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Attached is· a report entitled i!@a.BUJ'ICI of EJ@rgig Tolarapq1, by 
Craig Taylor and Raymond Franzen. Th111 report is submitted by the C011• 
mittee on Sellll)tion and Training of Aircraft Pilots with the r9C01818Dda• 
t1on that it be included in the 11eriee of teohnical reports issued by 
the Division of Rel!learch, Civil Aeronautioe Adm1Distration. 

The report de11oribes a serie11 or investigations undertaken to pro• 
vide acceptable measures of u:eroi11e tolerance. An outstanding feature 
of the investigation 111 the use of refined statistical techniquee to 
det81'1111.ne the applicability of a battery of 91•bmax1mel oardiovuoular-­
respiratory measures in predicting max:llllal tolerances for specific types 
of ph7&1cal activity, Because of the n1.1111ber of oaae9-and of other fao• 
tora the lnva11tigation11 are neoe1111arily of an explorator,y obaracter'. 
Neverthelea11, they have produced outcomes in the ny of a methodological 
approach to the construction of Ph7siolog11lBl teats which is of great ill· 
terest in terlls of current problems and of ■ethod11 in th10 ffltlm1na1;ion of 
pbya1oal fitness. 
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'.l'b1II report pNaeai. uo'l.ber or the eul,y 1.llftau,pt.101111 UDdertu:• 
uader th• ampiON of the COIIUttM QQ Sllleotioll -4 ~ of .&1.Nntt 
PUota in the rcaral UN ot probl- OOMC'llild "1th the dftlll'.'mll&tioll 
ot the Nlatiomhipa be~ phyeiologioal l'NJIODae to e:ICC'Olae or •t.Ne• 
eituatioml azid pb.pioal fiUNllo 

lTflioua etudiu published ill tb,1,i NZ'i• ot nportal llafl 'bMI con• 
OC'll9d not onl,y with the developient ot • aex:111:hlld batter, ot pb,yaiologi• 
oel UUUNIINDte tor the pred1ot1on of partioular 'IOrlt 01' •tn•• aitua• 
t1on11, bllt aleo with th• ~1• or the pNdiotiv• a1pif1oano• ot 'theae 
ftl'iabl• in ten. of ebU1t1 to learn to tl:,. 87 aad larp th■•• atud• 
1N ha'nt aho1ln (l) that the oardlovasoular-rNpil'lltor, l'NpQDaN to abort 
e:nrcise teste are DOt e1gnifioantl7 rlllated to night protio11G01, (2) 
t.hat longer period• ot 11•11ur•ent are neoe11B&17 U a part.!oular pb;paio­
logical hll.otioll 11s to be ru1ablf repreechd bf the 11111U1t1Nmcatll re­
ool'dlld, (3) that within the l'Ui• of "avera,:• pb;paioal attioie1107"' thue 
... nrea ve not d111arildtlatlve, (4) that 1D. order to get a valid IIIIU• 
w•ent ot Jll1111ioal reepo1111e to exeroiN it woUld be neon•U'J' to atand• 
al'd1•• mt only the pb1111olog1cal -•ur• thaael'fN» bllt alao to dffelop 
a criterion 11tuation wbioh 110uld permit dillorlllillation aona :l.ndl'fidtial• 
with reepeot to exfl'Oillll tolenuioeo 

fbe atucU.eti reported in th111 report duJ. with (l) the dll'f9loiaett ot 
a 11riterion teat tor the evaluation of enroille toleruoe, (2) lll'l ~1• 
of «d11t1Jlg 11tandud tltne11s teeta ill te1'IIIII of th1• oriterion, (3) an &1!1!11~ 
,18111 of the Nlationehip between the cal'dicrn.aoular--reapirato17 uuune 
and th111 oriteJ'ion, and (4) determJ.nation of the interl'lllat101:ulh1pi UIOZliJ 
the ph,rliologioal meuuree thlll!K!elve•. 

1tanon, Lo Ao A t1Pto£ tWYl10 Qf 1911 Mr4'&9JM-V:£11PkA1iREI: 
:nnablN with ppj;WJJ I!' ElftnmOI w thl Sobntidtr end Mt MnGmd.J:•J•reon 
;ta:w,. 1Juhin&ton, D. C. r CAA D1-noioti. of Ruearoh, Report loo 16, lune 
1943. 

Fnuea, a., and Blain•• L. Eya1uat1.pp 9' rentmtoa: axnnren tPr 
PII ip P1Je1i IOJIPYPP~ Wuhington, D. c< t CAA D1v1111oll ot Ruearoh, 
llep)rt So. 2,, JIIZlUU7 191,4. 

J'ol97, J. P., Jr., Hunt• 'l',, !telly, E. L., Johuon, A. P., em:l t.pl117, 
•• •• SW1e ct PUO&eton 9f tnb11YPPoot in 1em1rr tq Qy. •~u, 
D. c., CAA Div1111on ot Reaearoh, Report lo. Z?, llaroh 1944. (SN Part llI.) 

llcP'arlem:l, R. A"• am Fmzeii, Ro Th,t Pen9ppla •;tudy pt paJll •yia• 
tea, l1Ml !'PFlrT rcpgrt, Washington. D. C.: CAA Division ot Ruearoh, 
Report lo. 38, Hovembw l944c 

llc!'arland, R. A., and FraMen, R. Pett1J IP sati/!¾91] IPI] Dil pf 
data AMil1PIA in \ho ftnUPOla etudx et paya1 lnatenl• Wubington, Do Cct 
CAA Divilion of Reeearoh, Report Hoo 41, Jrmuar, 1945, 

... 
--· 1 

' .. . 
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vi 

The uperl:lllental work on tbeee problems ws.11 begun iil lfaroh ot 1941 
at Stanford University with fU111.i11 !ll&de available from a grant•iD.-aid tl'OJII. 
th11 IIRC 00111111ittae on Select-ion and Tra1n:1Jlg of A:.l.roraf't Pilots, or:lsginMJJy 
lllade to Dr. J, K, Le11111. fbe fire t eerie& or stud1e11 -,i cOllpleted iil 
No"1811lber or 1941 and a report, StJJ41n in Pb,v,191,l, F1t,uaa I, wu 1um1t­
ted to the Collllll.1ttee., B1 the end of June, 1942, three additional 181'1811 
of 1nveet1gatioru, were comploted and the l'eeulte anal.1Zed etatietioal.ly 
1n cooperation with Dr. Raymond Fr11m:en, Two additional reports were 
submitted pNSent1ng these materials. 

On Aprill, 1942, fUl.llllo1al support for_oont1nuation of these_stud1es 
wa traruif'C'red to the Collllllittee on Aviation lled1c1ne of the OORD um.er 
contract OEM cmr l22. Stat111t1cal anal,aee of the rMults of these etud• 
1ee continued to be carried out by Dr. Franzen for the Committee ou Stleo­
tion II.lid Training of Airaraft Pilots, 

In addition to the reports or rese&r>)h 1n this ara eubmitted to tbe 
NIIC Committee on Selection and Tx-ain:1Jlg or AirOI'll.ft Pilots, other studin2 
were su'bllitted to the Collllittee on lledioal. Reelllll'oh, Office of Sei1111tific 
Bases.rob end Development. The last two reporta cited below were prepared 
jointly by Dro Taylor and Dr. Frsnaan and weN also 11ubii>itted 1n IIU111111U'7 
to the Comittee on Selection and Training of Aircraft Pilots. 

In read:1Jlg the i"ollowing report it lfill be noted that these •tud1es 
can be conllidered aa explorato17 only and that woh experimental work re• 
111&1D11 to be completed before definitive oonolusiol:lll can be reached. Due 
to the Datu.NI or the sample uaed (e. homogen90lll!I group of ph,yllioalJ.7 •normal• 

2fa7lor• C., Allen, So O., and Hall, V. Eo Orthq,t.at1q lMuffigi1P9X 
by thff tiltoo,z,! M1ibod- Comittee on Aviation Med1o1ne, OORD. June 1943. 

Taylor, o., Brown, G. E., and llorris, R. l,y19la endµra.nga tut1 of 
IIIESllt +Qlarap,99,, CMR, OSRDo June 1943~ 

Ta7lor, Co A M:dlDO) pack tut of OXFP;llt tolerange° CIIR, OSRD, 
June 1943, 

'l&J'lor, c., and Brown, G. E:. Sou sbnCDVOPI gp 325 Sobnrd,dot 
t,atB on beJthy ypung men. cw, OOllD. June 1943. 

Cresoi tel11, F., and Taylor, c. The laqtata rpponse to fT21'91.sa 
100 it8 relatigp@ip tg phIJigal fit.pu11° OllR, OORD, June 1943, 

Taylor, c., and Morr111, R. Stud1ea of the @fftpt or trJJn1PR 9A 
,aoraa in a ov1zanrJrnoJ Hat of exm111 tolmns141 CJm, OORD. June 1943. 

Ta:,lor, c., and Franzen, R. Cardiac pattam, r•Jated to ID£Pifll 
tolerapga. CllR, OORI>. Jul.7 1943, 

Taylor, Co, and I"ra.D111en, R. 
CIR, 08ml. Jul.7 1943. 

Svblez1nl WH et e-vrei11 kltnPRt.: 
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11ubjeot11 within a var:, re:str:l.cted age range) and the relatiYely IIIUll 111.111.­
bar of subjaota inVolved as com-pa.red with the large mmber of variables 
under illvntigation, t.li.e results 01111not be geeralised and 111U1t aerYe only 
to indioat• the direotiona which f'urthar 1nTllllt1gations should take. Suoh 
inveatigationa will, ot OO'!ll'se, involve a larger and 1110re heter'Ogaeoua 
population of subj41ata and will oonsidar tile validity of the criterion 
test ill terma of flying and poasibly or otber·work ■ituationa. 

The studies deaoribed in this report have served to indicate inade­
quacies of existing teata of phyeioal fitneaa and the unreliability atten­
dant in the phyaiologioal meaaures being oustomar1l7 recorded 1111 predio~ . 
tors of physical fitn111111. The, have also 11US1•11ted that a 11:IJlpla, Nllily 
adlliniatared, "aubma:dmal • test which 111 under oontrol of thl' ue111Der 
represents a practical meana of aeaaasing physical fitness.· 

, 



FOR!lfORD 

l'RKP'AC:S • 

Sl!J}TIOR Is 

COMTE?;''l'S 

• • • • • • • • • • • • • • 

JWCIJIAL ff.STS OF :imacISE ~g 

• • • • • • • • 

• • • • • • • • 

IIT.RODtllflOlf • • • • • • • • • • • • • 9 • • • • •• • • • • 

Page 

... 

l­

l 

fRB (DIIll&L) TRIADUILL TIS! • • • • • • • • • • • • • • • • l 
Apparattl8 • • \'I o • • • • ~ • ,, • • • • • • • • .. • q; • • 1 
Procedure {Max1:me1 f•eta) • ••.•. o. • • • • • • • • 1 
Scoring the Treedm1J1 Teat • • 6. a •••• o o • ~ • • • 3 

. . • • • • • PBlSIOLOOXCAL ?ES'?S. • . • • 
Blood Pressure Roe.dings • 
Heart Rate De~tiona 
Fla.rtlleter Bl01r (FB). • • • 

• • .. .. • • • 
• • • • • • • • 

• • • • • • • • 

• • 

• • 

• • • 
• • • • • 

• • • • 
• • • • • 

THE S·UBJU::'.l'S • • • • • • ~ • • • 4 • • • • • • • • • • • • • 

4 
4 
4 

' 6 

RE:S11Lffl O ♦ ♦ ♦ ♦ ♦ • Cl ,_ <;1 • ♦ ♦ • ♦ ♦ • • ♦ ♦ ♦ ♦ tt • 'f ♦ ♦ 6 
llfathaatioal 'l'reatllent of Maximal Run Hlllll't Ratel! , • • • 6 
·s.tatillticlll Anal.ysia.ot the Data Relative to 

Validit7 a.nd Reliabilit7. , .•• , ..•• o , •• , , 9 
Reliability Stud1915 (Qx-oups IV and V) • , • , ••••• , 16 
Regrel,eion Reliabilitf from Crosa-Applica.tion to 
all Seta of Data • . . " ,.. . . . . . . . • . . .,,. •. o • 19 

SUIIIARY AND OONCLWIO:NS. • • • • • 
SU::TIOJf II; EXPLORATORY STUDIES OF SlJBMAXDAL mm 

OF EIEBCISE TOLERAN'.:E, , • • • • • • • • , • • • • 
INTRODtA:l'l"ION • • • • • • •••• 

HEARl' RATE AlID RESPIRATORY IIETA!IOLlSM 
DURING S TAJIDARD EXE!ICISE. , • • , , • • • • • • • • • 

Tut Procedure. • • . . . . . . . . • • • 
Mei.sur88 Recorded .. • • ,. • • • • • ., • • 

• • • • 
• • • • 

• • 
•• 

lt ♦♦ C9 ......... -).0, ♦♦ Q ♦ 

SUMYARY AND COt!CLUSIONS, , • • • • 

23 

24 

24 

25 

2, 
26 

'Z1 

31 

,. 



.. . , 

.. , 
f 

'I 

B. 

,,, ',---_.-.-:_·"of' 

VALIDiff OF CJRDIOVASCULAR-RESPIRATOR? IIUSUBBS 
'WtE1f BEPORB AND AFBR 'STANDARD EURCISE TFSTS 0i o o a • 

Intl'oduotion • • .. • 
Subj eota • .- • • • • 
Proo.av.re •••••• 
Reeul.te ••••••• 
S1m1&17'. • o • • • • 

• • • • 0 • • • • • • • • • • • • • 

.... • • 0, • • • • • • • • • • • • • • 

,••o•••••••••••·ei•• . . . . . . . . . . . . . . . . ' . . 
• • 9 • e • 0, .. e • e e G O • e e e e 

,. ' 

Pap 

31 

C. A POtlR-mRUB (SlJBIIAJ:IMAL) '!READ~ TJ!a..T. • • • • • • • 40 

Intl"acluot:lon • • • • .• ., o o ji, , • .. • " • • • • • • ., • 40 
SubJ ecrta • , • ., • • • .. • • • • • • • • • • • • .. • a o 40 
G;roup VI • • • o • o • • • • • • • • • • • • • • .• • • • 41. 
-Group v~ . Q • • • g • • • • • • • • • • • • o • • • • • 41. 
Prc>oadure. .. • • • • • • • • • o • • • • • • o o ., • • • U 
Relulta. • • 0 • • ' '" • • • .. • • • • •• " .. • • • • • 41 
_s~ . ., C,: 0 D a Ct O D CII O I' ... ft • a • C • D • O' 0 ■ 45 

A SOBIIAXD&L PJCI. TEST .. • • • .. • • o ~ ., • • 6 0 Cl • 0 • 45 

Intl'Oduotton •·· •• • • .. • • • D • • • • 0 a .. • • • • • 4, 
Prooflllure. • • • • .. • • • • • • • • • • • • • • • • ., 0 46 
Sub.1eot8 • • • • • • " • .. .. • • • 0 • • • • • 0 • • • • 47 
Reaulta. • • • 0 • • • • 0 • ••• • • • ii, • • • 0 • • • • 47" 
S\IIIIM:&7 o • • • • • • • • • • 0 • • • • • • • • • • • • "• 50 

S!C'rIOI Ina 'l'HE cmIHG HEART RATE 'l'UADIIILL TEST • • • • • • 51 

Jll'l!tCJDlE'lIOI • • • • • • • • • • • • • , • o • • .. • • • • • • 5l 
Proo.tazte • • • • • • • • • • • • • • • • • • • • • • • • 51. 
Sub.1eota 11114 Data • • • o •••••••••• • • ••• • ,3 
R.Nultll • • • • e a e • • • 0 • • a • • • • • Ill • 4I • • • ,, 
81ml&Z'J AnalJ'aia ot Stab111 t,- of' tb• 

8ell1Dg Heart Rate !Mt& •• .' ••••••••••••• SS 

APPIIDII A 1 &XPLORA'l'ORY STDDIES. . . . .. . . . . • • • • • (I • 

IftBODUOTIOB • • • • • • • • • • 0 • • • ••• ' • Ci O • • • 0 

s UBJ'liE'IS • " a • • • r • e • • • • • • • • • • • • • • • • • 
PftOCBDmB. • • • • • • • • • • • • • • • • • • • • . .. • • • 

RISULTSo • • • Cl D ., • • 0 • •• 0 D • • 0 • 0 • • • • • • • • .Antbl'op,utrio ._.urn ID • • • • • .. • • • • • • • " • • 
Rat:t.nc Ciraula'tol7 Punotiou • • • • • • • • • • • • • • 
1'he Double Work Tut .. • • • • .. • • • • • • • • • .. • • • 
Cud:loftlaular lllutJrN • • • 0 Q • • 0 • • • • .... • • • 

65 

65 

66 
66 
69 
'11 
71 

, . 



