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EDITORIAL FORSWORD

Approximately three years mago, the Commitiee on
Selsction and Training of dirgraft Fllots, in cooperation
with the U. S, Nary, undertook a large aoale ressarch
project using as subjescts the Naval Aviatilon Cadets of
the Naval Air Station, Pensacola, Florida. This project
was undertaken for the purposs of evaluating certain
predictors of achlevemsnt in flight training.

Among the wvarlables inveatlgated were those messursse
of physlologioal funotions whioch were thourht to have
snough “oclinical®™ valldity to warrant their use as pre=-
dictors of flight aptitude. With respect to these mesn-
ures, as predictors of suocess of fallure in flight
training, the investigation yielded =lmost completely
negative or inconcluaslve results.

The character of the findinge suggested the nesd
of a more intensive analysis of the wariables in terms
of relisbility and interrelationships. This report pre~
sants the result of such a statistioal analysis of one
auch complex varliable, namely, reapiration. Twenty=three
measurea cbtainable from the breathing rescord are dis-
cupsed and analyzed in the text.
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SUMMARY

Porhaps some of the moat debatsd questions in the seleoction znd training
of aireraft piloits are thoss cenceraned with whether the physialogiosl Tunotions
of the student pilot will predict his gucoess in flight training, To whot
axtent can flight aptitude be predicied from physiologionl Bessures? Caxn
pilots who fail 4in flight trainlng be differsntiated from those who pass on
the Yasie of their physiolopical funciisna? Ia pood pilot matarlal belng
wasted aimply for the resson that some applisants for flight training are ree
Jeoted salely bedsuse they do nol measure up to zrdiirarily or authoritatively
sstablished medicsl standards? 3Such questions rescur asgain and aguin in reporis

J of pilot studles.

Most of the snrller studies wera undertakan vith the vliee {0 providing .
an answer $o the ascond gusstion, The physiclogiesl memsures of flight ’
Tailures were ccmparsd with the sams msseures for all pilots or with groups
of sugceasful pillots, Thus far,; only nageiive or ingoncliusive findinps have
basp forthoomings fallures cannet bs differsntiated on the basia of thelr
modicnl resords. flowerar, thess investigstions have suffered {rom & laock
of informatlon ooncerning the physlologionl measurss thamselves. True, ns
they are now smpioyed, thege measures sre of little value in the prediction
of flight ectitude. But perhsps thir isdus to the fact that the moeasures
Lthempelves ars =zt fault. They mey be too anstabls to be of any pradictive
valuey they may be measutring the »rong wspedts of the physiosl functlions; otc.

Ancther, and perhaps more basic, attack on these questions is therefore
uoaded. The measuros themwelves need to Lo investigated before they are used
as prediotore. GSuch an attack on the problem will perhapw revesl the most ro-~
liable or dependable measures of She physiologicoal funotions and perhaps isolate
thone funotions which gan be most scouretely moeasurad. This repert presenis the
results of ons suoh study comserncd with an inteasive statistiorl snalysis of
ths breathing rsoords of student pilots. :

The graphle records of & pilot's breathing pressnt an over-all ploture of
his respiratory pattern. From such regords it 1s possible to scores hic respi-
ratory behavior im 23 diffsront ways, Hoesver, it 1z net i¢ be assumed that
all of thess 23 scores are measuring a dAifferent aspect of brsathing, nor is
1t prover to assume that nl) of thsse measures aura cqually dependabls. Only

a thorough going statistioal snalysis will provide the necedsary infermation
on thoss ssores.

Whan these 23 measuros ware snalyssd statistioslly, It was found that only
fiva of them wers suffioiently relisble to Juetify thelir uvee in evaluating an
Bndividusl s breathing behavior, Furthermere; it was demonstrated thet the 18

jacarded soorss d&id not mesaure any sspect of the respiratery function that

a5 not sasesssd by these five. The measures which wers retainsd sre: (1)

3dal Alr Hean == the averags smaunt of air breathed durlng the inepirstlon-
expiraticn cyole; (2) Tidal Alr Sigme =- Lhe varlability in the smount of alr
breathed during the inspiration~expiraticn cycle} {3) Bumber of Gyclea «- the
number of inspirationesxpiration eycles per minctey (4) Vital Sapacity == the
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anmpunt of air ar individual omn feroidly expire following s maximum inspiretion
and (5) Dxygen Gonsumption == the mmount of air brsathed per minute.

Thase {ive mensuras were then subjecied to further statistical treatment
*o find out now they were interrelated. 'The questiion ig whether they ars ocom-
pietely indspondent mapeots of respiration oF hether certain of them oluster
Lugother as messurss of the semo acnsct. It was found that three recpiratory
factors were neossaarly ta acoount for the five measures. The first factor was
compoasd primarily of tne two Tidal Air measuresj the sscend, L& ascocunted for
mainly by Vital Capacityj end the third fuctor is conoerned with Oxygen Com~
sumption. Number of Cyeles 1g found in both the first and second factor,; and
the Tidai Ai~ Sigma 13 slipghitly related . to the first and third, Theee factorn
ars suppcasdly diffarsnt yaneota of the respiratiry function which ars zssessed

by thess messurees.,

Aftor 4soleting reliable snd independent meamsures of respiration, the pro-
blem of their relationship to success in flight trairing must again be atimoked.
Accordingly, the fiva recpirateory measures of student pilets who failed in
flight training were compared with those msasurss of the total group of plicts.
Again, it was found that washouts could agst be differentlated on ths basis of
these measures. The reaspiratory functions hers measwed havs no direot asso-

cintion with flight aptituds,.

It ia polinted out thnt one of the reascons for this negstive result might
bo the faot that too short a sample of the pilotas’ breathing behavier was studled.
Compleste faith cannot, therefors, be pat in thie negatlive oonolusion umtil these
same messurse ara reourad over a lenger period of tlme and analysed smgain. 1%
can be seid, howaver; that the msasures ae they are now emplcysd are of no pro-
diotive mignificaace as far as success In flying is concerned.



EYALUATION OF RASPIRATCRY MEASURES FOR USE
IN P1.0T SELEGTION

INTRODUGTION

Experimentsal evaluatiicr of the use of physiologloal measurss in predict-
ing adaptabllity to {lying haas been seriocualy handiocepped by lack of informa-
tion on the reliability of the measures themaslvas. A group of earlier studiassl
has attempted to investigate the predictive value ¢f several of these physio~
logical variables in terme of their abillity to distlngulch a group of flying
cadetas wha friled 1in thelr flight tralning from a normal samplte of plleta.
Eech of the measures studied ssemed to have a good "clinleal®™ basis for the
hypothesle that pilot success would be essociated with it. Thes upshot of
thees studies wae that washoute could not be reliably distinguished from the
total group of pilots on the basis of their scores on the physiologloal wari-
ablees. This completely negative resuli might posaibly be atiributable to the
faiiure {0 establish valid and Taelipble mamsuree for the variables studied.
Towvard this snd it was dsoided to sudbject the relevant data from theae stud=
1e3 to an oxtensive statistlioal anslyeim with the view of providing further
information on the relimbility, independence, praciivabiliiy, and signifioanae
of theee physiological weriubleas, It was noped that suoh an analysis would
revesl improved meanuras of the faotors tcoted,

»

PROBLEM

Tha present report ls concarnsd with the statistionl enalyais of one of
thess varieblea, metabolis respiraticn. The respirstory records for i{wo groups
of Pensacola cadets inoluded in previcus studies were zelsoted for anslyale.
Ons of thess groupe (Part I) wea msde up of 275 oases, the other {Part II}, of
371. Each subject was subjected to two (nearly) coraecutive B-minuts intervals
of metabolic respiratory recordinga. Thess regopde thus provide the souras far
& large number of measurvs of all agpects of the breathing patiera, eash of
which 18 avnilable twioce for each imdividual. They do met offer an opportunity
to meapure conslstoncy over a long pericd of time, This phass of the svaluation
munt await olher experimsntal definition., 4An analysis of these regords does,
howaver, provids the answers to the following questionsa:

l. whkat ampeot ¢f the breathing pattern should bta measured and what kind
of & mensure should be used?

2, la 1t Qdesirable to use ths eniire 8=minute respiratory resord of an
individual or will a shorter time parlod be suifiolent?

3. Which of the poselitle respiratory measgures ars the most reliable?

Aviators. Parts Igng . A firsl roport on Lhase studies is being propa.rcd
for publicatlon in the nssr future,
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4, Are any of the respiratory meaaures sufficisntly resliadle to warrant
their use in differeriiamting individuaias?

5. How many of ths relieble memsuras reprssent independsnt funutions?
6., How many faotars are necesaary to ascoount for the reliable messuraal

7. 1Ia thers any direct relationship detwesn the reliable reaspiratory
meagurse and suogseas in flight tralning?

RESPIRATORY RECORD3

Two oonsesutive E=minuie intervels of metabollc respiratlon wers socured
by means of a 9=liter Bandict~Roth aleeed~circuit apirometer. Each subjeot
rested for el leant 20 minutes efisr ceming to the laboratory in the morning
without breekfasi. He was then given ths mouthpisos and toid to breaihe in
his usual manner.

