ALk .
ST
N

ot
¢

-
\

-

£

r

T.-.

“

i
Ix

T EFE L pm s

et

Wty T R

Ly, _.‘.}3‘ 'y . —. o ) . )
oy PR BB S e Bt

I ey TR E L !
R ) T T AR e
T - g

R - T e
. z oot

L

¥
N

PRELIMINARY EXPERIMENTAL INVESTIGATIONS OF "TRRSION®
AS A DETERMINANT OF PERFORMARCE IR FLIGHT TRAINING

A, €, Williams, Jr, _
J. ¥, Racmillan - -
\Tq Go Jﬂnkinl . ) ,;{'

CRETR A R
LR g i

A report on research conducted at the University of Maryland,
College Park, Maryland, by means of a grant-in-aid from the Committee
on Selection and Training of Alrcraft Pilots of the Nationel Research
Council, frow funds provided by the Civil Aeronautics Administretlon. °

. hl
Lo P AL S ) L . . -
* g r:;ag,,_.dg;‘-‘ R T T

[

Jamuary 1946

.
=

Ry,
§ it ay

o
"

T
A

RN

CIVIL AEROHAUTICS ADMINISTRATION
‘ Division of Research
+  Report Ho., 54 -
'ﬂ.ﬂhinston. . D.’ ‘C'n

lrdp
BER

Frg

=)

i

"'u‘»u"l . o BN
LA
:



National Research Council

Cozmittee on Selection and Training of Airoraft FPilots

Exeoutive Suboommittee

M. S, Vitelesa, Chairman

E, C. » J. C. Flanagan
C. W. Bray W, R, Mlles
D. R, Brimhall P. J. Rulon

J. ¥, Dunlap

Copyright 1946
ﬁationa.l‘ Research Council

All rights resarved, HNo pert of this report may be

reproduced in any form without permission in writing
from the National Ressarch Council Committee on Se-

lection and Training of Alrcraft Pilots,




. 3 :I”PF"E‘:S’ I —'-:“ - o ' -k";—,’v ' a . S " . '-‘- s ‘l"[' oo l_ﬁ. : &gh%glﬁfwg{?&:i%g 4:5:1\.;";;; Sy .
oo ' E
*
RATTONAL RESEARCH COUNCIL #
2101 Constitution Avenne, Washington, D. C. “f,,
Division of Anthropology and Psychology ‘ 1
Committes on Selection and Tralning of Airoraft Pilots i
&
January 10, 1946 g;
%7\

Dr. Dean R. Brimhall
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As indicated in the report, the study was undertaken because of
widespread ooncern on the part of those engaged in training pllots with
the presumably adverse effect of "tension" upon success in learning to
f1y and on flight performance., As atated by the authors, the immediate
outoomes of the experimental program are "at best suggestive and indster-
minate,” partly because of persomnsl and other difficultles experienced
in the conduct of research. Attentlon is drawm to the convictlon, stated
in the Foreword, that ®the definition of 'tension' which emerges at the
end is far more important than the demonstration that certaln components
of 'tension' may or may not be covariable with other elemente in the

flight training situation,"
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FORERORD

A1l of the ressarch perscnnel originally comnected with this projeot are -

on active duty in the Armed Services with tours of active duty already from
three to five ysars in length. There is no better way of explaining why this
report is submitted in mid-1945 on a resesrch project that was conceived in
1939 and exeouted during the next three years,

Calls to active duty are sudden and unforesesable evenis. Expsriméental
subjects disappear overnight and research personnel is called away without
any opportunity to put data and other materials in proper order. What would
have been a well organiszed ressarch program thus becomes a disjointed affair
to be rounded out in mo far as military exigencles permit.

The two primary experimenters in this project have bsen on special du-
tles which have long kept tham outside the continental limits, It has fal-
len to the lot of the undersigned to prepere this report, despite the fact
that, when the research wes in progress, administrative duties for the Com-
mittee on Selsotion and Training of Alrcraft Pilots allewed him but 1ittle
oontact with the actual sxperimentation. He has been able to work on the
réport only as a spare-time activity during a perlod of active military
service and without significant opportunity to consult with the original
experimaenters, )

. L J

The outcome, as presented herewith, is a Zummary report, rather than a
detailed accomnt of the minute steps by which the research was accomplished,
It seeks to lay & beckground for later research, rather than to document in
detail findings which are at best suggestive and indeterminate, The report
is written with the conviction that the definition of "tension" which emerges
at the end is far more important than the demonstration that certain compon-
ents of "tenslon" may or may not be covariable with other elemsnte in the
flight training situation.

. The undersigned did 1ittle more than to conceive the original approach
to the problem, offer occasiocnal critical review, and write this report. The.
actunl experimental work was under the direct supervision of Dr, A, C. Wil-
liems, Jr, {now Lisutenant, USER}. He was also directly responsible for
the statistical analysis of the results., During much of the time he shared -
the responsibility for directing the ressarch with Dr, J. W, Macamillan {now
Lisutenant, USNR), PFaithful and insightful assistance was supplied by grad-
uate students at the University of Maryland, including J. T. Fontaine, K. D.
Kaplon, J. S, Thatoher, (all three of whom are now on sctive duty in the
Armed Services), H, G, Phuillips and L, P, Guest also bad a hand in the ex~
tensive analyais of records involved in this project.

If credit accrues to any pert of the report, let 1t be given altogother
to Lt. Williams and those who worked with him, If there are obwivus short-
comings, let them be ascribad to the undersigned as faults of direction or
reporting,. Ths lmportant thing ies to lay the basis for research yst to come.

J. G. Jerkins
Captain, E(S), USKR
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SUMMARY

The findings in this report describe the cutcomes of ressearch designed
to deternine the effects of tension on learning to fly. These studles, con-
ducted at the University of Maryland under the auspices of the Committes on
Seleoction and Training of Airoraft Pilots, sre divided into four experi-
mental phases, oovering a period of more then three years. A subsidiary
project involving a further analysis of records obtained from the Fries
Flight Analysers iun the Naryland Tension Study is presented in Appendix A,

The First Experimenta) Fhase was designed to obtain records of grip
tension from the control stick on 10 students training in the Primary oi~
vilian Pilot Training Course. Before the work of the first phase was com-
pleted, however, 29 students had been used sa subjects. ’

In order to get objective records of flight competence which could be
used as & oriterion against which to validate the tension data, a Fries
Flight Analyzer was installed in & Piper Cub training plane and modified
%0 record grip tension on the control stiok, alrspeed, altitude, vertical .
acceleration, movements of alleron, rudder, and elevator; and aignals made
by the instructor. To quantify the records of ?ﬂ.p tansion they were cats-
gorized as "a" {excursions of 0/10 to 1/10 inch), "b" (exsursioms of 1/10
to 2/10 inch), "c" (excursions of 2/10 to 3/10 inch), and "d" (excursions
of more than 3/10 inch,

Usable records were obtained on 366 instructional periods, including
1351 scorable take-offs arnd 1354 soorable landings., Of the scorable take-
offs, 48.5 per cent were accompanisd by some category of grip tension,
while of the scorable landings 72 per cent were accompanied by some re-
corded category of grip tenalon. All students axhibited a higher per-
centage of recorded temsion in landings than in take-offs.

Then a stage by atage compariscn of grip tension was made it was ob-~
served that it reached its highest values during the solo stage, It was
found that the goodness of flight performance could not be measursd di-
rectly from the flight anelyzer records, and it was decided to have the
instructor compare each student with every other student and employ the
results of these comparisons as a basis for placing the 10 studeants in
renk order, A comparison between percentages of landings accompanisd by
excessive grip temsion and rated competence for 29 subjects falled to give
any clear-cut evidence that the top rated students tended tc be less tense
during this mgneuver than the students ranked as leas competent,

The results of the First Experimental Phase suggested that grip ten-
sion was too localized an index of temsion and that efforts should be dir-
rectad to search for other bodlly reverberations of this condition., 43 a
consequence, part of the Second Experimental Phase was concerned with the
development of apparatus for obtalning other tension indices., With the new
equipment it was possible to get a record on the flight anslyser of air-
spsed, grip tenslon, myo-voltmeter readings, cardiotachometer readings,
pneumographic trsaings, signals from Kelly's foot pedal regorder, and ma-~
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neuver code from the inetructor. MWuch of the experimentsl work wae devoted
to the callbrating of the equipmwent. MHany trials were run off with A. C,
Williame as inptructor and graduate studemts or staff mexbers gerving es
subjects. In the course of these triale it was possible to adjust tha per-
formance of the varlous imstruments to what wers sean as the roquiromonts
of the Third Experimental Phaes. ‘ :

In the Third Experimental Fhase measurewents of tension were cbtained
during four series of speclally designed flights, Each flight coneisted
of four take-offs and landings, four serlea of steep turns, and one simu-
lated emergency. After each flight the instructor prepared a description
of the flight, including coaments on the appareni {enseness of the student,
his flight aptitude, and his errors. He also rated each student in compari-
son with others as to general flying ability,

At least one record apiece wes obtained for each of 29 astudents. How-
ever, because of certain unforessecble events at the time of the research,

the results of Phase 3 are not complete,

The findings indicatedl (1) there appears to bs no evidence of signif-
icant covarisbility of any of the tension indicators as against ratings an
flight competence or the ratings on tenseness amsigned by instruoctors, (2)
an anslysis of varlance of myo-voltmeter readings during landings indicated
that inter-individual variation was the majJor source of variambility in the
myo-voltmeter data, and (3) extended treatment of the pneuwmographic record-
ings during the basic meneuvers chosen for the study showed high inter-in-
dividual variability. MNeans for take-offs and landings were accompanied by
the larger increasss in raspiration.

The outcomes of this exparimenmtal phase suggested that the conception
of tension was 1ln need of restatemant, and i1t was decided to go to the in-

‘structors to ses 1f they could tell what they meant when they spoke of a

student as being "tense." An attempt was made, in effect, to obtein from
the instructors a redefinition of the basic problem, This is reported aas
Phase 4 of the project. ‘ )

In the Fourth Experimental Phase the baaic problem of radefinition was
approached through a set of general questions directed to the flight in-
structors. An analysis of their responses showsd that 33 of them uasd the
term "temsion® only to desoribe & student whose musclea were tenss, while
29 stated that tension might be either mental, phymical, or both, A fur-
ther cheok was mads of the difference between the two groups of imstructors,
l.8., those who spoke only of physical tension and those who stated that
tension might be physical or mental. The 17 most common reasons listed
by the two groups when placed in a contingency table (2 x 17) suggested
a difference no greater than that to be expected in chance fluctuations
of random sampling (p velue was .52), Direct inquiry appeared to indi-

cate that the term "tension" meant many things to many different individuals.

The. subsidiary project described in Appendix A was designed to study
the usefulness of Friss Flight Analyzers Nos., 643 and 64, for differenti-

3



ating good and poor atudents on the basis of recorde made with this equip-
ment. Take-offs, landings, and steep 8's wers chosen as the maneuvers to
furnish the potential criterion data, and records were collected on 29
Civilian Pllot Training students from the Spring of 1940 to the Spring

of 1941, Clesr-ocut relgetionships between flight anslyzer data and rntcd
flying ability were not cbserved for any of the maneuvers.



PRELIMINARY EXPERIMENTAL INVESTIGATIONS OF "TENSICN®
AS A DETERMINANT OF PERFORMANCE IN FLIGHT THAINIRG

INTRODUCTION

The folklore of aviation training abounds with statements whioch point
to tenslion as an inportant enemy of success in lsarning to become a good
and skillful pilot., As ex:mples of extreme tenssness, there are many tales
of students who have "froren the controls," requiring a therapeutic appli-
cation of the fire sxtinguisher or other sonvenient weepon by the Instruc-
tor. In lesser degreess, mentione of the harmful effects of tension are to
be found in such varied sources as the flight jJaokets of falling students,
the conversation of veteran Iinstruotors, and the remaTks of experienced
flight surgeons. It appears t© be ganerally agreed among the air minded
that the student who 18 tense in the ailr thereby defines himself as a poor
prospect for profit from flight instruction,

This state of affairs wes lknown to the Committee on Selection and
Training of Alrcraft Pilots at the time of its formation; and it was fur-
ther confirmed by all early inquiries directed along thepe lines. The
problem laid before the Committee sesmed at the outset a very simple one
indeed. Those sophisticated in aviation agreed that temsion was hostile
to flight success. To verify this by applicetion of quantitative methods
seamad to Involve three, and only three, baslc steps:

1. To measure objectively the amcunt of tension present in an ade~
guate mmber of students during flight training.

2, To obtain satiefactory measures of their progress through train-
ing and thelr general competence aa pilote.