'..,_., < 

APPENDIX Bi RELATIONSHIP OF STANDARD "FITNESSw TESTS TO 
THE TR.EA.Dill.LL TEST e O O ~) ~ 0 '1 ~ 0 0 QI~ V QI 

INTRODUCTION , , . ' . • • • • 

STANDARD FITNESS TESTS • • 

RESULTS • ,;, ,, 0 . . . 
APPENDIX Ci Figure 8,. The Exercise Platform; Figure 9p The 

Exercise Pattern; Fi1;Ure 10, Stethoscope Position 
for HE:.art Rat~ Count e C 1- Cl ,; <l ca- 0 • ~ 0 e O O ,I II) 

73 

75 

75. 

76 

77 

-•,J-' 



This report embodies the re1mlts of' a series of' preli111Dary investi• 
gatioru, undertaken with a view to tbe development of' a standard teat of' 
exercil!le tolerance and the construction of' a battery of' cardiovaeo~ 
respiratory measures which might serve as an index o:f the J!h7sical f'itneSB 
of' the individual being measured, 

One o:f the first problems oncounterod in theEl8 investigations was to 
secu:.·e a 'V'l.lid criterion measure of the physical :fi ~ness or exeroise tol­
erance of' the individual, i.e. , eomo method which would measure the actual 
amount of' work the individual T!!.S capi1ble of performing. Since there is 
little agreement as to the meaniIJg of the term "fitnees• and since any 
meaning which might be atte.ohed to the term cannot be eepal'!Lted f'rom the 
pe.rticulR.r work or BJ<eroise situation t,., whfoh the individll!ll finds him­
self', it nas decided to construct a standard measure. of exercise tolerance 
which would reliably assess the subject's m,xinnl camgity for a partiQp]ar 
tr:ce of won. 

Accordingly, the mxi1D11l trooC:mill test WSl3 developed for purposas 
of these ttdtial studies. Sinee 'l'lch a t1Jat damands that the subject be 
exercised to ti:e point o.f physical coJ.lapsr; or ext.9.uotion, it is not prirn­
tical for use i '1 the field, 'l'he ul timat,e goal is then,fore to co!llltru,:,·t 
a shorter tesi. from which i-he exhsustlon in'.upo.lnt of the lndhidual can 
be r?Habl;r pJ·sdlct 0.-J. 

A second 1v1,Jo:r probJu,1 cm~ounteied in t.h2se sttrlies wae the relillble 
measurement cf the physlolo~ice.1 r;;spo'.cl::cs to ex•~rc1.se. Accordingly-, one 
of the imjor obj ➔ct.Lva3 of' then•2, 1J:11\,8tl;1athms h~s beol') tho development 
o.r reli.Elble nea.aure!!'.ents cf' tLa C'li"i.lr,,n s~·,tl:sr S.i'>tl roflp:!.ra.toey re3ponoo~ 
to the W.9t<' cf' cw:,r ci.'le to) .,,,n "~" , • 

' In such stuJ-1.es as t!v:se thr:1re t!f! 1 of ct:-1·z,s" 1 m-inJ sowces of uncon· 
trolled viu·ianca au~h llS r.,,ti7c·.1 on r,f '\J,9 '2'\fo,,act, diet, previous p:m.etic~, 
anthropo111,stric dtff'eraucss,. w:d so fc-;.-,,;,. i,, rn far as possible, these naj-:r 
sources of varienc<.J :1l'l.Ve bt,P" t,.;,1<r: ir;to s.r:count.. It will be nece~sary 
however., in f1MJ stdies t.o be co x,:i-1',,·d i;, tl1i11 ~rs.,; -co control rigid:iy-
8Vdr.:4f rrajor sourr.ci ,)f "1r_J.r! '",<'1Ji:1 :U" !J '"ltili·i n~:;.-:i t.iurLl o.'.: txarciea tcler~n~e is 
to be davelop0~., 

The studits c'bc-c1soed :!.ll +.)le !'d]r•ulng sm,U_,,ns of' the rep,1rt ai.•e 

adr..i ttooly el..-p1or"1.to.:-7 onl7, 'Ih; , :re corSiu<YJ to tl:c stuiy of' n relati'l'!!l,7 
• homcgei:.e:ous p,:i;:ml~,tion cf T0b;'u•!-cs ·,dth :c-oa;,,-,ct to 3uch f«eLors ea age, 

g'.lr.eral state of 1,,_"'-:~th: ~o:,, r,:-tl so forth. r_,,1d1 ~tuc:l.es as these do, he'll'•· 
ever, p!Jini:, t_hs 1r1y- for f-w:·tb,)r re:!~,,,:r,:h jn thi.z arM atid go a long ,ray 
toward tt,:::, di:;~;ol.:,;.:iu;.::··.t of n te!lt .:f z·1(&r-c!~Y tc-Lert..nc~ and of maa~urcs of 
the pb.ysiologicsl r"r.ctiouJ tc· e_,.,r~:',;e '1'11foh _1\',Lght prove of practical • 
predictive s1gr:l.f!.c·1r.::ia ir> the eY'l.lu,,~k~, of en lndividU'l.l'a suitability· 
(ln tu1·•·s of ~'1-·~·M1 ft',·,,.,\ , ••. ~-~, .... ~,.,,·,s •'1•inh d·,-.-d "high d~,,.r- 6 ,.., , •. , ,1 i-,'l;J,.l., . ..,_ l,•,-~, ,<1 '->~~l,v•·i•,J:..',,. ,"YI.,._,,._ J.l~11t_1J~ c=., QE:, O\;;i 

of phys1~. ·: ·,~h 1:;···~:j,~,1 '.:IT "tl·;,.t ~L-tJ lt; t·:, in1.;,;·,,-rt,~•nd o:Rt.refile fatig-..,1,e(I 



SECTIOB I 

MA.llllAL 'lESTS OF EXERCISE TOUffiAJICE 

IN TROD ID'l'ION 

In order t"O oonetruot a valid b&ttery or phy11iologioal 1118Bl!IUI'81!1 which 
will predict the ultimate "exercise tcilen,nce" _of the individtl!ll, it is 
necessary that the measures be recorded for each individual throughout an 
exercise or work period which culmillates in c0111plete phyaioal exhauation, 

In this section are presented the results of a series or explora.tor:y 
experiments which involve the analyl!!ie of oardiovasoular anij. respiratory 
measures of aubjects who were subjected to a 1'1!1.Ximl test of exercise tol• 
era.nee resulting in final and complete exhaustion of the subject,l 

As was indicated earlier in this report, euoh a severs 'test of exer­
cise tolerance (continuing until exha.u~tion) is impractiCl!!l for field use. 
Initial studies such es these ere nG~eiioary, not only for purposes of llllX• 

imidng a battery of predic'tive pl",ysiological measures, but also for,the 
construction of a criterion measure of 0xerciss tolerance against which 
shorter more practical "fitness• tests 00.7 ba validated in eubsequent _stud­
ies. 

l'HE (lili\XIMAL) 1'!tEADMILL TEST 

Apparatu:i, Briefly, the ·trcmdrr,Hl t'3st consists of an endless belt 
running over two steel pulleys -~ one mobr-dri~en, the other an idler" 
Between the.pulleys the 1'UIUllug eu,,f&oa of the belt io supported by a ser­
ies of b&ll-bearing rollers whicb suppcrt \,;,e ,10"1.ght or the subject and 
furnish a satisfaator,r runninc fllll;'f11ce. '£ha front fnd of t.be treadmill 
can be raised or lor,eroo. by a verttca.lJ.y ,:,l'lced scr,,w, This permits dif­
ferent inclinstions (pit•Jhes) of tr.e nuJ1ing =•facs to be useid in order 
to incree.se the physicsl work i'lYrih.,d 111 '"'' 0:ierc:l::ie, Differ0,1ce:-< ii, 
pitches are expressed as per cent grade ,ic,:,orcling to the conventional rec~ 
ord. Differences in rwming rate MY b,; trcught about t,y- a speed~adjuat­
ing screw which controls the !!etting of a Toledo Tirner2 interposed in the 
V•belt drive eystem, l'hus, tha troo.dmi1-l t63t offers all of the veriat:l.or.s 
1n exercise stt·esa wh:lc h oa.n be brought ,:,louo throtv,h changing speed or 
pitch of ;:;he running st:rf.9ce, 

?roced£12LJM,~intLT2.~t:a). 1'!',3 _._,);,.;,ld~ ta~{~ µrooadure is dil7ided 
into three parts, th, w-n,n•.p ;,e:ri.,,-i, t>.c, r,1,it, i:crind, &nd the tes:t itsel.f, 

lT.ha preii,ijcn-,1\"g v-::.1u,·J r:il il:-ii:v1.~i"i.:!' l C~ii.•Jlr:-1V,'l.SC1.~lar t:Uld l"espiratory 
variables was :lnvdti,c",,t,.d t., pt·c.:~i!:'il'!r..,7; cticd:'..~B iITifulving 100 subjects. 
The rrajt,r r~erul~r:, oi.~ th"?.tiP d;-(:.'.h·.:.:~ r,_.~,~ pL,•t,:;~;d;:rl in tppa!ld:J.x A. .. 

I', 
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L, .1'h~ 1/armuR Per1oo. The be 1. t c,i;ced of t.he 11,ppsrstuC1 i,i,v, set at 
108 meters per mim1t" w~.th an inclinstion (piton) of 5 pl}?' eent, 
F'~wh subject 111!\B requ1:red to irn.lk at thls n.te r.rr ro,xr- minutes. 
The pr:i.mry !'.)urposa of thls port,ton of the procedure fs to accus­
tom the !!ubjeot to t.he m,,tic:i of the tresdmHl +,est and to provid-s 
him with 11. "limbering u:p~ pBrioo. 

2, f;t liel!t Peripd. Im"1d~atel:r follc-willP, the 11!1.rmup p.,rioo; th• 
jeot 11!1.II required to sit 1n a relaxed poaitlon tor three min­

utes, Thill rest period fn,roico tl;e on-set of perl.l).)imtton, an 
1111pOrtant feature of hJ!St loria 11nd one of the difficult adjust• 
ments of •second wind.P By inducing eome of these pb,yslologic&l 
adjustMnts oo"ore the teat, p,wt ,,f the stress or eda~tion is 
removed • 

.3, Tbs TrffiSmW Tef}L !'hi> in·F ;_~.,. run wau begun with the spaed of 
the belt edjustsd to 1t2.l6 .10Vr'l pc3l' minute and the pitch set 
at , per cent gratle. At thls fff,Oad, tr-e subject runa at what 
might bo O!!.lled a :u«le:·e+,e1 y f,s -.t Jc'!, 

This loil ~te not onl,t esscred sutti.dent duration of exereiee to per­
mit full pbyeiologioal adjuat~ent, but eJiminat'3d the difficulties of main-­
tainini:; a safe pace on the troodmill :a,.,.a. the fear of falling off which occurs 
:l.n emme subjects when faster speeds are used, The uphill nature of the rut\ 
go.ve so111E1Wmt more stress at lo1"8r speeds, nlld. by adding a:n nnueual feature 
to the perf'orlll8.1\Ce, minimized the factor of skill 1n runn1.np; as a SOlll."Oe of 
variance in the measures. Sine~ the paoe of the su~ject tlll.!l controlled b,r 
the motor•driven belt, the strategy of pJan.,:1ng the run, a prominent fea-
ture in competitive rncing •hieh varias lrlth the experience of the eubJeet, 
was completely eliminate'\• 

After one minute of running on the 5 par cent grade the pitch of belt 
was increased l per cent, Thereafter, tbe pitch wae increased l per cent 
after e&ch minute 1s runniilg, forcing the svhject to run up 11. hill which 
1111s progreesiva:13' eteeper.l 

Ee.oh subjsot ima instructed to rnn to the point or complete exbauation. 
Sevenl Mt.hods were used to ,Ul'ge hilll to this· endpoint. Previously' obtained 
record.a were pointed out to 'the subject m!.d hs ns impressed with the tact 
that onl;r an 8l[J)ilri11!$nt tilrllliMting in complete exbauet1on could be consid­
ered valid. For the younger subjects, a ehllllenge or this sort wae uaual:13' 

'rhe uae of pitch increase instead of an increase in 11pa'l!,d aa 11. 'Tll&Sne 
or stepping up the 1ntene1tr of the 11JOrk was selected after Aach msthod had 
been given a prelilllillary tryout during the exploratory studie11 with the ap­
p11,ratue. Because or dU'ficulties·.wtth htgher speeds 'Which of'ten arose in 
eubjeota not used to X'Ulllling on the tree.dmill, grads increase was selected. 
F'rom a pb,ysiologioal lltandpoint, there aaelllll to be little to choose betnen 
th,e11e t1'o tn,es of •ork incree.ae. ' 

, 



q,·, .•. 1·~1r..'.V W:-tia ne,_se:::H:1.:--11 ,.,u ~er, ':.hia: most. out of t.hem ... 'fll:'o opersto:t"~ .,,er~. 
~:i char;;~ of the Leete, one to take the hes.rt ratae and _<J-Che." mea1;1ure­
.-.eni a; che 01:'ler r'c, guide the subject. 

