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.Atta;ihi,d is a r-apo:rt ;mtitled Evalooti~ 
,Raapirator:y; U:c&eur,;2 frg l!sa in PiJ.9.l..~otion. by Ra,,Vlllc!ld 
Fl'.'anzm;, l!!l1d Louisa Bleina. Tile ro;;,ort is aubmi ':tad bf the 
Col!l!(;i"tt.ee on Sal>!!iltlon lilI!d 1'rai1rl.ng oi: Ai:re:e!',l't. Pilots nth 
th<l re,,onmel:ldation that l;r, be L,,,111,1,i(I ln the eertea of tech­
nical reports b&:l.ng issued by tha Divisi,m oi: r.eseeroh, {,'i,vil 
Aero~autios Administ:ratiou, 

Too raport in of p~rtiot:.J.ar in~ereat becauee it 
E-lllbodie11 the r,;,sulta of a pionee:ring et.11.dy <Jf phy11iologioal 
variables fraquentl;y us~d in tr~ ~:iromination of aircrnft 
pilot~, J.nvolvii,g an e:x.,'l!inetive Uill'.l;ysh of various measurefl 
for una vartebl9, Tiz,, ~bulie ro~iration, nth respect 
to reliabillt,r, int,erdepe;-,denco, and 1ur:soeiatiou with flight 
3UOCt!BSo 

MSV/es 

Cordir.Uy yaura, 

111-- ,;;::b.--
Mon·is S, Vitelee, Cbuirman 
Co!llillittso on Selectio~ end 
Training cf' Ai:rcrat't Pilota 
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EDITORIAL FOR..,,'"YIORD 

Approximately three years ago, tho Committee on 
Soloation and Training of -Airoraft Pilots, in oooporation 
with tho U, S, NayY, undertook a largo aaalo researoh 
project .uaing as subjects the Naval Aviation Cadoto of 
the NaTal Air Station, Ponsaaola, Florida, This projsat 
wu undertaken for the purpose of evaluating aortain 
predictors of aohievoment in flight training, 

Among the Tariables investigated were those moa,urea 
of phyaiologioal tunotione whioh were thourht to haTe 
enough Maliniaal" Talidity to warrant their use as pro• 
diotor, of fiieht aptitude. ~ith respect to thoae meas• 
urea, as predictor, of euaaes■ or failure in flight 
training, the investigation yielded almost completely 
negative or inoonclusiTe results. 

The oharaater of the findinf',s suggested the need 
or a more intensive analyaia of the variables in terme 
or reliability end interrelationship,. Thi■ report pre• 
,ants the result of such a statiatioal analysis or on• 
■uoh complex variable, n!l!Dely, respiration. T11'anty-threo 
measures obtainable from the breathing reoord are di•• 
auoeed and analy1ed in the text. 
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SUIIIURY 

P•rhape 11ome of tho nu:,.t debated qu11otion11 in the eelootion end tra.ining 
ot a.irorafi pilot.a are thoee oon.oorned with whether th• ph7eiol11gioal tunationo 
of tho atudent pilot will predict bia sueoosa in flight training. To •hnt 
ext.ut Ga.n flight Ziptitud• be predief.(>d frO!II phy11iologit.1al m11uure11t Ca.., 

, pilote who tail in tlight·training be differentiated fr0111 tho~• nho pu■ on 
I the be.eia of their physioloeioal fun~t1on3? Ia good pilot 11111.terial being 
Ye.sted ailllply for th11 roe.eon th•t eome applicants for .!'ligld; training a.re re~ 
jeot•d eololy beoause they do not maaouro up·to arbitrarily or llUthoritatively 
establiahed medical standard•? Such quoetion• recur again and again in reporl• 
of pilot stud1••• 

Most of the ar,.rlier lltudioa 1rsra undert.11.ken ~,1-r.h the v1.- to providing 
'an anner to the sooond queeticn, The phy!l1olog1oal llll'laeurea or flight 
failures were com.pared with the silfll~ ~easures for all pilots or ~ith groups 
of suooessful pilots, Thue far, only nagativo or inoonolusive tindinea have 
bean torthoomi.ngJ f111lur1111 oannot be differ11ntiatad on th• b&.eia of their 
modtoal records. However, these 1nvaatigationa haT• ,uttered tror11 a laok 
of information concerning tho phy111ologioal 1110a&\U"os tlt1.1111selvea. True, as 
they are nOT "'11ployed, thsee measures arc or little value in the prediction 

I of flight a'Dtitude. But perhaps th:!.a is due to tho 1'a11t that the !Haeuraa 
tn•11111•lve■ ar• e:t ta1:1l:I.. They may bo too !Araeta.ble to be of an.y pradiotiv• 
n.lu.r they My i.. m-uril:le th• wrong 11.ape~e of' the phyaio&l tunctioneJ crte. 

Another, and perhap11 111ore bao1o, a'ttaok on ~h.1181!1 queationa is thorefo1•;, 
uoded, The moaew-ea the11u.elvoe rured to be inv11st1gatt>d b•fore they are w,e,i 
,,.. prediotoro, Such an att11<1lt on tho prc,blam will pttrhapa reveal the moet 1·e­
lia.bla or d&pendabla mea11ura11 of th• phyoioloe;ioi!tl fwiot1otU1 and perha.p■ isolate 
those funatiom which oan be most ae11ur ... t11ly 111a11.111.r·ed. Thie roport pre.eenta tl11t 
rea\llt.e of one euoh etudy conoernod with an intene1ve etatietioal analy11u 0: 
the breathing records ot student pilot.a. 

The graphic reoorda of a pilot• a breathing prea.mt an ovor-all p1ot\U'e of 
hie reapiratory pattera. 1i'r0111 •1:10h rooonl11 it is po111ible to II eore hio rocp:1.~ 
ratory behaTior :bl 23 ditteront ways, llow$Ver, it 111 11'1!; to ho a11sW11od that 
all or these 23 Booree aro m11aew:-ing a different e.epoot or breathing, nor i■ 
it proper to aaeUllla that o.ll. of these !ll<laaures 11.ro equally dopendable, Only 
a thorough going etat11tioal &Mly•i• Till provido tho nooe11eru-y info~ti~n 

~

n tho .. 1oorae. 

Wh•n these 23 mqsuroe wero analyaed 1tatistioally, 1t wae found that only 
ive ot them were auffioienlily reliable to juat1ty their use in oYaluating IU1 

11ndiv1dual 's breathing bohavio:r. furlh•rmore, it wa.a dM1onetr11.t..,_ t.h11.t tho 18 

~

ieoarded eooree did not measure nny aepeat at tho rsepiratory .f'-.mation that 
110 not e.seaesed by th•ae five. The meaeures l'Ihioh wor;i. retainG<! aro, (1) 
1dal .;1r !Jean •· the aTerae;e amount c,f nir breathed during tha inspiration-

~

xpiration cyolo1 (2) Tidal Air Sigia •- th• variabiU.ty in the amount of a.1r 
reathed during tho inapiration•expiration cycl•J (3) N'wnber of Gyclaa •- th■ 
Ull!bor of inspiration-expiration cycles p0r 111in1.i.Of (4) 'Htal .Jai,AoitJ -- tho 

l 



l!!l!IOunt of air an indiv1du.al oan fc1·0illl7 expin following a. miui:IIUlll insp:1.r&tiODf 
and (5) Oxyg"n Coneumption •- th• fl.m<nmt of air braai.hed per min~•• 

'l'haee liYt1 mso.auree ""re then eubJeoted to :Cl!.l°ther •tatl.stical treatment 
to find ol.f'. )Jc.,-., ~hey were 11Jt<1n-ela.tsd. '.l'ho qui,stic,n 1■ Wh«.-t.her thq are oolll­
p:..etelJ 1ndap,mdent aapcata of rMpir..:tio!l or ·hether uortatn ot them ol119ter 
i;ugothar a.e roeaau.reo of the samo a!!~eot. It waa found that three rHpirlltory 
factors were mrno11,mry tr> aoooue.t for the f~.ve mee.su.rea, Th• firet taotor wae 
oompoaed primarily of the two.Tidal Air measurea1 the aeoond, is aooou.nted for 
mainly by Vital Capaoit:11 and the tllird fbctor 111 conoorn&d with Oxygen Con­
eumpticm. Number of Cyc~.oo ie fqm,d jn both the first and uoond factor, and 
the Tida:. Ai:- 5ig11ta 1il elighU'y related . to the first and third. TheH factor-a 
ar9 supposedly ditter5nt ,enoot1 or the respiratory tunotion which are asseaeed 
by these maaeur••• 

Atte,• isolating rellabl" and in,lependent measures at respir&tion, the pro• 
blem or their rdlationship to suocess j_n flight training mu.at again be attaoked. 
Aocordingly, the fiya reepiratory maasur&s or 11tudsnt piloto who failsd in 
flight training were eompareid with those meaeu.rse or the total group ot pilots. 
lgain, it -• round the.t washouts c<>Llld :1ot be differentiated on the ba■i■ ot 
these measu.res. The reopiratory function■ hara measured have no diroot uso­
aiation with flight aptitude. 

It ie pointed out thnt one or th" rsuone foi- thh m,g&tive rHult might 
bo the taot that too short e. sllll!pl• of tha pilot a' breath1ag behavior wu atudbd. 
C0111plsto faith oannot, thoretor,, be p..it in thia negative oonolu.aion until tbeao 
■ame measuree are eeau.rad over a longar period or time snd anal71ed sgain. lt 
cso be 11e.id, ho•evar, that thB !!!&tl15vrfJ!I as they are now employed are of no pro• 
dioti 'I'll e.i.gnifi0a4ae e.a far as anaccse in flying is eonaerned. 



EVALUATION OF IUSPIRATCflY MEA31lRE5 roR USE 
IN PILOI' SELECTION 

llfl'RODUCTION 

Experimental evaluation of the use of physiologioal measuree 1n prediot~ 
ing adaptability to flying has been seriously handioapped by laok of informa~ 
tion on the reliability of the measure■ themaelvee, A group o£ earlier etudiesl 
ha■ attempted to inveetigate the prediotive value of several of theee phyaio­
logioal varia.ble■ in terms of their ability to dietinguioh a group of flying 
cadet• Who failed in their flight training fr0111 a nor111al ■&Jllll• ct pilots. 
Each of the measure11 atudied aeomed to ha,e a good "alin,.cal• basil for the 
hypotheeia that pilot success would be assooiated nth it, Tile upabot of 
thees atudiea was that washouts could not be reliably distinguished from the 
total group of pilote on the basis at their acoree on the phyaiologiaal vari­
ables. Thia completely negative result might poeaibly be attributable to the 
failure to establish valid and reliable maaaurae for the variables studied, 
Toward thio and it waa decided to eubjeot the reloYant data from theaa etud-
iea to 11.n extensive atatistioa.l arJ1.lyei!I with tho view of providing further 
information on the reliability, ind,epandsnoe, practiuability, and signifioanoe 
of theee phya1oli>gioal variables. It -s hoped that suoll an L'lalysi■ would 
reveal improved maaourea of tho factors tested, 

PROBLEM 

The preaont report ia oonoerned with the atatiatiael IIIlalyaia of one or 
thees variables, metabolic r ■ epiration. Tha respiratory reoorde for two groups 
of Pensacola cadete inoluded in prGvioue utudiee var• eelao1;ed for 11J1alyaie, 
One of these groups (Part r) we.a made up ,;,f 275 oaeee, the other (Part II), or 
371, Eaoh 11ubjeot was subjeoted to two (nearly) oonaeo•~tive 8~minut• intervals 
of metabolic reepiratory reaordir;ge. ·rhen records thua provid" tha eouras tar 
a large number of maaaurea of all aspects of the breathing pattern, eaoh of 
which 111 available twice tor eaoh individual, They do not otter ~n opportunity 
to meaaura con~istanoy over a long period of time, Thia phaa, of the avaluat1on 
uat await other experimental definition, An analyeia of these records doea, 

however, provide the annera to the follO'lll..ng question111 

l. ./hat aepeot of the breathing pattern should be measured and What kind 
of a measure should be used? 

2. Ie it desirable to use ths entire 8-minute respiratory reoord or an 
individual or will a ehort er t ilne psriod be auffiaient 1 

3, Vihiah ot the poedble respiratory measurH ara ~be moat reliablel 

1stati,t1oal analygee or data obtained in tha Pen0aoola etudy of Naval 
Avi :tore. Parte I 11,nd II. A 1'1.nal repoM; on th8118 atudiu ia being prepared 
for publioaticm in the near future. 