In Figura 1 is prosented & dimgram of the record. The various parts of
it may bs axpleined as followsi

1. The hepyy vertical lines demarocate leminute intervals. Holf-minute
Antervals ore shown by the ljight veritleal Iines.

2. The norlzontal linee represent suble centimeters. Thares are thors-
fors 500 20'e. betwsen the heavy llnea., This is subdividad by ths
modium lines into fivs 100 cc. mpmces. Eash of these 100 oo, ppaces
ie¢ further divided into twe 50 oa, units,

3+ The breathing cycles are repressuted by the defleostilons besiween vy~
;=04 ”2'12"'3’ 93-13me¢, ata.

4. The inspiratlious are shewn by e1-ij, og=iy, and ey=i;. The labels
115 13 and 13 mark the furthsst peint eof ixepir %icn during each
cyols,

5. Explrations are indlcatsd b 1.»92g inne% 1 ~0ry 0L3: The labols
013 o1 and o3 mark the rurthaat poing © expiration at each aysols.

6. Sighe ares definsd ae "unusually" deep irepirations. These zie dencted
by "5" in Figurs 1.

7« The midpoint of bWeathing, 1.0.y the line arcund which &3, e, and ey
vary 1s reprecented by ths line AB. This 1s an arbitrary strailght
lins f£it of the sxpiration points.

8. E Ilm%Iz ropresents Vitel Gapeoity. These two cyclss, the deapest in-
epiration=sxpiration of whioh an individual is capabls, twice repeoated,
- are vaoorded separately from the rest of the test.
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RECPIRATORY MEASURES

From this record (Fig. 1) 1t was possible to isolate tho following nexsurss
for ctatistical annlysias:.

i, Tidal air (TA). The normsal volume of air breathed da and cut of
the Lucgs with svory gulesd renpirdiion, 1.9., th2 voluse of sir
breathed per insplration-ejpivation oycle. )

2. Duration of Cysles {Duration), The time slepsing betwsen erplraiions.

3. The Abaoliute Varlation of Ineplration Pointe {Inapir,). Ths depth of
inppivaetion as It varics (rom an arbltrary midpoint of breathlug.

4, Aveclute Variatioa of Expivaticn Points (Dzpir.). The dapih o nx=
piration as it variea Irem an arbitrary nidpoint of braathing.

5. Vite&l Capacity (V3), The aumber of cubis inches of alr the irdivid-
ual sen fovalbly szxpirs efter ze {ull en inspiraiion ea pomsible.

£, Oxygen Coasumpiion (00)}. The saount of caygen absorbed psr minute,

7. HNumber of Cysles per minwis {No. Cycles).

8. Repularity of Sucssssive Cyolos {Reg.). Tho sverage numbsr of oyslss
whioh follow in suscession abdre and belo¥w (ko arbliyery widpelist of

bresthing.

The Patio of Tidal Adr to Tital Cepaelty (T4/Y0). The mesn Tide. A%x
pcoro divided by Vitsl Cmpaoiiy.

it
o

10, Tha Retic of Tidal 2ir {Meanr)} io Bely Surfazs (Ta/B3).

11, The Ratlo of Oxygen Consumption to HHimate Voiwee {OIAIV), The woun
volutis Lg the average amount of als broathad per minmuts insbast of
per oyole aa in the Tidnl Aly moamare.

12=23, It waas deolided Lo atatisdloally Cest ihs Mesn; Vedian, Aversge De-
viation,; end 33sndard Deviation of Tidal Air, Duration of Gyolos, Absalute
Varistion of Inspiration Polnta, and Abzoluts Varlation of -Eapiretion Polnta,
and to uas as a measurs of variability the Pegularity of Sucaesalon of G oles;

The rescrds wsre nsasursd wiih wiilipeter rulars exeupd Jor Lhe Durstion
of Cyales and tha Oxyvegan Consmmpbion vhich wars detnraiued rrapsstivaly im
seconds by mosns of & scals of ereuonds and in subio gentimeture. The meibods
for firding Numbay of Jyolos and Regularily of Swocessioa erw deaorissd in
ths feollowing pagee. Ths valics, of couree,; were found by simple divislou.
¥illimsiors were osoverted fubc eubls gamtiasfars by auwltiplslae by & oventand
of 19,

Ths vorious measuroements of the wespiraiery woriablesa wivs obtained froa



tre Tesorde in tma follosing manmar:

1. TiZal Adr, The dlalznes in mm. frem 83 %0 13 on a verpandioular
frop o odnsiitater tns Tidal Alr Jor e single cyale. The mean,
medlan,; averazy deviation; and standard deviation wars galoulatad
from the valoes a2+ Jzs 63 J3 (3¢5 Plgure 2).
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Determinetion af Tidad Alr

Tkezs valusr were then gorrecisd for tempsraturs variniicm by multiply-
ing the Tidnal Air maseure {aleo Minuts Volume, Vital Cepesity. and the Absoluls
Varlatisn of ixpiratica arnd Insviration) by the valuss given inm Taltle I for o
partionlar temperature,

TABLE X

GORARCTIONS FOR TIXMPERATULRE

Tesporalure Gorrect lons
180 ¢ 1.223
199 G 1,219
269 ¢ 1.215
219 ¢ 1.210

g 1.206
23% ¢ 1.202
22% ¢ 1.196
25° ¢ 1.194
260 ¢ 1.190
27t c 1.186
z89 ¢ 1.182
249 @ 1.176
32° ¢ 1.174
3% ¢ 1.170
329 ¢ 1.1466

330 ¢ 1.162
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2, Duration of Cyoles. This ie the distance in sooonds botweon perpan-
dioulars to the abaclssa dropped from 1, &2, o3 (aee Figure ).
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Figurs 3
Determination of Duration of Cyclen

The mean, median, cverage dsvietion, and steudard deviamtioa are
found for the valuea a=~b and b~o. Correctlons for {enperature are
then made by referring to Tabdble I.

3. 4Absclute Variotion of Expiration Poimta, The line AB [Fig. 4)
marke the midpoint of breathing from which the dlsiancs of each ex-
piration point is momswred in mm. along porpsndiculars to the sbaclssa.
The dlstances &1~ fy; ey~ fg» and o3~ £, are trevted irvespoatlive of
siga in oomputing the mean, modien, averagy doevietion, znd siondard
deviation. Correstions for tempesrature (Table 1) muat then be wmade,

Figure 4
Detormination of Absclute Varintion of Expiratlcn Pointa
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Ammedats Variatlon o7 Invpireticn TFolntas The voiuge uvsod in thle meas~
vrament ers Townd, 1o $he zam® manner as above, by finding the distances
i3=d1s Sz= Jo» and A3-03 {Fig. 5) and trecting them irrespsetive of sign,
The mean; medisn, avarsge devictiion, ¢nd evmnderd devistion and the corrass-~
tion3 for tempsrature {Table 1) ere computed as Lefore.
A~
~ M
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rerminstisn of Abgelute Varletien ef XInspiration Points

Viial Ceapasiiy. As mextliczed above,; the lomger ilngpireilon of tho two
oyalez EyIR,1, shown in tho Qowsr part of Flgure 1 1n added to the longer
expiration, 4s in computing %the Tidal Alr. the mossuremsnt is taken along
psrpendioulars fron E and I. The correution for temparaturs in Table I

is epplied hors alsc.

Qzygon Conmumptlon. The wvartlesd drep of line AB (Fig. 4} glves the

Uxygen Congumpiions It %8 feusnd in oubic contimelsre per minute by mess-
uring the distanas, CD, sad dividiag by the muabsr of minutes., (Seo Fig. 1)
Gorrestlons for barcmeiric prascure end temperatimwe nre muds mocording 4o
the tables in the Senborn Company "Helabolism Tables.“

Bumber of Cyoles per Minuta, The number of Expiratlen Polrte withim the
time istsrval caployed mre ccunted and divided by the nuxber of minutes,

Regnlarity of Suoceselon of Tycles, With line AL av & bape, the nurber
of Explrailon Pulnte abeve or balo¥ in eucceseion are counted end dividad

\//ﬁi;;;‘L;;;Tiﬁﬁ‘ﬁﬁhe
Figure 6

Regularity of Sucoesslion of Cyoles
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by the numbex nf groupinge, In Flgure 4, for erampla, there are first
3 8's sbove, tiun 2 below, then 1 above, znd 4 below: Thus, 1 4 2 + 1
# & 43 2.3, vhich is the memgurs Tor Regularity of Suocesmion,

911, Retigs. The reilos of Tidal Alr to Vital Capaoliy (TA/V(), Tidel
2ir to Body Surtase (TA/85), cnd Gxyeen Consumption to Minuts Vol
ume {0C/MV) are aself-explanatery. To find the liauts Vo.ume, the
tatal Tidal Adr 1s divided by tie mumber ¢f minutes inatead of y
the number of ciales. The sorrection for temparsturo i, however,
applisd. Body {urfsos e found By mesns of the DuBols Bedy Surfade
Chart .

It will Bs noted tint cartaln of the moasures exmploysd hers possess
begic aimilsritiss whis, musi be taken inte asocount In their interprsetation.