By a combination of ffcheer-leaderfl tacticl!I in urging the subject on• 
and by closely watching the physioloeical state of the subjact, the exam­
iner was able to bring the test consistently to a fairly well defined 
exhaustion'endpoint. The onset of excessive respiration, gasping f~ 
breath, etag&ering gait, and facial expression of distress are a1l signs 
that most subjects display when they are approaching exhaustion. When 
these appeared, the experiment could seldom be continued longer than a 
minute and was most often terminated within a half-minute. A last re­
minder was given to the subject to run as long as possible.4 When co■-
pletely through running, the subject gave the signal to stop the tread­
mill or simply stumbled off the apparatus, 

.§£2!:ing the Treadmill Test. The subJect• 11 score on the treadmill 
test was expressed as the total work output in kilogram meters. Since 
the change in pitch is the basis of change in rate of work, the total 
work output is proportional to the change 1n verticel distance climbed 
per unit time. Thus, t,1G rate of ascent may be calculated by the for-
mula1 • 

Belt speed (m<?ters/minute) x grad1c (ratio of 'l'ertical COJllPOnent 
to ler;gth of int'lirs:,il runni.ng surface) "' Rate of Ascent, 

During th 0 fir-st mim1te of .runnfog et a i:,l.tch of 5 per cent and a 
speed of 162.16 meters, the -u,rttce.l ec.oeni; "oi,ld c,e (162.16 x 005) 9.11 
meters. Eoch addition,,] pitch 5.ncr<sll~s of 1 per cent adds 1,6 meters t.o 
the !'ate of vert.J.cal aa~ent. Now, sliice the rah, of ascent reached at. 
the exhausti01; p:iint, L'le toh.l ~scent, 1JLd t',e time of running are all 
proportional, ~-he total wori< mr·.·t he c"<l'"ufo~ed from the formula1 

• 
The product c,l': thls calcc1la Uon i, e:q.rr,eaed in vertical kilr:gnw 
meters ( VKg.',, J • 

Since tody ,·eight ts a rel.-..t:1_,,,,lv s"Lr<'i q"ai·tit.7 f6r- each subject, 
the lightel." s,.1,,i1c2i. c,/ ,1qua}. fitr-C's:-1 with a '.ieary wan would have·to run 
lon['."ll.' c.nd cJ \J!IJ-. a gri~tar verr,,~<' l dist ,,,ce, in order to accomplish the 
same smoun ~ of' wur1t. ~-~rJ_q_;:i .. t;dB a;,-.,eE.r ~- t:, pe;:alize the lighter 
su:iject unduly ,,,.t.l tr,1Js to d,-' .. ru: '- from t,;, acr1.:ra~y of the measures of 
work. 

Accordir1,•;l,v. L, sr;.;~}.l co:i'i:->3'.!"t,1';-11 fo1.' .1..~-.:•.3 nffect was made ... The re­

gre.ss.:lon o~' 'f'0·-:--~.r: d.ot1i=J u~J-'.'li'l ·.J,1-:.rP 1·:-,~·r·~·~:1d M,d t,odJ' -weight. w&s celculated ... 

A-Edi tPr 1 ;;, r: :1 f._e .­
j sct cor.st.i iu'-te,; :x, 0 

th~ '5. t1J,~~l .. 

].-t ~~·ouid r,-:. n•J1,~cl ·"1t tbG .3.:tivati0n of the sub­
·1.~ ).._,..)'..., ~-.-, j J, 2J 1.rc .:·~c for 11:1cO!l't,~ .. 011ed 1Jari.a.nce in 
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'1 -_ 

Total flork ( adjuat,edi c: W~l Speed ( v,srtical ma!.;,rs/mlnute) 
+ 1.42,1 l!'t, (kilos) - 22,709, 

This VE<lue, dl.vided oy 1000 for conveniencl!!, served as the sub-~ 
.1 ""t I s ecore Oil the trea&ii1 i' t-est , !'or exmnple 1 

Subject J ,D, weigh!! c;o,O ldlcgraus. ffis treadm.l,l.l record ehowe 
L1e follo11lng measurement,a: 

1. Time of run -.- fJve ml::r.ites. 
2. Rate of a seen t atteined -·· 14, ;;;; n.etors per mir.u.te. 
3, Total Ascent. 

4, Total Work: 

Total Ascent (56,75 m.) x 3ody Wt. (80,0 kg) ~ 4540_Vll:gl 

Treadaill Score fer s,.i'.1,lcd, J ,D. <>qu~let 

(1051) (14.59) plus (11,2,1)_.J_BO.o) minus 22,709 a 4.04 
1000 

PHYSIOLOGICAL TESTS 

Blood Pressure Readings. Systolic ltlld diastolic blood pressure 
readings were taken by standard a~scultatory techniques by means of 
Tycos anaeroid sphygmomanol)letera, The appearance of 3ound was ,taken as 
the systolic criterion E!Ild the point of ,nuffling of sound as the diastolic 
criterion. St&ndard bell--typs etethoscopas were used to detect the ICorotkov 
sounds, • 

Heart Rate Determination~. From ccntinuous eiectro-caroiotachometric 
records ti.ken during the warmup period, the rest period, end the maximal 
run, the follow:tng heart rate measures were recorded: 

1. Standard Exercise Heart Rate. The standard exercise heart was 
recorded as the half-minute rate during the last min~te of the 
preliminary walking (warmup) period. 

5r~ a preliminary study 1<i th 100 cases it was found that the correla .. 
tion between rate of aecent reached ~nd t~tel work •as .925 t .014 end be­
tween body wt. and total. work .170 :t .099, These figuri,e would indicate 
that body wt·, causes 11 ttle variation in the amount of ,cork done by the 
subjecte. However, it was arbitrarily decided to make the correction inoi­
cated in the text in o;t'der to take this consideration into account -in a 
minor degree, See1 Taylor, C. Studies in physical fitness I, 1941, (This 

. report is on file with the NRC CofflI'Jittee on Selection end Training of Air­
craft Pilots.) 

, 
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2. •1111111 Run limrt Bates. Heart rate counts were •de for •ch 
"hal.f'-minute of the test l"UJl twolg:IM1ng ~t 15 NCondS a1'ter thg 
start of the l"UJl and oont1.nuing until the run was coapleted. 

V,,rimeter B191 (FB). • The Flarimater7 
111 actually an adaptation ot 

the U-Tube mercury IIBJIOmeter. At stated period11 during exercise or dur­
ing a period of reeovery from exeroiae, the aub,1ect is asked t~ inhale 
and then to "blmr" into a mouthpiece which communicates with a fiuid 
001111111 of mercury. A very slOII' leak in the aide of the mouthpiece per-
111. ts the air to escape at the approximate rate of 50-100 c,c.s, per lllill­
utj!. (Actually, the lung air ia far t'rom exhausted during the bloir, 
especially when conducted nfter exercise, and the teat is essentially 
one of "breathholding.•) Thia amll orifice llBkes easy the timing of 
duration of of tl)e "blow" alld the proc&dure ls simple for the subject 
to 11£Bter if given a short practice period before the study is begun, 
Duration of the fl.&rimeter ·blow was recoi'ded 1n aecond11 and tenths of 
seconds by mean!! of a atop:m.tch. 

In the studies presented in this section the flarimiter technique 
was varied somewhat for the diffarent groups as followe1 

QI2l!l! No 1 BJP!!I 

I, II, III 1 

IV-A, IV-B 3 

'{ 2 

Press. 

.!!!!8..llit • 
20 

20 

20 

llhen Taken 

l minute after standard exercise, 

45 seconds after atsndard exercise, 
2nd and 3rd blOlla follow 10 seoonda 
after the pre~ding. Score is the 
sumtr.ation of the three blows. 

45 soconda after standard exercise, 
2nd blow follows 10 seconds after lat. 
Scoro !s the summation of 2 blows. 

The· subjects ware urged to mintsjn t:,,, blow a~ long as they possibly 
could, Slight fluctootionll about the mrk are of little consequence, but 
as the "breaking point" approaches, erratic e'.){cc.rsiorw of the fluid colulllll 
indiOBte the struggle to maintain the blow. IJnle::is these signs occur, it 

-------------------
6These heart :ratoe have heun fitted by a cubic equation, as will be 

ahown later in the peper, and 1n.th the exc.3pti.on ·of the •terminal" hes.rt 
rate and the hoort mt0 at tba midpoint of the exercise period, otc., they 
do not appear i.ndivldlllllly in the analysis of the dn.ta. Rathe:r, various 
ftmctione of t.he "fittoo" cur,n,a !I.re us&d, 

71,!cKenzie, L F,, Well!!, P, 1" Le>WJ.1, E, G., and Ilv:1.saker, L. S, 
11.ariJDeter tests of' •lil'.'c,iJ'lt.61'.", ,"itr,e5·a, W~l., lled, S9ience 0 1930, 
180, J'R• ,386. 

Sror purposes of t!le present ;,t1A:, Vic1~e wriations in nn.rimeter tech­
nique are not considered important, eltho.,,:J, in subso4uent studies the p:ro-­
~edure will b~ ii~·.r~1;.=i-:'"ig:-n':~ :l-1 r.:nmG Qeta.:J.lQ 
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is likely that the subjec:t, has nc-t s:x,,;-·~~d hir:::elf ,,,,,'.'ffoiantly, Abnorm­
nlly Ehort blows (e.g., loss thRn 10 ESC(l?l<ls durations) if not accompanied 
by signs of respiratory struggle, may L'ldic~to that the physiological end­
pcint has not been reached . 

All of the subjP.cts involved in th~ prAsent studies were between the ' 
ages of 18 and 28 years and all were "normal" in the s,mse that they pos­
sessed no known defects or illness wM.ch might have influenced their tol­
erance for exercis.e. All ware either college atudenuo. u.boratory workers, 
or llellbers of the AJ:W3d Forces .. 

Subject~ were divided automtimlly into the followinf: groups accord­
ing to the datll on which the tests were gtvenz 

I 
II 
Ill 

IV•A 
IV-B 

V 

.JL 

98) 

97J. 
45 
29 

{retast) 
83 

Sy,b:l@!& 

f
Stanford University studente and soldiere 
in basic infantry tn.inlng &t l4of'fett • 

.Field, Crtlif'ornia • 
Stanford Oniversity etudenta 
(Re+.J!lsted ae group IV•B) 
Stanford trni1mreit:, etudente a?d soldiers 
(ASTP unit at Stanford) 

All tests were conducted in e. laho'.!'fltory where temperature was main­
ta.ineq within the limits of 66-76 degrees Fahrenheit.. No eubject was 
testeq within l½ hours of meal ti1110 and e.11 were 11sko>d to eat lightly , 
in the preceding -1, although such control of dist could not be gm~ 
ant~. Subjects were' garbed :to tennis ahoes and trunks and '1191'9 rested 
10-30 minutes bef'ore ~inning the ·tc:!tS. • 

RESULTS 

ll&thpat1oa1 Treatment or 1mx1ma1 Run Heart Ro,tea. Individual 
graphe were plotted tor the 2/JJ 1111,bjects 1n Groups l, n, azid III, 
showing halt-minute heart rates plotted againllt tilll9 or rirnn,ng- In 
Figures l and 2 are ihown representative ourvee f'or two ph:,11ically f'it 
and two l'h1'eioall:, untit subjecte. It will be noted that, in general, 
the CllJ'V8 rises etee-t,1ly but ,with decreaeing elope !Ind then gradually 
begUIB to level off though rising slightly. Finally, an upward curva~ 
ture 11ppee.re ae exhaustion ensues. 

The qune tor the. phyaioslly tit BUbjeote can be seen to eb011 a 
11101'9 -.rked initial rise; a, lOlllff, lower, aild flatter in'f:.ennediate 
periods am a le• pronounced or DOn-exiatent final upward ounature 
when ca.pared to the 0Ul'T8B f'or unfit eubjeote. 
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PhJaiologica~" tbe psya1call.1' tit. au reac:hea hia 1rl1tial edapta­
tlaa to atND\IOUa exarc1•• •or• rapidq, tta.11 approuhea the ocmd.1t1oa 
or a study 1tat.e.. Since the pbyai-1 wark invol'Nd 1• ■teadily 1'DOrtlU-
1Dg not. •l•D .th• ao1t r1t aubjectl C!lln et.taiD a completely•~ ■w.t.e. 
The unfit man, however, teada rapidly tonzod a axillal lewl of bMrt 
rate and early ezbauatioa" 

Attempts were mde to determine matheDBtiaally the line. ot beat 
fit tor each imividual ~o It n.a apparent from i.Mpection or the 

• curves that a cubic fit (3 degree parabolas) was probe.bl)' best auitecl 
to the data, However, both quadratic llJld c~c tits were ·tried out. 
While there 'll'-is a tendency for the curves or the physically' tit aub-
ject11 to approach a qus.dratic curvature, and even llnaarity, the cubic 
ti+. has the widest applicability. Eqwitions of the form t 'It &4bJc,,-ca.2,•W 
ware calcU:.S.ted tor 2./JJ o-r the ca.sea and titted by' the :method ot leaat 
aquareso l!;X8JlPlea of these _egaationa are given in Figure■ 1 and 2., 9,10 

.§!!1ist1c11 Aml,ysie ot the Pita Relative to YeJi~i;tx ag! Rsa!I· 
bilitY. The usx,t step in t~e amlysia of these data was to obtain 
single and multi~• correlations between measures and the trea.dm.ill 
criterion. It, seams obvioue thttt nothing TfCluld be gained by the ap-, 
pl1cations cf such treatments if the co~pl~te IIBXiml treadmill test 
ware administ~red si.J'\ce then the treadmill score itself would be avsil­
able. 

ln th(I analysis of the data inf'o1-·me.tion on the following poiats was 
eought.1 

1.-
I 

ThG extent to whfob. t,he m:timl ti·sadmill perfor•noe can be de­
fined in pl~tslologicsl tonia sueh a.ra heart ratea and bNe..thholding .. 

1'he p!ltterJ.'.l.s of' phyeic.,logiC!'.1. ::i.>~9ponna which are moat valid a& 
J.tema or exercise tolen:.nea ;'l~ 2,s-c· SU.Tod by the treadmill test 
and the re1a·t1va i1t;-ort ... 9.i1•'e cf or:.~h Cf,f'!fJOnant in t.he l-attery Gf 
mee9uraa, 

' Th9 meas,u·oa of treadmill ez:ercise tole!'6.nce pertinent to a 
sbort'!:lr, oimplt,r, ni:-ict aubF.Hximal t,tpa of :fitness test •hich will 
pred.1.ct pe:r-tormar.1(:a on thG c,..,m-;ilo:Jta or mximl test. _________ _....,..,_ ... ~ ....... '"\,... .. ----.. -----·-----------------

9-rhese data R.S well "e: t?ie curves for tha ineiv'idual subjects are on 
file with the NRC C(';l'Jl.'ldtta~ on :::~le.ctic,~~ ar-d Training of Aircraft Pilots. 

l0!:4ttor~- note. Al tho\!gla cubir..e So:l9tr. to be th,3 troet COITeCt mthe• 
mat1cal expression, it should be notad thEt the "upward swing" on the 
end of. the curv~e is or !lpp.l'c:adma.tel:y trie os,m13 magnitude as (or at j,e&et no 
greater th1.1.n) tha randc-m fJ.uutua. tion.~ U:ro1Jghout the curve and therefore 
may not :repn:isant s t.:t-u~, ir,f'tection paint~ Nevertheleaa I the aubice did pro­
vide t.he l;e::;t 'fl'Pthe-mt.ic.n1 expratJston of acceleration for ~hase ddA.,. 
Whenever th.ere was ~( doubt regarding the adequacy of the cubic fit the 
curviliDear correlation RB computed., Rational equations were investigated 
also but proved inarlequa.u. 