/ 



4. Are any of the respiratory meaaures sufficiently raliable to warrant 
thair uee 111 diffarer.tiat ing individuala'l 

5. How l!iAny of the reliable measurea represent independent funutione? 

6. How o:.a.ny faot~ra are neceaeacy to aooount for the reliable mea■!ll'es? 

7. Ia there any dir~ot relationship between the reliable respiratory 
measure, and euooea1 in flight train1ng1 

RESPiluTCi!.Y RECORDS 

Two oonseoutive 81inute interval& of metabolio r.eepiratian vere secured 
by means at a 9•liter B•ndiot-Roth oloeed•oirouit apirameter. Ee.oh aubJect 
rested for at leaot 20 minute ■ aft&r e~ming ta the laboratory in the morning 
without breakfast. He wa~ then given the mauthpieoe and told ta breathe in 
hie usual mann•r. 

In F.!.gur11 l 1a prH111ited a diagram of the record. The variaun parts of 
it may be a~plained ae fallows, 

::.,. The ll!ln nrtia11.l linH demaro .. ta l•111inute intervals. Ho.11'-mimrte 
interval.a nre shown by the J.lEl!i ve1rtioal line■• 

2. The horizontal 11nee represent cub1o aentimatere, There are tho~o­
foro 500 co'e. betwoon the hH.vy linea. Thia 1s subdivided by the 
medium lin•e ir,to five 100 cc. epaaes, Eaoh of th.a:, 100 oo. DpllOoe 
i• further divided into two ;o oo, units. 

3. Th• breathing oyoles are rspreeent•d by the def!eotions betweon e1-
11-e2, •2•12~•3• •3-13~•4, etc. 

;. 

6. 

8. 

The inspirations are shewn by •1•11, •2•12, and e1•i3• The labels 
11 , 12 , and 13 1118.rll: tho furthut point of :l.nepira:Ucn rl.uring eaoh 
oyole. 

Expirations are !.ndiuated by 11-02, 12-e31 13~",p e·i;a, The label■ 
e1 , •2• and o3 mart the t'urthost paint o? s1pir~tior. at each oyole, 

Sighs are definod ae "unusually" deep inepiration11. Theea ai•e denoted 
by "5" in Figure 1, 

The midpoint of breathing, 
vary 1■ repreaonted by the 
line fit ot tho expiration 

i.e,, the 
lim, AB. 
paint■• 

line u-ound which e1, e2, and "3 
Thia h an arM.trary straight 

E1I1i2I2 represent■ Vital Oapaoity, These two cyoles, the ~eapeet in• 
■piration-Gxpiration of whioh 11J1 iudividual ia capable, twice repeated, 

. are reoorded aeparately tra!II the r"at ot the teat. 



Re5Pil!.A'roilT lll!lASIJRBS 

Fr0111 thla record (Fig. l) it wa• poaaibln to isolate th., following me>1,1$1U'H 
tor ctatiRioal analy&ia1, 

J., ?.i.dc.l Air ('l'A). TII• norlll!l.l volume ot air breathed :l..<l and out of 
the l<mg11 1f1th c'fm7 qui11t renpira~ion, i,e. • tin Yol.!W!o or air 
breathod per ir.apiration1.;,;pi~ation oyol•• 

2. Duration ot (lyolec (Ourn~,ion), Th11 time ol~ps:lng bo'l.WQon er.p;!.n,t1ot:1Ai. 

3. Tho Abiloluto Var1atio~ of Inspiration Poiqta ~ln~pir.). Tho d~rth of 
inepirat:Lon aa it ve.rin frOIII 1':li arbitrary midpoint of bro11thiug. 

4. Abeoli.-t" Variatio,, c.f l:!xpil•atio?.l Po:l.nt11 (C.xpir,). Tl1• dopth os' .,,c• 
pirat1or. as it varioe fr~m an 11.rbitt'PJ'f ~idpoint of braothing, 

S, \t'itlll C;ipacity (V'J), 'l'he nUlllb,11." o! o-..ibi<i inoha:, of air tho irdhi.d~ 
ue\l ooi.n ;(',;,· aibl7 f<ltP~" et't<U" u ii.i.11 "'1 :l.n!!pir1<tio11 '"i!! por;idblo. 

6. Roi;,-ul<!.1"1:ty ot Sua>1~11:,iy~ Cyoloa (R<1g,). Th., 11.v,r-ag• number of: o,<:1"8 
whiah fol'lov in 11'•'-''""'usiuu uboN um!. b<>l<n ;~.J 1u·-01 ii·=, midr,o:l.:it. or 
bro11.thiDt1, 

';. Tho Re.tio of Tidal AU· to Vital Cs.ra.city (Ttjvo), Thf. .nu.<1 '!'Ba: A.l.x• 
11coro divided by VitaJ. Capaoity. 

10. T'n& Rs.tio o! Tidd Air (Moan) to llos:,y 3u;;-t'a;;; (TA/e3). 

11, The Ratio ot Oxygen Con:nraiptioi:: to llir.l.lte V,:;-l111'1'i' {OJMV), Tia, 1."')Wl 

YOlU.llllJ ie th~ 8.\'Dt"B,f:l<l all10Ull,t, of «L" !>,uatl'!,u .,,,,, ,rJ.nut" ,1r,.~l.<!&' ,,r 
p,.r oyolo ai, 1.n th@ Ti,!s.l A:u• mftaeuro, 

12-23, It ,.--=,., d;,e:l,dod to ffte.tiBttoeilly tHt t.h,, ~"""• liedi!l.n, Average D•· 
viation, 11.nd Standa.rd Devb,ttcr. ot' Tidal Air, Durat 'I.on of Cyal ~•, Absal"t o 
Var1at1c.n ot liup1ra.t1on Po1nti,, l!ll"ld Absolut• Variation oi'·B,:,piration f'oi11t11j 
and to uas, ai, a moasu.r& ot variability th• r ... gul,u·lt, ot 6u1,;aesd.or, or G1al••· 

Th" reoorei:, w11n, :11eae1.1.reyd wl~h mi 11.iID~t•r ;,ul "r" o;i:11~,i ~ f,ir tla llur&t ion 
of Cyoloa and the Oxyg~n Conrrn:iipt1on vhivh ..-,:,rs .i~t:i1•;:.i1<<'l·1 r·:1,,p1>15ti-,,.ly :l.u 
a«oond11 by mo,u~,. ot & aaalo of 1i•u01ldo aad in oubi ,, ~or:t:!.'llet,.r•" Tl:<t m;i,tb,>c.l;o 
tor finding ll'Wllbc:r ot Jy-,1.>~ Md Rl!ltrJ.b,rity ~f Suoc<>~!!iai> ar" deaar1!:>"d J.-, 
th• fallo"'1ng pae;o•, Th• "'"tioa, cf oou,•111•, '-'~""' fo1.m1 hy 111!».plc dh'! u!ci., 
Millimfri.•n·• we,:,a o:.n-.'!trt ed. into cub to c,mt 1',.,t.;r,; bJ :nultiply in.'?, by a o,;,;:;i,tl!!tl.'. 
of l'J, 



1, T:!~l Air. Tha e.U,roc:cnc,;; in ;m. fron •1 to ii cm a !'(lrpandiou.1111' 
trc:n ~ o:>net.J_t-at!!C t:i• Tidal A1r for a 61.nglo oych, The 111..,,n, 
mis,Uan, ave;·uge, tl~-,ie.t ion, 'Uld, ;i-:;w'.ld&rc\ d&,il\ti\m f'&rs calculated 
fro,:,. the 1<,;.)_,,u "2~ .12, "3~ 3: (,s~s 71gar" 2), 

F'igure 2 
Detcrmin-.t1on- of Tidal Air 

Tt&es wa1,H,z wer" th•m ai;,rr<)oto,d for temp&r11turs VM"i1'ticn by multiply-
ing tho Ti-l.,.l Air Dl!i"-SW"O { aleo Min,it o Vol1.m1e, Vital Oapa?ity • and tho hbllolut;; 
Variation cf ~xpiraticn a~d 1ns?1ration) by tho valua~ given in Tablo I tor a 
part 1 oular tcP:p~raturfl • 

18° C 
1"?0 0 
20° 0 
21° C: 
22° G 
23° 0 
v.0 a 
l.50 (; 
2f,O C 
2:1° C 
28° C 
2~¾0 (J 

30° C 
31° C 
32° 0 
330 C 

'l'ABi.E l 

1*223 
,l,219 
1.215 
1~210 
1.206 
la20Z 
1.198 
1,1 '}4 
1.190 
1.186 
1.182 
1.176 
1,174 
1,170 
1.166 
1.162 



-1-

2. Duration ot Cyol••· Tb11 h the dbta.nc• 1n ,oaond1 bctwon pupui­
d1oulara to the ab•o1•sa ..tropped trom 01, e2, •3 (1oe r1~~ro 3), 
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F!gur@ 3 
Determination of Duration of Oyolea 

Tb1 mee.n, medhnt c.Terage dovbtion, ~'ld at&udard. dcvir.ition ar• 
fowd tor the nluoa a-b and b ... o. Corr-octi.0na tor tem.:peraturo aro 
then mei..de by referring to Table I. 

3. £b10luto v~r1ut1on or Expir1?.tion Poi~•- Tho li.4~ AB {Fig~ 4) 
ark■ the midpoint or bre~tlling from whioh tli@ iliota!'lolJ of t'H!l.Ob •"-­

p1ra.t1on point iG m..Jaaut"cc1 in itm., along perr!-snUoulu-a -t,o tho ~,b,;,o1"t:1a., 
'l'h1 d1■tanoH ,i1"" r11 0 2,.,, t 2 ,. ~nd oy~ :r3 are t:-,cv,tod irreisp~Qt1ve ot 
•isn in oomputing tho ra~d, Q.,cUe.n, av-,rr.i.g, dovie.tion, t-:.nd sto.ndnrd 
d.1viation. Correotione !or t-.rzperatur3 ('!.'able I) mast then b• f.:ladlt' o 

A 

---B 

figur• 4 

Determination of Abaolut~ Vari~t1on of E~piratlon Pointa 



:t·Jt:'/1,]~~ :l)'i1..::Jatior .. or l::-i~p!re.t!.;-:n F':Jtnt~. ':h~ v!;'.:u~e umod in thie moa;e~ 
l!I'"llio:1t P.ro fou.1d, i:. the sai:i~ m=ner a.a abc,n,, ty finding tho d:lstliDCH 
i1~J1• i;;r J2, e.nd i3-J3 (?13. 5) nnd treating th,1111 irroapeo:iti'l'II ct eigD, 
Th11 ,::11an, median, "'v<)rsg~ dov:l.e.t:l.011, end e.a.nde.rd deTis:tio11 a11d th• oorroo­
tiow1 for ta~p.aturi> {To.bl• !) IU'"' ~o;.;,\ltod 11.s before, 
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Figura '5 
~te:n:li~tion of Ab~cluto Vnrlation of Inap!ration Points 

5. Vitr.l Co.pc>oity. Ae m,mtion,i,~ above, the, louger 1n,;p1ret1on or tho twa 
or~l.,~ ll:1l1J1 2I 2 i,ho-;;u in th11 J.01.~r part of Fig,,ro l i■ added to the longer 
s,xpirat1o,i, l.'a in oou;pi.-tine; th<> Tis\al Air, tho mo<isU.!'Oll!fillt ia takon along 
pc,;-pe.nd.101.1lc,,i,:>a from E !l.ild I. Tll" o,;i1•r<0:Jtion tor tompar .. turi, in Tabl• I 
u ~pplied h~re al,~, 

6, Oisygon Cone•,unpt'-o:.. '!'he v,;Mic;;.l drop ot lin,a AB (Fig. 4) glvu the 
Oxygen Cons'Alllption. It 1a fc,.md in oubio 011nti.Dotor11 par minllte bf 11u1.11-
uring tho dictann:,, ca, and dividi.ig by tho ml.llbo.- ot minutH. (Sn l'ig. l) 
C~rreoti,mo tor barcmotrio pra115ur11 and temperature 11.ro made aaoord111g to 
th~ tablee in tho Sanborn Company "Yotaboli8m Tnblsa." 

7, Number o~ Cyol,:,11 per llim,t.,. Tho numb@r ot Exp1rat1c.n Poim ■ within th@ 
time 1'1.t~r1'al Cl.ilployo:I. !!re cou.'lted and divided by tho nwi:bor of minute:,. 