3. To obtain some measure of the covariability of these two measures.

The possible outcomas wers apparently foresesable, If a high, nega-
tive correlation were to be cbtained betiween measured tenslon and measured
flight compatence, the folklore concept of tension would have bean vindi-
cated, In this case, one could advlise using a meaesure of tension as an
early meanas of selscting pilot material; and one could also look about
for ways of reducing tension, A second possibility was that a negligible
relationship would be found., Such a discovery would be enough to show
thet there wae no apparent relationship between tension and flight success;
and instructors could be urged to disregerd signs of tenseness in students
a8 non-significant, Flnally, it was possible that & positive relationship
would bs found of sufficient size to inaicate that high tension and success
actually went together. This would mean that the folklore was the reverse
of the demonstrated truth and i} would then be necessary to re~cducate in-
structors to regard tenseness as a favoraeble sign in their students,

It did not occur to the project sponsora or to the Coumittee that
there was any real doubt as to what the term "tension"™ or "tenssness”
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meant., Only after much work had bsen done &nd only after some hundreds of
records had been made of mupcular tension durlng flight, did it become ap-
parent that a considerable varlety of uncorrelated eymptoms had been arbi-
trarily forced into a single category by those who used the term "temsion.”"
Only in the latter stages of the project, then, did the investigators reach
a stage of defining basio terms which logleally should have bsen the proper
starting PO int .

The basic reason for this situmtion is easy to find. The sponsors of
the project came to the field of aviation with a knowledge of much of the
recent work done by psychologists on the effects of musoular tension, They
were aware of researches reported by Davis,l Freemsn,2 and Bills,3 and
others on the effects of muscular tension upon output in various skilled
activities, They were also awara of publications by Jacobson® in which he
described the therapeutic use of progressive relaxation in eliminating cer-
tain non-byglenic effects of sxcessive muscular tenseness.

Accepting "tension" as meaning musculer tension in aviation as it did
in the psychological laboratory, the basic problem appesered to be simpli-
city itself, and the original research proposal offered to the Committes
was aocordingly very simple., It was proposed that the top of the control
stick be encased in a rubber bulb, leading to some sort of pnewmatic re~
corder. High tension would lead to considerable pressure on the bulb
which would then be recorded; and lower degress of mscular tension would
yield progressively smeller emounts of recording. Recorded temsion would
then be compared with flight performance and the interrelationship mathe-
matically expresssd., .There was nothing novel in this proposal except its
application to the flight situation, for the baslic technique had been used
by Morgan5 and others in previcusly reported studles in typewriting end

IDavia, R. C, The relation of certain musole actlon potentials to
"mental work." JInd, Univ. PuRl, Sol, Serv., 1937, No. 3.

Davis, R, C. The relation of muscle action potentials to difficulty
and frustration. J, exp, Psvchol., 1938, 23, 141-158.

Davis, R, C. Patterns of muscular activity durlng mental work and
their constancy. J, egxp, Pevchol, 1939, 24, 451-465.

zFraeman, G, L, The facilitative and inhibltory effects of muscular

tension upon performance. Amer. J. Pavehbol., 1933, 45, 17-52,
Freeman, G, L. The optimal hours of "anticipatory tensions" in muscu-

lar 'Drk. L_m_._Mo, 1937’ 21’ 5'5‘&-5&!0

Freeman, G. L. The optimal muscular tensions for various performances.

Amexr, J. Poyahol., 1938, 51-146-150.

3B111s, A, G. The influence of musculer tene‘on on the efficlency of
mental) work. Amer, J, Psyghol., 1927, 38, 227-251.

4Jacobson, E. Ercgresgive relaxation. Chiocago: Univ, Chlcago Press,
1929 )

5Horgan, J. J. B, The overcoming of distractlon and other resistarces.
Arch. Payghol., F. Y., 1916, 35.



other eimple askille,

Moreaver, just as the study was about to get under way, ths sponeors
of the project wers Informed that it would be possible to obtain an appar-
atus which, they were told, would give an objective measure of flight per~
formance. This made the outlook even more promising. If they could obe
tain objective measures cf how well student pilots actually flew, they
would be freed of dependence upon such subjectively colored criteris as
Judgmenta of instructors, pass-fail records, end entries in flight jackets.
The rubber bulb, it appeared, would give them quantitative measures of "ten-
sion"} the flight recorder, they were told, would give them quantitative
moasures of flight performance; and, the only tepk left would be a study
of the interrelatione of these two quantitative and objective measures.

If the facts had justified the postulates stated above, this might
woll have been a definitive report. Tha fact that it is only a report of
exploratory research adequately raflects the sharp failure of the two var-
iables to fall into the neatly quantiflsd series which the sponsors were
led to anticipate.

It may be simplest to summarize the current state of affairs by con~
trasting theory and fact. Theory, in this case, 1» nothing more than the
postulates upon which the exparimental design was based. Fact then be-
comes an explanation of whet was actumlly learnsd as the research was
pushed along through more than one thousend training flights,

Iheory Faect
1, When inatructors spoke of When inetructors spoke of "tansion,”
"tension," they referred they were referring to any one or
tc muscular tenslon. more of a half-dozen disparats and

other unralated sete of symptoms or
sauses of symptoms. Excessive mun-
cular output, at best; was only one
of these. To measure muscular ten=
sion told 1little or nothing about
many, if not most, of the students
whon instructors would deseribe as
"tense,"

2, The flight recorder would Flight recorders provide information

glve an objective record on only ceriain aspects of pillot pro-
of how well a given atud- ficlenoy, vlz., those pertalning
ent flew, primarily to "maneuver-doing." In

addition, tlie resorders available
at the time of the ressarch were
limitad ams to type and range of data
recorded, and techniques for inter-
pretation of the recorded data in
torms of flight proficlency wera an
yet undeveloped.

N T
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In a word, asctual Investigation wsu fo show that we would ba able to
got at only one arpact of "tension" through this prejoot as outlined, It
wag 8lso to show thet the simple, ohiective criterion of flight competence
wap & plous hope racher than an obtainabls :eelity. Tous, since nalther
of the two basic varlables proved to be impediatoly availeble for meaa=
urement, this report cannot be a definitive ctetenant of their intervela-
tiunship;

To Bay all of what has hean sald above is rot to state that the proj-
aot ylelded no ussful cutcoms. it 1e =ather to polnt out that the oatoome
xas much lese ambitlouas In scope and leas definitive in nature then had
btesn anticipated. Useful apparatus bas beep developad; and the limita-
tion3 as wall es 4he virtuss of this apparatus cen bs deseribed. 4An ial-
tiel attack has been made on the prollem of learndng what {flignt instrue~
tors mean by the terz "tenalon." In so far ss tenslon is taken to msan
oxcesnive muascular cutput of certain epecifie muscles, its rglationships
to certein variablea in flight performance have been studied and can be
Jdeseribed in theee pagoes. It 1n unfortunate that the project had to be
euspended at this atage, due to the enyollwant of all the research per-
vonnel In one or the c¢ther of the Armsd Services. Even such a ocurtall-
ment, however, does not deprive this revort of what may be itas nmajor use-
fulneas -~ that of pointing the wsy to further research, both by indiocating
leaudp that bave been triaed and found sterile, and by polnting out leads
that reem fEply to warrent further study.

FIRST EXPERIMENTAT PHASE (1939-1941)
dxcensive ¥Fueculer Tensilon vs., Level of Per”ormance in Tralning

The dssign of the flrst phesa of ths agupsriment wes dictated in part
by the necessity of coaducting the resssrch without interferring with ths
flight training of the available subjJecte. Arrangements wera made with
the operstor of the eirport at College Park, Maryland, to install the
necespary equipment in & Piper Cub primary trainiug plane, with the under-
standing that a specifiled grouvp of studsonts would, in so fer as possible,
recelve all of their treining flighte in thias plene. An effort was thus
made to obtain recordings on all flightas mala by thim group of students
from their first dual indoctrinavion hop to the final flight exemination
for a private pilot iicense,

It was plannad to follow ten students through the entire Frimary
Civillan Pilot Tr-ining Coursa, The design provided that recordinge
nshould be made of their grip upon the control stick durdng all of the
flightes they would make and that thelr degree of grip preasure should
ultimately be correlatad against various criteria of flight competence
that might become available, On the besils of aveilable literature de-
scribing the Friez Flight Analyzer,® 1t was hoped that recordings of

6An eerly description of thir equipment is contained in s folder ussued
by the Julinn P. Friez Co,, Baltlnoro, Mdu, antitled Instructione for instal-




the attitude of the airplane during these ordinary training flights would
provide an objective record of flight competence which would serve ea the

primary eriterion.7

After considerable delay, a Friez Flight Analyzer was obtained and
installed in « training plane. A slight modification was introduced in-
to this apparatus to permit the recording of grip tension on the same roll
of paper which carried the records produced by instruments designed to re-
flect the attitude of the airplane, Ae finally installed, the Analyzer
premmptively furnished continuous indications of {a) grip tension on the
control stick, (b) airspeed, {c) altitude, (d) vertical accelsration, (e)
movements of tha ailerons, rudder, and elevator, and (f} signals made by
the instructor {on-off contacts only).

Grip tension was recorded by substituting for the handle of a conven-
tional Cub control stick a stout plece of rubber hose, hermetically sealed
and connected with the sylphons in the Analyzer. The rubber hole was se-
cured from the inside at the top by a metal tube running inside to the
control atick below. %Thia praevented bending when normal movements of the
stick wers made in oontrolling the plape. The stiffnesa of the hoss was
such that pressure from any one direction would not compress i%; hence
no record wae made when normal movementa of the stick wsre employed,

When, however, the hose was squeszad from any two directions simultaneocusly,

a8 in any tightening of the grip on the stick itself, a record was made on
the recording drum. Routine CPT instructlon lays emphasis on maintaining
a light contect between tha contrcl stick and the fingers. Accordingly,
any genuine equeezing of the stick could eppropriatsly be regarded es a
true indicator of mecle tension and would not have to be dismissed as

an artifact incldent to the proper handling of the controle,.B

With the plane thus equipped, the initial ten studente were followed
through the course, with recordings being made of all flights in which it
was poasible for them to use the experimental plane., All ten of these
students succeeded in completing the course and all of them recelived their
private pilot license, There was reason to beliave that they representsd
a conelderable apread of ability, in terms of light-plane plloting perform-
ance,

Tﬁdijgxlg_ﬂgﬁg. Dependence upon characteriatic patterns in graphle
records for the identification of separate maneuvers is made unnecessary
through the use of standard flights which specify the nature and order of
mansuvers, At the time of this research such flights, now in frequent
upe in Committes research, were in the process of development by the Uni-
varaity of Pennsylvanla project.

BSincl the system was airtight, the recordings suffered because an
altitude effect was produced. This resulted in a baseline which shifted
with the altitudes of the plans. Since this was relatively smooth and
prediotable, however, it did not seriocusly interfers with the interpreta-
tion of the records,

b



Inspectlon of their records, on completion of the training cource,
shcwed immedietely that: ‘

1. Grip tension did ccour cduriang flight,

2. I% was not necessary concomitant of the aot of plloting since
some of the mtudents did not exhibit grip tension and since those
who did exhibit it did not do so all of the tims,

3. No studont evar showed grip tsnsicn contimcusly throughout any
flight,

Inspection of the 366 racords obtailned om the first ten students?
phowed that the maneuvars of take-off and Jending sccounted for more than
90% of the menifestatinons of grir tension. IJdentifisasion of the maneu-
vars responaible for tha remeinder of svch menifestetiona of temsion proved
a difficult tesk. It was found possible to identify on the records, those
naneuvers which involved steep turae, but shallow turns could not be 1den~
tified. Even with the identifisble meneuvers, the record showed only that
the mansuver had besn performed; 1t did not give sufficlernt evlidsnce for
the investigator to say how well it had besn psrformed.l® Thus all rela-
tionships between recorded tansion snd the quality of flight performance
had to be based upon ratings eseigned by instructors.