- ,,. 

'J 
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• Since tbe termine.l abscissa of the curve11 (Figures l and 2) i11 a 
measure of e:nrciee toler-, correlations or J)IU"Pl&tera of the cubics 
with tbeir denatioh rill deteraine which cardiac factors such toleranee 
depqnd11 upon. lt 111 apparent that the curves may differ in {l) initial 
pulse, (2) pulse at the llidpoint, (3) termine.l pulM, (4) slope, (5) ae• 
eeleratiori, and (6) the sere acceleration.point. All of these meaaure11 
h11ve be9n obtained by differentiating the equations which have been de• 
tel'lliJ:led as the beet fitting ourve for the obeervations on each individ­
ual. 

Tables 1, 21 !llld 3 preJent the linear and cUl"lilinear intercorrela• 
tiona of tho following variables for each or Groups I, II, and III: 

(1) 

(2) 

(3) 

( 4) 

{ 5) 

(6) 

Scor:e on thf> max:l mel treadmill test. 

Acceleration at the 4th balt~minuto, 1,e., the 2nd derivative 
of' cubics set at the 4th half-minute ( change in rate of in­
ereaae in heart rate). 

Acceleration at the 6th ha:it~lrlnute, i.e., the 2nd derivative 
of' cubics set at the 6th half-minute, 

Standard eJCerol11e beiu-t rnte, i.e., heart rate during the 
laat minute of' the prelimjnar,y walk, 

Equation oonstant, i.fl., heart rate at the 111.idpolnt of' the ran, 

Zero acceleration polnt,i,e., the time at which the f'i:ns.l up• 
a.rd curvature began ' ' ' 

11Ed1tgr' a B9}P• The objection· might be r&is11d that the correlations 
between the oriter on and the heart rate scores are rendered unduJ.7 high 
beoauae of the tact that th(lf are not independent, :ln aa 111110h as the length 
of' the abaciaaa of' the heart rate curve eaeentiall.J' corresponds to the 
criterion, Thus, wben the criterion is one or th• p&rllll6ter11 ot the eu:rve 
it would be expected .that this parameter could be predicted with a high 
degree of aocara<17 from other eeleeted paraMters of' f;he same CUl"'f'e. 
Although•thiswasadiaittedl1 true, it should be noted that one purpose of' 
this investigation na to determine which of the parameters b9st })red.iota 
the criterion 1n ord.4j,r that a "nhms:rlul test" mipt be developed which 
would approach the YBJ.idity of -terisls 9111ploying e:mrcise to e:ma:u-
tion. The principal aplorator.r hypotheaia wu concerned with def'lninl 
a tu.notion of enroise tolerance in terms of' early pertonwice by IUl&cy1I• 
1ng the relationships of other parameters of the heart rate curve to the 
abllolau.. According to the authors "a vital conclusion which dweloped 
fn>111 thill 1119tbod of an&cy11ill wa11 that ;you could predict thie degree of' 
exeroiae tolerance f'ro!'I the curvature or lack of it at the begilming ot 
the heart rate oiirn, 11 Pinal validation of' auoh a aulnax:tmal teat neoea• 
•lll'il.1 •bould be carried on with data onlJ', fro• the early part of' the 
curre. 



(?} Slope of C.t'tT'Ve at 4th half-minute, i.e., the 1st derivative 
of oubies sst at the 4th half-minute (rate of increase or 
heart mte\. 

( 8) Terminal heart ra ta, 1. 0, , heart rate during last minute of 
the ux1na1 run, 

Examination of Tables 1, 2, and 3 reveals that variable (2) accel­
eration at the 4th h&lf'~minuto is eornilated about .6 with the criterion, 
the me.ldmal treadmill score in all three sets of data. Acceleration at 
the 6th half-m.inute is less valid in terms of the treadmill score and 
less consistent (r's e .49, .541 a:nd ,01 for Groups I, II, and Ill, re~ 
speetivel:,).l2 

Standard exercise heart rate correlates about -.45 .1tith the tread- • 
mill score in two sets- of data but only ··,06 in the third. There is 
some evidence, however, that this finding is distinctly atypical. To 
cheek this point the data were redivided into two 1!6ts of 120 eases 
ea.oh, and the correlations recalculated, It was found that in both of 
the new sets of data tha r was about ~.;JO. 

F'Ul't-her proof of the abnormality of this low correlation between 
standard exercise heart rate and treadmill score is offered 1n a later 
section of this paper. It ma;r be stated here, h01rever, that efforts to 
replabe stendard exercise heart rate with a heart re.te during the run 
were dieappolnting because a later heart rate, such a.a at the 4th balf• 
lllinute, though more highly correlated with the criterion, is at the same 
time more highly associated with the other cardiac measures during th~ 
run and so does not contribute as well to the multiple. 

The validit:, of the other measures in terms of the treadmill score 
can lllOSt eaaily be judged b;r their effect on the multiple correlations 
(Table 4). In Section A of this table are given the best multiples of 
let to 6th Ot'der utilizing cardiac measures alone. It la apparent that 
incluaion of aeaeuree (.3), (6), am (8) does not 11ubstantially add to 
the lllllltiple and {7) adds vecy little, Rl.2457 1s .86 and .85 for the 
two sets 1n which standard e:xercise heart rate is correlated with the 
criterion, but only ,66 where it is not. 

Since addition of (3), (6), and (8) doee not a.terially- raise thia 
last IBUltiple, flarimeter blow •sa added to the 'batter:, and the best 
IIUltiples or eeveral ordel'II were COlllpUted ( aee Section B or Table 4). 
The most notewortb;r finding here is that flarimeter blow, while not d• 
f'ecting multiples for Groups I and III, does raiae R with (2), (4), ( 5), 
and (7) for Group ll fl'Olll .66 to .74. Thia suggests the.t the f'larillleter 
hlo• oontributes substitute variance, 

~he third derivative \a coruitsnt in cubic■) 1e also correlated 
w1>,b t,,e -:rtterion, 

• 
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TABLE 1 

CORRELATIOflS WITH TREADMILL SCORE AND INTERCORRELA.TIONS 
• OF P'UICTIONS OF CUBIC HEART RATE TRE!IDS DURING EIERCISB 

Group I (N • 98) 
,, 

' 
(1) (2) ( 3) (4) ( 5)' (6) (7) 

Accel. at 4th r .62 
' t 

Half-minute ( 2) eta .so 

' AcceL at 6th ,,49 .94 I' 
Half-minute ( 3) eta ,61 .96 

Standard b. r - ,46 .0$ .22 
fleart Rat. (4) $ta • ?°7 .42 ,43 

fauation Constant r - . 30 . --~40 - ,41 ... 43 
Mrt Rate at the ! ") eta .53 ,;c .53 ,57 

midpoint ot the run) 
.? 

Zero Accel. Point r Q27 -.02 ,08 -.18 .04 
(6) eta . 36 .50 .49 ,45 ,43 

Stope et 4th I' - "J.'7 -.68 -.83 -,5.5 ,34 .06 
Ralf-minute (7) eta .:n .75 ,86 ,68 .46 .48 

Terminsl Heart Rate r -,01 - ,12 - .16 ,17 .67 -.01 ,,31 
: '3) eta • JO .31 ~'37 .37 • 71 ,45 ,44 
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TABLE 2 

CORRELATIONS liITH TREADMILL SCORE !ND lliTERCORRELATIOHS 
OF FUNCTIONS OF CUBIC HURT RATE TRENDS DURIJIGEXE!tJISE 

,:, 

• 
Group II (N ::, 97) '' ( ,-,_ ,,,, 

(1) (2) (3) (4) ( 5) (6) ( 7) ' 
'--~ ,, 

AooeL at 4th r ,62 
Hal.£-minute {2) at.a. - '72 

-'$ 

Aooel. at 6th r ,54 .e2 r Ball' •minute ( 3) eta .,6C 086 

Standai,d Ex,, ,06 ,13 .21 
'i~ 

r 
!111art Rate (4) eta . ;:O .40 , 44 

,-t 

Equation Constant r •, 16 -,JC - _42 c37 
(Heart Rate at the ( 5) eta ~47 c49 ,56 0 51' 
midpoint of the run) ;i: 
Zero Accel. Point r ,JO ,33 ,26 ~o6 ,24 

(6) e~a ,!,). ,_54 '56 ,,52 ,49 

Slope at 4th 1' ",42 -.68 -.84 -,46 .41 a _,)9 

Half•minute \ 7) eta ,53 .85 .88 .54 ,5J ,62 

J,S • 0~ 
;i;_ 

Tern:inal Heart Mta r - r,3 ·.19 -,09 ,19 .l? ,,, 
(8) eta . ~,7 . 4,/, .36 ,44 . 75 '3J "'JJ1-

,, 
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TABLE 3 

CORRELATIONS WITll TREADIIILL SCORE AND IRm\CORRELATIOHS 
OF FUNCTIONS OF CUBIC HEART RATE 'l.'RD'IDS DURilfO l!llRCISB 

Group III (I ■ 45) 

(l) (2) (3) (4) (5) 

Aooel, at 4th r .,i 
Dalf-minut. (2) et■ ,66 

Aocel, at 6tll r ,Ol ,33 
!lalf-minute {3) et.a ,61 ,96 

Stimdard Ez, r -.45 .21 ,45 
Heart Rate (4) et■ ,'i9. ,'57 ,65 

~
uat·ion Constant r ~.18 -.27 •,09 .32 
eart Rate at the (5) eta. ,55 o'4 ,63 .60 

mid po int ot the tZ'lll1) 
.41 Zero Aooel, Point r ,39 .04 -.09 .20 

(6) eta ,70 ."69 ,71 ,52 .69 

Slope at 4th r .03 -.51 -.78 -.70 .24 
Half-minute (7) eta ,64 .66 ,91 .81 .,3 

Terminal Heart Rate r .10 -.12 -.o:, • 10 .1, • 
(8) eta ,46 .62 ,56 .57 .84 

(6) 

,Ol 
• ,74 

.21 
,53 

(7) 

.20 • 

.57 

' ,. 
1 a'~••• v.:,,· 



TABU. ~ 

MULTIPU CORREU'i:::ONS 

subscripts 

Treadmill Score 1 
Acceleration at 4th Half-minute 2 
Acceleration at 6th Half~minuta 3 
Standard,Exerciee Heart Rate 4 
Equation Constant (Heart Rate 
at the midpoint of the run) 5 

Zero Acceleration Point 6 
Slope at 4th Half-minute 7 
Terminal Heart Rate 8 
Flarimeter Blow 9 

Gro:up I Group II Group III 
Multiple N " 98 N ~ 'fl N r 45 

A. Heart Rate Measures 

R1,24 .80 .63 .77 

R1.245 .83 .64 .80 

Rl.24'J7 .86 .66 .85 

Ri.234567 .89 ,67 .en 
' Rl.2345678 .91 .fll .88 

B. Heart Rate Measures 
with Flarimeter Blqw 

Rl,249 .83 .68 .77 

Rl,2459 ,85 .69 .SJ. 

Rl,2479 ,83 .70 .77 

Rl,24579 ,87 ,74 .88 

';:!i 
• ·•~ 
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.. ~ 
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The etas shown in Tables 1, 2, and 3, were oonvinoingly _different 
fro■ r'e ■e1nly for variables whioh have not been selected tor t'urt,ber 
treat■ent. Since the II here was IIIDll.l:i..,, it wu not deeseci worthwhile to 
develop multiple curvilinear correlations. The UJ3llllll)tion ot linearity 
throughout the data aeeJU adequately supported by thia and 1111bsequent 
evidenwi. ' 

Reliability Studiea ((jroypt IV apd V). The preollding anal119es 
demonstrate that a combination ot heart rate meanres and f'lar1-ter 
blow will yield high multiple correlation with the mrnM1 treadllill 
score, Two turtber studiee were carried out to verif',y thia Yalidity and 
to detenaine reliabilit7, Such reliability 1a ot two _sorts: • • 

l. Test-retest reliability of the individual tunctiopa. 

2 0 llultiple regresaion reliability, detel'lrllled b;y croaa-appli• 
cation or regreaaion coefficients both on test-retest data 
and on d:U'farent samples of single test data. This ia a 
partioularly crucial proof of significant relationship 
since it assesses both the universality of the regressions 
and the degree to which they cheracter1Be the responae_of 
the individual. 

The subjPcts of Group■ IV-A and IV•B'eere giYen treadmill tee-ts· 
twice, two. to four da,s intervening. The;y were not told their score on 
tbe first test, and had no simple .ay of judging the peasage of time dur­
ing either run,' The reliability COf>fficient for treiulmill score (r:u) was 
.96, despite the relativefy low l'I of 29, As with the previolUI groupa, · 
electro•oardiotachomcter record.8 ware Qbtained, and the tunctiona of eubic 
fite were determined, F~ J givea two representative. enmples of these 
teat-retest Olll'Vea. 

The statistical data for heart rate functions are presented in Tabl,;, 
5. 'rbe test-retest reliabilities for cardiac funotiona, though not u 
bigh as that of the criterion, are Rcceptable with the exception of slope 
at 4th half-minute, Thia measure was dropped at this point beoaQae of its 
lDlr ,oliability imd also.it.a low c~rrelation with the criterion. • 

Thus, three meaeures, (2), (4), • lllld ( 5) were ieolated 1Jhich possessed 
sufficient reliability for use in a battery, 1n addition to tlarimeter 
blow, which from other studies has been found to have, a coefficient of 
about .80 

The interaction ~f such physiological factors, however, may often be 
such that the reliability of i'he composite is .greater than the indirldual 
measures. Accordingly, predicted 11coree were computed tor each aubjeot•s 
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Tt.ELE 5 

ZERO ORDER CORRELATIONS AND RELIABILITY COEFFICIENTS OF 
GROUP IV CASES HAVING TEST-RETEST TRJa;ADUILL SCORES 

(Test-Retest Correlations in Parentheses) 

Tread-
mill 

TEST A (ll ., 29) 
(l) ill .w. ill 

' 
( ,96} 

(2) Acceleration at 4th 
Half-Minute .77 (,63) 

(4) Standard Exa,ciae 
HeE<rt Rate -.47 -.09 (. 77) 

( 5) Equation Constant -.01 -,02 .61 ( ,85) 

( 7) Slope at 4th 
Hblf----Minute -.Ol -,33 -,58 -.02 ( .30) 

TEST B (N :! 79) 

( 2) Acceleratioy, et 4th 
Hi;lf--Minute .7B 

(4) Standard Ex~rsise 
He'1rt Rate ~•.i5J -,.;36 

( 5) Equt,tion Constant -.11 -.. r, .~ 
(7i Slope at 4th 

ll6lf-Minutll -.2·; -.20 -,35 ,04 

group_! (N ,. ;!J) 

(2) Acceleration at 4th 
Half-Minute .,73 

(I,) SUlndard Exer,:-ise 
H e'1 r t-P.o ta <•J .. 04 

( 5) Equation Conet,ar,t ~;~r) ~07 .56 
• 

( "' I I Flerimeh,r rn.,u .. ~-I? .02 ,r 
'""'~J.•J ,14 
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• '.C '. 'illL 2nd ""sts. U;ling cbe ne11r:; .-ate mea9ure€ alone. rhe eor-no.latict 
vl"tWtH+:c ';hee<e . '"ll · 111 nc.w .80 fe>r -~he 29 cases. '!'Ma ~orrelation r111ef!' 
·:.c . 9,: ween ,:ne grosely divergent case is ni11oved, A s1ngle ~aee ,,crc.'.,o 
qx"""t suc,h an_ etfem, c:,f co.irse., only •hen tbe N is 11111111. 