8. R"gula'1'1ty ot Suoci,enio,~ of CyolH. With line AB a1' a baae, tho m~ber 
ot Explration ?ulnts abwe or b3lOT in euacoseion are courrtod and dividad 

A 

V 
figure 6 

Ragul.!Lr1ty of SuogeHion of Cyalee 



by the numb,n rit grouping■• In Figure 6• :for 11T.A111Plo, tltei•e are tir■t 
3 1.'• !llboTe, tll;n 2 below, then l 11b0Te, an.! 4 below• Tnu, 3 -t 2 • l 
+ 4 ,;..4.::: 2,), •:hioh 1• the mea.,11.re !or R•f;1Uarlt7 o:f ~uoce11&ion, 

Ratio11, Tho rd 101 or T14al Air to 'I ital Oapa<lity (TA/VG) t l'idal 
Air to Body SurlaH (TA,11!$) t v.nd Oxygon Co!ls1.1111ption to Minute Val­
_., (00/11.V) u-11 aelf-e.q,lwiatc,ry. To :find th• t.iii1\lta Vg.:.Wlle, ~he 
total Tidal Air ii divided by the nU111bor o:f mi1uite11 inatoad of 'l)y 
the 11U111ber o:f c 1011111. The !lorrcotion to,• tt1111penturo :l.u • howcTer, 
applied. Body !urtace i• :f~und by meana or the DuBoio Body S11rtaoe 
Chart. • 

It will be noted ti "t c.1rtai:i of the moao1u"11t1 Clliployed !are poaeeo■ 
buio 11i111ilariti•11 whi<!i, 1111.111t be t,u;on bto a<1count 1n their intorprotation. 

S1ai1.larity or Tide.I Air and lnepirat ion 11101>.aarca. Insp1rat ion p"r Cya!.;a 
:I.a the Hlli<t a■ the Tidal. Air per oyole eave tor a llfllltll qu,mtity in th• lat~ 
tar 0001:usionad by tho dtatanoe of tho Expiration Poillts trom the arbitrary 
m1dlin• of broathiJlg. •rnto a:moullt •ometit!,.,. lllllkH the I.<1dpiration slightly 
more and sometime• elightly le11s thllll the Tidal Air. depending upon the po• 
■it1on of th• S:xpiration Points abCIY'o or bolow tho lirut. That 1a, the Tidal 
Air iii alwa.ye tm distanoo bot•eon J!:;11:p:lration Pointe and their 1111cG<11111siv• b.­
apiratioa p?int.11 along proJeatad perpendioularai tbe iaapiration i■ tJJ.,1111.ye 
Ma.•urod aloag a perpendicular from the in11pirat101:1 po.tut.a to tha poui.t vll&n 
the p•rpendioular ou.t11 tho line (11110 li'ig\U."e 1). In,zpiratio.11 nnd Tidtcl Air 
ther,tore bat.b moamro Tolume or air breathed. 

f1gCU"'ll 7 
51lllilarit:, ot Iwip•11·tio11. (t,b) <m Tidal A1r (xy) 

Si!!iilarity ot Duration and N1ab6r ryf Oyola,, Duration u~d Number ot Cy~lo• 
are al•o the aame, 11a.Te for a flll!llll •rror ot m<mBw,~au•.r.t, r•::ultiqg fi-011 th• 
faot th11.t there :I.• vary uldom = "'voi. :{wnb<>r ot: Cyahu withill; <1 hro~l4:'.i.:1t<" 
cpan. !'I011'41'fer, it :le evident that tho l'l\to of bre,itM.ng ::an "" m .... aur,;d 11qi.:ally 
Voll b7 det<>rndning tho Duration p$r Cycle or mimflY counting th~ N!,l"lh~r of 
OyolH per :idnute. If th.,i"e are =1 o:,;iloe the Ouratio!:\ per Cyd~ i,Ul b<t 
-ll• and it' thoris are !:<1"' ~Yel"" it will b<> large, d.,we the t.im• h c,oMtant. 
Duration uld liumbor or C;yo!,.,.s i:,0 ,:i ill<l"U•4'" i!t 1:\.t.fe,"tint wr.ya t !1<0 ratu of !,>roatn~· 
:\;,-g,, 



RESULTS 

le STATISTICAL ANALYSIS OF 25 PART I OASES TO SELECT RELIABLE VARIABLES 

In order to 11ttlect th• length ot record oapable of yielding &d•quat• 
measures and to 1eleat rrom amonz the· tc\.c.l ot 23, 'tho so V1;,riab lr;1s b~s1. 
suit•d for further amly81& (aee the firat 3 questions, page l), 25 case• 
were choaen at random trom tho 275 oaeee of Pari I ot the previous etwlies2 
u an exper11118nlal group. 

The first and last minutes of eaoh of the eight minute• or record "O"ere 
eliminated and the remaininc six minutes di.vided imo '\hree 2-minute in\erva.le. 
It was important to aee if it. was nace1i,ary to measur• a full aix minute• or 
if one of the throe emller interval, ffould provide just aa reliable maeurea. 
There trere, therefore, thrH v11lues tor each factor on each or the too teats, 
except, of course, for Oxy3en Consumption and Vital Capacity, eince the for­
mer ll'Ould be the same for oo.eh t.vo minutes and only one teist "Ona available 
for the latter. 

Rslio.billty ot D1aoardad tl&uure■ 

Reliability \Ta& datermined by oorrelatinc tho results ot each t~o min-
utu ot the first tent \71 th the correaponding tffo m1nutea or tho aecond teeit, 
The firn elimination of' TB.riabloa wa.a decided on the b:usie or thie rol1a­
b111ty ~ The moaaures tound un.11tiafactory on \hi■ baeia aro 5i,ven in Table Il & 

TABLE II 

TEN RESPIRATION V.lRilillLES DROPP3D BEC~lUSE OF UNro!LIABIUTY 
(N :a 25) 

Reliability Coetticiarrt.e (Ta et-Retest} 
Vs,riablt !a$ 2 mip, 2nd 2 mip. 3rd 2 ming 

Tidal Airt ATerage De~iation .54 .. 73 .39 

Du.ra:tiona ATera~• DeT1ation a39 .55 .26 
Standard Deviation ,27 .29 .... 11 

E.xpiration1 Uee.n .25 .,47 .. 32. 
Median .26 .33 .49 
Average Donation .oa .20 .13 
Standard Deviatiou .16 .53 .23 

In9plra:tlon1 ATerr,.ge Deviation .36 .76 .73 
siandard DeTiatioo .31 .11 .s, 

Regularity of Suaoees10n1 .93 .33 .68 

It must be noted that these are taat-reteat oorrelatione wi~h only a ahori 
laps• of time alld do not represent reliabl~\y 1n the aeue or tru• JMe.eurea of 
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d111tinotion betm,en organia11111. TheJ are teote of the relia.b1llty of in• 
dlvidual diat1not1one at ope time, Thero 1■ good roaeon to believe that an 
important barrier to the pbyaiologioal dist1not1on of individuals lie■ in 
the relative ei•e of the va.rianoe ot a group at any on■ in■tMt 1111d of the 
variance or an individual over a period of time. 

All of the other variablee had reliability ooefficionta or .8 or better 
\rl.th the exoeption of tho Tidnl Air Si(PI'.& vhioh -• rota.inod aa the best 
measui·e available tor recular1ty of bre11thing, Both the mean11 and medians 
of tho retained variable■ gave very eatisfaotory ovidenoe ot reliability but 
since it was obvioualy not neoeauary to use both 1t-■ decided to drop the 
media~, The iooan• aeemed ■lightly more reliable and are more convenient 
tor mai:homatioal. tr;,atmem. 

Reliability ot Variout1 Tiu XnterTale or the R&epira.tory Reooird■ 

Although measurements coverin5 only t~o minutes yielded hicb enough re­
liabilities, there remained the quoetion ot 1rhioh of the three t.10-Pd.nute 
intervals to u■e, To l!lllko thia deci■ion, the tiret t1ro minute, of th1 first 
test were oorrelatod with the ■aoor.d two minuteu, the first '11th the third, 
and the aeoond with tho, third, That 1nt&rval 1111111h oorrolated mo1t hi!lflly 
with tho other tw~ -• taken to bo the beirl, i.e., the moat representative 
or the total eix m1nutea. 

TABt.il II! 

lNTI:RCOMll:t.\'flONS o~- THltwii ~ Iltr1,'RV ~ Ul 'l.c:S"r l or SO!.IZ 
or '?HE llEL'tABIX RESPIRATl<M 11EASllRES3 

(ff~ 2,S Part I O&■e■ ) 

let with lilt with 
2M 2 e\n, 3rd 2 min, 

Tidal Afr Mean ,93 .a.s 
Tidal Air Sigroa .69 .so 
Duration Mean ,97 .92 
Inspiration !,!e,m. ,93 .06 
Number of (lyolou/ld.4, ,95 .90 
TA/BS .90 .85 

2nd with 
3rd 2 mn. 

,93 
.'{5 
094 
,91 
.94 
.90 

vn the basis or reaulta ot the for,;11oini; a!'l!\1.yl!111 or 25 ilaee1 the following 
daciaiona nra mad.al 

l. To U!I& the CJO<lll 1r.,.taad of. th" median. 

3.u.1 retained variabloa are not inoluded in thl.■ table, The neoeaearr 
maaauree wire not avai4ble for Vit~l Capaoity and 0xyaon Consumption. TA/VC 
snd 0C/w are made up ot variables othenri■e included. l.linute Vol111U 1■ in• 
oluded e.a the nUill8ra-tor ot Tidal Air l!ean. 



3. 'l'o u.e the •ocond ttro minute■ •inoe, in general, thea-1 are correlated 
mo•t b:l.e)l.17 with th• other two iir.erTal•• 

It •• allo t•lt tbl!.t '&M 11eoond te11t furnished better data than the tint, 
It le•s onen shond i.-regularl:Uea attributabl.41 to 1tuoh ini'l1.1eno•• a• leak• 
in th-. apparatll8 and unnatural. broathing. The seoond too minutes ot the seo­
ond teet nre u911d to obtain value11 for e.ll variable• 11:icoept; llumb•r of C:,olea. 
To obtain thie measure the second tt10 mirmt•• ot the first test '\Jere uad for 
NasoZIII that wiU be disousued later. 

!v:!liabillty of the ReteJ.ned Uea11ur11 

'l'he ll'l)!l.ly:,i& of the 25 oa•ee left eir,lrt; measure, (other tbl.n rat:l.011) tor 
:r-mher 1nve1tiaatio11. 'l'be r•llab·111ty ooetticiem• of th••• lllltll.aures using 
100 oue• (seleot•d at random i'rom 1. total of 215 aubjeote} in Part I (in• 
cludillG the 25 u1ed in the preoedlnc ana.lyei1), and 100 euea (selected a:t 
rand.om tro111 a total ot 311 11ubject1) :l.n Pvt Il a.re pre1ent1d 1n Tables IV and 
V .• The high roliab1llty of the eight mte.aures indioated by the experimental 
group ot 25 os.••• 1• oonf'1nned ii! th•ee larger eii.mple• from both uoup■ ot 
11ubJect■• Th• eia• ot mo■t of the coetf1o101R11 in the three 1runple11 (2.S. 
1001 and 100) d•monatrato• that th•e• aeleoted Tar1ab1111 ma.y be ueed to dia• 
tintpd1h in<lividuals in ::-oepect to their raepir11tion oharaotar1etios. l!inute 
Vol'Clilllll and Tidal Air Sigua are not entirely 11ati9factory when both samplaa 
are considered. HoweTer, lll.nute Volume per Cycle ('l.'idal Air Uean) i1 ll!ltie­
t'ae\or:,, and Tidal Air Sii:,na has boen rato.ined for turtb-,r ane.lyi,oe beoauH 
it 111 the only rema.1ning measute of nrio.bility. The relb.bility of Oitygen 
Oonaumpt:lon is borderline. 

TABLE IV 

RBl.tABl LITY GOim'ICIENTS OF SIU:C'l'ID MSPIRA'l'IOH l!Wlu1\ES 
or 5.li:00:Nl) 1'\'10 mNtrriS or SECOND TEST 

(N • 100 Part I Ouea) 

Yv1eb\t lf - ~ ..!L Sigmal Sigma2 ..L. 

'fldal A.ir Mean '19 43.'] 40.1 13.5 lJ.4 • '(5 
'fldal Air St~ 92 6.7 6.9 3.9 3.9 .76 
Duration llean 99 6..S 5.9 2.2 2.2 ,85 
Iuplration Mean '' 4).4 39.7 1,3 3 13.8 .77 
Nuilib•r of Cycle• 100 ,., 10.2 3.2 .3-3 .84 
Vital C1.pacit7 99 274.0 211.0 32.0 33.0 .89 
Oxygen Co~umption 100 284.o 272.0 56.o 45.0 .,o 
m....ute VolUl!le 97 410.o 404,0 82.0 82.0 .63 

4Pt.n l •'14 Part II••••• refor to the 27.S am 371 aubJ•~• in those two 
Parl• ot oarlior otudio• on Pe1111aoola oad.-te. Th••• ldon1.i1'1catione will bo 
111Hll lhrougholrt tho re•t of t.he paper. 5oe footnote 1 1 page l. 



