variations in time ratios for dual and solo flying, different
stages of training, and flights concerned primarily with the training in
landing. A full answer to the gensrsl problems outlinad above would demend
a large-scals experiment of exneting dasign, in view of the many Bources
of variance involved. For example, the studies.would have to be undertakex
at seversl alrports of different types baving an inatructor personnel suffi-
ently large and sufficlently stable to permit a stuly of differencos among
instractors in the same port and among ports. Each sirport would have to
be large enough to supply samples of adequate size, A large and preferably
unifors mimber of records of individusl flights would have to be taken on
each student. New methods of recording would have to be developed to supply
information on types of activity during ground time,

i

2The instructors at the Jalt lake City porta were not the same for
the Spring and Summer programs, and only one instructor at the Purduwe
port and two at the Fansas City port instructed in both programs.
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AYPERDIX A
. C
IRSTRUCTIONS FOR INSTALLING THE SERVIS RECORDERZS - BRI
, LR
Tha recorder is hung from a strip of 1/8 inch angle iron mounted on ¢1ﬁ%
the bracing at the tack of -the baggage compartaent, The recorder ,.“igﬁﬁ
is mountad on the left side of the ship, as close as possible to the fa- o
brio on the left hand side of the fuselage. The arm of the recorder ex= = ' &
tends out into the slip stream of the plane, through a hole cut in the L e
fabric of the fuselage., .Tha detailed procsdure for mounting the equip- o
ment is as follows: . L
1. . Cut u length of angle iron sufficiently long so that it will ride T
on the bracing behind the baggage compartment, and extend from one Co
side of the plane to the other, ,£;¢
2. Flace this length of angle 4ron in position. Determine the posi- SR 1
tion in which the recorder should be placed, and cut.the hole in Lok
the fabric of the fuselage through which the arm of the recorder - .~
extends. Be certain thet this hols is large emough to permit full Fo
exoursion of the erm. S
. . "I;"&'
3. Hold the rsoorder in place, as far over toward the left elde of J}iﬁ?
the fuselege as possible, and mark on the sngle iron the position DU
of the two holes which must be borsd. in order to bolt the recorder - R
to the angle iron. The holes to be used on the racorder are those . i
two holes, 4 1/8 inches apart, which have been bored below the arm L
of the ragorder.: R
' : o anh
4+ Now remove the angle iron Prom the plane, and bore the holes to L%
mount the recorder. Then bore two or three more holes on the : A
other flange of the angle iron, to bs nsed in faptening the . ;j%%
. angle iron to the bracing at ths back of the baggage compartment. . R
Wi
5. Bolt the recordsr to the angle iron bafore inatalling in the pians SRt
Then, with the recorder bolted to the angle iron, fasten the angle - - .-¥
iron to the crose-bracing in back of the baggage compartment of the A
plans with selfwtapping sorews. The screws holding the disp at.the -, "W
end of the arm of the rocorder are soldered. Therefors, the dlse '?ﬁég
caunot be removed, and care must be taken vhen pushing this arm e Y
through the hole in the side of the fuselage. - ~T e
6, The spring tension on the arm 1s adjustad so that the foros of the Vo
slip stream when the plane 1a in flight will force the arm bagk, . A
and the stylus will record. Sous adjustments in thia tension may T
be necessary. The spring tension should be such that the stylus - m&%§1
will record whan the plene 1s in flight, but should not be aotiﬂ Sk
vated by the prq;ellor blast during taxiing. RN

25tnstructions for mounting the Servls Recorder are taken from Supplea‘:' :
ment T of = progresas report prepared by R. M. Bellows. 0p g t.
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