Since only one set of flar1-.eter readi.ngs was anilable for Group 
IV, the test-retest r with regression11 inoluding flarillllter 11core could 
not be obtained, but it is clear that the incorusistenc,- or the ona cue 
would have been tempered by 11110h an incl1111ion. These conaiderations 
tend to indicate that the compo11ite will characterize the response of the 
subject more reliably than any of the single meuures, 

The val'idit;y ( using the score on the maxilla1 tre-111 test m1 the 
criterion) of the multiple regreesion prediction attll.ined in both let 811d 
2nd teets of Group IV is even better than in Groups I,· II, IIJld III; The 
multiples are developed in the first 'section of Table 6. Theee·higher 
coefficients in Groups IV snd V may be largely attributed to technical 
improvements in the conduct of the tests. They therefore y'ield more 
trustworthy regressions than Groupe I, II, and Ill. 

Regression Reliability from Croes-Applioatjon'to all Setp ot Data, 
The final step in the estimation of the validity and stability of the 
llllltiple regressions consisted in computing multiple correlations for 
each set of data using alien regressions, It Bllould be clear that if· 
the regressions state the true relationships between the heart rate func• 
tioll8 and flarimeter blow-and treadmill performance, the lllllltiple Rob-­
tained by application of the regression for Group V, for example, to""the 
data of Group IV should not be much lower than the r obtained from the 

.regressions inherent in Group IV-13' • 

The fl for the cross-applied regression'has been calculated from the 
fonnula: • 

Br ~Br 

R = a 12 b 13 
• 'l r + 

C l4 
, _ .B r 

n l.n 

1-'Editor' s note. As pointed out in the footnote on page 10, these 
correlations may be unduly high because of tile fact that the predictor 
and the criterion variables are not independent. However, the object of 
this cross-application was to indicate whether the relations which were 

112 

found were functions of a psrtimusr group or existed independent of 118111• 
pling error" Tho logic was that d.f' relatio~ships were evident whose inter­
pretation would be helpful in further development of 1111t-aa:dmal tests it_ 
should be ascer-teined whether the relationships would be apparent in other 
11ample11. 

-,i-'. 
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where Ba, Bb,' Be, Bu ,. standard ngrssF1on ooefficiente { betas) _from 
an alien aample, and r's are inherent in the duta to which the regresaion 
ill applied. ' 

The concern here is the theoretical exposition rather than practical 
application of the regresaion1. The betas, which express regression rela-. 
tions independently of variability in samples, are presents~ in Table 6, 
Those for accelera,tion and standard exercise heart rate, B12.459 and 
B14,259, are quite stable, while thoise for equation constant and flarimeter 
blow, B15,249 end_Bl9.245• are somewhat more variable. Again, aa would be 
expected, the CQmpoaite r"presented by the regression ie 110re stable than 
the individual weight, as shown by the reaults of croBB-applioations to 
the multiple R's in Table 7. 

It will be recalled that in Group IV, thoug)l full heart rate data were 
available for the let and 2nd :tests, only one ae:t of flarimeter re~ingl! 
was available, , Thwl, in Table 7 there are two 11ats of h&art rate multi- , 
plea and regressions for Group IV, but only one regresi;ion !lDd multiI_>le 
baaed on flarimeter. The following alien regresaions are therefore avail• 
ables 

• 
A, Group IV-A heart rates 

Group IV-B heart rates 
B. Group IV-A heart rates plus f'larimeter 
C • Group V heart rates 
D. Group V heart rates plUB flarilnetsr 

Regressions for Groups I to Ill wera not cross-applied to the later sets 
because the later regressions are considered to be based on somewhat su~­
icr data, but the letter regressions were applied to the data of Groupa I 
to III.. • • 

If' now the R's obtained with inherent regreaaions ere compiu-ed with 
thoae obtainad by crosa-applicat~on of' alien regressions, substantial agree­
ment is found in Table 7. In moat instanceis, R' a differ by not more than 
,05, While, with use of heart rates alone, dif'ferencea up to • ,U appear 
in applications to Group II and III data, the addition of flarilieter blow 
decreases tbeise differences. 

The two regreisaiona (Group IV and V involving flarimeter blow) de• 
liver multiple R' 11 aver ,90 with Groupa IV and V data regardle111 or which 
111 uaed,14 They both give multiplel!I of over ,80 f'or Group11 I alld III and 
about .70 f'or Group II which are var, ~ear the values given by the inher• 
ent regresaiona. Regarding the latter, it was previoual.J' concluded that 
the notab].J' lower lllllltiple R was due to an abnormally' law correlation be• 
tNen standard aarciae heart rate and the criterion" It 111 now oleal­
that it; could not have been due to an abnol'lll&l regression beoaUBe alien 

14Act'l1oal.11, if' beart rate data al0119 are considered, there are three 
regre■1ion11 which deliver coaparable lllllltiple .!l!A, i.e., IV•B included,, 



TABLE 6 

MULTIPLE CORRELATIONS AND STANDAfill REGRESSION COEFF!CIDITS 
(Betae) 

'Subecripte1 

Treadmill Score l 
' Acceleration at 4th Half-Minute 2 

Standard Exercise He&rt-Rate 4 
Equation Constant 5 
Flarimeter Blow 9 

Group~ 
{N ,. 29 

~ Multiples ...!.. ..L } 

RL24 ,87 ,.82 ,al 

Ri,245 '90 ,91 ,91 

Ri,249 ,89 ,88 

R1,2459 ,91 .95 

A, !Jeatt Ilato Mw~rM 

!:1:!f~;'; 

812,45 . ?;;64 .7778 ,7186 

B14 • ,,25 --5781 -,5151 -.6352 

B1;.24 .:2194 .. 1..782 ,5051 

B. ji§llft Ral,t_ Measures wf1,h flW:~llLter Ll.C11!: 

B12.459 .6159 .'i'l57 

B14.259 -,5693 -,5689 

815,,249 .2773 ,4334 

819a245 .1941 .2546 
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MULTlFLE CORREJ..lTI05S OBTAINED WITS INrlERENT 
ANO ALIEN REGRE~SIONS 

lnL.erent. 
~J;J.Rlt Gro□,R H ~~ WtD Regx:eesjou - ' 

-Reart Rate Measures Group IV-A Group IV:-B 
(R1.245)* •~sa-eHM?JI BIW!!!l-211_ 

l 98 .• 8,3 .SJ w79 
II 97 .64 .s? ,,57 

Hl 45 ~.80 ~78 .72 
IV'"A 29 .. 90 .. 99 
IV--B (retest) .91 ~89 
V a, ~91 .90 .. 91 

Heart Rate•Measurcs Group IV~.l 
wl th rlarimetar lil&t9 ~ 

(R1.,2459) 
I 98 .as .s, 
ll 97 .69 ,60 

III 45 .$1 .79 
IV 29 ~91 ,.,. 

V 83 .95 ,.93 

Heart Rate Measur81!1, GrouJ) V 
(.K1.245J 811t1Hi21 

I 98 -~J .so' 
II 97. ~64 .52 

III 45 ~SO ,.74 
IV-1 29 ,90 cosg 
IV--B (retest) .91 .91 

V 63 .91 

Heart·Rate Measure• Group V 
•1th Flarimeter 81&£• Hi~; 

(R1.24!'j9) I 98 ,,35 .82 
II 97 .69. .62 

Ill 45 ~81 .. 76 
IV 29 .91 .. 90 

V 83 .95 

"'Subacripta reter to the saae variables aa in Tables 5 ed 6. 



regressions give about tho same ;,;Q]:tip1es ~na tJ,sre is no reason to iµ.ter 
the original conclusion. The ~bove demonstrated stability of the regres­
sion equations when applied to al!en data eholie t.bnt the relations they 
represent are present in all 'gcoups. ' 

SUMMA.RY AND CONCLUSIONS 

From complete heart rate records during a preliminary walk and an 
exhal18ting treadmill run on 381 young men, aged 18 to 28 and with911t known 
pertinent medioal defect, ' a pattern of cardiac reapoMe to the activity has 
bee:n demonstrated.• Varioua funotione of a cubic fit to the heart re.tea dur­
ing the !llll'dmaJ run have been correlated with treadm!U score, a perfomanae 
criterion of exercise tolerance. Two of these functions -- accelerati011 at 
the 4th half-minute, and· heart rate at the IJlidpoint of run (Equation Con­
stant) -- are both valid ( in terms of treadmill scores) and reliable.15 
Acceleration is particularly important, 001·relating above ,6 in five out of 
six groUps. 

Two additional measures, breathholding with the flarimeter, and a 
standard exercise heart rate taken during the last minute of the prelli­
inaey walk, incorporated with accelere:tion and heart rate at the midpoint·· 
of the run, yield a highly- valid l1Jld reliable relationship with the tread­
mill testo The proofs are as follows: 

1, Of six 1181Dples, the IIIUJ.tiple correlatfons between these aeasures 
and the criterion are higher than .90 in three, higher than .80 • 
in two, and about • 70 1n one. There io satisfactory evidence 
that the last result is due to an atypical relationahip between 
standard exerciee heart r11te and treadmill score. 

2, ln one series of test and retest experiments the reliability of 
the regression formula was found to be c80. 

3, RegreSBion equations developed from two sets JJf data (and 1n 
part from a third) were oros11-applied to the other sets of data, 
yielding IIUltiple correlations only slightly- lower t~ those 
obtained from regressions inherent 1n each set of uata, 

It is clear that acoeleretion 1n heart rate respoDBe to exercise or, 
a close correlate cannot be excluded if a, satisfactory test of exercise 
tolerance is to be devised. While the degree of. statistical validit7 
(using the treadmill test. as the criterion) attained by the present as.ter­
iala 111 not approeched by ,my test in the literature and the outcome is' of 
the greatest theoretical significance, the need for practical solution 
still remains, 

• It is yet to be duonstrated whether a measure of acceleration csn be 
developed fl'OIII responses to ·a ".,lbmaxlmsJ" test, which &pproaches the va• 
lidit;y end stability of the present one taken froa the second derivatha 
of the t:ird degras curve, • 

1¾1tor'1 no'te. Heart rate at the midpoint of the run oannot be oOll• • 
s1dered a avbNxluml test since it cannot be detel'llined el!Oept by oonti:ml­
ing the run to e:maustion. liowl!ver, air noted in the footnote on page 
10, althougn ~ 'l. •&1 ,,:xp,~cted that this research would ;m~ovs, proius~ ·,i 
l8ad~ t ~~ ~,· • cne~,rur,-r1on ,.f 11ullmaXimal te,,rta. none ;,f <,he u,•1,i:iWL- .-a. 0 

I.ables :nay ,,,., ,u,,;~ rire-,tly f::,r au,:ili a parpoa~, om:- in IL.: :nsee ""~1,eJ•",,·· 

m.eas 11rtto;p wtr:,·; f -rL>1 be us",~ 1.r.. _-;, ~-"..'om.&-x1ma.l !..- • 9'!. ~us"'t_ Df' t·n\l.P-a: ... 
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SEC'l'ION II 

EXPLORATORY STtmlr:S 01 Stl3MA.XDIAL 'l'ESTS OF EXERCISE TOLERABcil6 ' 

INTROD OO'l'I0N 

In oon:ti'alllt to 1111.ldnal tel!lt.11 of' exeroise toleranae wheraiJl the 11ub­
ject •• required to work to the point where fatigue oa'lll!es a conaiderable 
decrelllmt in tb6 ixldividual•s cape.city tcf a1Jlta1n the rate of work (ex­
haustion endpoint), enblux:hral t11st11 feature a stalldard UDUnt of' work 
we],l 'llithia the capacity or all or nearly all stibject11. 

It 111·apperent th!!t a11eh a 11uhu:idml test technique '11 the onl:y 
ultimte, practical solution to the mee.eurll!lll!lnt or 8XJ9N1H tolerance, 
not onl:y for·reason11 of e!l.lll!l of admid.stration; but beoat11111 complete 
control is 1n the bands ot the emi;,lner and the t-,st scores do i:iot de­
pend so heavil.1 on the judgment and notivation of the subject. Such 
eubmrlal tests are p!l.l."tioulsrly neoessary where routine repeat t&sta 
are oarried out and. where the :results of the· teeta are·or aui'ficietrl; 
importance to the subject that la:ree dti'ferencea in motivation would 
ai'feot lll!lld!rm test peri'ol"llance ,. 

Ins~11uch 11t1 test perrorl!IJ,1lce {work cutP'lt} ill a constant iD the 
!!!UbmaximBl teat, it is obvious that the aubject~e eoo:re on the tel!lt 
ll!DBt be based upon ·meaeures ot physiological revponso to the standard 
exero1ee and not on the amount of 1JOrk .performed. • 

,'fhe central problem, tberefo1•e, is to measure rellabl, the pb;yaio­
logical responses to atsndal'.'d work eit1.1&tio1ts &!ld to 11&lidate tb.ese 111e11.1!1• 

urea 1n terms of an acceptable (st&ndard) l)t'iterion of exero1ee teller .. 
uoe, To these ends; varioU!! physiolog1.cal me&!JIU'ee have ,bellfl evaluated 
1n t81'1111!1 of two criteria or exercise tolera11ee1 (1) the 1111Xillll.l tread­
mill test de,;,crtbed in Section I of this rei;iort; and (2) physical tl'llin­
ing over a three-mon'.,h period, i.e., scores on a'l:hletio fitness tests 
(e.g .• pullupst pusbupe, :300•ynrd d&!h, etc.} recorded for a three~ 
illC!l'th period, 1 . 

In 11,ddition to measuree of phyaiolo~ical teaponse to exerclae taken 
during and after exercise, the v.e.lidity am reliability of certain mea_a­
uree taken 1n thA reating eta.t-0, while reclining, s1tt1r.g; and stand-

• l60rigi:Dally presented in1 Taylor, c~ ~ ~an&l!PI~ R. 31f!rJ1M) 
teate of' exergiee tqlerano9. CMR, OSRD, .• June 1943, • 

17Tbese fitness tests 11,nd physical trllininz scores ~re described 
llll Tay-lor, c., and 'Morris, R. Studies of w effect. of tm3P1Pf np 
eooree ip I sYRP#...,_l test ot_ axerc1sp tQlBNMil• CMR, OSRD. June 
1943. 



ing, and during changes 1n posture have aleo bee.:i detel!'Jld.ned,18 

A, HEART RATE AND RESPIRATCRY METABOLISM DURING STANDARD EXERCISE 

Since the stl!it:dard exerciee commonly used in fitness tests ha.11 been 
that of. stepping up and down on a stool of defined hei~t for a certain 
number of times, an exploratory stooy ns Ulldertaken in order to deter~ 
mine in some detail the primry differences between the pb;;raiological 
responses of known criterion groups of subjects. 