TABLE V 

RELIABlL.."Tl COEFFICIENTS or SELEOTED MSPIRATIOR UEASIJRES 
or SECOND TWO l!INOTES or SECOND TEST5 

(N :::. 100 Part I! Cu•11) 

Variablf N ~ l(,l Si&aal, Sigma2 

Tidal Air Mean 100 50.5 47-5 14.5 15.7 
Tidal Air Sigtn& 100 7.2 7.4 3.5 4.0 
Duration Jlean 100 6.3 6.o 2.1 1.8 
Inspiration Mean 100 4n.9 46,5 14.9 15.7 
Number of Cyolee 100 10.? 11,2 3,4 3,2 
Oxygen Cone~ion 100 280.4 259,8 47,5 33.6 
Vital Capaoity 100 276.0 273.0 36.0 34.0 
J.!inu-t.e Volume 100 .523.0 509.0 158.0 15Bo0 

r 

.87 

.64 
,85 
.82 
.87 
.70 
.87 
.88 

Since Duration ot Cyolea and Number ot Cycles per Minute are raciprooals 
ot oaoh other oxoopt tor errors ot meaeuremam (their eta is ,92) both •ari• 
ablae need not be 1111ed. Inaamuoh aa they are equally reliable it fflla decided 
to drop D,.u-ation beoause it ie a more ditticult measure -t.o obtain 1111-d, tr.erem 
fora, mro op&n to •rrur. 

The next ,tap in tho analyaie wae, therefore, to prooeod 111'1.th the a!'lll.ly• 
Bis ot tbeee seven maaune and their three ra"t.io ■ • Tidal A.lr/vital Capacity, 
Tidal Ah/Body Surface, and Oxygen Coneumption/uinut• Volums. 

ll. A.'IALYSIS OF THE SEVEN SELii:CTED RESPIRATORY I.IEASUIISS AND 'l'I-IJi:IR R.\TIOS 

It 11 eesent1al now to investigate the ind•pend•nae or oo:mnunality ot 
these selected variable■• The queetio'l raised in tM.• coru:1&ction h whether 
a separate aepoot ot' brea."t.hing ie oovered by each ot th• measure• or do 
eome of them ovarlap in portraying u. single oharacteri11tio? Thia question 
ia, or oourse, an1111ered bf the prc~enoo or absence ot' interaorrelation a.mane 
the variabbs. 

Tho U■e ot Ratios 

Because ot the way in whiah they are deri••d, it ia not proper to oorre­
late oertain ot the variabloe that are etill being conDid•rod '11th eaeh other. 
Tbe throe ratio■ aannot bo corrdated· with either thair nwnerator or denomi• 
11ator without introduoin& the apurioua slement or i.. cha.no• error in one ot 
the meaouroe increasing tho oorrelation bocaua• the 0hanaa diatorticn ia -
bodied in both partiea to the rolo.tioru:ihip, Thh apurl.<>u■ clement 11 to be 

5Tha varying N's are ~coounted for by tho taat that th• 100 oa■eE were 
ael•ct•.d at random and then exolu■iona nr• made tor inoomplete reoorda. 

6-riiere ia no tei,t~retast ot Vital Capaaity •• it ia uned in the im•r~ 
aorralatioll8 dnc, thie m1>asurs ie A ocim:l.nation of the lonsar axpiratiou 
and longer ir.api:-11.tion of two att1Jmpte at a lmltiaum ayole, 'l'h11 va.luee in . 
thie tal>le '!l.n ,,. comparhon of thue 1,-,,, ,~.-aumum o,mlu, 



:partiall7 ellml..na.ted if the rat1o ie obtained trom on• teat and then-re.tor 
or denoudne.tor (when treated s&p11rately) ie obtained from another. 

ETen "1th the etteot. of ol:u!.no• ono1·11 NlllOTed in 'Ul1• fashion, great oaN 
still haw to be exercised Vlh911 1nolad.ing bot.h of the OO!llllellent n.lue1 in IIIUl• 
tiple relations. The matumatiee of r 1 1 or r z, Jt ehow that they are :t'unotlona 

. ., y 
of the relationship of a and .,

7
and 11111.F • therefore, be wi:thout maaning off!' and 

&bon the d1reot r11la.tlonahip. AU.hough, undel!' nrtain 0011ditio1111, two of 
three ailllpl11 'tll.r:iabl111, x, 1, and their ratl11 rzay bo us•d• tho uee ot all throe 
aonfound.1 the influonoe of the xy relationship. Justlfioation for the uae of 
one ot the vax1.able1 am the ratio :l.neteacl of both v11rl.ll.ble1 yielding re~1.dualo 
111 pre,unrt.,Eld in Appendix I. 

The ra.tioe of Tidal Air to Body SurfaH ('l'A/BS) 11.Dll to Vital Capacity 
(TA/VO) 'ftre aussested b-ua• they 1:1ould approximt.t• Naiduale of Tidal At.r 
fro111 ngreea:1.on predlot:l.one made by the oontrola (Body Surtau or Vital Oa• 
imoity). It the ratio do.a no better than th» reeidual (depending upon the 
hcmosoaduticity) then the retie:; can be elilnine:ted ae lone u its tel'IDS are 
kept. 

striatl:, 11p1akill6, the Tidal Air !Jr,u 1a a. quotient, 111.nute VolUllle/Num­
ber of' Oyolee. Another prob::.- Sl"ieos in oonneot1on with both thia na1ur• 
and ~ho 0:EY~•n Consumption rstio. There is B.ood reason to cone:l.der both of 
these ratio, s.11 phya:l.olo,µoal funot:l.01111 :l.n their ow right I one• the (av• 
erage) alas of reepirato:ry oycle and th~ other, the utiliiation or tho air 
breathed, It wa.11 in ant:l.oips.t:l.on of tho need to invost:1.[';atl both Tidal Air 
J.lean and Number of Oyole11 that t.he latter 11111aaure, vben treated alone, wae 
obtained from the first test, whereas tho nU!Lli!!trator &lid denominator ot Tidal 
Air were scoured t:rom the oeoond set of mtta.eures. Thua M1 apurioua elelllent • 
due to 001!1!11011 inclusion of oh!ll10e err~r, is "5moved from tho correlation ot 
Tidal Air Ma!l.rl with Number of Cyole11. and trQIII lnapirai.:l.on par Cycle td.th 
Number of Oyole11. Sino• lt eeemed unllkol7 that both 'l'idlll Air Moan IUld • 
!Jlnute Voli.DG would be used it was deaided to keep the latter measure from 
the 1seoond tililt bu:t. omit all tho spurious eorrol:l.t :I.one 'l'lhore :anuto Volume 
entera into bot.h •nu•ie.blH • 

lntereorrelationa 

'l'ht mtrlx with the correlation ooettioiems omitted l'lber• the TC10 vari• 
able& oontdn common terma (1,e. • t1here there ie a poeaibillty of' eplU'iou.e• 
nesa due to ohance 1:rror 1n ooa V!l.ria1:>le \'l'hioh appoo.r11 in both part1&'3 to the 
~or:relation) ie given i~ Table VI, 'l'he ti:ret oonoluaion from these interrela• 
tio1111 ia that ooria1n.othor of the nriabloe may bo elil:11.nated, 

., 
•see Appendix I tor a diectllloion et the oharactorl.etioa of r i; 

1
• 

y 

Brbe cottole:U.on of Tidal Air M&an -nth Nlaber of Cyolea both taken from 
the eeoond test :l.s •o61 oompal"ed \Tith •• 52 giyen in Table VI. The ditterenoa 
repreaenta tho amount or correlation :l.1 ap11riousl7 rldeed bJ 'Ule presence ot 
ohanoe errors in Number r:it Cycl11a atteo1.ing b11th n.rlablo111. 



a~spiratgey Variable 

M.'!nute Volume (.IIV) 

Tidal Air /.1.ean ( TAil) 

lllilpir, par C;yclo 

No, of Cycle• (l! 

V;, tal Capac 1 ty ('IC) 

o., Con■UDption (OC} 
"' 

OC/k'V 

1',\BL& V l 

r An> ls'l?A OF &CH Oi' Tl!21 R&m'lRATORY VAHUBLt,:;; WlTl:I Ji:V;;;BT omm9 

(N: 275 .E'&rt l cue■ ) 

l.linute Tidal Iup1r. . WJ/ 'Wi/ Sigma !lo. 
Volume Air Jlll&D par c;1cle VO Ba TA C:,ClH 
r eta £ •ta iC eta E vt& r 1a L 1ta r •ta 

,18 ,24 .84 .86 

-· ,?8 ,82 

-o .?? .82 ' -·-= --
,l? .21 ,50 ,53 ,48 ,50 .4i 052 .49 ,55 

.33 ,38 -.52 ,66 •• 50 ,61 .,.41. ofSO -,52 .65 -,38 .42 

,14 .31 .18 ,32 ,14 ,32 ,.--.. , 14 .28 .12 • ';!! -.15 ,3(1 

,13 .31 .06 ,21 .01 ,25 .06 .zo .04 ,16 ,14 .21 -.01 ,15 

- - -- -.10 .2.0 ~.10 .21 ~.11 ,20 -,06 ,21 •o50 ,42 

396.1 41,0 34,0 .2 21,8 7,7 10,4 
89,6 15.5 13.5 .1 8,3 4,4 3,4 

YC oc 
!'. •1! r ·~ 

,08 .21 

-,05 .:u -- -
2?9,8 2.68,5 
34,4 44,8 

9T!lo etu o.re not diacu■■ed in the text becauu, 111 no ca11e does tho d1ffer11nce between r and eta indicate 
nc;,11-linearl t1, 

oclu'f. 

' ..... 
t,, 

• 

.'I 

.2 



Th••• tYO quotients than may offer poas1b111tue a1 ind1pondor.it tW1ctiona. 
!lcw11'er, bator• a quothm. 111!1.T b• acoo1"11d 1n-1ut11rr11latlone it must b1 d1mon­
st.re:ted tha-t. the d1Ybion of one n.riablo b7 another 1■ legitlm.te beoa11.11e it 
111 ilnpli•d by the natun of thoir oo•ftl'l&n01. If ruit • then the rslation11hiP1 
it •mib1t• will be Mthing more than a oompromi1e between the relo.t10D11h1p1 
1:lhibited by :!.t• two component•• Th• oont,:l.nation of tw u.riables in quotierrt 
hrm 111 111U'1'11.ni:ed it th• •xhnt of Y&ri•blli ty of one around -tho rogre11•ion ie 
GOrrtilated with the other. If a; am y are oorrelated and if th& 11proe.d in the 
IU'NIJI of "IIU'i&blo x inorease1 or deoroaeoa proportionately ~th oaoh inoraae• 
of nrlablo 7lothe11 x. l!lt.J be d1rlded by 7 to obtain an expreealon of x, ind•• 
ptindom: of 'f• l.'lhen theee oonditiona an not met, dividing J'. by 7 11h1n th•1 
art oorrelated, arbitrarily deor1a1es the ftri&bility of the re.tio11 at one e!ld 
of the distribution of z. If lit and y aro not oorrelatod, there 1a naeon to 
oombine them in any lil!U:lller. • 

Tho Tidal Air J.lean (tho r!ltio of Minute Vol\Jl!IS to lflll!lber of Cyolee per 
US.nut•) meets tlu, oonditione which Juetlfy it1 w,e. The numerator and denom:I.* 
nator are correlated ,44 and ,41 in the oa,011 for !>Art• I and II oaao11 re1;:alrt• 
:lyely when both maa11ii1re1 ,i:ome. .from the 111!1.ll141 teet. The 'l'lll'ianoe of tho numers.tor 
increaeo1 u tho denomitv1.tor lncroaao1. Th• Cz:;y~en Co'IISw:ip'tion ratio doos not 
meet theao oonditlone. (510 Table VII,) 

"'-'BU: V1l 

l!.'VALIJA'I'ION 01 THE P.A'rios ooj!w ANO MV/,NO. CYOLES 

Standard 
Devla1i1on 
lpttrul 

1.8 and above 
l,'I to 1,3 
1.2 to 1,0 

.9 to ,T 
,6 to .4 
,3 1;o .l 

0 
-.l to -.3 
~A to •• , 
- . ., to -., 

-1,0 to •l.2 
~1,3 to ~1.7 
•l,6 and lee• 

OC at .1.nte:r­
'l'ala ot Hf 
C!!r0SP I) 

.9 

.9 
1.1 
1.0 
.9 

1.1 
1.2 
1.1 
1,0 
.8 

1.1 
1.0 

llV lnteM'ala of 
Ne>, o t Cy!! l•f 

(a1:oue 1r)l 

1.4 
1.1 
1.1 

• 9 
.9 

1,0 
,9 
,1 ., . ' 
,9 
.6 

1.0 
,5 

• 

1.°Thie 111 an analogoua situation 1;0 the 1ntel.lisenc• quotient. IA•ntal age no1; 
onlf lnorsaae11 in a.Tera&• but 11.180 1noreuea 1n spread w1th increases ln chrono­
logloal age. 