Any squeezing of the control stick preduced a dlstinet locel exaursion
of the recording pen. Thie maede it poasible to undertaks a cuantitetive
evalunation of the swount of tenelon during any identlfiable maneuver or
during any given flight, The most worksatle system of attack on the quan-
tifying of the tenmion records wae ms foliows. The chart paper used on
the recorder was ruled off in tenth-Inch squeres. By counting the number
of squares enclossd by the base line on ona slde end tha curve of the pen
excuraion on the other, an estimate of the esrsa 5f the excursiocn could be
obtained. A distinction was made belween the extunt of the excursion (rep-
restnting the amouni cof teneion) and the durantion of the excursion (repra-
senting the length of time the forca wae effective)., Experience with ths
scaring egystem showed that extent poculd be moat usofully clapeified ac-
cording to the follewing schems which is employed thrcughout this section
of the report, 1.e., the small letter a reprssents excursions o 0/10 inch
to 1/10 inch; b, exoursions of 1/10 to 2/10 inch; o, excursions cf 2/10 to
3/10 inch; and d, excursions of more than 3/10 inch.

9Certain flights went uarscorded for such reescns as apparatus faiiure,
usa of some other elrplane, and the like,

loggijgxlg_ﬁg_g. A by-product of the investigation was the study of
the relative smount of time spent in the air end on the ground Jduring
flight instruction., The findings ere reported in: NRC Committee on Se-
lection and Training of Aircraft FPllots.
- II_ll [} L) L) H N L _l e H - * ] - B
m_nmm. ““hin.gton, D, c.l
Warch 1945,

ana Jip the air by Livll 1y ke Araln -
CAA Division of Research, Report No. 43,
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This system makes it possible to describe any given exoursion of the
pen in terms of a given category of extent for a stated perlod of time,
Thus, a ptudent who squeezed the stiock during a landing might be scored in
our records as "2a, 1lb, 20, 1d." This would mean that for 2/10 inch on
the time line, the student squeezsd only with force "a" as described above,
then increased his grip to forece ™" for 1/10 inch on the time line, going
from there into successively heavier grips on the stick for the durations
indicated by the numbers. Since the speed of recording wes conestant, this
statemont could be rephrassd in terms of seconds when and if the occasion
damtld&l-

Data sheets were made up and ell take-offs and landings for all ten
students during each of the 366 recorded flights were ecored in the above

fashion, The raw data could then be treated in any one of & mmber of .

fashions. A numerical value could be obteined by weighting the categories
and summing them up for eash occurrence of tension. Likewlnse, a quallta-
tive index could be cbtained by classifying sach occurrence of recorded
tension according to the largest category present, disregarding duration,
Combinations of theae two schemes were alpo tried out.

.Criterion Dats. It had been hoped originally that goodnese of flight
performance could be measured directly from the Flight Analyser rscords.
Due to the complete impossibility of identifying most mansuvers, however,
such measurements could not be made. Indeed, the sole value of the Flight
Arnalyzer at this point proved to be that of labeling certain basic manou-~
vers on the tension record, This made 1t necessary to employ some other
means of ranking the students in terms of their flight performance. Ex-
perience &t the University of Maryland and elsewherell had shown that the
flight grades assigned by the instructors could not patisfactorily be usaed
as criteria in view of evidence that (a) they were low in reliability and
(b) they had no real spread,

In the face of thie situation, it was decided to use paired comperi-
son ratings, given by the instructor who had instruoted all ten of the
students in this group., The instructor was asked to compare each student
with every other student; and the repults thus obtalned were used to ar-
renge the students in renk order, (The imstructor, indeed, expressed sur-
prise at the ouvtcome of what appesared to him a complicasted procedure, stat-
ing that)it had arranged the studente in an order he would judge to be
" eorrect,

Rasults. Usable recorde were obteined on 366 instructional periods,
including 1351 scorable take-offs and 1354 ecorable lendings, Of the
scorable take-offs, 4B.5% were accompanied by scme category of grip tem-
sion (ses Table 1), Of the scorable landings 72,0% were accompanied by
some recorded category of grip tension. The wide range of variability

nJohnaon. H, M., and Boots, M. L. Analvais of ratinee 4n the pre-
minary phage of the C. A A. Tralnipe Progra
Division of Research, Report No, 21, October 1943.
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in incidence of griy tenslon may be Lllustrated oy the followlng date, based
on analyseis of tske-off recorda.
TABLE 1

RELATIVE INCIDENCE OF TENSION AMONG 10 CIVILYAN PILOT
TRAINING STUDENTS ON TAXE-QOFFS

Per cent Showing Pecordsd

Studept Iakoe-ofig Gpip Tenglon
A 122 42%
B 154 124
C 134 60%
b 154 231%
E 128 28%
F 130 69%
G 123 11%
H 165 63%
I 118 45%
J Yyl €7%
Total 1351 LB 5%

A glance at the table arcuses some conviction that there are real in-
dividua) differences in recorded grip tension. This recelves direct con-
firmation from a statistical analysis of the data shown in the Table. (To
reach the 1% level of assurance, differences between the percentages given
in the Table must exceed 11%-16% for the nmbers of take-offs represented.
The mumber of percentage-differences reaching this level 1s certainly ade-
quate to justify the statement that differences in grip temnasion on take-
off have been found to exiast.) Reference to the data on landings shows a
gimilarly large range (22%-89%) but here it should be noted that only two
of the students fell outside of the ares between 72% end B9%, A1l stud-
euts exhibited m higher percentage of recordsd temsion in landings than
thay did in take-cffs.

There was rsason to believe that grip tension varied with the astage of
training, and accordingly a stage-bv-~stage compariscn ves mede. This com-
parlson is shown in Table 2, i

There ie an interssting suggestion of a tendency for recorded grip
tension to reach ita highest valuee during the solo stage., Such a find-
ing is in line with the folklore of the field which represants the newly
goloed student as much more on the qui vive than he was when an instruc-
tor was along or than he becomes later when aeronautical surrcundinge
have become more familiar,

These data offered encoursging evidence that recorded grip tension
wagz significantly varlable; and they suggested that one might hope to



determine scm i of the conditlons of its verismbility. The next step wae

to detsrmine ‘fiether 1t would be possible to detect any systematic vari-
ability of grip tension with the inastructor's appraisesl of flight compe-
tance,

TABLE 2

INCIDERC: OF TENSIOR IN LANDINGS AND TAKE-OFFS
DUORING EACH STAGE OF TRAINING

Per cent Take~offs with Per cent Landinge with

Stage ——Recorded Tension = ._Recorded Tenaion
Stage A (pre-solo) 56% 76%
Stage B {solo) 61% 96%
Stage C {precision) 40% 78%
Stage D {cross country) 45% 57%

It will be recalled that the students had been arranged in a rank order
of rated flight competience through the medimm of a paired comparison, Thie
might properly be regarded as & "oriterion-by-default," employed only be-
cause the limitations of the flight recorder deprived ue of more objJective,
reliable measurss. The basic date are shown in Teble 3,

TABLE 3

RELATION Cl FREQUENCY OF LANDINGS TTITH EXCESS GRIP TENSION
{c or @ lavela) TO RATED FLIGHT COLPETENCE

Studante as : Leandinge with less Landing with "excen-
Runked by shan Yexcesslve’ sive" grip tension
Instrugtor sepsdon (0, u, ox Hi"
A X
A 109 283 15 12%
B 154, 59% 2 1%
c 112 82% 24, 18%
D 129 84% 24 - 16%
E 5 58% S4 42%
F 12 2% by 13% .
G 79 66% 41 3%
H 62 % 109 66%
I 1.02 87% 15 13%
J L8 29% 75 61%

*3ge pege 6 for definitions <f rezorded tenaion levels (0, &, b, ¢,
d). Note also that Table 3 dszls with excssa lzvels of tension, whare
Tables 1 snd 2 derlt¢ with all riccrded tension.



While the results ers certainly not clesr-ocut, there irn an apparent
tendency for ther to follow the lipes predicted by asronautical folklore.
Granting noteble sxesptions 1n the cnse of Students ¥, I, ard possibly A,
the less frequont ocecurrences of recorded extreme tension tend to accumm-
late at tha upper end of the ocompetence retinga, with the higher percent-
eges ecoumleting at the lowsr end. For thoes who may be willing to ac-
capt renk order correlations on the basis of ten cases (including cne tie)
it way be safd thet rho hers is equel to & ,62, with & standard error of
sbout: half that amount. It may be added that no way of fraotisnating the
cdata gave eny statistioelly significant result in terms of trying to nail
cdown &8 definitive the tendency that appsars in Table 3,

Attention was turned to the snalysis of tenslon on teks-offe, in the
hope that thic right yleld more dependable signs of any covariability be~
iween grip tenelon and flight competence, Although some 1300 take-off
records were neasured and anelyzed, the number found to have any traces
of excessive tansion was so gmall =z to preclude eny significant treat-
ment, T4 should be noted thet 5 of the 10 subjects showed no cases of
rocorded axcess grip tension on take-off and that the only two subjects
showing any conwlderabls frequency cof excoss tension were those rated
respectively fourth and tenth in flight compstence,

The results were, then, not definitive; but the Committee agreed that
a way was avellahle to establish more rellebly the relationship betwean
grip tension and flight competence, The luxury of meking a re-check on
a large population of flight students was clearly out of the guestion.
Even to follow ten students through sample flights involved an exorbi-
tant amount of man hours expsnded on the alr fleld where the records were
colleotal and in the computing room whers they were subjected to painatak-
ing measuremen: and analysie. To follow, say, 50 or 100, would have run
into large budpetary involvements,

It wus poesible, however, to tsoke advantags of the concept of com-
bined probebilities and to determine in thls way whether & stable rela-
tionship existod. We had obtained & reasonably high rank order coeffi-
cient in our first group in checking grip tension on landings. If & oo-
afficlent of similar proportions and sign wera to be obtained in a sacond
group, the probabliity of this successive occcurrence being dus to chance
&#lone would be meesurably romote. And, if it wers to be obtained in a
third saccesalive semple of ten, all ordirary considerations of probability
would cartainly have been natisfied. The reader will bhe aware that scon~
ony has often demandsd thins approach in deeling with researches where ex-
pense mede the use of large experimentel groups impractical,

The Committee acceptsd tha propcsal for the employment of two succes-
sive groupa of ten students aach as re-cheok populaticns for the finding
on the earlier group. Accordingly, & second group of ten stulents was
rounded up and the usual recordinges were made ams they progressed through
thelr flight training.

Soon after the mtart of the second group, one of the students in thias
group washed out for failure to make satisfactory progress. It waa themn
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too late to secure sn untreined replacement, so the remajining group of
nine was accepted as the experimental population and followed through .
spoecified asmple flights for the balance of the program, Table 4 indi-
cates the pergcentages of landings with exceaslive grip tension for this
group. : .

* TABLE 4

RELATION FOR THE SECOND GROUP BETWEEN THE PERCENTAGES OF LANDINGS- -
ACCOMPANISD BY EXCESSIVE GRIP TENSION AND RATED COMPETENCE

Students as Landings with less
Ranked by than Excessive Landinge with Exces-
Ansiructor. —Srip Tenaion —Bive Grip Tenalon
< A . 82% - 18%
H 79% 21%
c 15% 85%
D 39% 61%
A 98% 2%
P 100% 0%
G 91% 9%
H 67% 33%
I 78% 22%

The positive relationship shown for the first group has disappeared
in the mecond group. The data form essentially a zero relationship (rho
being ~.08) with the two higheat percentages of recorded tension occur- -
ring in the men reted third and fourth, and with the lowest percentages
falling in the middle of the distribution.

Work had bean begun on a third group of ten students, howsver, and
it seemed advisable to carry this through, regardliess of tha faot that
the abovas data rendersd any definitive %or even indicative) findinge
kighly improbable, Table 5 shows the results of analysing the 540 inter-
pretable landing records availeble for the third group.