Similarity of Tide! Alr and Inspiration messurea. Inspiration per Uyals
is the same aw the Tidsl ALlr per gyole mevs for a small guantify in the ists
tor ooonzioned by the distangs of the Expiration Points from the arbitrary
midline of braathing. This amound somelimes mekes the laspiration slightly
nore and sometimee slightly less than the Tidsl Alr, depsnding upon ths po-
sition of the Zxpirstion Polrts above or below the lins, That 1a, the Tidel
Alr is always the distanas between Expiratlion Pointe and thelr sacoesgive in-~
apiration pointe slong projectad perpemdloulare; the lpapiration is slwsys
meswured along s perpsndiculsr from the inspiratiof polmis ¢ tha polnt whers
the perpendioulsar oute the line {sse Figwre 7). Inspiration and Tidel Air
therefore baoth measure yolume of air bresthed.
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Filgure 7
53milarity of Inmapeation feb} on Tidal sir (xy)

Similerity of Duration and Buaber of Cyoles, Duraticn and Humbor sf Cyslee
are also the same, gave for a esmall error of maseursment, reszuliing frow the
Taot that there is vary seldom an sven Humber of Cysles withiv a two~uiavde
span. However, 1t ie evident ihmt the rete of breathing cen b» meseured equally
woll by determining the Duratlien psr Crole aor simply counbing the Kuaber of
Oycles per minute. I1f thero are many oyeles tho Duretlon per Cyele will ba
smalls and i€ thers are fe® eyelss it will bo large, since the ilime is conatant.
Puration and Xumbor sf CGyelss bosh meacw+s 4in dAfferant ways the pate of breain-

g
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RESULTS
I, STATISTICAL ANALYSIS OF 25 PART I CASES TO SELECT RELIABLE VARIABLES

In order to select the lsngth of record oapable of ylelding sdequate
meagures and to geleot from emong the totcl of 23, thoao wariavles best
suited for furthor amlysie (ses the firat 3 questions, page 1), 25 caaes
wore chosen at randow from the 275 oases of Part I of the previous studles
as an experimentel group.

The first and last minutes of eaoh of the sight minutes of record were
eliminated and the remaining eix minutes divided into three 2-minute intervale.
It was important to see if it wes nocessary to measure a full six minutes or
if ona of the three smnller intervals would provide just as reliable measurea.
There were, therefore, thrse values for cach factor on each of the tuvo tests,
except, of course, for Oxypen Consumption and Vital Capacity, since the for-
mey would be the same for ench t$wo minutes and only one teat wmn avallable
for the latter.

Relianbility of Discarded lsasures

Reliability was dstermined by correleting the results of each t70 min-
utes of the first test with the corresponding tve minutes of tho second test,
The first elimination of warlables wan decided on the basis of this rolia-
bllity. The moasures found unsatisfactory on this basls are riven in Table II.

TABLE II
TEN RESPIRATION V.ARIABLES DROPPZD BEC.USE OF UNRZLIABILITY
(N = 25)
Reliability Coefficionts (Test-Retest)
¥ariable 1g% 2 mip, 2nd 2 min, ird 2 ming
Tidal Air: Average Deviation N1 .13 *29
Durations  Averapge Deviation 239 55 .26
Standard Devlation ,27 29 =11
Expirationt Uean 25 47 «32
Medlan :26 -33 J-9
Average Deviation .08 .20 013
_ Standard Deviatlion .16 «53 .23
Inspirations Average Doviation .38 .76 .73
Standard Deviation .31 11 59
Regulerity of Suc¢essiont «93 »33 .68

It must be noted that thepe are taest-retest correlations with only a short
lapse of time and do not represent reliability in the sense of trus mamsures of

2590 footnote 1, pepe 1,
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digtinetion between organiems. They are tests of the relisbility of in-
dividual distinctions at cns time. There is good roason %o bslleve that am
important barrler to the physiologioal distinetion of individuals lies in
the relative aise of the varianse of a group at any one ingtant and of the
variance of an individual over a perlied cf time,

311 of ths other variadleg had reliability coeffleisnts of .8 or better
wlth the exception of the Tidal Alr Sipgma which wasz retained as the best
measure avallsble for repularity of breathing. Both the méanz and medlans
of tho retalned variables gave very satiasfactery svldense of reliabllity but
pincs it was cbviousiy not necessary to use both it was decided to drop the
madlang. The meecns ssomed slightly mers rellable and are more converdent
for methematical triatment,

Reliebility of Various Time Intervals of the Respiratory Records

Although measurswments covaring only two minutes ylelded hiph enough re-
liabilities, there remained the juestion of whish of the three t.,o-minute
intervals to use, To make thie decision, the firei two minutes of the first
test were correlated with the ssdond two minutes, the first with the third,
and the seoond with tha third. That intervel whish correlated most highly
with the othor tws wag taken to bo the beat, i.e., the most representative
of the total six minutes.

TABld IIX
INTCRCORERIATIONS OF THAR TLE INTERVALS I T287 1 OF SCRE

OF THE RELIABLE RESPIRATION MEASURESS
{ = 25 Part I Gages)

lat with lst with 2nd with

204 2 pin. ird 2 min, ird 2 ma,
T4dal Mr Mean .93 .85 .93
Tidal Alr Sigma 69 .80 «'IS
Duration Msan «97 292 94
Inspiration Mean : 33 06 .91
Humber of Cyolss/rla. <95 + 30 94
TA/BS 90 -85 .30

Un the basis of rasults of the forspoling ammlyeis of 25 sases the following
decisiona ware made:

[}

1. To use the maan ingtoead of ths median,

3&11 retained vartazbles are not insluded in tida table. The neceasary
noagurse were not aveilsbls for Vital Capuoity and Oxygen Consumpiion. T&/VC
and 0C/MY ers made up of varlables otherwisms included. Minwie Volume 1s in-
ocluded as the numeraior of Tidal Alr Hean.
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2. 'To retain no averaze or standard deviations except the wigma of Tidal Air,

3. To use the sotond $wo minutem singe, in general, theas ares correlated
most hizhly vith ths other two intervals.

It wos algo felt thet ihe sesoond teat furnishsd better date than tho first.
It less often showsd irregularitiss attributable to such influences a2 leaks
in the apparatus end unnstural brsathlsg. The soocend Yue ninutes of the ses-
ond test wers uped to obtain values for ell wariables axcept Number of Cyclss.
To obdair this mensure the sescond two minutes of the firet tost vers ussd for
rensons that will be disgusged later,

Raliability of the Retelned Hounsursse

The aralysis of the 25 sases left oight moapurss {sther than ratios) for
further investication, Ths relisbllity coefficlents of thess monsures using
100 oases {eeleoted at random from & total of 275 subjeota) in Part I {in~
cluding the 25 used in the preesding amalysis), and 100 sases (selscted at
random from = total of 3171 subjects) in Part II are presented in Tables IV and
V4 The high reliability of the eight measures indicated by the experimental
group of 25 cssoen is confirmed ir these larger samples from both proups of
mubjects. The pize of most of the coafficlonts in the three samples {25,
100, and 100) demonstraies that theas selacted vardables muy be used to dize
tinpuish Andividuale in respect to thoir respiratlion characteristlcs. MNinute
Voluzme and Tidal Alr Sipgme ere not sntirely satisfactory when both samples
are sonsidersd, Howsver, HBinute Yolume par Cycle (Tidal Air YMean) iy satis-
faotery, and Tidal Alr Sigma has been rotained for furihsr analysee beodaugs
1% is the only remaining measure of wariability. The reliability of CQaygen
Congumption is borderllne,

TABLE IV

RELIABILITY GOEFFICIENTS OF SELECTSD RESPIRATION MEASURES
0¥ SECOND Two MUNUTES oF SEcoNd TEST
(N = 100 Paxt I Casgos)

Yariable Ny o Bigmay Sigmay e
’338&3. Alr Sim 92 6;? 603 3&9 3;9 9?6
Durstlon lsan 59 6;5 50? 2.2 22 .85
Inspirstion Mean 99 43 .4 3%.1 133 13.8 T7
Nugber of Cycles 100 3.9 10.2 3.2 3.3 -
Vital Capacity 99 274.0 277.0 12.0 33.0 .89
Oxygen Conaumption 100 204,0 272.0 56.0 45,0 S0
Manute Volume 99 40,0 404.0 82,0 £2.0 63

4?&rt I and Part II ocases refor t¢ the 275 and 371 subjsote in these twe
Parts of earlier studies on Fenpacolm cadets. Theae Lidentificationa will be
soed throughout the rest of the paper. 3se footnote 1, page 1,
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TABLE ¥

RELIABILITY COGFFIGITNTS OF SELECTED RESPIRATION MEASURES
OF SECOND TWO KINUTES OF SEGOND TEST? |
(N = 100 Part IZ Caaen)

Variable N L M Sigmay Sigmas F
Tidal Air Mean 100  50.5  47.5 14.5 15,7 .87
Tidel Air Sigma 100 7.2 7.4 3.5 4.0 64
Duration Mean 100 6.3 6,0 2,1 1.8 .85
Inspiration Mean 100 4n,9 46.5 14.9 15.7 .82
Humber of Cyoles 100 10,9 11.2 3.4 3.2 87
Oxygen Cone ton 100 280.54 259.8 41.5 33.6 +T0
Vital Capmaity 100 276.0 273.0 36.0 14,0 .87
Minute Volume 100 523.0 509.0 158.0 158.0 A8

Since Duration of Cyclss and Numbsr of Cycles per Minute are reciprocals
of each other exaspt for serrors of measuremant {their eim is .92) both wari~
ables need not be used. Inasmuch as they are equally reliable i1t wae dacided
to drop Duration beoause it 1s a mors difficult measure to cbitaln and, thare=
fore, rore open to #rTOr.