The subjects emplo7ed in this study ,rare classified on the b!lsis 
of athletic fitness scores given at Stanford U-uiversity over a period 
of three months, The High Fitness Group consisted of 10 subjects chosen 
from the top tenth of tlie aistrlbution of scores and the Low Fitnese group 
of ll students i'rom the lowest tenth of the distribution. 

That these groups of' subjects represent ·the extremee of pbysiC!l.l 
fitness was .further verified by subjecting them to a "lllf!IJliml pe.ck testfl 
with the results aa noted in '!'able 8).9 

TA3t.E 8 

High GfOllll J •ll" G!.il!i!Il O;l.!f!£!.!QC!i! 

' 276 Mean 53'.i 259 
Sigm 69,l 70,5 t • !3,61 
Range 410-aOO :r,.0~110 p :: (001 

The le.o.: of o"al":t,,,.p in these gt'o;;p,, i,::rl tl:e high mean dif'ferimces on 
the pack teat as W$ll ns ths pUl'cemt! Ls dH'fereooe on the athletic fi tnes;:; 
scores leaves little doubt toot thSl)' 00npri·:e true extreme criterion 
groups of phyi!l:;c,1 :citi:8S':l. 

l, Afto:r a pr'>li111in'lry re:at period of 10 to 15 minutes, the subject 
was required to oii; q•.de,tly· for 5 minuto!l during which the res­
piratory and haa ::-t rate L}S,sSlll'.'1':J wnra ts ken, 

lBEvidancs for ·'.hf' n.lu.<> n!' six:t:i,,irg cro:·diovaecuJar arid respiratory 
meaimres of f{t.rHss in et.;auds,·<l r fit1,e,s:i• tast,g such aa the Schneider, 
llcCurdy~Larsox:, etc. l•~ e al s,, b<c.m cflllected, Soma of theee data are , 
presented in Appen/'11. ~: of thz. p:.."·J~sirt, r~:r!Jnrt. ,. 

_· . ' 
' 



2, The wbjact was than r<lquired ~8 mount a stool 15 inohe11 in 
height 60 times in 90 aecond.3, An ascent on the etool oon­
sieted. in moving from a standing position before the platfOl"II 
(stool) to a standing position on the platform, followed b:r a 
descent to the original position, 

3. _Following this e:itercise period the subject sat down and hie 
pey■iological recovery was followed far 20 111nutea. Thia 20-
ainute period was divided iTito three different stagess Rc(l), 
the fil;'St 2 minutesJ R:>(2), the next 3 llinutes re0OTI11'7J and 
Ro(:3), the last 15 minutee, 

We have, thus, five eXperimental periods during which physiological 
measures were taken1 rest, work, Rc(l), Rc(2), and Rc(:3). 

Meam,u:e11 Recorded 

1. Heart Rate 
2. Respiratory Rate 
:3, Total Ventilation· 
4. 0icy-gen Consumption 

5. Respiratory Quotient 
6. Carbon Dioxide Production 

' ,7. Per cent 0xrgen 
8. Per oent Carbon Dioxide 

Heart rates, as in the pt'evious studies, were contimlously recorded 
by mee.ns of the Henry Cardiotaohometer. 

Rates of ventilation up to 130 liters per minute and the necessity 
for continuously following respiratory and metabolic responses required 
special equ1JD8?1t, 'libile, in general, the teobn1que employed was that 
ueuelly- desoribad as the Tisaot-HaldMie open circuit method, the gaso• 
meter and 1118.sk are unique in J!111DY ref.pacts. 

The mask consists or a cupped hard rubber cap with a pnaumatic ria 
to fit the oontour of the chin, cheek, and nose, end in which is fixed 
a one-way valve system to permit drawing inspired air from the ro011 end 
diverting e:xpired air through an airway -~o the gaaoaeter. The latter 
has two chambers and follows the general principle of the Krogh binged 
chamber basal metabolism· apparatus. However, the chambers are complete 
quadrants of a cylinder, and contain, when 1'ull, 200 llter11 of gas. 

The double ehambar feature ia especially adaptable to continuous 
measurements of expired sir, Collections are begun in Chamber 1. 'llben 
that is filled, a valve is thrown, diverting the expired air to Chamber 
2 while total volume is measured and gas aamplee are drawn from Ch1111.ber 
l, When Cbamber 2 is filled the valve is again turned t.o the chamber 
which has been emptied and made ready for collection again. 

20see the diagrumatio sketch of the platform in Appendix C or 
this report, 



In this •1, tha chambers lllll1 be used alternatel:r without ·intflrrup­
tion of the colleotion of expired air. Qaa B!llllplae are drawn over IIIIIJ'­

our:, and 1Set aaid& for anal,sis later. Anal,sea art carried out in a 
atandard Halda.na apparatus followil:lg the procedUNl11 outl.1nad by Boothby 
a!ld Sanditord.21 

Expired air was oolleoted for e&ch of the per,-ode (Rc(l), (2); un1 
(3) and ge.s samples were drawn f"rom the totAl air·collscted during each 
period. The data are e:x:pi-essed as a.verage11 ewer the particular period 
being assessed. 

Thie p:-ocedure does oot allow sensitive depiction of change of 
state but ns adopted because "block" collection of expired air is • 
more accurate than shorter llfl.!DPling periods. Gae samples ware analyzed 
in duplicate in the Haldane apparatus. • • 

PESULTS 

The average heart rate, respiratory ventil!l.tion, respirator, quc • 
tient,and oxygen consumption for the high am low fitness groups are 
presentoo in Figures 4, 5, 6,• erd 7 raspeotivel,. 

E,aimination of these fij!l!Te9 reveals·tl'l!!.t the heart rate differences 
between the groups (Figure 4} are least during rest end greatest at Rc(l) • 
the fir.Bt .2 mj,nutoe and Ro(2), the next tt,ree murutes, Thie finding 
serves to illustrate a genere.1 trend shown in all the figures, i,e,, 
the tendency for the greatest sef>'lration in the physiological measures 
of these groups to occur during the euly periods ot reooveey from exer--
o1se~ 1 

Ventilation e.nd oxygen constmption {Fig,.u-~s 5 and t) all shO'lf,the 
gl"e!l.test mean difference in F.e(l) Find e.11 four fun<.:tiom; ag-l'flo in shO'lr> 
ing the most sif,lllifi0'1.nt difference ,,t, tJ,h; ;x-•.nt" 

• The ati;tis+J.csJ. ciff!lrences at the ,arto1;s perkd~ ,',t' pres,;,nted 
in Table 9. Jl'J.si,er':; t, stat.lstic 1fllll cc,J.cutat•of fort',~ differences in 
the mean scores or the t'!Cfv g..1.,.,.o·,-1r·e. ~-t eech p0i..nt the tnfiC:S'lrHnents wera 
recrirded, 

Table 9 1•,.;-.•c,a: ~ t,,mt ~il rou,· f'ur,c-:,J. :nll eho• ~t"'tistically aig­
nificsnt dif'fen,~c:oi,, ;,, Rc(l) &.u, 5.,,d1rd,,d ln F'i,.·,rea 4, 5, 6, and 
"/, Differe;:ces ::. o~yv,-2,1 con.,m;pti-,n er\!! r:•,t sl.;c,c,Hicent through the 

• experiment althouc:h snine 0 t1p.i:-at«:>n dc,eo occu:- rhilng Rc(l) isnd Rc(2) 
es illuetreted in F1g1:re 7. Th'd lsil! 1,- :,;':,-, fot· orJgen cor,aumption 
mlght be taken to in·Jlce te, i'hs t. ~~e g1•oup" c!U "'"" differ marlr.edly in 
t.he effic.le!'lC;7 11.!. th ·,,h! cl, tJ,ev psl'.'i'ornEc. r ,, ,.or,,, liGert rate end 

,,. 
"--7'oct.hby, 11 .. !i ~ :, B'1·.o s~w: lford~ l t 1~i_:~~.:!nL..1E~~~t.2!~ 

~c.hJ:!.!s.of, 61,lft -"d,;,•ll'J.ne l: .. 0r.~. ?i,i1ad1?lJ1hiaJ W, B, Aeund(;,I! Co. 1 1920_, 
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TABLE 9 -.... 

IIEANS, STAND~ DEVIATIONS, ABO t-VALOES FOR SIGH AN:C W\" GROUPS ; 

Function 
Res?iretory ltate 

.! 
Reti"t7'6 te 

_t 

To~l Ventil£.tion 

1 
Oxygen Cun_sUJRption 

~ 

Carbon Dioxide 
Production .!, 

Respir~ tory 
Ouotient· 

Percent Oxygen 

.!, 

..!, 

Percent C E.rbon 
Dioxide ! 

~ 
High LQ'l! 

11.4 15.l 
-1.04 

76,4_ 34.3 
'l.50 S.56 

-2.24 

42.0 46.2 
7.91 7.0'? 

-1.27 

LS'? 1.% 
.29 .l<!_· 

1.55 1.5':, 
-.13 

.33 ,'34 

.OS ,Cf, 

=-3 

4,50 4.07 
.56 -34 

2,05 

3,72 3,40 
2.27 

l!ork 
,tligh LSc! 

136.9 145,'! 
16.Lq 11.32 
-1.33 

161 ... 9 .203-~ 
26.90 43~73 
--2~'29 

• 9.39 J,: .3;: 
1.76 l.?~ 

7.20 7,.~lb 
-1.33 

. 79 .85 

.07 .0:3 
- l ~ 7 

5.55 4.9G 
.58 .50 

::.56 

4,'36 4.•1~ 
l. 37 

Rc(ll 
High - Lol! 

16.S - 22.3 
-2 ,.35 

107,l 126.3 
10.33 9 o,:, 

,I- _),; 

-1..U 

163.,5 221,.8 
;::1,,06 .34.6~ 
.. / .. 93 

'} J-"~ 
- "' 

? . t70 
- .6'.' :.?. .,. 
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.12 ,r .... ..:. 

-4.~ 
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4.41 
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-3,.79 
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ventllatiOll,, on the other hand, ara ahmm to 111.10h ll!Ol'e ·cl.ltui:, dilleNa­
tiate the tll'OU})9• 

Sllff&\RY AliD COJIC1llSI0IV!3 

These explorato:cy atud1es indicate that early recovery from exer­
cise 111 the point of maximum divergence between high am low fitiw11a­
eubjects in the etandard exercise type of test used in this study. They 
further indicate that oxygen oonSU11ption ie not a 11ignitioant':war'-e-ble 
in such ditterentiltioa and that respiratory quotient 111 ilo highly Nla-ted 
to Tentiletion tbst the additional labor necessary to obtain it i11 no-t 
Justified (the correlation between respiretoey quotient and HDtilatioa · 
for these 21 cases was .• !!4). Ventilation was dropped tro11 further ec,a.. 
aideration il1 simple fitness testing because of ita lOlf reliability ai,4 
the technical difficulties of securing relia.ble spir<1111etry • .22 

From a oomparison of the avamge r-,sponses of the hie:h and low fit­
n&sa groups to a standard exercise test it 1111.7 be tenti<!.tively concluded 
(within the limitations of the sample) th!tt1 

I 

l. Early recovery'is the point of lll!lXinrum divergence between the 
physiological rospo1l!3ee of the criterion groups, 

2. Heart rate and ventilation differentiate the gro11ps mrkedly, 
but metabolic efficiency is not a eign:l.fioant differential. 

B. VALIDITY OF CARDIOVASCULAR-R.ESP:rP.ATOllY MEJ\SORES TAKEN 
·BEFOfc'S .l\.lID il"l'ER- STANDARD EXERCISE TESTS 

Ink:pduotion. This series or inveGtigations was undertaken in 
order to provide further inforrintion on the cardiovascular-respiratory 
reactions of normal ·subjects to the short •standard exercise test• and 
in order to determille the relationship between these measures end the 
lDliximl treadmill test scores, 

Compa:rieons are me.de of the llna,ir 11.lld curvilinear relations; p,.rt-
1al correlations which mieht be meaningful as measures of fitness; mul­
tiple regression EKJll!l.tions; and first, second, and third order 11rJltiple 

-------------·~--------------------·-' 
220ata justifying these stli.tementa ca,y be found 1n1 Taylor, c,, reid 

Fl'aru!an, a. Mg:d..~l tests pr ei.arcipe tolerange. CMR, J)SRD. June 1943. 
Thia report is on file with th9 NRC Couittee on Aviation Medicine and a 
preliminary report· is on file with the Comittee on Selection and Training 
Qf Aircraft Pilot'1, Calculations of' various derived measures from the 
above data were also determined in -:irder to ascertain whether greater 
differences than those shown could be obtained between the two groups. 
however, all were leas valid than the primry measures from which they 
were secured. The derived ma:lsures included oxygen debt, oxygen pulse, 
ventilation cost, ventilation ~abt, and gros~ mechanioal eff'iciency. 
These amlyses are on f'ile wlth the Gclli,cittee on Selection !!.nd TrainiDg 
of h.1rcrt1.tt fl1~"je,-



correlations. 

SJ!.b;leg_t,s. Fiva group:o:, of subjects were employed in these studies. 
111 of the subjects rnnged 1n age between 18 and 28 :ree.rs and all nre 
"nor-"el" in the sense that they poseecsad no known def'acts which 11:ight 
~.r,·::i infJ.uenced their tolerance for exercise, The ganeral make. up of' 
tl:, n.va croups of subjects is as follOTS1 

Gro#3 

A 

li 

59 
60 
98 
97 
49 

Description 
Soldiers from Moff'att Field 

B 
I 

II 
III 

College •n trom Stanford University 
CoUeee 11an trom Stan!ord Oniveraity 
College :aen from Stanford University 
Soldiars from Moffatt Field 

Two sets of the datll (Groups I 'lnd II) conts.1.n the same variables 
and :!re rl:l,i.lly r,indom ·a1v1sions of the materials of one complete experi• 
rnentsl invet:1tlg,i.tion. The othef- groups cbi1'taiil data"which are allghtfy 
dii'feren~J it wu impossible dllrin8 tbrn studies to make all Vlll'iablea 
available f'or 11118.fyaia. , • 

I:roc¢ure. Tha following experimental routine was followed through­
out these inveati~tions in the administration of the •.standard exercise 
test• arid the recording of the ph;raiologioo.l 1118B:rures, 

l, Prelimimry Reclining Rest. During thie period the subject '1158 
_merel:r requ!red to lie down for 10 to 20 minutes, No obMrvs• 
tions were me.de. • 

2, Pre-exercise Standing. At the end of the Reclining period, the 
eubject mo.a Mquired to stand for a period of 4 minutes during 
which the haart rate and the blood Pfessures wore taken. All 
measurement11 were taken durtn,, the last 2 minutes of' standing, 
ll~rt r&tee were 30 second counts f'?-om 15 to 45 eeconda 1n the 
m:tnute, Both eystollo (appearance of'. sounds) and diastolic 

(mui'f'.llna ;,oint) pr-esaui'aB were recorded, 

3. §t;sPlord Exercipe Tests. Follmrl.Dg the Starrlitig period, the 
2 minute ste.ndard !JDI'eiee tost wa11 adm1r.1etGred, During these 
2 minutes the subject was required to mak• 60 ascents and de• 
scents f'rom e 15-inch atool as· described earlier in thia paper, 

-l11111edis:tel,y upon co11plet1on or ·the test the subject sat down, 

4. Recoyary Period, Thia period lasted approximtel;r 6 minutas 
tollorlng the stand1>.rd exercise. During this time tbs fcllmr­
ing 118!l 111.1Nments were. taken: • 
•. Ppgt•&m\se lJM Rllte. The heart rate (sitting) re­

corded during the first m.n11t;e (15 to 45 11eooo:is) follow­
ing recovery• 

23'0z,oup11 1 end B oontaiD irabjeate ~ uae4 previoul.7, Oroupa I, II, 
end Ill are tbs ,- u thoae in Seotion I, 



b, !Jnrtmeter B19J' (sitting). Starting at the second minute 
after the standard exeroiae. 

c. 