Agailn the results were complately indeterminate, with the ocwrious
circumstance that two of the highest degreee of tenslon were found in the
top rated four students, The results egain exhibit a complete lack of
statistical significence, with rho (in the presence of three tles) indi-
cated am -,56. .

Suymmeary. Iwenty-nine students had been run through this first phage

and a prodigious amoun® gf record measuring had heen dons, all to the end
result that no significant differeance or suggestion of a difference had
been found, The fclklore balief in the negetive effects of tension had
besn rielther confirmed nor negated. The problem, in other words, had
proved not to ba susecentible of solution by the simple attack indlcated

- a8 Batlsfaclory by a review of the “1tzrature of flight training.

There 18 not sven the slight- _
-est approach to statistically significant interpretation of these results.
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RELATIOR JHIF FOR TEF fHIFD GHOUP BRTWEWY THE IRCIDENCE OF
EXCASSIVE GHIP TANSIOE I LANDING AND RATINGS BY INSTRUCTOR

Students as Lancings with leas

Rankad by than Focansive Landings with Exces-
Instivotor —Grin Tepslon . . give Oxdip Tenslop
A 61% 39% .
B 313 69%
C T4 26%
D 23% T
E -90% 10%
F 54% 4L6%
' G 2% » 28%
. H 9% T AR
I 0% 10%
J 90% 10%

SECORD FXPERIMENTAL FHASE (1941-1942)
Development snd Fisld Testirg. of Improvad Msthods for Recording
Phyedological Indicatore of Tansion

The first experimental phass had demonstrated 1iitle more than thst
tonsion did oceur in varying amounts in students and that it was mosti
anally detectable during landings, The positive demonstretions result-

o b Il e S m ke T YT e
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: - ing from more then two years of exploration can be summarized, without

"~ undue abhreviation, iIn that singls atatemantn The negative outcome in-

) cluded at least the following:

o 1. I% is a great handicap to be compellsd to carry out reseerches

< as subsldisry to training. The sponsor would be repald if he

- wara to establlsh meuns of making the research primary and the
Pl i training secondery.
Bl 2. The Friaz Flight Analyzer proved incapahble. of aupplying the anti-
= cipated objeative weaaure of flight performence. At the most, 1%
gf waa capable of providing an indicatlion thrt certein maneuvers were
o

done; but it did not indicats how well they were dcne.

= L 3. It is uneconomical, impractical, and unnecessary to attempt to re-
£ . cord all ths flights made in a tralning courzs. For purposes of
DR studying temsion, selectsd flights spaced throughout the ccurse,
flg} C could be expectsd to give adequate informatlon for all our ex-
LT perimental needs. .

=T 4., The ordinary Civlliqp Pilo% Training instruotor could not be re-
o 1liad upen to signel start and end of maneuvers or to indicate

ka that certaln other evants had oocourred.

If 1t was nocespary to

o ' .. ”‘:tL
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obtain such information, either new types of objective recorders
would have to be developed or specially treined research person-
nel would have to be amployad as instroctors.

e P ) - : In planning for
Phase 2, it was realized that the non-dafinitive raaulta of Fhase 1 were .

auaooptiblo of varioue interpretations. OGur fajlure to find any covari- gk
ebility between ratad excellence of flight performances axd our messure :

of grip teneion might conceivably be dus to any one or any combination
of &t lemst the following influences:

1. Inadequacy of our meawures of what the instructors meant by ten- ";ﬁﬁ
sion, oo

2. Inudequate size of population sample,

3. Unreliability of the estimates of excellence of flight perform-
ance,

4o An actual lack of covnriability batwaen a “true” measure of ten~
sion and & "true" measure of flying skiil, 12

The next step appeared to lie in a test of the first alternative named
ebove, The experimenters had long felt that grip tension was too localized
an indax of tension and they had incrsasingly become convinoed thut they
muat attempt to searoh for other bodily raverberaticnme of this condition, sf
Thls conviotion wae given added force by the reanlization that, in the elini- i
cal literature of the subjac%, the term tension waa often used in combina- E
tion with the term apprehenaiona

: d_Str zatior . In realization of this -
situation, funda wera requaatod for a phass of intensive reasearch and de-~
velopment which would yield, it was hoped, more delicate indicators of ex-
ceesive muscular tenesion and additlonal means of studying the involvement
of other bodily systems. A spscial report!? describes the myo-voltmster
which wap designed and devaloped during the early months of this experi-
mental phape by Carney Landis, Rew York Psychietric Institute. Like all. ¥
other apparatus employed in ths study, it had to meet very restrictive re-

v e

quiremente as to sitze end weight, so that it might.come within the baggage
requirements of the 1ight airplane used in this project. Some menths of igj
, - ~ ‘ I :—§
12p93tor's Note. Another poselble explanation might be that although -3

the relationship betwesn tenslon and over-all proficlency 1s low for the no
training program ss a whole, high relationehip might exist within portions Tk
of the training program. Stage B, for exampls, exhibitsd the highest fre- o
quency of tension for take-offs sad landinge {eee Table 2), i
- VPLavdis, 0. Flight, uyo-voltaoter, Uodel 3. August 1941, Progress i
report in the files of the Committea on Selection and Trainlng of Aircraft fﬁﬁ
Pilota. : ?ﬁw
- —‘ET‘:%%
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work finally brought about the devalopment of an inetriment which met the
neceasary requiraments of asnaltiviiy, coupactresw, and ruggedness, e com-
bination by no wesus 2asy to secure, This lustruwent anplifisd, rectified,
and integreted the elsmctrical output »f the muscles to which 1ts elsctrodes
ware attached,: When commested to an ink-writer instellad in the flight sn-
alyzer, it provided a direot recovding of muscle action potentials,

Proliminary tests, on the grovrd and in the alr, Indiceted that the
myo~voltmeter could ba depenced on to produce accurate ragords of the se-
tivity of the muscls over which the electrodes were attached. This was
regarded s more depondable and more interpretable than the indirect in-
doz of muscular npotivity provided by the pnewmatie chsmber or the control
shick. )

A further check on muzscular activity wes provided by the installation
of & device designed by E. L. Kelly, Furdue University, in connection with
another project conducted under Committes auspices, This was a device
which;, when attachac to the rudder pedals remained inoperative as long as
preseure was appllied with ounly one foot., When, however, the student pllot
preeped simultaneously on both pedals (always an unnecessary activity) the
fact was indicated on the recorder drum,

To get at other bodily reverberations, 1t was desided to esmploy a spe~
cially desligned cardiotachometer to ohtain, on the flight analyzer drum, a

" continuous record of heart rate. It was also found possible to icstall a

pheumograph, employing a conventional rubber tube around the shest of the
subject for recording varlations in chest diameter on the drum of the flight
anglyzer,

Finglly, a signel switoch was providad sc that the speciel instructor
could signal, by code on the drum, the neture and the beglnning and end of

‘ any meneuver. Since ths epecinl inastructor was to be one of the project

directors (A. C, Williams) there was reemon to bslieve that these aignals
might be meaningful. :

Inatallation of the sbova equipment had eliminated finm the flight an-
alyzer most of the unlts that it bad oontained duriny the First Experimental
Phape. Yt was now recordings airspesd, grip tension, myo-voltmeter read-
ings, cardictachomster readings, pneumogrephic tracings, signals from Kelly's
faot paedal recorder, masneuver code from the instructor. Figure 1 is a sche~
matic repressntation of the procedure employed for the recording of these
variables on the fiight analyzer record. '

A1l of this gear (see Figure 2) was placed in a J-L Cub airplane, This
is a pide-by-side coupe, provided with a baggage capaclty rating sufficient .
to allow for the equipment noted sbovs. Preliminary tosts showed that the
subject was not unduly restricted by having on his parson the electrodes
for myo-voltmeter and cardiotschometer and the tube for the pneumogimph..

FPhape 2 war dovoted almost entirely to tlis celibrating of the instru-
ments deecribed above, Many trials wers run off, with A, C, Williame as
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FIGURE 1

VARYABLES RECORDED DURIRG FLIGHT
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inegtructor and graduete students or astaff members serving as experimentsl
animals. In the course of these runs it was possible to adjust the pers
formance of the various instruments to what were noenaaa.qpa sxperimental
requirements of Fhase 3,

It was found, for example, that the best location for the myo-voltmeter
electrodes was over the large extemsor muscles of the thigh. Here it was
possible to obtain clear-cut records of muscle potentials with minimuwm in-
terference from the other alecirical rhythms of the body. It was also
found that individual differences lin output could be acceptably controlled
by adjusting the sensitivity of the myo-voltmeter so that normal movement
of the rudder pedal did not record while excesalive employment of the muscle
rroduoed e definits record.

Preliminary runs showsed that the myo-volimeter records could bs scored
in much the sawe manner as that used in hendling the earlier grip temsion
records, Heart rate and respiration rate were mersly'counted and recorded
in rate per minuta, The Xelly davice .yislded threes ‘categories of rudder
padal tenaion: none at all, & moderata amount, and & great amount. These
were treated by simply tebulating the maneuvers in whigh each of the three
oocurred, regardless of duration, .

THIRD EXPERIMENTAL FAASE (1.942-1943)
Extensive Investigatlon by Means of Various Somatic Indicators of Temsion

The improved recording devices developed in Phase 2 were ready for
field use, Based on what had been learned in Phase 1, it had been deaided
to take messurements of temsion during four aspecially designed flights only,
By obtaining these measurements on 50 primary Civilian Pilot Training stu--
dents, it was expeoted that an acceptably broad bease for the final analysis
would be available, Each of the four taest flights hed been specially da- .
signed %o contein manouvers in which tension has been notably present in
Fhese 1. Ir other words, the stage had beon reached in which training
wap at last to be subsidiary to research rather than the reverae,

At each of the four major stages of training the fiights called for
four take-off's and landinge, steep turns, and a simulated forced -landing --
all mansuvers which had previously brought about well developad signs of
tonsion. Criterion dats wera to be cbtained from detailled notes and de-
scriptions of performance on these 200 flights made by the instructor dur-
ing the flight, as well as his over-all rating of competency for the stu-
dent pilot. The original experimenter was no longer available to act as
instructor, but the services of an experienced CAA inspector were obtained
and there was every evidence that he would carry out the design with good
insight.

The extensive phase of the experiment thus got under way in very favor-
able oircumstances, New and delicate instruments were availablej the expar-
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imental design permltted of & new degrea of control; ard the pew experi-
imental pilet waa attacking the problem with intelligence and vigor., At
thia point, however, the foliowing events tramspired: war was declared;
members of the project staff were cslled to actlive duty; the Civilian
Pilot Training program wzs itemporarlily suspendsd; the CAA lnspector was
sent to another assignment; and the experimental sirplene was dsmolished
by the collapse of the hangar durlng a snowstorm,

Accompliphments. These conditicns produced handicaps
which will be readily appireclated, Where modification was poasible,
however, the sttempt at resolution of the above difficulties wae made.
A plans, similar in typs to the destroyed Ccb coups, was rented; a new
pilot was hired to replsce the CAA inapector; and when the Civilien
Filot Training progrem re-cpensd runs were obtalned on as many studente
as possible, although there was ccnsidersble attrition as experimental
subjects began to enter the military services.

By the means noted above, at least cne record aplece was obtalned
for each of 29 students befors tne lmst remalning research director was
summoned to active duty. Each flight conslasted, as noted above, of four
take-offs and landings, four series of steep turns, and one simuleted
emergency. After esch flight the instructor wrote a parasgraph descrlb-
ing the £light, including specific somments on the apparent tenseness of
the atudent, his flight aptitude, and the errors he made during the test
filgbt., He also rated ezch atudent irn comparison with othera as to gen-
eral flylng ablility.