The next atep in the analysle wss, therefora; to proeeod with the analy~
ois of these seven mamsures and thelr trrse ratios - Tidal Aieritnl Capaoity,
Tidal Air/Body Surface, and Oxygen Conewrmption/Minute Volume.

II. ANALYSIS OF THE SEVEN SELECTED RESPIRATORY MEASURES AND THRIR RATIOS

It 1s emssntial now to invasiigate the independencs or communslity of
these salected werisbles. The questlon raised in thie cormseeilon 13 whather
a geparate aapect of breathing 1s covered by sach of the mesgurss or do
some of them ovsrlap in portreying o esingle chormoteristie? Thnie queetlon
1a, of ocourso, answered by the presence or sbpence of interaorrelation among
the variasblag.

The Use of Ratlos

Becauss of the way in whiaeh thay ars dezivad, it ia not proper to corre-
late ocertain of the varlsblee that ars etill being considsred with sash other.
The three ratios ocannot boe ecrralatsd with either their numerator or denomi-~
nator without introduocing the spuriosus elemenmt of & chence error in one of
the meagurea increasing the eorrelation because the ohanee distortion ic em-
bodled ia both parties to the relationahip. This spurious elisment is to be

5The varying N'as are mccountsd for by tho fagt that the 100 cages were
solectdd at random and then exclusions were made for insomplete records.

6Thoro is no teat-retest of Vitsl Capacity «3 it 15 umsd in ths inter-
sorralations since this meapure ip a ocrbination of ths longer expiration
and longer inpapirstion of twe sttempis at & maximum oycle. The values in
this tablis ars o comparison ¢f these 27 waximuer oyclers,
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partially sliminnted 1f ihe ratio is obtained {rom ons test and the numereior
or dancpinator (whon treatsd seperately) 4e obtalmsd fram another.

Even with the effeot of ohanos arroxs removed in this fashion, great sare
gtill has to be axeroised vhesn including both of ths scmponsnt values in mul-
tiple relationa. The omthematice of v X yOF T E 4 shows that they are funotions

S y
" of the relationghip of x ard y and may, therofore, be without meaning over and
abkove the direot ml&tiamhip.7 Although, under eertain conditione, twe of
thres aluple variables, x, y, and thelr ratlo may bs used, the use of all thres
gonfounds the influence of the xy relationship. Justiflioation for the use of
one of the variables and the retlio instesd of both wvariables yielding reuidunls
is pressnted in Appendix I.

The ratios of Tidal Alr ¢ Body Surfase (TA/BS) and to Vitel Capacity
{TA/V0} wara suggssted bagause thoy would approximate residuals of Tidal Alr
from regresgion predictions made by the controls {Body Surface or Vital Oa~
paoityl. If the ratio doss no betier than the residusl {depending upon the
homosaadsaticity) then the ratic san bs elirinated me long as its terms sre
kept,

Strictly speaking, the Tidal Alr Moen is a quotient, Minute Volume/Num-
ber ¢f Oyolse. Another probliem ariges in sonnsetion with both thias messurs
and tho Oxypen Conaunption ratio., There is good reason %o sonsider both of
thone ratios as physiologloenl funotions in their ovn rizht: ons, the (av-
arags) siie cf respiratory oycls and ihe other, the utllization of the alr
brasthed., It was in anticipation of tha mesd to inmvestionts both Tidal Aly
Mean and Nusber of Crelea that the latter mosaure, when treatsd alone, wus
cbtainaed from the first test, wharsas tho aumsrstor and dencminator of Tidal
Alr wers gocured from the acoond seft of weasures. Thus any spurious cloment,
due o commop inclusion of ohanoo errgr, im removed from the sorrsiation of
Tidal Alr Msen with Burbar of Cyolme,® and from Inapiratien per Cycle with
Nugber of Cyclea, Sincs it asemed unlikely that both Tidal Alr Menn and -
Hnute Volume would he used it was deslided fo keep the lstilsr maasure from
the sez2omd test bub omit all ths spurious correlaticons vhore inuto Volume
anters ints both vorisbles,

Intercorralations

The metrix with the correlation coefficionts omitied where the two vari~
ables contsin common teyms (4.0.. wheore there is A poeaibility of spurious=-
negs dus to ohamnce srror in one variadble which appeoars in both parties to the
sorralation) is given in Table ¥I. The firet conelusion from thaze intsrrsla-
tions is that coriain other of ths variabvles may bo sliminated.

3ee Appendix I for s discuscion of the sharacloristies of r x y*
¥

81‘!3& correlietion of Tidaul Air Msan with Humber of Cyoles both taken from
the seoond test i3 ~.61 compared with =.52 given in Tabls VI, The difference
represoents the amount of sorrelation is spuriously relsed by the presence of
shance esrrors in HRumber of Cycles affescting both wariablea,



TABLE V]

r AND

STA OF SACH OF T RESPIRATORY VAHIABLES WITH EVERY OTHER?

(N z 270 part 1 Cases)

51gme

Maoute  Tidal Inspir. -~ AW/ oam/ Ho.

Volume Air dean pear Cycle VG Bs TA Cyclez vC oC
Hespira v e r_eta _Tr ete _reta _r via I @ T eta r eta r ota r eta 0OC/MY
Hinute Yolume (MV)
Tigal Air Mesn {TAM) —
Inupirs per Cycle 18 424 o84 .86
Talt/ V0 e —=  em - 478 .82
TLM/E me wa ce e W77 W82 e e
A Sigma «17 021 .50 .53 .48 .50 .46 .52 .49 .56 -
Fo, of Cycles (1} w3 o308 ceb2 JBE <.50 461 ~odh oBD =oH62 6B - 3B 42 E
vital Capacity (TC) Jd4 .3 .18 .32 14 432 L~ - W14 .28 512 .27 -015 - 30
0, Consumption {oc) 13 .31 .06 ,21 07 «25 .06 20 ,04 .16 ,L1l4 .21 =.01 .15 .08 .21
oC fuv o e == == =010 020 <010 o2& ~ol1 +20 =05 20 030 42 408 E1 - o
Henn 396.1 41.0 4.0 Y- 21.8 7.7 10.4 279.8 268,5 «7
oignp 89.6 15.5 13.5 ol 8,3 Lot 3.4 Fho & 44.5 Y

gme eies ore not discussed iz the text because in mo cass does the difference between r and eta indicate

Agn-lineari ty.



Thess twoe quotlients then may offer possibilitiss as independsnt functions,
Hewsysr, bafores a quotlent may be acoopted in interrolations 1t must be demon~
gytretad that the divislon of one variable by another ig legitimmie because it
18 implied by the nature of their aso~variancs. If not, then the relationships
3t exhidits will bs nothing more than a compromise between the relationshipe
sxhibited by ite two components. The oconbination of two varisbles in quotient
form is warrsnted if the extent of yariability of one around the ropreasion ie
cerrelated with the other. XIf x and y are correlsted and if the sproad in the
arvays of variable x inaremses or deareases proportionataly with oash inecroage
&f warlable yiﬁthsn % ray be dlvided by ¥ to obialn an exprsssion of x, Lode~-
pendont of y. When thess conditions ars not met, dividing x by 7 when they
ars sorreiasted, arbitrarily deorsases the wariabllliy of the ratios at one end
of the disiribution of x. If x and y are noi sorrelatsd, there is reasen to
ocombine them in any woanner. '

The Tidal Alr Mean (the ratio of Minuts Volums to Number of Cyoles per
Minute) meets the oconditions which justify itm use. The numerator and denomis
nator are correlated .44 and .41 in the cases for Parte 1 and II cases rasyest~
ivsly when both msaszures come Irom the ssme test. The warlance of ths nwmerator
increases &9 the denomimator inoreases. The Cxypen Congumption zatio doos not
mest thege sonditions. (See Table ¥II.)

TABIE VII
EVALUATION OF THE RATIOS OGSV AND MV/ND. CYOLES

Stendard 00 at Later- Y Intervale of

Deviation valg of NV Bo, of ﬁyelgf
Intervel ~f0roup 1) {Group TXPL
1.8 and above <9 1.4
19? 1o 1'3 «9 1.3
1.2 1o 1.0 1.1 1.1
9 to T 1.0 9
mé i L4 9 -G -
«3 te .1 1.1 1.0
0 1.2 «9
"‘51=t'° “‘*ﬁa 3 § o7
=-_4 %0 "‘66 1»9 a?
*Q? to "‘9? .3 .?
1.0 to ~3.2 1.1 6
~1.3 o ~1,7 1.0 1.0

“'1-6 m 1&5’ . .5

1QTh;tc {9 an analogzous situation to ihe intelligencs quotient. MNental age not
only inorsases in average btul also inoressss in spread with ineresass ln chrono~
logionl sge. )

11&1€hcugh Group 1 cames ware uged this far, it wms elacted to uso Part II
sasen for this atudy ef the relatiesn of Minuie Volume ard Number of Cyclsg becsuse
ths former exhibited much larger wariablliiy in the mooond sample and would, thers-
fore, wore clearly repreasnt the sharmotor of the relationship,
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Since Inspiration per Cyecle and Tidal Alr Mean differ only plightly as moas-
ures of the average size of the oyale (their corvslation in Part I 1a .54 znd
their reliabiliiies in Fart I are lowor than thi¢), 4% is not nscessary %o use
both, Tidal Adr Meen wag rotained bscause 1t offered sconomy in somputationg
if Tidal Alr Sigme were to ba used algo.