At the conclusion of the fle.rimeter blow teat, the subject 
was again required to atsnd up B.Dd the following -sures. 
were taken: 

Heart Rate 
pressures. 
minutes of 

(recovery) and systolic and diastolic blood 
Measurements were tak..n during JA- to 51 

recovery, 

All subjects in Groups I, II, III, and A were also admibietered the 
maximl treadmill test described 1n Se~tion I of this paper and their 
exercise tolerance scores calculnted, 

The 60 subjects in Group B, however, did not take the maximal tread­
mill test. They ,rerlll given tmi• submwd.IMl ( standard) tests according to 
the above procedure -- one 1mek intzrvening bet:1een the tests. Thie pro­
cedure was followed ll!i th this group in order that the rel~abili ties ( self~ 
correlations) could l:,e determined for -tbe primr,:, and derived meaeuree 
oJf physiologiCRl rcispc:nsa to t:v, standard tests. 

Results. Table 10 preo(,nts moo,1s ~.n:! standard devbtions for antb.ro-­
pometric and blood pressure neasures fo~ all exporiuiental groups, except 
Group B. It will bo noted tha.t G!'cup ~ differs so:ne'l!M.t but that Groups· 
I, JI, III Are qu.tte C~TTf"i~able. 

The ralP. tion betv·een the ,h.d ou: rret, s,i.-es !llld tl·eadalll score is 
represented Ly ,"' s an,; et'ls, F'.XGJlltnution of toe linear carrele tions 
(r•s) rE)veela that none of tte m~asurea in '.!'able 10 ,;as s~guificently 
correl1c ted wi "" the c.riter io;, ( seer-ii on th, ,a~ximal trer_dmill test). • 
No c01~rals.tion is or.er· ~'.2{,. f1J.1d. 8ven V"(h!:!u."e s1Jch an r occurs in o-na 
sample (for n.s.r~ple, chae t ,;idth) J t riH>?8 to ii,sigific&nce in other 
aamplas. In sevenl irnitenc,~ ( s,'~ '1',,l, 1.~.0 10 and 11) curvjlinesr r.;­
gression was test"cd b;, I!WkJr:g best .,e1·0:i.c f.·.,-s on tLa s-~atter plo~s ann. 
cbkining rho, th~t. is, a rrne?l'.IE' ,:T th~ goudn(,Sfl of thi~ curvilinaer fiL 
These rho's in all cases si"to1jed sL,.i_ lar Jty t,c, ·che Peerson r's, suggesting 

- th, t the depitl"turea fro'll 1 ine,,J'.",_ty, .,c•:11m by tb., etas, werEl for 'the most 
part due to t creg,11 ar p,,:Usrt.B •1:l'l-::h ~-~,~] ~ n,, i:i-o-;ce signif.Jcar,t relationshi.p 
than is given by ;_ ~ne:i.--:t"" ,'"rOl'."l·~::iL·t1.o~"'~ 1G..-, F~uth1."'r-:~OJ.'18t"t'i.~ end. blood pressur-e 
meLsur.es .1tay. ~hc.:"'-:f,,1•,-~,. be rJ.it1:inat,.~cj frcr,,1 cr:.."1f1:::'erfltion B.3 possible • 
predi1•tors of ,n. "r,,1 s., tols'-'c ,Jc, , 0 cl':'' s:;:ced b;r t;ca ,,,axim~l treedmill t;!st, 

Correl&t-:10:·0 l m~T .. r-i"f'~~ .~·or ;1e~: ;,. C.ite~ G.G•::. fl1rlmeter blow are pre~ 
scntec: in 'I'9blei .i.l ,;nd r,uJ.tlpJ.e l: s ~,.-,·c'1sdl l'1 c,rder of magnitude in 
Teble 12, fu ::-r::i~rs L II, TIT, a.~-:: A, :•i1~ug<1 all of the measures of 
hea;.,t r.?tr; t•~::r: t.o 1,1di.·.~-=11~,-, ~:~?D~fi1r,~; t, ('L)rr-el~·~ion with the .::!riterion 
( maximal t 1·,·_;r.d..,1J 1 ·1_ tes\, J r..•~· r?.-~Y~rc 1 ::m ~ ' . ..r!.l.l!ing enG reco·very heart rates 
a:re less 

rhe ": ,7 t 1--0: r , 
()!"r:\,:_.>!' "ITt.·"L +.~ -_}_,1 

crn:f.:.,Jr_ ... ;i -r;._! 1 '·, ~·L••·-'imc•\,..-,_, f,},:,1'·~ >·if·lcw 7,118 'i,igheat first. 
rr,':!t·-,i~ 1;,; ;•·u:.- ·.~re,:-::\~-·~ Fti'1 lI;.. (R.:: ~S2~ .:.66? 
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TABLE 10 

CORRELAnONs OF A!,JTHROPOMETRIC .lND BLOOD PBESSURE DATA WITH TRE&DIULL SCORES 

Iariabl§ 

Treadmill Score 
Age (y-eara) . 
Height (ca,) 
Chest Width (ca.) 
Hip Width (ca.) 
Vital C~city (liters)· 

8'C'!-RJ1c Pressures (m. Hg,) 

Pre--ex. r.eclining 
Pre---ex. sitting 
Pre-ex. standing 
Poat-ex. standing 

1211111toJ.lSl Pril!!!!!!i![!i~ (e. Hg.) 

Pre-ex. reclining 
Pre-ex. Sitting 
Pre--ex. standing 
Post-ex, litaoling 

GROUP .l 
(N :: 59) 

~ S,!h r et.a 

47 
23 

176 
30 
29 

5 

. 
123 
l?.l 
114 

78 
79 
81 

9 
2 -.15 ,43 
5 .10 .48 
2 ,24 -34 
2 -.06 .44 
l ,16 ,41 

11 ,04 ,33 
10 ,05 ,37 
u -.01 .65* 

8 -.ll ,37 
7 ~.OJ ~39 
7 -,25 .5.3H 

• rho ... 18 

GROUP I 
(N : 98) 

MD §~~. 

51 11 

179 6 
31 2 
29 ,, 

L 

129 12 
133 13 

87 9 
87 10 

t '2til 

,01 ,41 
-- .. 15 .. ,11 
-.17 .48 

,01 .34 
-.].2 .,;8 

.03 .28 
,06 -37 

GROUP II 
(N ,., 97) 

Mg,_S.p, 

52 9 

J79 ? .,,, 2 ,-
;29 2 

126 • u 
.l3~ 14 

86 10 
87 10 

t !!~ 

.25 ,i,h 
-,11 ,44 

.04 .?.6 

• }_"! '/ .. j 
~02 .23 

,15 .46 
,22 .51 

- rho ,. .25 

GRO0P JII 
(N ,. 49} 

!!,n_S,D. r et.e 

49 10 

179 7 
32 "'· 
29 2 

13J -~ -'-" 

'?S 9 

.26 .4'? 

.,27 ~41 
-~06 ,j~ 

.. ~ •.-.; 
_,.j.-, .4-, 

.19 . ,, 
.~~ 

• I f 

;},~;. 

*! 
,, ,. 

"' ,,,-
,, 

·s 

e ., 
·, 

,.J_,; 
-~ )· i 

ii' 
_;,__c.Ji'"r 

.:,/: ---,,,-,, 
',, 

r ':~;-
,,...,., 
-7:f.'- ~ 

,_,;;:•' 

'·~,- ,~,l");,1$. 



TABLS ll 

CORRELATION IIATRICES1 IIEART RATE AND BREATHHOI.DIOO DATA 

(1) Treadmil.ll Score (4) Poat-exercise Heart S.te 
(2) Pre-exercise Standing Heart Rate ( 5) Flari&eter BJ.ow 
(.3) Recovery Standing Heart Rate (6) Pre--exerciae Sitting 

Heart Rate 

~ .(;i_l ill ill !I!; ~ 

Group A' 

(4) -.36 110 17 
( .5) .46 =,27 22 8 
(6) -.19 ,48 .001 61 8 

Group Ill -
' 

(~~ -.47( ,47)* 92 15 
(4 -,42 .72 124 17 
( 5) ,22( .2J)tt-,O4 -.04 21 7 
( 6) -.51 .68 .27 .01 76 11 1 ,, 

" 
• Group l ' 

- ' 
' (2) -,34(. '+2)ti 88 14 

_,_ 

" ()) - • 53 ~7,g 96 16 
(4) --.61 .55 .72 125 2l 
( 5) .3'7( .39)~ -,07 ~ ... 17 -,22 25 10 

Qroup II 

• (2) -.06{ ,0'1)" 88 12 
( Jl -.19 .S?. 95 15 
(4) .,.33 Jc!,. ,65 125 17 
( 5) .1,.3( .44)--.10 -.21 - , 13 28 9 

~ rho c-0mpu ted f1·0-o " ~nbic re-gressim:i 



-, 

Myltipl!l 

Rl.23 

RJ,:?4 

Jt L ,:25 

R 1.26 

8 L.34 

R1.3; 

R1,4; 

R1,46 

Rt,56 

Rl,234 

R.L,2J5 
) 

Rl,245 

R.t. .il,6 

IU..f~ 

R 1,345 

Sl l ,-"6 . " 
hJ ■2:M5 

It 1,2456 
.. 

Treadmill Score 
Pre-exercise 3tat,cj_ ,-, flR 
Recovecy HR 

GROUP A GROUP I 
.J.6::: 52) ...i!L:'.'..-'231 

.-;4 

,61 

'0 ""t;r 

,63 

.60 

.52 .&6 

.35 

.50 

.6J 

,61 

.66 

.67 

.52 

,67 

• 

Post---e-.:erciae HR 
F'lari12wt,or Bl,,,. 
Pre-exercise Sitting H~ 

GRCUP 11 GROUP III 
f - c-_:f]) :,JL..:: - ~-

.25 

.)8 ,49 

,4-3 ,51 

.54 

.33 -

,45 

. 51 .4$ 

,59 

.56 

,41 • 
.. 46 

.55 .53 

,59 

,58 

.52 

,63 

,55 

.64 
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1q1d .51, re~pectively). This is the nighest multiple obtained iJl 
t.rroup A, aM nearly as high as the third order multiples f'or Groups I, 
and II. Group III diff'ere from Group A, I, and II, in that it shows 
a ralBtivelJ, high crlte1·1on r for sitting heart rate, In thie group, 
the highest multiples cont.ain sitting heart rate, while 1'larimeter 
blow, correl.ilting only: .22 with the criterion, exerte 11110h leee in­
nuence., Little W$ight should be given to the results ror Group III 
in this oonneotion, however, because or the relatively l!l!lall N (49) 
aol because of' the appirently atypical relations or eitting heart rate 
and flarimeter bl01i', l"larimeter blow usmllJ, has a higher correlation 
(Groups 11., I, II) and sittine heart rats a lower correlation (Gl'O'Qp ii.). 
with the CTiterion that1 was found for Group III, Generally speaking, 
theu, post-e,xeroise heart rate and narimeter blow reveal the beet • 
correlations in the data. 

That they are morl! stable elso is sh011J1 by the bates for heart 
rate and flarimeter blow in Table 13. Be~s imolving pre-exercise 
standing, recov-,ry, and sitting heart rate are susceptible to large 
ntlotuation, even with change of sign in two cases. 

The nee.root approach to a reliable prediction of' the criterion, 
which could be developed from these data, would be a battery of' meas­
urea cont.aining post-exercise heart rste and flarimeter blew, combined 
in the ratio 312, Unf'ortUDStelJ,, the multiple R with tho criterion of' 
BUch a bnttery (approximately ,55) and the variation in betas would 
v~ry strongly limit th'e validity and reliability of suoh a practice, 
Hence, the eonolusion hera is or little pre.ctical signiricanoe at the 
moment. 

Table LI,. presents the teat-retest rsliability coefficients from 
Group B, Of the heart rates, poat-ex~roise heart rate has the highsst 
reliability (ri1 • .74). This measure is also more reliable, than any 
of the derived heart mta indfoss, such as change on standing, change 
on exercise, and chruiga on raoovory. Systolic.pressure is uniformly­
more reliable than diastolic but the systolic oh11nge on standing le 
vary unreliable, 

It is significant that poot-exeroise hB!}rt rate, the 1110at reliable 
of the hes.rt rates and flArimster blow, the most reliable of' all the 
measures, ehould also show greatest Y!,.lidity, Whan it is considered 
that the standard error of a measure24 for a variable having a reli­
ablli ty coefficient of ,00 is .44 of the sigma of' a distribution, it 
is clear that reliabilities belOlf .80 are vary unsatisfactory for 

, purposes of prediction. The only hope for the use of such physio­
logical mterhls is that "batter~es" of measures might, through 
oompensatory intar·play, yield hi(tber rolb.bilit:, than the component 
lllEl!IBuree, taken singly. • 

S111111!!\ry, Four grou;is of subjects (303 caees) were given maxime.l 
treadmill taste ar.d -1 sub11a:d.1'l.'lc . .rtan.far<l toclst routine consisting or 
--~----------·---·----------------
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T1IBLE JJ 

BETAS (STANDARD SCORE COE.r'"'F;tC1.E.Nl'8 FOR MULTU'LE REGRESSION) 1 

HEART RAT~ AND 1'T.JJllllETER BLOW 

(1) Treadmill Score (4) Poet-exercise HR 
( 5) narimeter Ellow ( 2) Pre-flxercise Standing HR 

( 3} Recovery Heart -Rate (6) Pre~xorcise Sitting BR 

§._~ 

Bet...12,345 

Betl!.:;.3 ,245 

BetaL~ ,235 

Betal5,234 

Betal4.5€, 

Beta15 ,46 

Beta16.45 

GROUP I 
(N :: 9~) 

-el2 

,'27 

-.43 

-,24 

GROUP II 
~,.£..211 

,;3 

~,10 

,:,.f.:,2 

,39 

-.28 

.4() 

GROOP III 
(N "' 1;9) 

GRCOP .l 
(N :z 59) 

-.19 

.41 

--24 

,40 
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TABLt 14 

RELIABILITr COEl'FICIENTS: CiROUP B 

(II "' 60) 

A, frimary Mgas11r111J.1 

Reclining1 
( l) Heart Rate .~2 
(2) 8yato11c Freseur'3 .. 68 
(3) . lilastoltc Pres13ure ,51 

Pre--e:n,rcise 8 ttc~dl~.,.1 
(4) a~t Jl.ate ,68 
( 5) Sy11tolill freaaure • 75 
( 6) Diasr.olic Pl"easure ,55 

Poet~xerciae Sitting, 
(7) Heart Ratt- ,74 
(8) Flarime'..er Blo,r ,80 

Recovery Standing1 
{9) Heart Rate ,66 

(101 SyetoBc Fresslire· .79. 
(11) Diaetoli~ Pressure .67 

B. Oeri ved l!sagure111 

(4) (1) Change on Standing ,57 
(7) (4) Ch8llge on Exercise (e) .68 
(9) (4) Change on Exerciae (b) .50 
(7) (9) Change oo·Recover,' ,69 
(5) (2) Change on Standing ,41 
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heart ratee, blood presSllrea and breethholdiiig; Another group (60 cs.sea) 
were given the standard teet routine trice, a week intervening between 
tests. From a correlational analysis of those data, with .respect to 
validity 1n terms ot the treadl!lill criterion snd test-retest reliability, 
the to.llo!rlng conclusions have been drawn1 

l, Age, height, weight, hip width, chest width, and vital capacity 
do not correlate significantly with the treadmill criterion. 