3, Besouse of the unfortuncte occurrences noted avove, the
results to be presented for this phase are not complete. The gaps in the
ovidence and in the analysis of resnlis will be obvious, The authors of
the report, however, feel that 1t 1s better to present a report that 1s
‘incomplete than to Jettison materisls which may be potentinlly significant
for further research in this area. Specific dats sre shown where poslitive
outcomas are to be mentioned., However, the authora have felt free to men-
tion indifferemt outcomes or uncubstentiated trends without preaenting :
data which, because of statistical unreligbility, add nothing to the find-

mgﬂo

1. Covarjabildty of Indicator Scorsg with Inmstructor Ratipgs. The
war caused Iincompletion of flight courses and failure to complete the ex-
perimental design. As far as the date go, however, there is no evidence
of any significent covariability of any of the Indicator scores as against
the ratings on flight competence or the ratinga on tenseness assigned by
the instructors. This statement cannot in eny way be regarded as final,
It cen properly be accepted as Indicating that bodlily imvolvements, as
measured in this atudy, quite probably cannot be expscted to vary pre-
dictably with the flight rating essigned by the instructor. Even if such
ratings had not been ahown by later reaearch to be very low in reliabllity,
the findings of Phase 4 of thls research would l1sad one to anticipate that
this result wes inevitable.
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P ' ga. Sufficient
data were available to permit tbe calculntion of analynis of variance for
myo-voltmeter scores during landings. The results of the analysis, indi-
cating the sourcea of variation in myo-voltmeter scores, are shown in
Table 6.

TABLE 6
ARALYSIS OF VARIARCE OF MYD-VOLTWETER READTNRGS DURING LARDIRGS

Source of Variatiop df Sum of Squares Mean Square p value
Total (L 135.70 1.72
Botween individuals 19 111.90 5.89 {01
Between flights 3 5.28 1.7 ( 0l
Interaection 57 18.52 .33

The above data give statistically significant indication that the
major source of variability in myo-volimeter scores is that of inter-indl-
vidual variation. This 1s encovrsging for future reasearch, It s also
noteworthy thet, slthough variability from £flight to flight is not a heavy
contributor to over-all varlability, its contribution is significant. It
should also be noted.that the conditiona of research employed reaulted in
a very small residuum of effects attributable to experimental error {inter-
- action). In sum, the above data are taken to indicate that muascular activ-
ity, as indicated by myo-voltmeter reedings from & specific muscle group,
varies reliebly between individuels and between flights Ly the same iIndi-
vidusl, The measurement thus shcws promise for use in later researches on
mugcular levels of activity in flight training.

3. Influences on Pegpiration during Certain Mspeuverg. It was pos-
»ible also to carry out sn anslysis of variance for pneumographic record-

ings mafte during the four btasle maneuvers, Tho resulting data are shown
in Table 7.

TABLE %

ANALTSTS OF VARTANCE FOR PWEUMOGRAPHIC RECORDINGS
DIRIAG STANDARD MAREUVERS

Source of Variatlon df Sum of Squares Megn Square p valus
Total 319 7413.22 23,24,
Individuals 15 562447 374.96 {0
Flights 3 16,36 5.45 .05
Yaneuvers 4 512,30 128.07 .01
Indiv, x flts, 45 356.99 7.92 4,01
Indiv. x maneuv. 60 401.70 6,69 £.01
Flt. x maneuv, 12 68.70 5,71 {01
Indiv, x £1t. x ,

maneuy. 120 433.50 2.41

A

et 1B ke

Tem §E

e

R B

-
B ST

. PnaS ar
[T S Pl I}



In the case of the pnetnogrephic recerdiags, inler-incividual var-
;@ﬂﬁywﬂnﬂm@omaaaM@bs@mﬁ%ﬂcmﬂﬁﬁmtnww&ﬂ
varisbility in score, Meneuvers sgre also of marked influencsy end a 1e-
viow of the meana for tls svreral ueneuvers shows that take-offs zud
landings are ascexpenied by the larper lucre=sse in the rate of reaplis-
tion, In all, it is notewerthy that, beczuse of the spell eomtribullcus
from other sources, one could do s ressonably sccurate Job of predinting
pnewmegraphlc score, glven only the individual's "normal® respiretion
rate and the name of the maneuaver to be perfornmsd, Here ia apparently
sn indicator worthy of future study.ls '

L. Other Evaluationg of the Findings., Soms evidence appeared “.o
indicate thet certaln stvdents mey be idsuntifleble as "stickwen™ and
others as "ruddermen.® That ia to s2y, some consistently showed grip
tension but no rudder tersion while others reversed this situatlon,
There was no evidence of the existence of "take-off men" end "landing
men,® as regards tepsion recrrdings. There seemed to be, vather, a bi-
nodal distribution, with some showlrng 3igns of excess muscular output on
both take-off and landing, while another group showed little involvement
on either maneuver, Also, there was a consistent and general tendercy
for heart rate an® respiretion rate to incresse on teke-off; and there
were slgns of partiel siaptaticn in this az training progressed. Heaxt
rete alasoc tended to show an incresse on landing,

The main cutcome of this truncated phase of the experiment was its
indicaiion that the Inatructor appeared to bs unaware of the relative
emount of excess bodily invelvement shown by his students duvring e trsin-
“ing £1llght, The small residuum of the original resesrch staff was thus
faced with a situation which might bs plrased thua:

"When an instructor stetes that a student wes tense during
an ingtructional flight, he elther does not know what he is
talking sbout, or he 1g talking sbout some syndrome of which
excess aomatic involvement 1s not a necessary anéd Invariable
constituent .

In the fece of this situation, the remaining investigators were
brought to a stage of research which, for investlgators less nalve or
better forewarned, should actually have besn the starting place for the
whole research progrem., This was slmpiy to go directly to the instructors
to see if they, on direct interrogetion, could tell us whet they meant whem
they spoke of a student as being tenss, " In effoet, an attempt was to be
mede to obtain from the instructora a redefinition of the tasic problem.
Having falled significantly ourselves in translating a layman's atatement
into a technological research questlon, we were forced to ask the imstruc~
tora to attempt to make the tranalation. This is reported as Phase 4 of
this project.

141t ghould be mentioned, however, that breathing pattern has been
- given attentlon by inveatigatorn. See: Nielson, J. M., and Roth, P,

Clinical spirography. Archives of Intermgl Medicine, 1928, 43, p. 132.



FOURTA LYPERIMENTAL PEASE
Ths Juestionnalre Approach

As statad in the section describing Phase 3, there was resson to be-
lieve that the iiistructor whe dascribed s student as tense was referring
to eomelhing over ard bsyond musculer tensenvsa. If 1t were a fast that
tenslon t¢ tae instructor wes & ayndroume of vhich musoular tenseness was
not a pscessary and invarviable part, the experimanters hoped that dilrect
inquiry, addreszed Lo a group of instructors, might reveal the trus stats
of affalrs. Such an inquiry, at sny rate, was plainly prerequislte to
gny further invesstigation ip this arsa.

Informel imguiry. among instructors served only to strengthen the be-
lisf that tension meanu many things to many men, Jne instruetor; for
example, ntated spentanecnsly that one of the investigators had been tense
in the course of & particulsar tralning flight, Asked what he meant by the
statement, he repiied: ™Ch, hi: muscles weren't tense at all; ha was juast
trying too hard,® Hore was ona insvructor, st lesst, who was defining
tension in a way that was sbarply aft variance with tne dsfinition presumed
in this resenrch, Informal quentloning of other ipatructors added to the
convlction tihat ad least tour «<r five major cetegories of behavior were
actually belng cwepl vp tepethey under the term tension, It appeared also
to be true that scme Instiuetores regarded tension us & cause, others as an
effect. And it aes ncted trat aore were applylpg it to symptomsz that were
directly obsarvable, while cthars used 't only to describe some generality
that k=d to be infeirred mnd was rot in ‘tsolf observable in student behav-
ior,

It was dseide? to epproseh the taszic problem of definitlon througk a
set of goneral ~uostlona, eueh of which woe to be followed up by such fur-
ther inquiries o, the asecrslon rignt seen to demerd. The five fundarentsl
guesticns which woere to Yo agied of all respondent instructors, were as
followa:

1. Have yoi ever Instrunied gtuderts wbo you thought were tense?
2. OBpeeiflizally, what scris of things did these students do that
- made you beliove they weve terzo? How dida you know they mare

teraa?

3. ¥®hsl, In your experlense, zre the different #uys in whioch a
shulent w0 he tonze?

he Do you =ver eauploy say xathod for the mmrpess of testing whethar
©oer wdt o o:nudent g teng-t IF so, what is tka mathod?

5. If a2 sinfent o sevsn, whal af fuet Joos this Lave on hia 21lying?
The wording 0 Thase quoallons «:3 gozsiimey varled o moet & spocific

setting. Yoo purpese o7 The quagiinns, 1t mest e undersiocd, wes nnt o
ekhlein a peatiy tabudsted weviem of estagerinel replivcs; they werso iateadad



or the other hand, to make s qualitailve expioraiicn in a fisld in which
little was known. It wag regarded as more lmportont to aveld influencing
the free responac of the lnstructorsz than it wae to he sure that given
reply would fit accurately into any pre-existing theoretlcal structure of
replies,

This flexible exploratery uce of questions hes, perhaps, reached ite
most e’fective development at.the hapds of Lazarafeld and his co-workers.
In essence, 1t coneists of asklprg a pre-arranged questlon of a1l respond-
ents, and then of following up by varisble questlons until the respondent
hes given a significent ant unamdiguous responce to the haslec guestion.

An eyample may belp 4o make this clear. Under Question 2, the in-
structor is asked to state how he knowa when a student is tense. Thie
question was put to all respondemt justructora. One instructor replied:
"¥ell, it!s easy to tell when a atudent is tenase; he is all tightened up."
The reply as it stends mecans little or nolbing, To obtain insight into
shat the instructcr meant by "all tightened up,” it was necesesary for the
interviewer to go fwrther and ask, as a follow-up, how the lnstructor knew
that the atudent was "tightened up."” Re could drop the 1line of lnquiry
when the instructor stated that this "tightening up®™ took the foirm of
hunched shoulders, feet braced against the rudder pedals, ste, Without
asking leading questions, the interviewer hed led the respondent from a
vague and ambiguous enswer in gensral terms to & speclfiec, observable, and
unambiguous deseripticn of behavior.

In sum, flexibility in questioning was permitied so that all respond-
ents might be led to answer in terme of something dlrsctly observable,
rather than of somathing inferred or, indeed, merely named. They were led
to neme effects, rather than presumed ceuses of these effacts, While the
effort did not alwaye moet with success, the gemaral outcome of this mode
of inquiry was in the form of a llat of gspecific typea of behavior which
could be direetly cbserved and which could, ancordingly, be subjected to
inveatigation and verificetion st some later date.

Before turning to the results, it will be well to make note of certaln
shortcomings in thia method. The outstanding weskneas of this approach is
that, lecking a full recording of the originel response of each instructor,
soxe naterial was certainly lost in reducing his replles to notes on what
he saild, Rico,l in a classic atudy, has shown how unconscious bias may
enter to distort ron-verbatim notea by fitting them into castegories col-
ored by the tacit presuppositions of the interviewer. There 1s little
reason to doubt that both loss and distortion cceurred in reproduolng
briefly the replies of those who wers gquestioned,

Further violence j& done to the original results when they are grouped
into categories for intelligibllity in anslyzing the responsea. Thus we
have employed a category "reslstance to paasive movement of the controls.®

15Rice, S, A. Contaglous bies in the interview. Amer. J, Soolol.,
1929, 35, pp. 420~423.