11.Uthoi:igh Group :I oases nre ueed th1e far, it -s elaotod t.o uao Part II 
,;1.aea for th:l.e study of t.lla :relation of' Uin1na Volume and. Number of Cyele111 becaw,a 
th• former o:xhibited 111\lCh larger Yariabilit7 in tti. eooond e!Wple and wuld, there­
fore, more clearly repraaeni; the charaoter of the relationship. 



Sino• lnep1ratlon per Cyol• and Tidal ,Ur illlan dltfer only 11lle;htl7 a• 1:18ae­
w-•• of the &Yerai:,e eiae of tho oyole (their oorrelation in Part I le .84 a.n4 
their rella.billtie111 in Pan I are l0\1or thM thl1), it 111 not neoos111u7 110 usa 
both. 'l'ide.l Air Uecm ffll.a retained becaU11e it offered economy in oomputatim:is 
it Tidal Air Sigm11. trere to be used also. 

Semi-Pt.rtlale, ~'ultlplsg, and Residua.le 

Tho hypcthoaio of multiple relationa involving Tidal Air tlean (i.e., Tidra.l 
Air •an divided by Vital C&.pacit1 or by Body Surface) 1e no~ated m1en the r•a 
of the two ratios are corupar6d oith those of their n1.lllierator. The r'o of the 
ratioe are vory elooe to thoeo of the lle&n itself, and thi~ would probably 
hold for relations with other ve.riablel!I r.u1 mll u thoue in thil!I 11tl.ldy. Th&y 
are eli~htly lower, which ~ould i~dica.to that the Tidal Air u~an {TAU) uneornoted 
h eatisfaotory 'ln thie 'l.:ypo of S<!lll!ple. There 1a 11.c 1nl.J to ostima.te wbd;her 
thi1 would ba true 1f b:rlter eet 1.!mtee of Bod7 Sw:·f'aoo flre &vaila.blo. E•n;:i 
tu 1.1110 of' rseiduals will not. 1.rnp.roTe TAM uncorraoted "1th th<il other Tariab'.011 
in tbio 11tudy. Thie ie evidenood by tho eei:u-partb,lll and m .. lt1pb corrt1lations 
of ttwl variableo mki~ up the ntioe <~•• Table VIII). 

'l'Al! 1E VIII 

SEIII•PART'..AL AND MUm'IPUi: OORREL:1.'l'I0NS or VA.RIABLll:5 
MAKING UP Tl!li: IU'l'IOS 

'l'A Sigllll\ 
No. ot O,ole1 (l) 
Oxyi;en Coruiumption 

1 
~ 

r,.., 

.50 
-.52 

.o6 

1 
'J:A.i1/!C 

r -
X'I 

.46 
-.,H 

.06 

1 II 

'UM vg 

rx(y.m) 
.4-8 

-.,1 
.05 

y Ill 
TAM vc 

'\1t.y1 

.50 
S3 
.09 

Tno t\"IO '.t'idal Air !.lean ra:tiae an,:! tr,& entire oom:ept of 1roprovinr,; the 
Tid.a.l Air ~eure by oomb1nine with it or e1.il,tnurting f,•om it the inflwr.n;iti 

' of these other va::-1abl&s 'l!fs.'/ thoreiora be elimimt,:,d. 

The hypotheeie of th• indi!!pendent :!'ll:::lotion ot the Ozye;an Co:r.aum~ti!ll'i ni.­
tlo and Tidal Air 1,1<,,m ha■ alr!lady been ~xplaind. Thl'l eorrol<i.t!.on p11.tt<'.lrn 
ot theoe quotient• (Table VI) sue:,;pst, c,mt'irmtion or th1& hypotha1.111 f;,ti 

1 the extent that th<ilir oo""l"elatione ilti'f,1r frQlll tllll eorresp•mding ocrrala.tions 
of their raapootive numerators. Thvs, tt.aucr. the Oxyuen r~ti~ oorrollt.tion1 
ar-. low, they e:it!dbU, dii'fere.Mt;s i"rom O::y(l;~n Consumption &111 11111.oh in the cb,n.;o 
of ei~ alld a.leo :tn t.hit .3 eor.·Gl&t1,.m nth Nlleb1:1r or. CyolH. Tha Tidal Air 
llau ef,',)illiit11 i'olaticna with '.i.'idal Air Sio-ia s.nd 't~er of.' Cyr.1'9e oi~"litl.cu.tl1 
different from those of' lilnute VolUlli'il. 

12
r ii:(y ••) : rry • r 11 i·x• R!lyrmnd FranHn, A OOl!llll,3nti on partial 001•-

k;ra lation, J. edu!,. Fay-gh9J,... 192B, 19, 194-197. 

(Th• llal!I& oonoludon i!t,q bo d;-.gwn in r<li,i:;~~i ·to ratios of '!,'JU,{ to Body :3ur­
f11.1H but ,;.pi;,li<il!'.l only tc t!'-:1 i,~p~:rrocrt i:iit:t~t!lli;; ui:e:l in thi11 i;:tudy c.nd '(;9 
t;roa;.n,, tjit:'.-:. $,1;ttr-.•o;,o::i.ltrie •:-&rl:--..1'.i.~·t, 1-i)-~ ~:r;;t~j o:w. J 



i-
-:;, -

Th~ ts't'".tCc:·1ns iacLle~t.teia t:=r..t. th~t·o ,.:, no ju3tifJ ou.tion for exprt:e;&ing OX"f­
r;on 0'.l".lc11;:;r,:ton ill.d.epen<!l}:-;t ct ~:l: 0,f;e Vol>.rn:o ai1 e. r:".tio, ln addition to the 
t~,?tl-:1:r..07 for ttla tspread ot O~gen Gcneum1x~ion to re~if.tin conatant 1 rega.rdleea 
.;£' -"~tlt!~rt cf Minute Vf,lumt1 -tii;og ·t.rw a,ra oo:rolated only ,13 in Part I oaeee 
~.,,d -.26 in ?.:.rl IJ. Cl!aes, 

Tho Naidt:.rA.lt1 of O~j'~sn C!:tnct:,.ip~i~n1. !ro:a its rg5reos.ion or1 i.i:inut• Vol\.lDO 
""" or:plrioally !1:.t;,r-n:~•.i~l <>:S?'•'"er,!!lll!I or O~r;,:n C,:,nsm:,ipt:!.~n when independ1nt 
ot i:.lic.ute 1olt'lll$, 'l'l.&~e oo.:-rc:i:r.t•, cnly -,8 irit~ tt• ratio. Thill !unction rm.y 
.itt11 be inve::itts,.t,ol 1'y wr.na ~r tha9e rin:\.du:119, 3 The oxygen Consumption 
re:si-:l.,;i;,le have oorraldi<.>na like <.,ho~o of total Ox;.i:en Con,rnmption, 'l'nis, of 
eour~~a if follo1;10 t~m !-he J..~~ norr,J!!":~1on. bstw~sn tho t\vo VElr.iablots itl1.!olvod. 
in i;;isi re~:!.dwi.l. 

CORFJ::,a.·,rION vi' Oll'GI'll CO!lJl,"!.E'T!ON l':ESIDlJAlfl \'TITH CTRER V.\RIABIES 

iwop1.rdor/ Inapir- . TA No. of 
_VJiri!►lt T,m ti.tion s1raa Ctclee !9. -~"' 

OC 1ridopen<!a,rl of mr .ca .08 .10 ~.06 .04 
00 ~06 ,07 ,14 -.01 .os 
oc/n ~.ll •.10 -..05 -.30 ... 06 
l.l.V ,18 ,17 .33 ,14 

OJG'(l6:ll Gc:11n .. i:.p-tioa h,dope:>~.ent ,;,f Minute Vol:l!ll!l !11 obyioualy a mea.n1.nga 
lse111 oGn:iept, 'l'be (1.i!'h-:-c,,,:io i!). co!"relati,;n thst the r-2.tio ~eema to exhibit 
e\1"11 ott:irely r:,urioue.i. Tho n'!.tio 'a J<>rrol.at.i,rna 1n Ta'ole IX mo rely ref'loo.t the 
,:orr1:l·1tioms or liinute Volm;1.t :rec:~~cd '.:i1!11ic.ti,e of tlu; clrn.noc error (r b1ttwc,an 
IN ;., 00 :: .13--T11.blrl VI) izr~roducei\ by llll!lldn5 1t th•· d11:1,:n:d.n11tc:r of Oxy~e,n 
C:,rtsump-ticn. The eii--;1121 r.ro, !If 001,rea, r11?ors1td. 

Although ·~!to rol,,:Uor. <>f :..\:lnuta V:>1= 1.o m.mib•n ef' Cyal~• JuatifiH 
thtiir mto in :;aottilnt form, it li at1ll n-~t knowr, !:\:at th:!.1!! quotient {,ner~• 
oi&e or tho eye le) 15,1 the bs§~ o::t,)ra;io:1on of !.!lni.,to Voh.mo, :l.ndopendont Gt 

Nuabor or Cycloa pr-r l.!il1'..1t-11. 

A OOl!1J:)ar1son of th~ oor~wtions of .tho quotierrt uith the oorrosponding 
oorrelat1oM uaing r&tJidu..,b, throw■ 11ome very intore3tin~ li~'rt- on the u11• 
of a ratio (Table X). 

13 • 
l!'or th:l.e 1mrposa, the thoor<Jtico.l ~emi-partio.1 l."A(.y .i,} ., rzy • ~xz ,ry1 

k:,1 
w.:.111 not 1111ed. :r.n ordsr '.o avoid any error in ouch th<1oratico.l r'c o.rb1ng 
i'l'OD laok of' hoi!ICfJCOdast.ichy, the ectue.l roeiduab of O:tygen Coneumption 
~ -(r1.-y L ) '!ror." oomputcd end then eorr·olatod rlth the o!nor y;,_rbbls,11. 
d"x (l'y 

14.rbe r'1 were obtained :rom computed!. 
(fx 

aei:rl.-parti~la. Thcee Talues were oomput~d for 
the greater apreed in lliinut• Velu~. 

rll;J L. 
(,t 

Part II 

Th91 are not theoretical 

0111.B~S ~ines they h~Y· 



COIIPARISON OF r '• or TRE QUOT.!E!rl WI'l:H CCJIBES?ONDlNG r '• USING RESIDUALS 

1'1.e1pirat.017 
Vui&bl•• 

11.Y 1ndepende11:t; of No. nf Cycle• 
W/No. of Cyclo11 (TAU) 

TA 
fil.ra 

.37 

.54 

No, of 
Cyclee (l} vc -

The s1milaritr of the relitt:!.ons '11th Vital Ca.paoity and Oit1zen C1u111umption 
Tindioatoa tho quotiont as a eood praotioal expreaeion ot the t.linut.e Vol_. 
partiol, as does its= oorrehti~n wlth tho residUllla which 1e ,75. 

'l'be oorreJ.at:!..on of • .41 (Tab ls X) with Nwriber of Cyol•• re•ffirma the 
question of the sisni£:1.oance of tba co1·rolation of a quotient with ono of 11111 
members eTon ,!h.,n chanc., spurious orr.>r has been rera,v3d, Tho oompgrable 
resid11&l1 have a 1ero cor~3lation.15 It 111 demonstrated in ~ppondix I that 
suoh neeatlvee .ire a stotietioal artif~ct of ratioa. It leads to the oon­
olusion that quot:l.e~ts ohould not be usod tocetner with their tol'l:lill in mul· 
t:1.ple regression flll&.l.1eis, If ~hoy ara used it muet be ':11th due reco~tion 
of the 11.l't:l.faot. 

It 'tidal Air Mean ua11 coneidt>rod asi a mi.lo, rather than u an a•erage 
(11ino11 !fumber or Oy,1le,.11 :l.11 not an irrelevant val111t •• a.re the N's of diti'er•nl 
e:l.s•d woupe) the taot that the eelf~ocrrelatlon of N\llllber of Oyclee appoar:l.ng 
1n both tho ratio (Moan) ll.Ild the S:l.gn;a baa rdaod tiloir oorrelat:l.orus tlith 
N!llllbff ot Oyclee would haTe to be aocepted, All 11uoh questio111 !lli::;ht be avoidacl 
if the !.linute 'l'olW11e roaiduale wsre uead, Rosidunle a,ro:l.d the EU't:l.fa.n th11.t 
:l.e preaent in the oorrel.ci.tion or a ratio and one of its tarms but they a.re ·rary 
:l.mpraot:l.oablo in e.n, rout.in• mea■uremc,nt or nsp:l.ratlon, Inumuoh &I the Tidal 
Air LIiian bas mot the raquiromonta for representing the rssidualeJ it :l.1 eat• 
to adopt it as the rneaeure or brenthing l'ollllllll (\"11th oert.ain qual1f'1co.t:1.or11 
about 1t, rel.ati~ne). • 

IU. ANALYSIS OF THE REI.IAINING F;,:g RESPIRATORY lllASURES 

Tho torogoing an,,.lyeie baa noT reduoed the sltpUtioairt arJl il'ldependeni 
respiratory funotione to 5 poeaible measur,a11 

1. Tidal Air Me&a ('l'AM). 
2. Tidal Air Slgi,a (TASig. )o 
3. Ko. of Oyoles (taken troe1 another teat). 
4. Vital Capacity (VO). 
5. Oxycen Consumption (00). 