Semi~Partisle, Lulsiples, and Reclcualp

The hypothesis of mmltiple relstions involving Tidel Adr lesn {(i.s., Tidal
Alr Mean divided by Vital Oapaeity or by Body Surfose) 1a uspgatoed vhen the r's
ol the two ratios are commnrsd olth those of their nuserater. The r'm of the
ration are vory slose to thogo of the MHean ii{self, and this would probebly
hold for relations with other variables ue well as thege in this pbudy. Thsy
are alichtly lowsr, which would indiocats that the Tidel Alr Mean {TAM) wicorrectsd
1g satisfaotory in thia iype of sample. Thers 1a nc way to estlimate whether
this would ba trus if batter estlwntes of Dody Surfiee ware evalladle. Ewsn
the use of residuals will not isprove TAM uneorrseied with ths other variables
in this study, This iz svidensed by tho seni~-pariiald? and muliiple corrolations
¢f the variebles waking up the ratios {zee Table VIII),

TAELE VIII

SEMI-PARTZIAL ARD MULTIFIE CORFELATIONS OF VARIABIESR
MAKING UP TEE RATIOS ‘

x Y ¥y ¥y = ¥ #
Varisbls TAN  TAAC TAM__ Y TAM__¥G
sy Ty *uiy.z) RyE
TA Sigon 50 .46 .48 .50
Ho, of Gyﬁlu {lj "-&52 ~-ohd "'151 a53
Oxygen Conaumpiion -06 06 05 <09

Tae two Tidal Mr Hoen ratics and iks entire soncepd of improving the
Tidal Mr msasure by sembining with it or subtreciing from 4% the Anflusuce
of thees other veriableg may thoercfors be sliriented.

The hypothesis of the indspendent funoiion of the Oxgzenm Conaumyiion ra=
tio and Tidal Alr Meas has alroady beea sxplairnsd. The sorrelation pa¥tern
of theoe quotients (Table VI) sugwoats coanfirmetlon of tide hypothasia to
the extent that thelr ep—relations diffsr from ths eorrespsndlirg cerralations
of their respeotive numerators. Thus, though the Oxyien ratic oorrolations
ars low, thoy exhlbii differenves from Ouygen Consumption ms gush An the crange
of pipn and alsge in the 3 correlstion with Number of Oyales. The Tidal adr
Hsar, exhibils relatlons with Tidal Alr Sizee end Number of Cyclwe siondflicsrtly
&iffersnt from those of Hinuis Volums. .

12 - . : ’ -
Tely.a) = ™ Fxs 3?& Raymond Franzen, A oompont on partial ocor

kya Iaitlon, J, sduo. Fayehsi, 1928, 19, 134=197.
(The sams conolusion mey bo drmwn in respsst to ratios of TAM te Body Our-
faes btut applics omly o thw lopsrfoct vsilizates ussd in this siudy ond te
groups wiih sebleorenetric tarionee L1ke Shla om0,
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p E: lenrbes thod these L2 oo Justifleslion for expressling Oxy-
ron Unuewspiion independsnt ol Dinise Volums as & ratlo. In oddition to the
tendenay fer ths spread of Oxygen Scnewrpiion to revmian ccustant, regardlees
=t walusg of Hinule Yolume ihsos dus are correlatsd onliy .13 in Pert I cases
and .28 in Post I emmes,

The reoidunle of Onycsn Concuqpllon from Als regreesion on ilinuie Volume
ara onpiricnlly detarniusd expvseslions ef Crypgemr Consumpilzu when independent
of Maoute Tolums., Taswse oorraists caly .58 with the ratis. This funotion may
2311l ba inveatipgatsd by me~ns of thoss rosiduals. 3 Tae Czygen Consumpilion
resiluaisg nave sorrelotiona like thozo of total Oxpgen flenswaption. Thnis, of
sourag, Tollowg from the low sorislsaiicr bstwsen the two varisbles Involved
in the ropidual,

TAGLE IX

CORREIATICH CF OXIZRN CORSIRLSTINON NESIDUALS WITH OTHER VARIABIES

Respiratory . Inapir- . TA Ko. of

n TA¥ ation Sioma Cyciop ¥
08 indspandewd of W .c8 .08 .10 ~506 04
G0 .05 .07 s 14 w o (11 .08
oo/ =11 =20 w05 =30 ~.00
iV == .18 + 17 233 » 14

Cxpgen Conguaption Indopandert of MHinute Volwre %8 obvlously a mesanings
1saw oongent, The fdiffersnae in coerelntiion that the rotlo seemg 4o sxhibit
ars swrirely sourdcus. The rotic’s serrolaticrs in Tedle IX morely refleet ths
esorrelations of Einuts Volume redussd bescuse of the chanss srror {r betwsan
M7 + 00 » .13~=Teble VI} intrsduced by making it the denorimater of Cxysen
Consurpticn. The elpns are, »f sonraes, ravorsed.

Althnough the reletion of Mnute Voluze €5 Numbesr ¢f Cyelss Justifiea
thoir use in guetlsnt feri, 4% Z2 atill not knoun that this quotient (average
sige of the cyele) ig the L2s® oanraasion of Minvcte Volume, indopendent of
Hucber of Cyeleg por linuia,

A eumpafison of ths eorralations of the gquotlent with the corrosponding
correlations using reviduals,”” ithrows some very intorestingm lisht on the use
of s ratlo (Teble X).

lanr thie ?urposa, the thooretiical zeml-partinl Taly.s.} = Txy = Txz.Tyg

k
73
was not used. In order lo aveid sny error in cush theoratieal r'e arising
fronm laesk of homeacadaeticiiy, the astual rosgidusle of Guygen Consumpiion
?— airzqrg;- } wore computed end thsa corrolated tith the oilor variables.
x 7

l4tne r's wors obtsined f-om.ccmputedé? ray ggs Thsy are not thsoretical
3

gseri~partiels. Theso valuas were acmputed for Part II oasca pincs thoy have
the greater epreed in Mlnuts Velus,



TABLE 4

COMPARTSON OF p'e OF THE QUUTYEN? WITH CCRRESPONDING r's UIIKQ RESIDUALS

Respiratory i T Koo of

Yapisblep. Sires  Oyeles (1) ¥¢ &
BY indeopandent of Ho. 22 Cycles s 37 -0 AT W30
BV/No. of Cyclae (TAM) 54 - A7 22 .27

The simllarity of the rslaiionsg with Vital Capaoclty and Oxygen Consumption
vindisates tho quotlont ss o good praciisal expression of the Minute Volume
partizl, as dosg its own corrslaticn with the residusls which is .75,

The serrelation of =.47 (Tabls X) with Nuzber of Cyoles reaffirms the
question of the signifiocanse of ths correlation of 4 quotiont with one of its
members even when chancs gpurioug srror has been remsvaed. The compsrabls
regiduals have a gero corrslation.l’ It 1s demonstrated in Appendix I that
such negativea are a statistiesl artifact of ratios. It leads o tho con-
olusicn thet guotieats phould net ba vaad topether with thalr torms in mul-
tipls regresolen enalysis. If thoy are ussd it must be wikth due recopnition
of the artifast,

1f Tidal Air Mean was considered as & rotdo, rather than ss an aversge
{pinoe Humber of Cyolez is not =n irrslevant value as ars the N's of differant
pizsd groups) the fact that the self-cerrelstion of Wumber of Cyclas appoaring
in both the ratio (Mean) and the Sipgme has relsed thelr sorrelaetions with
Humber of Oyclaas would hays to be aoccepted. All sush questlons misht ba avolded
if the Minute Volume rosiduale were uead, Roaldunls avoid the artifaet that
io present in the ocorreluation of a ratlo and one of ite terms butl they are vary
impractisable in eny routine measuremont of respiration. Inasmuch as the Tidal
Mr lean has mst the requirements for rapresenting ihe residuals; it is safe
to adopt it as tho moasure of breathing volume (with sertoin qualifications
sbhout 1ts relations).

TIT, ANALYSIS OF THE REMAIWING FUVE RESPIRATORY MEASURES

The foregoing anslysis has now redussd the algnifiocant ard independent
respiretory funetions %o 5 possible messurest

1. Tidal Ar Mean (TAM),

2, Tidal Alr Sigme (TASLg.).