Under this category come a variety of original responsea, Omne instructor,
for example, replies thet he notices resistance when he takes over the
controls. A second reports such resistence wken he instructs the student
to "follow through" on some maneuver performed by the instrucstor. A third
instructor notes that certain students resist his pressure on the stick
during turns, while a fourth reports that the student "rides the rudder®
againat the instructor's attempt to apply correction. These responses are
grouped beceuse they ocontain a supposedly common element in that a move-
ment made primarily by the instructor encounters resiatance undeairably
applied by the student. Grouping them together allows us to handle these
varied responses more effectively. Only later reseerth will show whether
we bave lost valusble raw materlsl by falllng to cbserve significant points
of difference which we have overshadowed by the fact of grouping,

. It my be apprapriate ‘bo begin our accomt of this :l.nquiry by
1isting the methods by which instructors sesk to lesrn whether a student is
to be described as tense at a given time. The instructors, under this ques-
tion, were asked to describe any metbode they used "for the purpose of test-
ing whether or not a student is tense.” It 15 a commentary on the general-
ity and ambiguity of the concept of "tensenecs™ to report that 33 of the 63
respondent instructors stated that they bad no specific test and that, in-
deed, the conditlion of tensenmess was so obvicus as to require no testing.
Those who employed a apecific test or tests supplied the information listed
below which indicgtes what they did while the student wss flying the plane:
12 of the instructors moved all controls to feel resisiance, 6 tested by
hand for pressure on rudder pedals, 5 noted the student's faclial expression,
posture, etc.; 3 tapped rudder pedals with feet to ocheck resistance, 3 ob-
gserved student's grip, 2 tested by hand for tension in rudder cables, and 1
gave the stwdent a difficult forced landing. Further irquiry suggested *
that this is not a representative list, sincs certain instructors who sald
they used no test meationed symptoms of tension which could have been deter-
mined only by one of the tests llsted above. It would be encouraging to
concinde that tension resided chiefly in the legs, 1f ome were to take in
all literalnesa the fact that at least a third of the entries have to do
with the rudder pedals and cables. The apparent significance of thia, how-
ever, ls reduced by the reflectlion that these cables and pedals lie close to
the instructor's hands end that the choise of this test may be enforced
chiefly by availability. The data at lemat contein a strong suggestion that
the term tension may have several different meanings, a suggestion which may
be verified by turning to the other four questlons which were posed to the
respondent lnstructors.

Occurrence of Tension (Question 1). Sixty-three Civilian Pilot Train-
ing instructors were ssked, in individual interviews, the questlon: "Have
you ever instructed students who you thought were tense?® Sixty-two gave
affirmative answers, The one remaining imgtructor gave a negative answer
but remarked that he had just taken over his first group of students, re-
celving them after they had already kad twenty hours of imstruetion.
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Some of the respondent instructors stated thst they had had one or
two tonse students) others stated that they expect all siudents to be
tense in the early stages of instruction. In gemeral, there was agree-
ment thet tension was commonplace during the firat hours of instruetion
but that it normally tended to disappear after a few instructional periods.
The replies indlcated thet the student who remained tense during the later

stages of training conastituted a real probles,

Symptoms of Tension (Question 2). The 62 instructors who had had
experience with tense students were next asked the question: "How did
you know they were tense?" Freguently this was put in the longer form of
asking what specific sorts of things these students did that would lead
an instructor to deseribe them as tense, Each respondent was encouraged
to name as many symptoms of tension as he could. In all, there were 212
synptoms named by the 63 respondents., These overlapped frequently, as
instructors tended often to neme the same or similar symptoms. It appears
possible to group all of these responses under 29 besic categories, which
are given in order of frequency of mention in Tablse B..

 TABIE 8
INSTROCTORS! STATEMENTS ON SYMPTOMS OF TENSION

E

1. Resistence to passive movement of controls
2, Jerky or abrupt control movement
3. Exceaslve persplration
4. Tight grip on stick
5. Staring at fixed point
6. Tense facial expression (darting eyes, gritted teeth,eto,)
7. Stiff posture (hmmched shoulders, rigid arm, back,ete.)
8. Inability to absorb instruction
9. Poor coordination of controls
10. Overcontrolling
11, Leening sgainst bank
12. Slow, delayed resctions to stimmll
13, Unoertainty of actions
1., Hand tremor
15. Afirsickness
16, Poor plamning
17, Undercontrolling
18. Fatigue
19, Rervousness
20, Swiward, unnatural movements
21, Unwarranted error of performsnoe .
22, Overconcentration on one stimuius to exluslon of others
23, Hanglng onto support within airplane
2., Erratio performance
25, Loss of puscular control
26, Inpability to concentrate on anything
27. Holding breath
28, Hard breathing
29, Freeszing controla
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be necessary to check the relative frequenocies by having some later ressarcher

it should be notea that the above are free response entries. That ia
to say, all of the responses noted above were given apontaneously, It will

use the list above az & cheok list, Doubtless many of the respondsnts would
have readily accepted many of the above list, others than those they freely
named, 1 tha whole liat had been presented ss a stimulus to their memories.
The free responpe form is, however, a necessary starting place for any in-
vestigatior aince it has been shown that the premature use of incomplete
chack lists serves to distort the relative frequency of the responses ob~
tained.

Now that the basic categories of response have been shown, it is pos-
aible to attempt to gather these responses into larger groups. Such super-
ordinate groups, if they can be obtained, may point the way to the primary
definitions of tension as the term is used by the pllots interviewed in this

survey. Ones way of categorizing the responses is shown in Table 9.

TABLE 9
POSSTRLE GROUPINGS OF MAJOR SYMPTOMS OF TENSION

SYNPTOMS RELATED TO POOR FLYING PERFORMANCE

2. Jerky or abrupt control movements

9, Poor coordination of controls
10. Overcontrolling

12, Slow, delayed reactions to stimmli

17. TUndercontrolling .
20. Awkward, unnatural movesments :

21, Unwerranted performance errors

24. Erratic performance

SYMPTCNS RELATED TO EMOTIONAL -DISTURBANCE
3. Excessive perspiration .
11, Leaning against bank of alrplane
14. Hand tremor
15. Airsickness
13, RKervousness (including 6, tense facial upreuion)
23. Hanging on to rt ﬂthin airplane (also ponibly 29,
freezing controls : ~
27. Holding breath
28. Hard breathing

SYNPTOMS RELATED TO EXCESSIVE NUSCULAR OUTPUY

1. Resistance to passlive movements of controls
4. Tight grip on atick
7. Stiff posture

29. Freesing controls

SYMPTORS RELATED TO RESTRICTION OF FIELD OF ATTERTION

5. Staring at fixed point
22, Overconcentration on one ptimniuas to exclusion of others
26, Inability to concentrate on anything
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_ "TABIE 9 (Continned) -
L . POSSIBLE GROUPINGS OF MAJOR SYMPTOMS OF TENSION

_‘3 E. SYEPTOMS RELATED TO REDUCED CGHTH)L OF ACTIONS
. . 13. CUnoertainty of actions .

16, Poor plaoning
25, Losa of muscular contrel

F. SYMPTOMS RELATED TQ INHIBITION OF LEARNIRG
8. Inability to absorb instruction

e The reader may well dissgree with certain of the groupings listed
R above, The exmct gseignment of any given ltem, however, is not important
iy e at this time, What 1s important is the demonstration that instructors have
{gi . ' been shown to employ the term tension to describe a considerable variety of
£ symptoms, many of which appear to belong in categories which are not known
B to be directly related to any of the other categories. In otber words, in-
25 stead of finding that instructors mean increased muscular output when they
52" speak of tension, we have found that they may mean emotional disturbance,
A or impoverished flight performance, or restricted attenticm, or reduced son-
g trol of action, or inhibition of progress in learping. And there is real

el reason to suspect that the list of alternative munings for the term tension
A is not yet complete. ,

“éav ! ‘) ) A partlsl ver-
) iriaatian of the reault.s reported ahavo ay be obtaimd by turning to the
@< 1 answers to our fifth question. This guestion asked: "If a studant is tense,
A0 what effects does this have on his flying?™ Since this guestion 1s closely
L P (and deliberately) interlocked with Question 2, the materials obtained under
T it should, to a very considersbls degres, be capable of being arranged under
IS the major categories listed for the earlier question, Table 10 shows the
N results of attempting such an arrangement.

¥hile the reader may again disagree with the placing of oartain of the
items in Table 10, it is noteworthy that all of the responses given in answer
to Questlon 5 can be subsumed under the general definitions and categories
obtalned with Question 2. This result serves further to substantiate the
conclusion that there are at least a half dozen different :eanings of the
tern tension as 1t is used ty ipstructors.

. ; Phys : i Further light on these basic
e nea.ningn of ths term tensian became lvu.ilable as we sought to determine from
P the Instruotors themselves whetber they were aware of uaing the term 1ln gquite

differsnt settings. The question originally asked was: "ghnt in your exper-
ience, are the different ways in which a student ear be tam?“ The question
proved to be highly amblguous in tha®t form, and we were presently constrained

o
¥

'-1"'{. e et

I to substitute the more specific inguiry: "Fould you use the word temse to de-
v acribe a student even though his muscles weye actually relaxed?®
& - . o



TABLE 10
STATEMENTS REGARDING MAJOR EXFECTS OF TENSIOHR

A. EFFECTS IN TERMS OF POOR FLYING PERFOMMARCE
1. Poor coordimstion (20)*
2. Wechanical f1 (20}
3. Hhough flying (16
4, Erratiz flying (5)
5. Under or overcentrolling (4)
6. Poor performence {1)

B. EFFECTS IR TERMS OF EMOTIONAL DISTURBARCE
1. I11 at emse (2)
2. Lack of enthusiasm (1)

C. EFFECTS IN TERMS OF EXCESSIVE MUSCULAR TOWICITY
1. Rough flying (16}
2, Over and undercontrolling (4)
3, Fatigue (2)

D. EFFECTS RELATED TO RESTRICTION OF FIELD OF ATTERTION
i. Restriction of perceptusl field (3)
2. Spolls "fesl® (15)
3. Spoils "spead sename™ {3)
4. Destroys orlentation (1)

E. EFFECTS RELATED 0 FEDCED CONTROL OF ACTIONS
1. Toor plamning (7)
2. Poor judgnment (&)

%. Slow muaculsr or mental reaction {10}

4. Tack of precision {3)

5, Llarge atimulus neaded to elieit responae (1)

F. EFFECTS RELATED 10 INHIBITION OF LEARNIRG
1. Slows lesarning (25)

“*Mumbers in parentheses show actual frequency of mention,

Thirty-three imatructors 1nsisted that they would use the temm tension
only to deseribe a student whose rusoles ware tense, but the other 29 in-
structors statsd that tension might be slther mental or phyailcal or both,
Furtber inquiry revesled that mental tension was used by them to dessribe
the behavior of studente under any of the five other major categoriss of
tenslon listed in Table 9. In other words, thers is to be foumd here
further confirmation for the idea that instructors uged the word tension
to describe a great many reactions which are not necessarily accompanied
by any marked incregse in the tonicity of the students® rmsealature,
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A further check served to emggest that the difference between the
two groups of instructors {thoae who spoks only of physiocml tenaion and
those who stated that temsion might be physical and/or mental) was more
apparent than real. It will be recailed that all instructora had listed
the symptoms of tension before ihey angwared Question 3. This made 1t pos-
8ible tc compare the frequency with which they had named the various symp-
tons, If there were an egsentiel difference, we should expect to find the
"physical tension" inatrustors giving l3ats of symptoms that were widely
different from those listed by the "mental tension" instructors. In point
of fact, however, the llats given by the two groups do not show asignificant
differences. The p value is .52 when & contingenoy teble (2 x 17) 1s con-
structed to compare the frequency with wbich the 17 most common reasons are
listed by the two groupa. ) '

The fect that these two grovps of inetructors list the sames symptomas
for tension, despite a presumed difference in the definition they would
nssign to the term, 1ls taken to be quite significant, Taken with our other
evidence, it appears to mean thet the conespt of tension is part of the
folklore of aviation training -~ a social inheritenee of each new instruc-
tor. He makes contact with the term before he makes contact with students,
He approaches the student with & vague awareneas that the student nsy be
tense and that temsion ias hostile to progress in learping to fly. He has
a ready-nzde iLerm to apply to a wilde variety of adverse influencea be finds
at work with his atudents. The agreement between the two groups of inatruc-~
tors points 4o the comeunity of experience of flight instructors; =nd the
length of the list of symptoms suggesta that almost any adverse character-
istic of student hehavior mey soconer or later be deseribed either as tense-
ness or as a result of tensenesa, Ferhaps the wide use of the term tension
is to be explained on the psychological grounds that the word temse and 1ts
derivatives is more ecceptable than the words fright, scare, nervous, ete.
To ssy to a man, "You are frightened,” secems more dorogatory than to say
"You are tense."