They have been sifted from a eet or 23 M!llluree. the criteria of 11.oeeptanoe 
being first. test-reta;1t reliability. and second, independonca or function• both 
physioloiP,oallf and mthoi:atioally. 

l5The theo:retioal aemi-part:l.al 111 truly tll&N. r1 (x.y) : rR .. :rP'. "R 

ltq 
S:l.no• r.,.,- 1, ry (x.y) • o. Thi•• of ooUJ"••• :l.mpll•• that varieble r and the 
1 ot x.y are tho ae.mo, not takt1n from different 1et1 or material. 



!l•f'oN {HU.!lld•i:-:1.ng th;iir intfu:>rel.at:l.o!l!.1 ll:!I Ji>il~h, it 1• NAIUIUrin~ to not• 
haw clo•ely the mtrieo11 for th1; t?.> er,.rJpl.n gi?!til iu 'l'abl• XI rHembl• 11aoh 
cth•r• Ex9ept for t~o or th• Cxyg,,n ~oruiu.~p1;1on o~rrelationa, tho matr1e•• 
are praotioally idontieal. (Ox;r~,m Cor,,n1apti,::m to~~h@r with Tidal Air Sigma 
exhibited the l•~•t 11atiefsotory rel1abil~ty of any ot tho sel•ot•d varicblse). 
S1.1eh _.tabillty of rttlationeh:l.p provid~~ W"acdat~keblo ovidor.oe tha~ tha IM4SUro~ 
in,-ol..-od truly retleot pll;rl.doloi;ios.l d:l.t'l'e:;-er.i:es Cl.!0011;; indiiri<h:ale,. 

INl'ERCORMLt.TION or !'!YE r,;:J..EC'!'E~ HESP1RAT01\Y V Af..lAB!ES 

PART I Ct.SES 

(N ::. 21S for :l.nter,.:r'u 100 for r.liabilit:l.0111) 

Raepire.tor:, 
~2,., Jl~ C;i:glflflb h,d:tPl• - w IA.J!li• Q.q 12. 

Tidal Air \14&n (.75) 
Tidal Air Sigmo. so (.,'ff) 
No, ut Cyclei (l) .53 .38 (.6'1) 
oqsen Corusumptlon .06 .14 .Ol (.70) 
Vital Capacity .HI .12 .15 .so (.89) 

.lle11.11 4:i.,O 1,1 10,4 268.;, 219,8 
Sigma lSS 4.4 3.4 44,0 J'-.4 

PAR:r II CASES 

(ti .:: 371 tor :tm.u:·-.-•• 1 100 tor reli.abil,, ik.,) 

Jp;iabl!, '.WI TA ~s .. *· st cuiAI!. QQ. 12 

Tidal Alr ~ .. n (,87} 
Tidal Air Si.gm& •. S4 (,64) 
Ho. ot Oyclea (1) ,47 ,35 ( .s,) 
Oqgen Consumption ,21 .18 -.01 (.70) 

Vital Capacity .22 ,10 ,12 ,28 1.,6'7) 

lileaa 46.3 7,4 ll.2 257.5 276.1 

Sigma 15,4 4.1 3.? 31.t< 34,9 

--
16s1gr111 r•v•r~•d tor taeior ar.alyois, 



It ia ob"l'ioue rrom in■pection of these iuteroorrela.ticns ('L'able XI) that 
there ie a raotor oommon to Tidol .U.r Mean, Tidal l.ir Sli:;m,., and Number of 
Cyole1. lt 11 also probebl~, though not•• olear, that Vital Capeoity 1111d 
Oxygen Conewnption are independent, Le., oonetitcvte di■oreta faotor1 in them­
aelTe•o 

Factor Ane.lyaia 

A multiple raotor analy1is -a carried out ueing tho oorrelationa from 
both Part I and Part II (Table n), Th• rotated and unrotated taotor loading■ 
for the two nntrioe■ iu-e presented in Table XII. 

TABLE XII 

FACTOR UJADINOS or FIVE Rl::SPIRATORY VARIABIES 

Ra.:ipif'atory 
Variab1t 

l. TAK 
2, TA Sig. 
3, H of O (l) 
4. oc 
_5. vc 

Vviablt 

J.. TA» 
2. TA Sig, 
3 • H of C (l} 
4. oc 
5, VO 

Yl:<"B9T\TEP 

Fsoto:r 

A B 

f:L! £l Il 

.. 70 ,79 .36 .29 

.66 .60 ,28 .31 
~66 ,60 .35 .40 
.35 ,47 .,36 d,1,4 
,50 S3 -.39 •,46 

A...i'J.'UR ROTATION1T 

A r. 

pt I P\ II - h..! ~ 

.76 • 15 ,22 -.13 
,67 .64 ,00 .oo 
, 72 .70 .29 .37 
.oo .oo ,l4 .22 
.09 ,02 ,71 .73 

Q 

f:Lt P\ II 

.06 .21 
•-35 .24 

.21 •,36 
-.44 ,35 

.35 •. 32 

C 

Rl pt II - -
,09 .41 
.44 ,33 
.04 -.14 
.65 .70 
.10 .26 

f!..!. fi..ll 

.62 ,76 
,64 .52 
.61 .65 
.44 .53 
.52 S9 

h2 

E:Ll. pt II -
.63 ,15 
,64 -52 
,61 .65 
.44 ,53 
,52 .59 

Th• t,vo Tidal Air Meuur1ta aoo NU111be:- .>£ Oyoles ronn a completely 1elf­
ocntained raoto:r, Vital Capacity do1.ilnate11 another r1ith Number of Cyoles poe• 
eibly oontributin~. The third !actor is lea1t preoi11 with Oxy~en ConBumptioa 
the lare;o11t element, but oith Tidal Air llean inTolnd in the Part II data and 
Ticlal .dr Sigma in Part I. 

The de3ree of rolc.tion11hip to each taot<>r ot each of ite determir.ing Tari­
abies ie atated in Table XIII whinh gives the multiple oorrelation when all per­
tinent TariablH are included a:1d al1Jo (by meaiia of the, eemi-partiala) the 
amo~ that C'loh variable contributae to this multiple, 

17Three r,~~tione for Part II and 2 rotation■ for Part I were ma.de, 



Factor- B le cl11arly ,een to be mainly the f•.motfon ot Vital Ca.paoity. 
Number of Cyolea ie the other element. R, including Nllllll,er of Cyolee, iQ 

inoreaaed OT$r the r.11ro order r with Vital Cap&city a.lone, from .71 to ,73 
and from • 7 3 to , 7 8 in the two pa.rt s of t.he data, 

Factor C is obviou1ly l!IGinly d•tarlllined by Oxycen <lon.;,®ption, Tidal. 
Air U.an adds nothing in either pe.rl of tho dato1. !linoe :l.t ni.aee the first 
order R' ■ only ,Ol, Tidal Air Sii:;ma increases the rolation~hip in Part I by 
.09, bu:t only by ,03 in PA11. II. It s•~lilS likely that the safest jud(5lllant 
would be to ooneider the faotor aa ooru,icting of '.l:ycen Conatemption vtith a 
Blll!l.ll contribution from Tidal Air Sigma, 

IV. CQRRZLt\l'ION OF R,;SPIRA'l'ORY J.lEASURI,.S ·.i1'l'll OTIU::R 
PSTGHO=PllYS!OlD(}!C!lL VAIU,\BIUS 

'!'he 11t&t:htioal annl:,rBOs und,,rta.lrnn thvs :!'ar liavo ieointed fhe roapir·a• 
tory '1ariabler. th&t reliably d:!.~tin:;ui.~h ~-IU)"-£; tha rao,pirat,n-y ~hareaoterietiom 
of indiTiduale, It ia po~oiblo that aa a battery th~ thr~~ respiratory faetora 
will so distribute individuals tl.at aoct.1.,:,na of tha dii;tribuUon ~i,;ht be eon~ 
eidered na r;Jsp1ratory Htyp"e." Becai.ee of this po1wibilit;: it eom:ood perti­
nent to study the relation of these maasura:i to othfH' b:i.ttorlos of teato that 
supposedly mi~s•ire "type~ o.i:!'forencee, The follouinf, ·three ~"'-blea (Tables XIV, 
XV, a:1.d XVI) pre,:,ont the r's ancl eta's of e,:,.0h oi' tho five roopiratory raau11ureii 
'71th goma.tot.}P•i Ele.Jtrc=&n-;f.phal{.~~r:im, o..ad Ti1:; Table ma11en.1r0:1e f'or the earae 
indivitluab, 'J 

Tha ama1inc thine abot.--!; those a:,anifc.lda 1.e th" tot11.l absanon of rolationship, 
All ci' the ,1.:,rrelati,m1 ara wi<"e1· .l., '1ci only four of thn e'.;a ',i 1\re as hii:;h ,ui 
.3. S11leotad rllapiratary eh.o.rc,ctori;,tio!J are unoarrale.t.-3d with both 3o:m.totypa 
and E,.f,G, (It h11s previously be"'n shoun that thees two are them~olvo1 unoc;r;:-a­
le.te.i. J It may be oonaidorad thi,.1; if -~),117 do mea.eur~ "ty_\M11~ they mo!l.aur& thn$ 
different kinds o:!" types (Tablse XIV aml Xi). The re~pira:i;P~Y ,:;,oaa•;re1 3h,•ff n~ 
r<Jlatioa to thirteen e!lr:l~.,nas/lular i,:,:1,,~''-"ll r&cor1od durin[I tho Tilt Ttsb1.~ 
etudio• (T&ble XVI). 

18Ins;pi.-ati.on o.ppeara in theaa tt.blos ir.ste!l.d of Tl ial Air Mos.n. Those 
aorrelntions \'Taro obtr.inod at tha outeet of the- !ltnd;. T~e r·sa,:,ir:rto::;· "!l'a!'C:.-­
abl"" w1n·e seleoteo. so &1! t.o be rsvroscmtative of .iiffsi-sm; a-:,pect5 or bro::;th-· 
ing, It 11ae thought from the nature er the mi,aeuN th&t Inspiration ,rnul:1 
be.t represent voe.um• ot air, It wa11 uo-t th"u3]',t 1:'oMt. ~;hile tc. compute the 
correlations \11th 'i':1.da.l Air Mee.n, first bcor.uoe the t,yo are oondated tl·nr .8 
with <JMh other, and aoccna., beoaue-s of -~ho cc:npletely no~ativo result of tho0.i 
findings. 

l9'I'he full :ieeoription o:f those mes.sur"e 11.ml 'i.h'> proaedure by ,'!h1oh th"Y <1sre 
eecurecl. will be presan,od in a £Uba;;qnent !'6port of t;iit e&rly Penaacola ~tv,liss _ 
(See i'ootnots) 1, ,iag,. 1, \ A d,,ocriptl.on :if tha b.pparc:.t;.i~ and pNoadures t.,r:ed in 
the elootrosneephE>J.c c;Z"l'.lphi<i etudl.OB ie aleo proo,.nt'i'ld in §1!.2.t,peu,:ei,llalogra.ph:z: 
of Na:u,l Avi,,,to.u., 'ifa,1hl.r<E-,-'t<,n, !),(\ ! (LA,,!,, DiT,.!lto" ot Ros,snrch, R11port ft 131 
April 1943. A desoription of ;:i,:iwi;.tot.ypl.ng p:-0Q11du,·1:s 1-, praa,:,:rted in t11;1 volu,-::e11 
by ,7,H. Sbeldoni il.) 1.bl' . ..:'2,;,i,;t~;O!l, ClLl!,':1J'JiR11,wig,j!, 194-0 "'"d (2) The '{¥.k~1~ 
e.l.1'.U:'l9>J!ill-!.~ , 19~2, N~·:, Yol"l, !¼!rpor !e Brr.a. 