3. No, of Cysles {taken fron ami:};er tont ).
4. Vitel Capacity (VC).

5. Oxypen Consurmption {(0C).

They have besn gifted from & eget of 23 meagurss, the sritsria of acceptanse
being firet test-retest rellability, and second, independence of funotion, both
phyalologieally and mathecatically,

w‘l‘ha theoretionl send-partial is truly sers. rr(x;.y) bod m

k

Xy
inoe rova 1, ry (x.y) x 0. This, of oourse, implies that variable y and the
y of x.y are the sams, not taken from different sste of material,
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Intsrcorraistions

Bafore sonusidering their interrslations as sush, it is reassuring to note
how closely the matrices for the o swoples glven In Tubls I rescmbls each
cthear, KExesrt for tro of ths Cxygan JSonsumpticon eorrslationg, the matrices
sre practically identical. {Cxygen Cossunptisn togeiher with Tidal Alr Sigma
sxhibited the lecst satisfactory rallabiliiy of any of the selscted varicblss),
Such gtubility ef ralationship provides unmisinkeble evidense thail tha Eeapines
involved truly reflact phyeiologlcal difforences wmoag indlvidiele.

_ TABLE XI
INTERCORRELATICN OF FIVE SHLECTES GESPIAATORY VARLABIES
FART 1 CASE3

{N = 2715 for inter-r'sy 100 for reliadilitics;

- Respiratory 6

Jpriable S TA.Sta. Moo of Ovalea®® D¢ I8
Tidel Air Msan {+15)
Tidal Alp Sizms .50 (.61

Ne. of Oyclsz {1) 53 38 {.84)

Oxygen Conmumption 06 014 01 {.760)

Vital Capasity .18 12 .15 80 (.89)
Hesn Ai. .0 ?u? ic.4 25505 2?‘}68
Sigma 15.%5 4.4 3.4 44,9 324

PART 1T CABES

(M = 371 for Lintsr~r's: 100 fov reldabililtlcos;

Yariable TaM TA Sies  Hes 9f Greles og Yg
Tidal Alr Lsan .87}
Tidsl atr Sigoa <54 {64}
Ho. of Gyele; (1) A7 335 (08?} i
Oxygen Consumption o217 .18 -o01 (.70}
’ﬂ.tal Gﬁpﬂeiﬁ? *22 A8 212 n23 %g%?}
Maan 45,3 7.4 13.2 2571.5  27b.1
Sigma 15.4 4,1 3.7 31,86 34.9

16

Signa reverssd for fmetor sualysis.



It ip obvious from inspection of these iutercorrelationa (Teble XI) that
there is a fasior acommon to Tidal Adr Hean, Tidel Zir Sigma, and Kuamber of
Cyelea. It is mlse probable, though not @z slear, that Vital Capacity and
Oxygen Conswoption ars independent; L.e,, oconstitute disorets faotors in them-
solves.

Fastor Anslysis

A multiple fmotor analysis was carried out using thz ocorrelations from
both Part I and Part II (Table XI). The rotated and unrotated fastor loadinge
for the two miirices are presontad in Table XII.

TABLE XII

FACTOR LOADINGS OF FIVE RESPIRATORY VARIABLES

URROTATED
Fzator
A B ¢ _n?
Reapiratory
Yarisbls Pt I PR IT Pt I PMII P31 PRIT Pt I Py II
(¥)
1. TAM 70 79 .36 .29 .06 .21 .62 .76
2, TA Sig. .06 .50 .28 31 =.35 .24 64 .52
3. Not ¢ (i} 65 .60 .35 A0 21 =35 .61 .65
‘-. OG 535 047 ’-36 "a‘f4 -044 035 .44‘ 053
_5-1: vc 050 c53 "-39 ‘.46 035 "¢32 e52 - 9
ARTEZR RoTaTIONLT
A ) c né
Yariabls P¢ I P¢IT P X PLII PEXI PLIT PLI Pt I
1. TaAM .76 .15 22 &.13 .09 .41 .62 75
2. TA sig, 67 b4 .00 .00 obh 233 64 .52
3, NefC (1) 12 .T0 229 =37 08 14 .63 .65
4. OC .00 .00 14 .22 .65 .70 Ab .53
5. YO .09 .02 .7l o723 .10 .26 52 «59

The twe Tidal Afir Maagurss ard Number of Gyeles form a completely self-
ecntained factor. Vital Capasity dominastes ancther with Number of Gyeles poe=
albly contributingy, The third faetcr 1ls loast presigs with Oxypsn Consumpiica
the larzoet alement, but with Tldsl iixr Mean involved in the Part II data and
Tidal .ir Sigme in Part I,

The dezree of rolctionship to each factor of emch of ite detsrmining vari-
ables 1o ntated in Table XIII whioh gives the multipls correlation when all per-
tinent varinbles are included and also (by means of the semi-partials) the
amount that caoh variable contributae to thia multiple.

lTThree rstations for Part II and 2 rotatlons for Part I were made.
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Factor B ips clearly seen to be mainly the funotion of Vital Capsscity.
Numbar of Cyclea is the other element. R, including Number of Cyulse, is
inoreaszed ovsr the xero order r with 7ital Capacity alons, from .71 %o .72
end from .73 to .78 im the 4{wc parts of ithe data.

Fector C is cbviously painly detsrminsd bty Oxyger Gonzumption, Tidal
Alr lesn adds nothing in eifhesr vart of tho dets since 1t raiases the firet
order R's only ,01. Tidal Alr Sigma incremses the relaticnship in Part I by
.09, but only by ,03 in Parl II. It gesms likely that the safest judgment
would be to oomnelder the faotor &s oonsiciing of Oxypen Consumpilon with a
soall gontribution from Tidal Alr Sipma.

1V. CGCRRELATION OF RuSPIRATVORY LEASURLS 7ITH OTHLR
PSTCHO-PHYSICLOGICAL VARLABILS

The statistical annlyses undartakan thus far have iselaied five reapirs-
tory varisbles thet reliably diatin-uish emorg the racplratory sharselerictios
of individuale. It dle possibls that sa a battery she thras respiratory factora
will so distribute indiwiduals that soctions of the distribuition micht be eonw-
sldered ae rosplratory "typea." Beceuse of thls possibvility 1% sosmod perti-
nent to atudy the relation of these m2asuras to other batiories of Zepts that
sunposedly migsure "sype" difforencez., The following three t+bles {Tables XIV,
X¥, and ZVI)}*° present the r's and ete’s of ecch of tho five rooplratory measures
with eomatotige, Eleatre-encephalooram, and Tili Teble measuros for the sams
individuala.

The amssing thing ebout those zanifolds is the total abssnoa of rolationship.
All of the <arrelsticns ars wunfsr .2, and only four of tha eta'a nre as high ep
s3s Beleetad respiratary choructoristies are unsorreledtad with both Somatotyps
anmd E.k.8, (It has proviously baesn shown thal these ¢we are themzalvos ungcrrs-
leted.) It may be ccnaiderad that Af $hay do measurc “types" they messure thrss
different kinds o types {(Tables XIV ent X¥). The respiraiery weazurss ahsw ne
rolation to thirteen eardiovagsular coassulss recorded during the Tilt Teble
gtudies (Table XVI},

s

181ﬂsp1ration appresrs in theaos tablos irgteasd of Tlinl Adr Moan. These

correlatlens were obiminad at the subtset of the atudy. The rsoplraitory wari-
ahles were selested zo ae o0 be repreascntative of Jiffevent nepects of brecth~
ing. It was thought from the nature cf thoe messury that Inapiration woulld

best reprecent volums of alr. I% wap wvot thousks wortkh while to compute the
correlatione with Tidal Adr Mean, first dcoruse the twe are sorrelated ovser .8
with snei other, and accond, besoauss of the completsly nssative resuld of thoed
findings.

“Imme fuld depoription of ihese messures snd the prossdure bty which they wsre
pecured wlll be prezanced in a gubssquemt veport of thoe early Pansacols studies.
(See fovtnote 1, page 1.' A dwserintion of ths apparciues and prooadures used in
the slastiroancephalicgraptde studiss ie nlso propented in Blestrsencephalesraphy
of Naygl Avietors. Weahington, D,0.¢ 0.A.,34, Dlwislon of Resenrch, Repert # 13,
April 1943. A degoripiion of somstolyrning progedurées is pressrmed in twn volumes
by 7.1, Sheldoni (1) Thne ¥eriefloe of Huwan Fhysjgas, 1940 and (2) The Varictisg
of Tapoecenent . 1542, HFer York, Merpor & Bres.
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TABIE K1Y

GORABLATION OF FIVE RESPIRATORY MEASULES UITH SHELDON'S SOHATOTYFE FACTORS?O
{8 = 150 3o 264)

PART % CASES

Raspiratory Somato- Semayc= Scamto-
dariabls type 1 fyps 2. fvee 3 Ryaplasia
r sta r et r ofa r oeta
Tidal Air Sigm =04 .23 2,02 .08 eo5 .18 - 12 018
Inapir./Cycle ~.07 .22 203 .09 05 .16 w13 .31
'Vital Gapaoi.ty “013 .15 eoa 316 913 _022 eOl 121
02 Conpumption 14 .25 <15 .23 «,15 .28 04 L32
%a. of Cyelss AT 221 =07 .16 ~.05 .16 .12 .30
TARIE XV

CORRELATION OF FIVa RESPIRATCRY ?EASUEES WITH ELRCTROENCEPHALOGRAFPH MEASURES
R = Z59

PART T Gasi2

Reapiratery Abnorge Alphe Alpha
Veriable Yoliaze Riltieq Freo, (L4 R}

r ets r eie r ota r ota

Tidal Alr Sigme 05 .28 02 .18 =.01 19 ,03 .18
Inspir./Cysle - 03 .23 w08 22 .01 .12 01,21
¥ital Capaaity 02 22 AL L2 086 .25 -.001 ,20
03 Comswaption .05 .21 »<03 W15 .01 .23 .04 ,22
Ne. of Cyclsnm 05 .15 HOT A7 .02 .26 Ol .23