For the instructor, them, tension is not a spseific descriptive con-
cept; it is an explanatory concept. As such, it 1s not to be tied down to
any specific phenomeiton but ie used with facility, and acceptance, to ex-
plain such pbhenomens 28 mey be cbserved. It may well be that *he most sig-
nificant practical cutcoms of the resesrches herswith reported will be to
emphagize the danger that inheres in the unrestricted use of thiz term.
That danger may be stated about as follows:

The folklore of avistion traininz provides the instructor with
agsurance that tense students do not ordinarlily become good pilote.
When an instructor encounters adverse characteristies in the flight
perforgance of e given stwient, he may choose to deacribe the stu-
dent as tense. If administrators accept thie statement at face
valus, they may be willing to eliminate the stuvdent without further
inquiry, basing their action on the folklore stated above. If auch
sdministretora can, however, be made to understand that the word

XN
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tenslion may rafer to & wide varlisty of obesrved or inferred
characteristica, they may feel conztrained %o inquire further
as to the nature of e glven siudent's tenseness.

The espentie]l point is, of course, that remedial instruction can-
not be focused effectively ageinst anything es vague as the ob-
servation that s particuler student is terge. Such an observa-
tion doss npothing more than indlcate that remedlal iInstruotion is
desirable; it feils cowpletely to suggest the nature of the remedy
thet is required.

To be specific, if tenseness means thet a given studeut is “try-
ing too hard," then his instructor must caek out the source of
thls apparent over-tompensation, with considerable care not to
cause any excessive reduction in motivation. If tengeness refers
to fesr reactions, on the other hend, remedial instruction must

be based on insight into the etiology of the specific fear in
question, And if the tensersss turms out to be a matter of hyper-
motility, ths esarch for prediaposing cauass and therapy vwill tuen
in quite & different direction.

In fine, remedial instrurtion csn be expested to reach effective
levels only i1f 1t is directed at the control of specific behavior
petterns, rether than at a symptom complex which 1s roughly labeled
as tenaenass, \

Summary. Direct inquiry has shown that the term temeion means many
things to many men. Only further investigation will show which of these
uses of the term refer to highly lntercorrelsted phenomena and whish to
types of behavior which are loosely related or unralated. Meanwhile, the
undefined term will rémain in the vocabulary of the instruztor ae a poten-
tial iphibitor of maximom profit from £light treining.

Since it does not appear possible to undertake the semantic re-educa-
tion of thousands of instructors who alresdy over use the term, the prac-
ticel implication of these findings may be simply stated. They are taken
to mean that all possible steps should be taken to focus the attention of
instructors vpon primary behavicral meladjustments in flight tralning ra-
ther than upon such sacondary, derived, explamatory concepte ss that of .
toension. Stepe in this direction have slready been taken by ellminating
the term tension altogether from certair tralning record forma, The suc-
cess of these modified forms in the field suggests that instructors are
willing to use the types of entrles like those given in Tsble 9, if made
available, TUnless and until a detailed study of the intercorrelations
among these many items can be carried through, it would appear that flignt
training has mich to gain und 1ittle to lose by the adoption of forms which
exploy direct dessriptive, rather than derived explanatory, items.
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APPERDIX A

4 SUBSIDIARY STUDY TO THE MARYLARD TENSIOR PROJECT

INTRODUGTICHN

The fact that "flight enalyzers" were to be employed in the Tenalon
Project at the Univeraity of Maryland seemed to offer an oppc~tunity for
the study of the usefulness of these lnetruments in providing objective
data as to flight competence, The iwo beslic instrvments, it may be sald,
hed been represented by the menufasturers (to the Committes) as giving
specific, recordable information from which "the sttitude and performance”
of an airplane might be inferred, Since they were to be used ‘as presump-
tive sources of criterlon data in conmmsction with the study of temsion, it
geomed desirsble to carry out edditionsl trestment of the dsta to appreise
them as indicators of how well 2 given meneuver was in fact performed. An
allotment of funds was granted and the projact was carried on ap gubsldiary
to the Tension FProject,

The most signifiecant outcome of this subsidiary project was the colle-
tion of detailed information based on fleld experience, on the Fries record-
ers. This :I.nformlzmna andded to similarly obtained data on these and other
£light recordors,’® provided the Commities with the background necessary for
developing its own, and improwed, flight recorder.l?

Beyond that, the subsidlary project made certain sxplorations whish are
reported herewith. None of them can be regardad as fingl. They are made a
matter of record primarily in the interest of future inveatigetors who may
have cccasion to conduct reasearches in thia genersl area., Suech inveatiga-
tors will, of course, enter upon their ressarcheg with the realisation that

168RC Committee on Selection and Training of Aireraft Pilots, Part II,
Op, ¢lt.

Kellogg, W. N. The use of sutoratie recording in analyzing the pro- .

« September 19:0. Progresa report in the files of
the Committee on Selection and Tralning of Aireraft Pilots.

McFarland, R, A., and Bolway, A. H. The meagurement of flight per-
formance in relgt;gg to piloting., HMarch 1942. Progreas report in the files
of the Committee on Selection and Training of Aircraft Pllots.

Viteles, M. S., snd Backstrom, D., Jr. An als o g -

Fukely by _me 3 Re o)

Washington D. od CAA Division of Research Report No. 23, Novvmber 1943,
Viteles, M, S., and Backstrom, 0., Jr. An analzgig ; ggagh;c reg-

IT. A Pinal unpublished report in the files of the Commitiee on Qo rork
and Treining of Aircraft Pllots,

I Muckay, W. The ds I : Fligk
Washington, D, C,: CAA Diviaion of Research Report Yo, 35, Saptembar 1944
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no mechanical {or photographie) recorder can mupply more than a par-
tial criterion of flight sompetence. The authors of this repmt

have had consldersble oppurtunity to realisze that maneaver-doing {upon
which alone any recording device can glve informetion) is only one phase
of plloting. The whole matter of wnai we myy call ®eir wisdom® 13 not
represented on any mecharicel or photographie rscord. Neither are such
important areas as perteptual adequecy snd emotional gtability to be
foumd in the Inklines traced by any recorder. TYet thesa characteriaties,
and certaln others, are justifiably of conaiderable importsnce in the
over-all appralszal of pllet competence.

To be specifle, an sdeguetes recorder might show that an approach
pattern was smoothly and coordinately fulfilled. The recorder will not
show, however, whether the pattern was carried out in compllence with
Civil Alr Reguletions, shether undue denger to other alreraft was in~
volved, whather tae fleld selacted for the lending was appropriata and
whethsr the pllot wsa on the verge of emotionsl eoliapas.

In sum, ths best mechanical racorder 1s not a subwtitute for appreisal
by an expert. Oanly the falllble hmar instiructor can attempt to lntegrate
all of the msepects of good pilotling. 7The psychologlst oan, however, btut-
tress that eppraisal by supplying moro objactive sidz to final judgment,

An sndequate flight anslyser ia appropriately one of these alds, Soch s
device as tha Ohlio State Inventory is another. The Armed Sarvices have
developed other gids, not as avbstitutes for human appraisale, but simply
as alds toward the improvemsnt of thsse agpraisals.

DESCRIPTION OF THE STUDY

1. Insﬁ;gggnjgn The two instruments svallable were Frlez Flight
Apalyzer Type &44, recording alrspeed, altitude, and vertigal scselera-
tion; and Friez Flight Anslyzer Type 643, knoun as the Control Cable Re-
corder, recording the movement of the cebler to the three control surfaces
cf the airplane, visz., the rudder, the allerons, znd the elevator. Records
from these two lnstruments were obtalned on three groups of Civillian Pllot
Training atudents at the University of Marylend. Esch group originzlly
contalined 10 students; 29 of these completed thes courus., Ths flrst group
took flight training in the spring of 19405 the second, 1r the fall of
1940; end third, in the spring of 194i.

2. Nupber of Recordsg Avallgble for fpslysis. 4t the time this study
was propoaed records on esch of ths daily flighta tha students nade through-
out the training course wers to be obtaired. This could not be accomplished
in full, however, primarily because the nature of the training syllabus and .
the time allowédd for its completion caussd the lngtrustor to be rushed in
giving the students the required flying time. Thils msant that all the °
flights were not made in the plare in which the instruments were mounted
end also that the instruments couvld not be repaired lmmedistaly when found
not to be in proper working omxler. '
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The fallowing table gives the mmber of usable records by groups
for each instrument

TABLE 11
RECORDS AVAILABLE FOR ANALYSIS FROM FACH INSTRUMENT
Flight Analyzer Control Cable

—Type 64f = __Recorder
lst Group n8 91*
2nd Group 154 154
3rd Group _ S 183 143

#The Control Cable Recorder was not delivered until May 1,
1940, and the group started flylng in February, 1940.

1

ANALYSIS OF RECORDS

af Ol rzerg. The records obtained on
Flight Analyzer Type 644 were used primarily as an ald Iin identifying maneu~
vers during flight. Detalled information about airspeed and altitude during
meneuvers was consldered easential, Such Information is particulsarly desir-
able whsra proper performance of the mansuver includes holdlng a constant
airapeed or altitude,

The records obtained on thess two varisbles as the ipnstrument was orig-
inally dellvered, however, could not be read accurstely. Small changes in
airspeed and altitude could not be detected at sll. The airspeed unit, for
example, was designed to record speeds of from L0 to 200 miles per hour in
a two-inch scale. The airplane used in this study hed a larding speed of
about 35 miles per hour and seldom excesded 75 miles per hour in training
flights around the field,

On May 14, 1940, an improvemsnt was made in the alrspeed uwnit which
made it possible to obtain finer readings. The improvement involved the
addition of ‘a Venturl tube to the static outlet of the airspeed vmit, This
booated the excuralon of the pen so that full scale exeursion covered speeds
~ from well bolow the landing speed of the alrplane to approximately 120 miles

per hour. The calibration of this unit after the change had been made was
necessarily rough becmuse of lack of local fagilitlez for making more exmct
calibrationa,

The altimeter unlt in the Frinz instrumemt was slso 111 adapted to our
needs. It had been designed for use in alrereft having a considerable range
of altitude; and It did not lend itself readlily to accurste analyses of
graphic records representing training flights in e Fiper Cub airplene,
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The third unit gave an irdicallion of vertiecal asceleration. As suech
it was useful primarily for showing when the pstih teken by the alrplane
involved slgnifleant departures fron the uaiform accelsration of siraight
and lsvel flight.

The Control Cable Recorder geve & dirted reecrd of the actual uove-
menis of the rudder podals and stisk. Recvords wore taken on the two in-
atruments simuitanecusly alth chart spoeds in both set at 1-1/2 inches per
rnioute., Both employed ink-writing polizgraphs vntil September, 1940, at
¥hich tims the Confirol Cable Hecorcder was changed to a wax papsr recorder
to get away from the ink peas whick ofter falled tc write during flighte.
Thls was believed at the iime {o b2 &n improvement,

"he two ingtruments provided (1) records of three aspects of the per-
fornanse of the airplens, i.s,, alrspeed; altlinds, and vertical accelerh-
ion; end (2) records of the zcntrol movements.

RESULTS

The outgtanding Tact learned frop the u3se of these Instruments was
that very few mancuvers {of the sort employed in primary tralning) conld
be relisbly identified from the recorda, Steep turns could be identified,
for example, but shallow turns defiritely could not. Varicus approaches
to tne analysle of the records laft the suthors with cply the following
ransuvers for use as potentlal erilerion data; teakiy-offs, landings, and
steep cights.

Two other shortecomings should he noted. It was found thst the instrue-
tor could not be depended upon to sipnzl the stert aasd end of a maneuver.
At times no signal at all wonld bs meda, apparsntly due to the instrustor's
bezoming preccocupled with his primary =lselon., At other times the moment
of entry indicated by ths inmstructsr was plainly reguted by the more ob-
Jective data of airspeed, altitude, cr vertical accelerstion,

To the lack of reliable signale from the Instrustor wust be added the
difficulty in complete and gatlsfactory synchronlzeticon of the tro records.
These two influencea, ir concers, meds it difficult c»r impossible to iden-
tify sharply the beginning and end of most of the gentle maneuvers to be

founé 1n primary training.