TABLE XIV 

COP~'1EL,\.".l'ION OF FIVE RESPXl'.ATORY !.!EASURES \TITH SID:LDON'S 50llA'1'0TYPE FACTORS20 
(N & l50 to 26-1,) 

PART I CASES 

Rll:;pimtoey Somt-:1- So::as:~c;,<O Somato-
V11,£i_1a2l2 _ t.,I;e! l ~Y£& 2 tYPf 3 12:x;;elaa ii 

r t-ta r eta. r et111. l eta 

Tidal Air Sig- m,04 .23 ~.02 .oB .05 ,18 ... 12 .16 
lnapir./C7clo -.07 .l2 .03 ,09 .05 .16 -.13 .31 
Vito,,l Capaoity -.13 .15 .oB .16 .13 .22 .01 ,21 
02 Oo~euroption .14 .25 ~15 .23 u,15 .28 ,04 .32 
tfo • or Cyelea .:i. 'f .21 -.07 .16 -.05 .16 .12 .30 

TABLE XV 

CORRELATION OF FIVE RESPIRATORY l~ASUF.ES \'/ITH EI.":CTR.OE!iCEPHALOGRAPH mlAStiRES 
(H" 259 

P Ali:? I CAS'.i:S 

RHpir(ltOcy' Abnorm,,, Alph1t ilpha 
Varlabl! "{o,ltMe ,11i1n rr•s1 (L f R) ill 

r e•ti!. r ri& r eta r "" Tidal Air Sigm. .05 .28 .()()2 .18 -.03 ,19 ,03 .18 
Iru,pir./C7ale -.03 ,23 ---~1.5' ,22 .01 .12 .01 .21 
Vital Capaeity .02 ,22 .01 .l2 ,OB ,25 -.001 ,20 
O ;i, Oone\llaptien .06 .21 ••. 03 ,15 .01 .23 ,04 ,22 
lfo. of CyclGm cO,? ,15 .07 ,17 .02 .26 .01 .23 

20scmatotypea 1, 2, and 3, refer to ratings tor eeoh oa.det on three •oom­
ponete" ot body atruotur~, d~soribad a• "prim!l.ry• Mpeote of body oonetitution, 
Somatotypo l, endomorphy, retara to domir.anoe of Tiaoeral structure or 10ft 
roundness of body re~ione, so~totyp• 2, meeamorphy, indioaton the athletio 
~ypo of build or dominanoa cf bono and muecla1 and type 3, ectoorrphy, indioat•• 
a dominance o! "linearity" and "fra~ility," eapeoially of the nervoue 11yet-
nnd senee ori,,.M. Dyepla1:!.r:. ie a term u1ed to eifPrl.:fy "disharmony bet1veen 
ditrer•nt. regiona ot the !n.me, phyeique." s.,. Sheldon,·,;;, H. op, oit. 

• ' 



#>25~.,, 

TABIB XVI 

OORIU.L!,TXON Qf f!VE HESl'lHA'l'ORY UEASO!lli:5 WlTR 1'HIRT'~i Tll'l' TABJ'..t VARIABIES 
(N "' 264) 

PA.RT I ~IS 

fu11mir91,ot1' yape.bbl 

Tilt Tabl• Tidd j..1.r Inapir. Vite.l 02 No. ot 
~ _§!GB Ovals g.-.M,gity Cgl'l@ump, 9701111 

r eta r eta r et• l" eta r Gtfl, 
lnitial Syatollo -.04 .28 .oo .l.6 .1.5 .30 .02 .16 .oo .20 
change 

l'qJtimum Syatolio .02 .17 .06 ,18 .12 ,24 .06 ,17 ,01 ,14 
~ba.nge 

T11t1e to .l.a:id.mW!I ,C4 .27 -.05 .24 .01 .23 .08 .12 -.03 .18 
Syetollc Ch3.:lf':III 

Initial Diastolto w._(11 .19 ~.02 ,22 ~.os .26 -.02 .21 A.07 ,24 
cha.nr,s• 

lkximum Di~atolio -.15 .28 -.09 ,21 ~.o, .22 .06 .2, ,08 ,20 
ohane• 

Ti!!llii to Ila.xi.mum -.06 .17 ··,10 .16 -.o, ,17 .06 .20 .09 .21 
Diaatolio change 

Initial PulH a,to .09 .17 .09 ,19 .oe ,27 .01 .29 -.15 .22 
oba;1g• 

ll&ximum I'ulse -.02 .23 ~.05 .16 .l? ,06 .02 .24 ,ll .22 
Rat• 

'1'1ZM to 1111!1..xin:um -.13 ,19 ... 04 .15 
PultH Ra1i• 

c,01 .1,5' &.05 .25 .08 .23 

Pul11• Pres!!ur• .16 .21 .oo 024 ~.08 .22 .oo .22 ... 05 ,21 
ohe.ne• 

Puls• Rat• .08 .22 .oo ,24 -.11 .17 .oo ,18 -.01 ,13 
cm,.ng• 

Smalleat Pul1H -.10 ,24 .02 .26 .u .22 .03 .17 .07 .23 
Preseure 

T111111 Intenal to .06 ,21 .01 .24 .07 .26 .04 .11 -.04 .23 
Smallest P .P. 



V • THE PROBABILITY THAT '.'[,\SHOUTS FOR APTITUDE ARE NOT 
SIONU'ICAm'LY DIFFERSNr FROM ALL PIWTS IN 

THEIR SCORES ON RESPIRATORY TESTS 

Thee• seleated tests offer the possibility that respiratory oharaotoris• 
tics bear a poeitive a11eooiati,Jn m.th proficienoy in flii,ht training. To ••alu­
ato the teat■ in this respect tho scores of piloto who haYe been \71!1.shed out for 
1napt1tude are oompared with those of tho total group of p1lote, SinQo th• 
number of ,;,aahoute 1a not large it would inoreaae the reliability of tho f'indings 
if tha two aamploa (P&rt I am Part II eaHe) could be 0011tJined, But before the 
eombina.tion is made :Lt must be known that they are two random samplen of' the 
aame un1Yorae eo that their cor.binat1on r;ill yield homogcnsoua data, 

It we.a fo1i..d in the o.nalyGis of othsr phyaiologioal m-,e.s•.ires of thesa Bllllllo 
twi> groups that fo.- some reason the two sotE of da1a. YJOr<> different enou~ not 
to meet tho neaose~ry roquire~ont of homogene1ty, 2 It 11 not surprising, there­
fore, that wide diffe.-enoes are found 1n the aoora diotribution.~ or th• eubjeota 
in Part I and Part II t\9 8Y1doraiod by tho !'' ■ in Table xvn. 

TABIE JCVII 

CotU'ARISON OF THE DI5Tcl.IBUTIO!lS OF f:\RT I AND PART I! Cll.SES22 

Dagres■ 
Pgri 123 Re1piratory 

J!,.~ 
of Pan rr 

VN1,§bl.£ ..L IDBMI .J!.. -1!.. §1(5!M, .lL M §!a -
Tidal Air Me"'n oOl 19 .4 8 300 41.0 15,5 371 46.3 15.4 
Tidal Air Sigm,. ,25 10.3 8 300 'f,7 4,4 371 1 .4 4,1 
No. of Cycles .oo 26.4 9 300 lQ.4 3,4 371 11,2 3.2 
OC Consumption .01. 21,7 8 282 2::8.0 55.0 371 257 .o 32.0 
Vital Capacity ,58 1-5 '} 294 z80a0 34.0 371 276.0 35.0 

On tl-.ree of the measurea th• di11tribution~ fall bolm7 the ,05 lav11l of 
■1~i'ioant d1fterenoe. 
d1f£erenoos as larr,e er 

Leas than f1ya times out of 100 ffould ahanco oreate 
lar~er than those bet<111on the t'1o d1atributions or 

(t1 U2 • f2 N1)2 

f1 .. f2 

Thia formula ha.e boon applied to thl 
atandard acoro distributione, ra­
ducinr, tho deGreos of treodom by 
t•.10, beoausa of tho constro.ints of 
•quat~d t.le&n• and Sigmas. 

23nie N's of Pa.rt I haTe bo~n inore~eed ov•r the 275 ~ned previously no 
ae to inoludo more waahouts. Thoae oa11ee had to ba cuithd from the oorrelatiomi.l 
analys11 because they did not hnvo eooreo on all of the r~aeuraa. 



ooree-on Tidal .Air MMn, Number ot Gyolaa24- ruld Oxygen Goneumption, These are 
illtribution11 with lleau, 11.nd Sigmai, squated, They do not warrant oombinatioua 
t Part& I and II, oven it e.llowonc• ie -d• tor a different average and •proe.d, 

Treat111g eaoh SNi!pl• aeparataly tho probabiliti•■ that tho ocoroa ot w,uh• 
lite diftor from thoau ot tho total group only aa a rooult of oh..noo are OL~alnod. 
haea P'■ aro given in Tabla XVIII, It had boon thought t~Jlt tho !11.iluro to !ind 
rry phyaiologioal diftorenooa botwoon nohouta and tho total pilot populati~n 
ght havo been du• to the WU"oliability of tho ~'lausre8 omployod, A, tar a■ 

oapiration 111 oonoernod this doe& not s•am to bo the oa••• With 1I111aour.,a that 
ve domonatrat11d test and rete&t roli.ability and that have showu ind•p~ndont 

r latioll8 reliably the oamo in two diffor~nt (and diaeimilar) ewnploe thero 1a 
lltrong probability that any re1pirato-:;r diffor11noo ie aaaooiat•d with tho 

1 lr:el1t1ood of being wanlu•d out. The domon&tratod reliabilit,.- 1., teet•rotaot 
1f th no aubotantial ictorval of t irofl, Tho,., b 111till the poosibility that t&lrtlll 
r peatod otten onough throughout a longer period of Ume ..-111 be oor1•"1at11d with 
p lot aptitude, 

rill!: PROBABILITY THAT \'!'.\SHOUTS FOR AP1'1TUDJ( AR::: NO'.!' $IGN1FICAN'I'LY 
DIFF ;;;a;,;NT FRO:.! ALL PILOTS It! TH_;IR 3GO!u;S Ot• 

Ro11piratory 
Variable 

1' dal .lir M-.n 
T de.l Air Sigma 
l'I , of GyclH 
0 Con■Ulllption 

V tal Oapaoity 

1' dal Air Moan 
T dal Air Sisiua 
N, of Oyoloa 
0 Con11umption 
V :t al Capaaity 

.L 

.25 

.62 

.06 
e62 
,10 

,11 
,93 
.93 
,03 
,79 

Tm: Ri:,'SPIHATORY Vil!UABLES 

PAt'.1' I 

6,6 
4.4 
7,3 
2,2 
1.1 

PART II 

5"5 
1.9 
1.3 

12.4 
2.4 

0<0grs,oo 
ot 

Freeda~ 

5 
6 
5 
5 
4 

1 
6 
5 
5 
5 

60 
60 
60 
60 
60 

Hor 
Par"r:t Di11-
!!1but 1o11. 

299 
299 
299 
282 
294-

371 
3'fl 
371 
371 
371 

The washouta o: Part I diffor in Nwnbo~ of Cyolce but thoee of Part II 
d+f1nUcly do nat.. Convene!:,, the •cshoute of Part II are eignU'icantly 
dttforent in O~ygon C011111umption, but those of Part I are oonolueivoly not. 

2"-rhe bala11ce of anal7ab uees No, cf Cyole11 from the 11aoond tHt, the 
• uroe tor all cf the oth&r v,u•iabloa, !lo. of Cycl88 (1), vae employod in th• 
o rrelatiow, to got rid ot ~puriou~ rclat1Qno due to chanqc orrors ooourring in 
b th p,,.rtioa to a rollltion$h!p, 

.-"--



--· .. 
- ,-,.~~~,,,:~~~,.,~~~~71~ ~>£ 

It 1e p;:,eaiblo, ot oourH, thd e111phaeia on dittarent ce.ua119 of failure waa 
shifted between the tc10 eamploa but from thuo data wo cannot ac'ijept aither of 
these moaeures as maans of distincuiehing flying aptitude. Tidal Ur llean has 
a low but no~ a sufficiently lov Pin both Ball'Pl••• 

Inspeotio,i of tha obeerved and expeoted distributions ot wnehouta ueed in 
obtaining the chi 'll'"Bque.rod (Appendix III) euggoste that better oritoria ot 
tlyinB tailur0 (accidents, incapacity for altitude flyin~, etc,) and respira­
tory measures oxtendod over t11:l3 mic;ht reveal batter predictive value in those 
respirator/ mee.aurea. The best measure in Part I data is the rate et breath­
ing meaoured by !J-.unber of Cyc?.ea, Extremely rapid breathing ia more prevalent 
and extremely slow bro~thing lase provnl3r.t among ,nahouts than among the . • 

total group" Oxye;en ConsWlll'tion differentiate• significantly in the Part II 
eBJLple because very lar3e and very small oxygen uaags ie more oharactoristio 
of washouts, Avorago consumption ia lase che.raoteriatic, The Tidal Air llean 
oomparlaon 1~ oon£used by the difteronoo between the t~o ■runplea, In Part I 
the waohouta o-n1si!ltently han lo,79r scoraa and in Part II they ccno1,tently 
have higher scoroa than uould bo expected from the distribution of the parent 
populations i'or thia meaoure cf volur.ia of air breathed. 