20

Scmatotypes 1; 2, and 3, rofaer to ratings for ssoh cadat on three “com-
ponets®™ of body strueturse, desoribed as "primary" aspecte of bvody sonstitution,
Somatotype 1, endomorphy, refera %o dominanes of vilsceral structure or soft
roundnoeas of body reglonsr comsiotyps 2, mssomorphy, indleates the athletis
¥ype of build or doninanos ¢f bone and muaelsi snd type 3, ectormrrphy, indlontes
a dominence of "linearity” end "fregility," sspecially of the nervous system
and senss organa. Dysplasic 12 a torm used to signlfy "disharmony beiween
different regions of ths same physiqus.™ GSae Sheldon, wW. H, op. eit.
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TABIE AVI
CORREZLATRON (F PIVE RESPIRATORY MBASUNES WITR THIRTESHN TILT TABLE VARIABLES
(8 < 264)
PART I CaAsSEg
Reppiracory Variebleg

Tiit Table Tidal Adp Ingpir, Vital 02 Ho, of
Yaolabing. TN Genls Gepasity  Conpume.,  Gyolos

r eta r eta r ots r eta r ety
Initi&l Syateliﬂ "o% 128 #00 316 915 .33 .32 .16 *00 320
change
H&nm\m 5}’5#03;’10 502 51? e% a}n& .12 524 N !{)6 gl? eﬁl 414
ahangs
Tine to Maxinum L4 .27 -, 05 24 01 L2% LO08 .12 -.03 ,1B
Syestolic shanpe
initiﬂl nias“ﬁﬁl’i# ”’aol 9}-9 “-{}2 w22 -ﬂ05 q26 -,,62 &21 "&ﬁ? .24
shange
“‘Kimlmi Di.ﬁ.&tnlic “ei§ !28 “*GQ 921 ”;Q‘? sz q&ﬁ 325 QQB ‘2$
ohangs
Time to Paximum -.06 ,17 =10 A6 =06 LT LB 20 09 .21
Disgtolio change
Irditisi Pulse Rats .03 .17 L9 .19 08 .27 HOT .29 =15 22
shasge
Baximum Yulse .02 23 w05 .16 17 06 D02 .24 1) ,22
Rate
Time 40 Maxicum “*ol3 «19 -, 04 e§.5 =402 a}us ""9‘05 ‘25 308 +23
Pulga Rate
?“16. Preﬁﬂur‘ 516 .;27 ‘OQ 4}24 W&Q& 522 *Ci{? ,22 ‘”;ﬁs q21
ahange
Pulge Hate 408 22 L0 .24 ~,11 91? SO0 318 =, 11.3
chbange
Smallest Pulse  =.10 .24 02 .26 A1 .22 .03 L1707 .23
Fregoure
Time Interval to .06 .21 D7 .24 0T W26 04 1Y .04 23

Stmllast P»Po



~26=

V., THE PROBABILITY THAT WASHOUTS FOR APTITUDE ARE NOT
SIGNIFICANTLY DIFFERCNT FROM ALL PIIOTS 1IN
THEIR SCORES ON RESPIRATORY TZ3TS

These paleated itsats offer the possibility that resplratory oharaotoris-
tic2 bear a positlve assoclation with proficienoy in flight tralning. To ewalu-
ato tho %sate 1n this respsct the scores of pliots who bave been washed out for
inaptitude are compared with those of the total group of pllots., Since the
number of washouts 1is not lerge it would insreagse the reliabllity of tho findinpas
if ths tuc samples (FPart T and Part II easss) could be ecomibinsd, But before the
oombination is mads it mugt be known that they are two random samples of the
same univorse ¢o that thelr comblnation will yield homogonsaus data.

It wes found in the ecmalysles of othsr physislogisal mossuros of thesa sems
two groups that for some reagon the twe sote of data werc differont enough not
to meet the necegssary roquirewont sf homogensiiy. It g not surprieing, there-
fore, that wids differences are found in the goors distributlons ol the eubjsots
in Part I and Part II a3 evidencad bty the P's in Table X¥IIi,

TABLE XVII

COMPARISON OF THE DISTRIBUTIONS OF FAWF I AND PART II CASES22

Uegreos

Respiratery 2 of Part 123 Paré II

L/ R . Kxpedonp B, B, Si7me NOM 0 Sigmy
Tidal Mr lean .01 19.4 § 300 41,0 15,5 371 46.3 15.4
Tidal ALr Sigm .25 10,3 8 300 7.7 4.4 371 T.4 4,L
No. of Cycles .00 26.4 9 300 10.4 3.4 371 11,2 3.2
0C Consumption Ko} 9 21.7 8 282 2(8.0 55.0 371 257.6 32.0
Vital Capacity .58 7.5 9 294 2803.9 34.0 371 276.0 35.0

On trres of the measures the diptributions fall below the .05 lavsel of
signifieant difference, Lass than five times out of 100 would ahance ereats
differencse as large or largsr than those betwson ths two dlatributions of

21346 footnote 1, pape 1,

22 X2 1 (£1 1 - £ Nllz This formula has boon applied to the
. N f4 ¢ f standsrd score distributions, rs-
1 “2 1 2 ducinpg the decrees of frecdom by

479, becauas of the conatralnts of
squated MHomns and Sigmas.

23Tha H*s of Part I have Yssa ingrecped over the 275 used proviocusly se
as to inolude mors washouis, Thepa cases had to be emitted from the correslationel
enalysis becauvse they did not havo acores on all of the measures,
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oorsg -on Tidal Alr Meur, Humbar of Gyelaszévnnd Ozxygsn Gonsumption. Thess ers
istributions with Meauw eand Sigmas squated. They d4a not warrant oombinations
f Parte I and 11, oven if allowance is made for a different average and wpreed.

1 Treating each smmple asparaizly the probabilitles that the ssorse of wash~
uts dlffer from thoss of the tolsl group only as a result of ohmnce ara oiiained.
f hese P'e sre given in Table XVIII. It had been thought that the fellurs to find
l ny physiologloal difforenses between washouts and the total pilet pepulation
ght have bsen dus t2 the uareliadility of the neausres omployed. 4s far ss
espiration ies concerned this does not seem to be the gase. With messures that
vo dsmonstratad test and retest reiliabiilty and that bave showa independant
rolations rellably the same in two differant (mnd dissimilar) eamples there ia
strong probabllity that any resplratory differonce le asacoiated with the
ilikelihood of being weeh=d out, Ths demoneiratod roliadilliy is test-rotest
#ith no substantiel interval of time. There 1s still the pouseidility thal teste
repeated often snough throughout a lomger pericd of time will be ocerrslated with
pllot aptitude,

s

TLEIE EVILI

THE PROBABILITY THAT WASHOUTS FOR APLITULS ARZ NCT SIGNIFIGANTLY
DIFFZRSNT FROU ALL PILOTS IN THUIR 3GCR3E3 OH
THE REZSPIRATORY VaRTABLES

) Ragraes H of R of
Resplretory of wank- Parert Dla-~
Yarisble i 32 Freodoz oubs tribction
l PaaT I
Tidel Alr Mean 25 6.6 5 36 299
Tidal Alr Sigas .62 4.4 6 36 299
Ke, ef Cycles <06 7.3 5 36 299
Ob Consunmption 82 2.2 L3 27 282
Vital Capacity v 10 ToT 4 34 294
PART 31
Tidal Air Mean 211 508 T 60 3Tt
Tidal Air Sigma +93 1.9 é €0 371
N5, of Cyoies <93 1.3 5 60 371
0, Consumption »03 12.4 3 60 in
Vital Capsolty <79 2.4 5 60 371

The washouts o: Part I differ in Number of Cyolas but those of Part IT
finitely do act. Converszaly; the sashouts of Part II ars significantly
fferent in Oxygen Comsumption, but thoame of Part 1 ara conclusively nat.