There is no nsed here tuv comeent et length on the criterion inst
vhich these objestive data were to be chacked. Otlher publlestions'® of
this Committee heve dwelt in detail with the generally low reliability end
questlonable wvalldity of Instructeyr Juidgments. Such Judgments are, how-
svar, stlll the ordinary bmsls for administrative scilon in the Armed Serv-

38johngon, H. K., and Boots, ¥. L. Op. cit.
Kelly, E, L., and Ewart, E, 3. A preliminary study of certain pre-
dictors of pus:esg iz the Clvilien Piled Treinips Progrgdt. Tlashington,
D. €.z CAL Diviglon cf Resecrch, Report No Y7, Deceunber 1942,




ices and in oivlilian aviation. As in the tenslon study, we were forced
here to acoept the judgment of the instrustor. To bring thls dubious
criterion to as good a level as was then poaseible, -we hed each Ilnstrue-
tor go through a paired comparizon procedure for his group of ten students.
The outcome of the paired comparison was then used to rank the students
according to thelr presumptive level of £light competence.

1. Take-offs, Conferemess with instructors suggested that there
might be etriking differences in the manner in which the elevator controls
were handled during the take-cff. According to the preseribed procedurs,
the atick was to be brouzht back emoothly as the plemne approached adequate
airspesd on the ground, brought forwerd elightly to level off when air-
borne, and then again brought smoothly beck to the position malntaired
during the climb, The instructors suggested that, while we should find
our best students doing this, we might expect to f£ind the poorest students
Spumping back and forth" on the stick as they fumbled for edequate posi-
tioning of the elevatora,

Accordingly, procedures wsre esteblished for counting all regressive
movements of the elevator control durlng teke-off, regressive movement be-
ing defined as any movement contrary to the genersl trend of control move-
ment. For all tske-cffs, the regressive wovements were corvnted within a
12-gecond period termiuating at a point where a elimbing attitude waes def-
initely assumed, a point readlly identiflable in the records. The record
thus included take-off run and initial elrborpe handling of the contreols,

While our conferences with instructors had not led us neocessarily {c
presume any over-all relationehip retween repressive movements and perform-
ancs In take-off, thsy had led to the btelief that, at the very leaat, our
best and cur poorest performers would be differentiasted in this regard.
Inspsction of the dsta for all 26 avellebls students felled completely to
show any conelstent trend in the relatlonshlip btetween thess two wvarlables,
Table 12 presents a comparison of the tro highest rated and two lowest
rated students for whom records were avallzble in each of the three groups.

There is nothing ip these dats to suggest that the studenta neamed as
best by the instructor will be differentiated from those nemed as worst in
terma of number of regresalve movements in hundling the slevefor zomirol
during take-offs.

2. Lardlogs. Discussion of technique in landings ag=in brought
forth the cpinion that the best students wounld show e smooth bringing bsack
of the stlck, with the poorest studerts handling this control ir a tente~
tive, trial-and-error fashion, Accordingly, a study was made of regresszive
movements of the elevetor control durlng larndings.

In this case, a regressive movenmsut wag dofined as eny movement con~
trary to the expected trend during a 30-cecond pericd teérminating when the
alrplene first touched the ground. The appropriste computations were made
for all avallable flights. ¥The basic data are shown in Table 13, It will
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TAELE 12

AN BUMBEE OF REGHESSIVE MOVEMFNYS ff STICK YN TAKE-OFFS
AND TARDINGS TOR TEFE TWO BEST ARD TWC PDOREST
STUDEFTS [# ZACH GROWP

Ramher of Hoan Number of
Group Student Recorded lendings lHegrassive Wovements

I High &* ] 5w A
High E 23 2.52

iow B 35 1.40

Low I 34 2 62

I1 High A 31 2.45
Bigh B 59 : 2.93,

Low B 35 3.29

Low 1 iz 2.73

111 Figh & 9 3.89
Higr B 5% 3.76

Lew 1 65 4ol2

LOH J 59 3081

#In Group I the 1st and 2nd students are sctusliy the 3rd and ith
in the rank ordsr for thls group. No data are available for the
two rated 1st and 2nd beceuse they finlshed training before the
Control Cabls Recorder wes dellvered., Ipr Group II, records are
pot availgblas for one early washout,

TALLE 123

HEAN RUMBER OF ABGRESSIVE MOVEMEWIS OF CONTEOL 7N LAADIKGS
FOR THE WO BEST ARD TWO POOREST STUDENTS IR EACE GROUP

dean NumbLer of Regreseslve Kovemenis

Group Student Al)l Flights ot 3 Fiights Lasg 3 Flights

I  Eigh A 4.8 8,4 4.8
High B 5.4 .2 é.0
Tlow I 5.0 £, 4.9
Low J 2.7 o 2 4.0
II  FHigh & 6.5 7.7 5,0
High B 7.1 5.9 9.0
Low H 7.0 6.7 8.0
Low I 6.2 47 6,9
IIT  Righ & 8.2 8.8 -
gigh B 8.3 7.6 8.8
Low 1 T4 7o A
Low J 7.1 504 9.0



bs noted that the data are subdivided for a comparison of the firsgt 3 and S
last 3 flights, to permit a check on the posaible cccurrence of differen-~ TR
tisls in learning effects. _ Ly

. Inspection of the data revealed no evidence of a significant trend.

In the case of tbe best and poorest palrs of students, shown above, there A
is nothing to suggeet that regressive movements of the elevator control ;
in landings will constitute a good index to the over-all rating assigned ?
by the instructor. %
: g

3. Airspeed in Tgke-offs and Climb. In order to check the hypothesis o

that poor students consistently climb at a steeper angle and &t slewer speeds e
immediately after take-~offs, analysis was made of the elrspeed record during o
thie period of flight. This could only bs done on the records taken after &
the Venturl tube was added to the alrespeed unit., For the firat group, such Rid
records were svailable only for the last few flighta of seven subjects.
All of the records taken cn the second and third group have the improved g
airapeed recording. The index used for this wes the number of A-second :g
intervala from the time the sirplane leaves the ground until the airspeed D%
reaches approxinately 55 miles per hour. In Table 14 these date are pre=- -y
sented in terms of the per cent of the total numbsr of take-offe in which ok
the sirspeed took more than the specified number of seconds to reach 55 miles :
per hour, Although there are diffcerences between the students on this varil- -y
able, there is no trend which would suggest relationship betwean this and o
flying sbility which holds for 211 thuree groups. ;é
TABLE 14 s

R4

THE NUMBER OF OCCASIONS THAT AIRSPEED TCOK AT LEAST THE i
DESIGNATED TIME TO FEACH 55 MPH POR THE TNO BEST AND -

O POORESY STUDENIS IK EACH GROUP 3

Group Student 8 gec. 12 gsez. 16 mec. 20 gec. No, of Take-offg a‘

I HighC 16 3 0 0 77 3

Bigh E 25 & 8 g 24 i

Low H 39 3i 22 20 40 &

‘ Low I 16 16 12 8 25
11 High A 82 47 23 11 17 4
High B 81 47 31 25 : r T

Tou B 75 56 36 32 25 i

Low I 78 68 58 53 41

111 High A 85 70 50 45 20 &
High B 95 87 80 80 60 N

Low I 68 42 33 29 69

Low J 63 49 35 35 59 1

9
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4. Steep B'm, Stesp &'s wore selected for -analysis becuuse they
contained a ssries of tumms, thus provlding a comparatively easily iden-
tifisd pattern. In the apalysis of turnoz in steep 8's, an attempt was
mede to get et coordinstion of contrnla. Tn all turns, according to the
CAA Ipatrvetor’e Manual, rulder avd allaron should be ~oordimsted. 4
mengurenent 37 how much either the rudder or alleron control led the cther
could not bs obtelned because the begimming or end of a control movement
leading to e twrn could not dbe detrrmined. A more subjective approach
wza made, however, by traclng tae rudder line and superimposing it over
the aileron line at the egulvelent time poasition. Using this procedure
the record was lnspected to determine the number of times there was no
ruider movemant accompanying an alleron movement and the number of times
the rudder moved 1n thsa oppssite directlon.

Each entry intc a turn and recovery from a turn was scored on thls
basis. It was either checked off as satisfactory or wes scored under one
of the two error categories juast deserilbed. Extraneous sovements which
did not fit into the patiern of the series of eights wore ignored., Each
student's acore was thus the percentage of the total number of entrles and
recoveries from turne in elghta inspscted in which there was no accompany-
ing movement or oppoelts movement as dafined above. Becatuse of the subjec~
tive way of scoring the turmns, the rscords were read at two different times
two weeks apart. The scores for mean readings for each stvdent are pre-
sented 1in Table 15. )

- The student rating poorest in this groop was changed to another group
before reaching the stage of trairing including steep 8's. The first two
students, as mentloned before, finished training before the Control Cable
Recorder was delivesred. Therefore the rank order in this tablz actually
runs from thied through ninth. Unfortunately (for this project at least),
steep 898 of the type which could he identified here (referred to as eights

TABLE 15

PERCENTAGE OF TURNS 1IN STEEP 8°'S IR WHICH CONTROLS
RERE KOT COORDINATED*

Per Cent Tncoordinated
' : Uma of Controls

Student | . 1n Steop 8" g**

RABEEra

*Ho records on Steep 8's availsble for 3 studenta.
**Percentage represents the sverage of two independent
‘resdings of record,

.
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on pylons to dlstinguish from eights arourd pylons which invelve more shal-
low turns) were aliminated from the treining ayllabus after the first group.
The shallow eights do not give & clear-cut pattern which can be ldentifiled
end no steep 8is are ava‘ladle in the recorde of the second and third group.
The data in Table 15 are showm eclely to suggest that this area warrants
further study.
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In gemeral, the gimpls relationsbips suggosted by conferences with
instructors #ere not supported by our recults. This may be dus to an
actual lack of relationship between these variebles and true flight compe-
tence, or it may be traceable largely to ihe incompeterce of the instrus-
tors in apgmlsing the over-all flight competence of their students, ILater
researches? mey confirm the hypotbesls that handling of the controls playe )
a smaller part ia the evalusilion of flight performance then inatructore T4
are Inclined to think. 1ke writsr of thls report suspects that they will, ‘

In the meantime, the Committee has set the stage for a repetition of the
experiment reported herewith, a repetition made potentiully azignificant hy
tbe svailsbility of Improved inatructor raiings and ean improved graphic
flight recorder. '
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198&1303_:;_‘ 3 ¥otg. Subsequent studles, invelving objeetive recording of
f1light performsnce, have demonstrated differsnces {in terms of indices de-
rived from enalysis of the rv.corils) tetween pllcts of varying degrees of
proficiency. W, K. Rellcgy, for exarpla, using en experimental grapble
recorder, found that the nruder of regresclve movements during landings of
beginning studenis was much gzrester than those of instruvetors (see: NRC
Committee on Selection and Traiving of Aireraft Pilots. The paychology of

. ion drnt dastroction. Bashington, D. C.: CAA Divi-
gion of Research, Report Fo. 16,, Jonru 1942). Viteles and Backstrom, in a

. study of the Redhed Flight Analyzer, founl characteristle differences of
both qualitative and ¢uant’ tative vaiure among pllots (ses: Viteleas, M, S.,
and Bacxetrom, C¢,, Jr., Purt I end Fary IL, op, ecit.;. The photographlic
method of recording hes yleided wimilar findings. Hotion photographs of . E
recording instrmwents have beon wralyzed both in teims of gqualltative and
quantitative iniices srd Lhave proven to be a valuable source of data for
the evaluatlon of pilot perfurmaccs, -particularly with respect to the
"akill elements” required for snecessfwi plloting (sse: Viteles, M. S.,
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and Thompgon, A. §. Tle vou of zbendand flights mnd potion photography ip -
ibe gnalygls of sircraff pllot vurformmgce. Washington, D. C,: CAA Divi- 4
sion of Reeesrch, Report Ko. 1%, 'iay 1445, Alse, Viteles, M. 3., and ! 5
Thompson, A. &. An_snalysis of photoprachic rescrds o ilot '

formgnce. Washington, D. C.: CAA Diviasion of Research, Report Fo., 31,
July 1944). :
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