Thaao are atiueotive of reasonable influonoee an flyin~ aptitudo but it 
muot bo remembered the.t they are suggeative only. 7Te have no reepiratory 
moarrnro nhioh, from thsae de.ta, Qould be accepted ae havln:; a proo.ictive fanc­
tion in tho selection of pli.ota. The. study prompt, a reoommendat1on t.bat 
thoee eolsoted measure, to$eti,1,r with reliable oa.rdiovas11ular meaeuro1 be ap­
plied over ~uffioient time to permit definite evidenoe of their role.tion to 
pilot aptit ud•, 

SIOOIARY AND C0HCLUSI0NS 

Two conseoutive ei!Jht-mnute respiratory reoorde wore eeaured from ttto 
eamplea of otudent p1lot• in trainiug 11.t tho Peneaoolll. NaV!ll Air Station, 
Penaaaola, Florida. Thie r111porl has preeented tbs results of o.n ext1meiv1 
otatiatical analyeie of tteoe records undertaken with tbs view of providing 
acourate inforrMt~on a3 to the reliability, intvrdependonca 0 nnd validity 
ct various roeaeurea of reopirs.tory functions nvailablo from those rocord11. 
rn all, 23 poasible measures mire invostignted, On the baeia or tho~e anal• 
yse11, it ie poooible to draw the follom.ng to~ative co11cluaions1 

l. The second t~o minutse of tho eisht-minut~ reopirn.tory record i1 
tho beat s1niµe ti.me interval on ffll.ioh to seoure the respirntory meaaura11, 

2. Of the 23 possible me1u,urea of respiration, only Tidal Air 1.:ean, 
Tidal Air Si~, NU!llber or Cyclea, Vital Capaoity 1 and Oxy3en Consumption 
poooeaa a-aftioir.mt rell!Lbility !U'Ji indmpondence (both matho11t1.tioally !iW4 
phyaiologically) to Ju,tify their ua• a, 1119a11~•• ·ot the raspir&tory tunotion1. 

3, Theee five meaauro• may be aocounted for by three faotors1 Faotor 
A, 1111.de up primarily of the tidal Air Uoasur .. wi:th Number cf Cyol111 con­
tributing aignifioantly1 Faotor B, compoaod -inly of th• funotion of Vital 
Capo.city with number ot cyolea also poaitivaly weightedf and Faotor c, aocounted 
tor by O~ygen Consumption with a emall contribution from the Tidal Air Sigma. 

I 

t 
I 



4e 'l~C.!l:a f-:.c1.ni·~ b~a:· .Kl(~ 1inu.tt Z-€la~:t.on to the ~ut~js1..~c: €vmatt,t:,p,;1 
a oor••, their !>leo-tro-z:aosr~1alcgre,ph lo ti.Jor~» )l or iaefas;~r-e• cf tlici:- oardio-.... 
vc-ncula.r fun~i.on .1-!ri-.~d. durir:.g a tili, ,.,~et'ble •xi,.;;~ime~ 1r 

5. &n• of the f'5va t-jle,~"t~.l resplrn.tcr,lr .,.ru·.iablet ta~rii! ~. i;Jigni!'icJ.ai 
rol!i.tionHhip t~ &i.l0>,;"9' in i)!.'..-!jit tro.i~~-!l.;f 11 i co .. , r,.o~{• of th& Til':lo.aur.,r. "Jr.~ll 
disori:nil'.ate l:,,,,:;,:.,«m v,-ciho:.te rmd n U pile te. 

6, 'I'haro r~c,e.ir,.3 tho _;)Cl;J.siM.1:!.ty t!1at ;~na::;e~.~ fJf lrtrge:" al'.mplea ot 
rGle,,.:-1ratcry behe.vior. th.3.!l w,1~0 -3~loyet 5: n thie: er~ 1,1d:,r Wiluid y~.elJ. differ£ "lt 
r11aulta o It iB, th6rei'o!"e, :-r,uom.,,m.kd t!"A·t th~ i;elsctaJ. ro::ipi:!'a.tor:; m11r.1, .. 
Uri'3 tosoth&r with ":he r.:,liBa~:.. (Htt·di.:JTl'.3-lUls;- i!l.Q~:!!l!il~S bG a.ppli~d over t-; 

st:ffi<liemt perioe. uf tiru,i t11 P""a.it def.tnH<> !>¥id,.noe or tho!::- ~c.lation to 
p~lot aptHude. 





01.ffH·•Jn<.'M! lilt;} {z; ~ y'; t\n-i rs.i;i<,,i li.k,o "'11 11!'.'l"II ll~P:1J.a. in:tontio::i.11. 
lH..rfonnMG pro,;,,nt ,. i:in:p~ 3.~ irt',,.-t11St!_~e.:' ,.:1-:'1,!,la -,ad 1'1i.lt tti&rif'or-., b.i 
ooneid.ar@d fir~t, 

lt U/1:1.'J 1,., ellOW>'! '>lgob:·al oc;Uy 
'/ and tn& Nsit!.ual~ of ;,; fi.--o>< y ._ 

.t.. r .,, :-:~i· , ';~ .. , 1 
-<-.1 , • ~ ,, 'I , • ,· (1:eiiug thJ '2'Lll~r✓ tm:- .;,r ti... 

t'jQf·t"'o1r.:;t~o'l ~Otd:•f:tc;l¢al;) 

,i- fir xr 
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Al'PENOXX II 

P'R.lil~JotlC".t !ll5TlUBl11'10N C2 P.,RT I '1.ND P,U''.T II CASES 
ON Fl'IE SSLll:CT!sll R2JSPI!i.,\TOO.Y l/.ct\Sfl!l3S 



Al'Pi:NDIX II 

Frul:QIJEllCY DISTRIBU?ION OF PART ! AHD PAR!' 11 
ON FIVE Sli:I.ECTED R&SPIRATOO.Y llll:.ISURES 

Standard Tidal Ur Tidel Air No, ot O:i,ge11 Vital 
DeTiation i4!),m Sigma CyolH Cocaumption Capacity 
lm:ornu. ]:_J..'.l "J. 11 l I,! l II I ll 

1,6 I: l!1bOVD 11 20 19 24 24 14- 16 20 12 22 
1.7 to 1.3 19 23 12 14 15 20 18 19 24 20 
1,2 to 1,0 11 16 ll 21 17 24 ll 16 15 21 
.9 to . 1 18 27 19 20 13 31 16 27 J.6 29 
,6 to .4 l6 38 25 18 25 40 ?3 38 30 33 
,.3 to .1 21 ;)2 :,:i. 46 40 4', 24 33 3'7 45 

0 14 10 13 .13 12 25 9 34 12 ll 
-.J. to -.3 56 43 38 50 3t. 46 40 53 3l 49 
'""o4 tt> = ... 6 52 62 46 41 36 16 5'1 38 37 48 ' .... 
-.Tto,,9 48 43 50 65 27 34 31 28 28 28 "' ' •l.O to -1.2 24 44 30 50 24 34 19 27 2J. 30 ,,1 .3 ·t.o -1. 'i' 13 6 9 2'i 24 l'f 29 25 24 
-1.8 and 101115 • 4 14 l 1 6 11 

If 300 371 300 311 300 371 282 371 294 371 
1:1 41.0 46.3 7,T 7.4 10o4 11.2 2&8.5 257.5 2'19.8 276.l Sip:m 15.5 15.4 4.4 4,1 3,,, 3,2 «.8 31.8 34,a~ 34.9 

" ,,,, 

.. }i 
;;;, 

--~~:,• '·/ 
··I• '1, ·; .. ,:_ 



AP!' &'NDIX Ill 

OBSIRV:m AND ll:XP.SGrJ,Jl) DIS'ffi.lBIJTlONS ot ,1 ASHOUTS 11.!APLOYEO IN 
COMPUTING OHI"SQUAR.i£0 OF Ii .SHO!JrS It: UL:,'J.'IO'l TO ALL PILOTS 

(J'OR i!.'AGH OJ' THE FI!J'.ti: S,,Lii:CTEI.) R::SPIRATORY VARIABLES) 



,\Pl'ENDilt III 

OBS;;;RVEO AN/) EXP.:;;r:,;l) Dl.,rRIBU'.t'lJN OF ,illSHOUTS Jdl'LOY .;o IN 
COIIIPtlTlNG i;HI~S',lUAl{;,;D Ui' ,JASHOUTJ lN REL:,1'lON TC ALL .'1LOTS 

(FOR SA·JH OF Tttu: FIV,s aE:,,,;;JT.:i:D R.iSPlRATORY \fARlABLSS) 

'.).'.1Jl,J.!!_ ,IR Mf!Ji 

Standard 
Dc,viation 
lptorYal, ~r.:LJ. ~rt II 

4 ii' 0 • 
1.8 and abov" 
1.7 to 1.3 '1 6.9 
1,2 to 1.0 

.'} to .1 5 1 T ., .o 

.6 to .4 ~ 10 6.1 
,) to ' ,. 

0 4 1,2 5 6,8 
•,l to ·~,J 5 6.'i 7 7.0 
-·~4 to ~.6 l.l 6 d 10 10,0 

-.'I to •,9 T 5,6 1 7,0 
•l,O to •l,2 ... ;; " ,, 
-

0 1,3 to -1,7 ·-· --~ J _1J 

Totlll 36 Jt.O 60 60.0 

' 



~· 

Standard 
Deviation 
I1;1:t,m.l 

LS and abo'l/"lt 
1.7 to 1.3 
1.2 to 1.0 

,9 to .7 
.6 to ,4 
,3 to .l 

0 
-.l to -,3 
-.4 to -,6 
-,7 to -,9 

-1.0 to -l.2 
-1.3 to -1. 7 
-1.8 and leas 

Total 

Standard 
DeT'..ation 
1ntoml 

l, 8 and s.boT• 
1.7 to 1.3 
1,2 to 1.0 

,9 to ,7 
• .6 to .4 
,3 to .1 

0 
•~1 to -.3 
-.4 to -.6 
-,7 to ·,9 

-1.0 to ~1.2 
•1,3 t.o -1.7 
-1. 8 and l•11• 

Total 

GXY_MN yONS UIW(IOll 

Part 

" 

3 
" 

5 

5 
5 

• 

...i 

27 

I 

" 
3.:2 
~ 

4.8 

3.2 
3~8 
•• ,, . .,, 

_i..,j_ 

27,0 

VITAi;_ OAf'.i\fil!! 

Part I 

0 ., 

5 11.2 
'/ 4 .3 

q 5.0 
' ~ , 

7.5 " 

...2 ...i.Q 

)4 34,0 

Part II 
0 • 

12 6,4 

9 7,3 

6 11 . .5 

9 14,l 

9 10.6 

l'j 10,1 

60 60,0 

Pe.r;t II 
0 <t 

6 6.8 

11 13 ... 

8 9,1 
9 7.9 - ~ 

10 12.2 

li 10,6 

60 60.0 



£JDAL AIR :ilGMA 

Standard 
Dev1nt1on 
lnt ervsL fm..l Part II 

0 = 0 • 
1.8 e.nd ahoys 4 2,3 
1.7 to . , 8 6.2 .... ., 
1.2 to 1,0 2: 

~ 

"lj to .7 5 5,,2 8 6.7 
.6 to ., "' - -f 

·? 

.3 to . 4 8.9 11 10.3 -~ 
0 

-.1 to -.3 t; 6,4 B 10.2 
-.4 to -.6 7 5.7 7 &,7 
-.7 to -.9 7 6.1 6 10.4 
-1.0 to -1,2 
-1.3 to -1.7 !, 4.4 10 J.5 
-1.8 and leas 

Total 37 37,0 60 60,0 

!Jh~B.,;R Ol GYGLES 

Standarcd 
DeYi&tiol\ 
Int,nal Ell~-1 Pa.rt ll 

" • 0 ., 
:t.6 and e.bOTl'l 6 2,, 9 
l.j to 1.3 
1.2 to J..O 10 9,4 

,9 to .1 5 5.4 ~ 

.6 to .4 14 11.5 

.3 to .1 9 1.e 7 1 ~ "i 
0 

=,l tc -~3 7 5 .1 9 ll~" 
~.4 to -ct) ,. 4o4 .,, 
-,7 to -,9 1 8,1 
~1,0 to -1.2 
-1 e3 tc -1 .. 7 
-1.8 o.n:i l:HHI 4 .Y...J! 11 11,..': 

1~otal 31; 36,0 ho Go.o 