2 ou

R

2“Tlm balance of analyeis uvaes Mo. of Cycles from the second toet, the
spurce for all of the other vaviebles, No. of Cyclee (1), was emplnyed 3a the
gorrelations to get rid of epurious reiations due to chanca errors csourring in
b

th pariias 10 a relatlonship.
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14 is possible; of ocurse, that emphasls on differont ceuses of failure was
shifted batweon the ivo samples but from thase data we cannot acuspit sither of
these mospurss ap means of distinpuishing flying aptitude, Tidal Alr Moan has
& low but not a suffisiently low P in both samrples,

Inapeotion of tha ohmerved and ozpected dietributions of washouts used in
cbiaining the chi's-gquared (Appendix IIX) suggests that better eritoria of
flying fallure (accldents, inoapacity for altitude flying, ete,) and respira-
tory msagures oxtended cver tiroe mipht reveal betier prediotive wvalus in thoge
respiratory meesuren. Thoe best measure in Part I data 1z the rats of breath-
ing meaoured by Mumber of Oyclea, Extromely rapid breathing is more prevalent
end extremely slow brouathing less prevalort esmong washouts than emong the
total group. 'Oxygen Consumption differentietes significantly in the Part IX
garple becauge vory large and vory small oxypen usage le mers charactoristie
of washouts. Averago consumpiion i3 less characteristic. The Tidal Air lean
comparigon iz confused by thoe differcncoe batween the two samples, In Fart I
the washouts coasistently have lower scores and in Part II they comsistently
nave higher scorsa than would bo expected from the diatribution of the paront
porulations for this measure of volume of alr breathed,

Thoao are suggsotivas of reasonsble influcnees en flylnpy aptitude but 5%
mugt be romembored thet they ars suggestive only. s have no reepiratory
meagure which, from these dnta,; could be acespted s havinsg a prodictive func-
tion ipn tho mclection of plieta, The study prorpts a resommendation that
thege enlacted meapures togetlir with reliable scardiovascular meoasurecs be ap=
Flisd over sufficient time to permii definlte evidenoce of their roletion to
Fllot aptiiude,

SUMMARY AND CONCLUSIORS

Two conseouvtive eight~minute respiratory records were seoured from tuo
gamples of student pilots in training at the Pemsacola Naval Alir Stailon,
Pensacola, Florida, This report has precented the resulte of an sxteusive
ptatistical analysis of tlese records undertaken with the view of providing
aovurate information ma to the reliability, interdepondonce, and walidity
ef varlous neasures of respiratory functions avalliablo from thosc records.
In all, 23 popsible msaswres were invostiganted. On the basis of those anal-
vees, 1t i poesible {o draw ths followlng teniaiive concluaionsi

1. The second two minutas of the oight-miﬁutc raspiratory rscord is
tho bept single time interyal on which to secure the reoapivatory measures.

2. Of the 23 possible measures of rsspiration, only Tidal Air lLean,
Tidal Air Sigm, Numbsr of Cycles, Vital Capacity, and Oxyzen Conaumption
posaess sufficient reliability ard indepsidence {both mathematiocslly and

physiclogloally) %¢ justify their uas ag measures of the respirztory functione.

3. Those Tive measures may bs accounied for by three fastors: Faotor
4, made up primarily of the Tidal Alr Uleagures with Number of Cyoles con-
tributing signifioantly; Fastor B, composed malaly of the funotion of Vital

Capacity with number of cyoles also poaltivaly welshtedy and Factor €, ascounted

for by Oxzygen Consumption with a emall contribution from the Tidal Alr Sigma.

L Y

i
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4. These faciory baar uo direet reloiion fto the sublects’ gumatutyes
aaeres, thelr aledirczacsplimlographle saorsza, or messires of their ecordio-
vepculear funchiion darived durding a 1l Zablas sxpreiment.

5. HBene of the Iive ssleshal resplrntery varisbleg Tanre o eignificant
radntlonship 42 suocegs dn fiicht fraining, 1.e., none of the mussguras w1l
¢lacrinluate batween weghouwte mud all plleds.

&. Thsro ramaina tho pessibiitty that amaiyele of largss gempleg of
regdratory behevior than ware aoupleyed in this siudy wouid yield different
results. It is, therefors, crycumended dhae the selactad respiratory mesns-
urez togother wiih the valiable cardisvzasular mommurss be applisd over &
stuffislent pericd of time te purmdt dafinilas evidenocs of thoelr rolation %o
pllet aptitude.

o
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APPENDIX 1I

FREQUANCY DRISTAIRCTION OF PLRT 1 4ND PART 11 CASES
QN FIVE SILECTHD RRSPIRTOAY MIEASIRAR




PR I

AFFPENDLIL 11

FREQGUENRCY DISTRIBUTION OF PART I AMD PART II
ON FIYR SELECTED RASPIRATORY MEASURES

Standard Tidal Alr Tidel At No. of Oxygon
Daviptlion PLETA ] Signe {ycles Gozsuaption
Intorval 1 13 i 11 1 I I 11
1.0 & above 1) 20 19 24 24 i4 16 0
27 %0 103 19 23 12 ié i5 20 1B 19
1.2 o0 1.0 11 16 11 2) 17 24 11 18
«% to .7 18 27 19 20 13 3 16 2y
Hto .4 26 34 25 14 25 40 23 38
<3t ol 21 32 33 44 40 4% 24 3
0 14 10 13 13 12 a5 9 g%}
=} $a =4} 56 43 38 50 35 &4 40 53
ot bu =6 52 62 46 41 36 16 57 30
=T to <49 48 43 50 65 27 ia 31 28
«1.0 4o 1.2 24 aAs 30 50 24 33 19 27
“Le3 4o =La? - 13 6 9 25 24 17 29
~1.08 and iess e - - = 4 14 1 7
N _ 300 372 300 n 300 3. 282 371
¥ .0 46,3 Tol 7.4 30.4 11,2 288,5 257.%
Simma 15.5  15.4 4,4 8.1 3.4 3,2 4.8 7.8

Vit 2l

Capacity
I 11
12 a2
4 20
15 21
16 29
30 23
37 45
12 11
n 49
k) 48
26 28
21 30
28 24

6 i1

294 in

279.8 2716.1
oot 34.9

b=
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APPREMDIX IXX

OBSRRVD AND EXPECTED DISTRIBUTIONS OF JASHOUTS “MPLOYED IN
COMPUTIRG CHI~SQUARZD OF W SHOUTS IH RILATION TO ALL PILOTS
{¥OR EACH OF THE FIV3 S54LECTED RISPIRATORY VARTABLES)



=43

APPENDIX IIIL

ORSEAVED &AND EXPuoTuD DISTRIBUTION OF JASHOUTS <MPLOYJD IN
COMPUTING CHI-SQUAKAD OF JASHOUT3 IN RELATION TG ALL JILOTS
(FOR SACH OF THu FIVS LGELZOTSD RISPIRATORY VARIABLES)

TIDAL_ IR MEAN

Standard
Doviation

Iptorval Part 1 Fart 31
a

1.8 and abova
1:? to
i.2 to
+F t0
60 to
3 ko .
Q
.1 ta ""-:3
“&4' tg ‘*'5;6
“s? tﬂ ""hg
1o B0 =1,2
*“’}.;:\3 to "“"1:?

Total

L]

P ot

&
B2 s -3 oL

3,‘
B e W Bk 1 3 MR
et ot
kai-ao-amnow:w

3
H
i
§
i

j el
£
%
pow
Fined
L]
o
[=]
-

j ]

t b



L

Standard
Devintlon

Intarval

Qa

1.3
1.0
o7
.4
2

Pl el
ki

hd
ol O~ & - L OND B -2 (R
o o P
o

8§83

o

o~ o
o

b1 -

L]
L3 ol o I T |

ok bk b O

p
EOOOQO
[
¥
o
e |

Total

Standard
Devintion

Iptorval

o

Q@
B
-2
[»)
bt
[ ]

et
]

o

(R )

L

-

1~
.
—3

&

[
oA =Y da (= W OND =3 00

E

o
*
&+

Qo
®
ot

[+]
]
®
W

[-]
L]
-

-
o
3
[
Y]

&

o o oF o oF O oF o oF oF

¢ ©
B
[
a
[ )

L.

£
T A

Total

CRYGES

nd abors

H _CONSUMPYION

Fayt 1

&3 &

3 3.2
5 1.8
5 3.2
5 1.8
3 5.5
IV 5.1
27 27.0

Y1TAL CAPAGITY

Fart I

Q »

5 11.2
tl 4.3
T 5.0
& 715
- - Y

L
+n
Lt
e
o

L]

I
H_‘,v;)“-;h

Part I1
] )
12 bk
i T3
6 il.5
9 14,1
9 10.6
13 10,1
60 60,0
Part 11
] = ]
8 6.8
11 13.4
8 9.1
G 7.9
10 12.2
14 10.6
60 60.C
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TIDAL AIR SIcMA

Standard .
Devintion
Intervel Fart 1 Part 11
L Q ®
1.3 end abovs 4 2.3
1'7 130 la_,) = - 8 6‘92
1.2 to 1¢0 - = = =
,9 ta .7 5 5152 8 6-1
.5 tﬁ 54 = - - =
.3 te .1 4 8.9 11 10.3
‘0 - <> -~ -
-1 to =.} £ £.4 Y 1?,2
-4 to “u ? 51? ? b'?
=T to =, 7 5.1 g 10.4
“"100 to —1'92 = te - =
‘1.03, to ""lc? 6 49‘ 10 995
~1.8 and less e — — —_—
Tﬂttl 3? 37 ﬂg 6Q 60.0

Standard 3
Deviation bl
Interval Pert 1 Part 11
< ® [+] &
1.6 and above 6 2.%
1.7 to 1.3 - -
1.2 te 1.0 . - 10 9.4
59 to c? 5 _5c.'§' = -
b to .4 - - 14 1.8 £
-3 %o o2 9 7.8 7 7.9
G - - - -
=1 tc =~.3 7 g .7 9 11,4 ;
~od to - £ & & = .
~a7 to =.9 - = ¥ 8.1
~1.0 to =1.2 - - - - 5
m1e3 te =1.7 - ~ -
=1.8 and lase i 5.8 11 L%
Yotal 3% 36,0 A0 €2.0