2, Systolic and diastolic blood pressures, recllning, eitting 
and standing, aJll). standing after exeroise similarly do not 
show significant relationship with the criterion and ere 
not stable enough to provide BTidenoe for a weighted scale. 

;, • Ot' the bee.rt rates taken before and after exercise, the po11t­
exeroise count most consistently correlates with the criterion. 
r is about - .40, Poet-exercise heart rate is also the moat 
reliable of the heart rates taken. • 

4, Post-9Xercise broothholding with the flarimeter alsb corre-· 
lates ebout .40 with the cr:lterion end is more i;-elinble tam 
bee.rt rates or blood preeeur1:1e. 

5, Breathholding am post-oxercise hoort rate yield a multiple 
correlation of e.pproximatezy .55, The validity qf this b!lt­
teey ill considered, therefore, to6 low 'for predictive purpoaee 
UDder the prennt.oirfflllietancee, particularly since it hall 
little stability. • 

6. r.ie uae of currlllnear relations doee 110t improve the recre•• 
siou. 

C. A fOUR-:-MlNIJrE (SlJBi\\AXll'M,), 1'P.EADlJILL TEST 

Introduction. In tha preceding sRCtfons of this report it has been 
de1110netrated that the subject's exercise tolerance as measured by the 
111aximl tree.dr.dll test ciumot ·oo moo sured to' a 0011pletel)- acceptable '!IX• 
tent by the phy'aiolcigioal responses to standard tests of exercin toler­
ance woh ae stepping up and down on a chair er stool or prescribed height. 

It was also ahown, however, in dection I of the prasent report, that 
the second derivative or tha cu.hice (for the heart rate meesures) set at 
two minutlls froJ:1 tho start of the test run correb.ted eign1ficantly with 
the dUl'!Ltion of the run (scor~), On the basis of this evidence, it~ 
be hypothesi,:ed that performnoe on the maximal tree.dmill test might be 
predicted from the trend of the hMrt ':rnte measures recorded during an 
abbrffiated troodmill teat. Jt is obrious, however, tba~ if shorter 
segments of the hes.rt '-"l ts curve 'ire used for prediction there Jl\l9t 
be some loss in relinbtlity qnd validity due to variability or 
irregu..!-'l.rity of tho enrly he<1rt rat,,3, • 

Subjectn. 11.e ,ht~. g"lther!l,.1 ~-r, bro groups of eubjects 1l'ere used 
in thia invefltl.g,1 U.,Jn "-a !"cillcv1.·:a 

'i 
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~·;/:~_:.:•.-~)/1·~;,•}-. ...!.•-'"!: .. 1;:. r~~;,. !J<,>j.;ct r..!l r~r1:-,i:r.?·l t~ •:nl·k en tha 
1, .~ ,·::i- .:"c'!:' 9 f\~"'"~1~1 or:: r,iin~ 1t,:,lo ri:~ct'1g t}l'ls ;:orla,i, tlJ3 

• r-.- ;-~~ o~ ·'}-.:- t:.;:•::·~ T""J. "' - ;;_·t ·\t ~C~ r:ir:+.~rs per ~iri.r1.te -2.ni 
1·.~·.J ~:f._·":,~~'. ,,,,t 5 pt.."I' CG:)t. 

},/'..,?-.'.'t7_~ ~J_::.,:_~:j;,'.l·:": ~ At tL~ ::;·_J cf' :-:.~~ ,:,;-:•·]JJ:.'ltn-1:ry na.11r tb.a s:;t .... 
l !S-C t --t.i.f :t"•_ ,-~·:·~1 !'3~~ j'-.1 ;1t t.0 t.'-'a '!.:li..~ f,'.):i_-> -a - p:·rivG of ~- mirrt'.tt's ~ 
f;;,r:_ ~ ... ,:: ~>L: .. ()"_ti,Jd ·~- n j__,_! ·, :.r-.st.jz, t:_.:: :J':.' t: :r;:, @.'?.dt:J b~gJ.r-..1~:l•!.g 
/.:- :~··,::•r,-1-.-~:J a.'"'·~,,:· ":~:~ r:-u11: ·in;.:.r_y i:::-~:lk. ' 

_,... ~'~-.c.::·:t._ '>\·,.,t~f.1.:rJ. A:t.er 3 :.:.~m!t~s 2"2st (e.1Jove) tt1e subject l:Ds 
1· .Jt:.~::l:z :·1 -~-:: ::.· ... :n fc:' fcur ;:. T.JTL?-::.Ds o:-i t!1e tr~s.d;r.111 uith t.1~a 
1; ·.u,~ c'l ct K-2 n;:t,,::-a pr minute. The beginning pitch ms 
sc··.: ~ :, 5 ~Jr o~•llt mid thN·-::,.rtc1· wail n,i■ed 1 per (lent aft3r 
c.~··i:.-1 L)i.~·-..,-~-,.:J~~:,_i.:.c r-;,l9iod ol rnrm:lng(J 

2.JI,i:.ill!• fl U lcs1t t::-o of the s,·.hjcc:t.e ,iei'a Eib:!.e to co'llphte th.i 
1"'·r•. ·,\n• ~··,et"l t·.;o enl,jects tho:'l, no so-~~alled sr.02"t. form nc::o,.m:t,>d 
tc ~ tr'!.:s x~:r.::'.rr;.;;.l to~t or e~-:ei:-~1-.:-Jo tt1lernrr.no For t!1e r,smirMicr er 
~·-_c s-.:.~_·jc:,::~p t~·~ te~t was dGf1~1tal/ t;UbP.E~:!.:TPilo 

S~.nce the r~1.:d.m.l tro.;fmii.l sc,,i·os m,re not i:milabla fo:- the 94 
c.1i':j1cts ·'"ho 'O':ur-•:, 1.;i.ven the to,t-r;:·':;e,it for rel.hbili~y jl1.1Tpo:::01:, tho 
~?.tu l'r:>:n tl".e 8J cubjEct~ of Croup V (seo Sc,ction 1) we;•e U3ed to de-· 
te,T,i:.e t,:e wl:loity' cf thG' 4-m1!l't!':~ tElst, Th:,il nr.<J.lyeio ms corc,plet<"ly 
f:1ts.siol0 with the ho:,st N•,·a.s f,·o:, t:x, fi.rst four n1nutes of th.; rrri:rlme.l 
te9t. !t must \>!J !l.ss·.:2e<l, hcwo•1c,1', t:,a t tl:lis sagnr3nt of tho :n:.xboi l 
test for t,10.,0 ;,,.1i,ject:1 ~'.l1,!· not be essar.'::ial),y difforont ue:-o tbs 
subj;;cts aetooEy only run fer 4 □lzmtes. 

Table 15 gives th~ zerc-orosr a~d ::ru.Jtiplc consl!iticms which sx­
pre:;;s the validity of =.sur·es f?o"C t:,e .:;-:ilnut.e test, The following 
points may be noted1 

1. Measures of hoe.rt re.ta cUTVatUTe ·(the secon1 der1V!!tive of a 
second &agree curve) and third-order differences, are corre.;. 
:Ls.tad with t,he criterion to ET..iOll less extent than the accelel'!I.-

.,;;:-,;;,..,_ 
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TABLE lS 

ZEBO..Of.DER A.ND MULTIPLE CORRELATIONS1 FOUR..f4INUTE T!Wll.llLL TEST 

(2) 

(J) 

(4) 

(5) 

(6) 

(7) 

(l) Treadmill Score • 
(2) Stano'l.!"d Exercise Heart R&.te 
(~) Flarimeter Bl0W 
(4) Terminal Heart.Rate 

'.?) 3rd Difference (Finite differ­
ence of the third order) ' 

(6) 2nd Deriva.tive (2nd Degree) 
{7) Poat-exercise Reooveey Index 

(Ii • SJ .:ases) 

{l) (2} (J) (4) ( 5) (6) ('7) 

•• 33 ( .6::1)* 

.J9 -.10 { .36) 

--34 .75 .OJ {.86) 

.JO -:._33 ,27 -.19 { ,33) 

.23 -,51 .19 -.OS *:29 ( • 3.3) 

-.29 .JO -.15 .19 -,JO ... 22 (.63) 

-!lf.eliab11ity r 1s (teet-rotest) il p.7.rcnthOSl';S. N ~ 94 a:iid consists 
of' cases other than those use4 "O determint:1 the correlc.t1ons hi tho 
matrix except for (7) which he.I an N of 60. 

.R1 ,34 :: ,~J Rl,J47:: ,55 

R1,23: ,4a Ri,345 = .54 

Ri.3457 :: ,56 

1.34&7 = .56 



--.11!,-"l';l;;'_:'i- ~;:.. ',.:~;~ -
-'. l \ -- ' 

_ tion ooR-put.;,d fqr tiw ,.., ·:: i e r::. t ) n t.'.w ~'ll dfll!!,l test, '!"herein 
lies tha £a ilu:-e of ~hj El mvlif ks tior.o In 1tbbl'l!vi.ating the 
teat, a large pe.:.·t of ',;!",,; i'ltarm.~diate portion of the curve 
has been lost which, it wtll oo recalled, '11'3.l'l straighter and 
less sloped_. the lour.et"· tr.a l!ubjact was nble tc run (!lee- Sec­
tion r, p, b ff) , • 

Of courae, the terrniml up1•1lng of heart ret-e on approach to 
exhaustion lw,a f!lso bcaon lost except in a very fm, oases. 

• Hence, the third dif!"eren,~ea (ts.ken from t'irst, seioom., fourth, 
and eighth half-minu+.,e irit0rvals) fail to correlate well with 
the oriter1on, Jnataad, in mo3t cases only the initial curva­
ture is availsble, i!oacrihing in the four~minute period a 
el!Cond degree pantbola, Th-3 second derivntive of thh c~ 
does not, in itself, RG&quately differentiate the subjects 
(r'16 11: ,23). Tbun, it appa',lrs that the four-minute segment 
of the heart rn te c;1•~""" b ~no short :!.n most oases to demono­
strate the +~end en which c1:~ificant prediction could be 
blsed, 

ln :rurthar substantiation ~r thees factR, Tabla 16 should be 
oonsider!ld, Groupa TV~A.25 and V heart rates at the sec~nd, 
fourth, and eij:hth half-m:1.nute 1ntonals are 1.ntercorrelatedo 
With moderate to low ~orrslJltion with the criterion and high 
intercoITel.a.tion, pqrtie.l "1'1.rilmee, on which multiple R1s 
1111st be bt,SllCi, is ve1:r slll!l-11. This is, 1n part, why the 
curve functions lo'38 validl ty in the abbreviated treadmill 
teat, 

2 . Sta ma rd exe,rcise heart • ri,, ,;e e.nd. flarimetar blow show a co11~ 
bined relstionship m.:th the critsrion (R1,23 : ,48) Colllp!ll'!lble 
with results in other series of experila9nts (see Table 14), 
It is interesting to note that termill!l.l heart rate is more 
reliable tbln standard exorcise heart rate, though correlat­
ing highly w1 th it, 

• 3. Post-exerciee recovery iniex is a measure of heart rate de-
celeration after the prAJ1m1ns:cy we.lk. Its correlation with 
the criterion (r • ~o29) and contribution to the multiple are 
Wl8UbetantiaL 1'he negative sign of the r, indicating lesser 
d-leration in fitter subjeote, is cODtrary to th~ accepted 
dictum that· pulse recave:cy is more rapid in the fit indivi­
d,-1. Ae shown by the negative correlation between etandard 
exercise heart rate (during the last minute of prel.himr,­
all:) the fit mn derarts less from hie resting condition, 
under the stress of exercise. His heart rate thlll!I risee lee■ 
and reoovere reli.tively more elowly tbln that of the le1111 fit 
•n• The J"'lliability of this -sure 111 low. 

2~oup IV•A 1■ the 11a11111 group of subject■ ~lyud 1n the studies 
reported in Section I of thill n,port (-JI = ?')). (See pap 16.) . 
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TABLE 16 

INTE&::Oruu:LATIONS OF EARLY HEART RATES 

(l) Treadmill Score 
(2) Standard Exercise Heart Rate 
(3) Heert Rate at ?.nd Half--Minute 

(1) {2} 

Group IY::6 (N ,.. 29) 

(2) -.47 
(3) ~.42 .'34 
(4) -.55 .78 
( 5) -- 53 .77 

Gr2ui;i V (N :;;; ~3) 

( 2) ~.25 
(3) -.01 .66 
(4) -.21 ,77 
( 5) -.JO ,74 

Group V Pack Pulse~ {N -:: 33). 

TIA i L) 

(l} .-.23 
(2) -.26 .94 
(3) -,31 . ,93 
(4} -.t]3 . <!6 

• 
*Described on~~ 4'1. 

(4) Heart Rate et 4th Half-minute 
(5) Hearth Reta at 8th Helf-minute 

(3) (4) 

.:;19 
,SJ .90 

,79 
.72 .93 

(2) (3) 

.91. 
,91 .96 



4" The fif'th-order multiple (R1 2'34'67 s .58) indioa+.e■ the lQS 
'Vlllidity or the four--~te teat. Since th• 1191'0-order r•e 
are all low, tha regreesiona would be expeoted to show inata­
bility in other applications. 

5, The reliability ooerfioiente, computed from the data on the 
94 cases of Group VI range f'rom .86 for both ter:aine.1 hNrt 
rate and nar1Hter to .33 for the second deri'l'lltin. Cal­
culation of the reliability for the batteries of -.suree 
was not mde because of the doubtful 'Validity of the tour-
lllinute test • • 

.'l1!P""ty. From an aruµ..ysie or heart rates during the first four • 
minutes of treadmill experiments on 83 subjects and test-retest four­
lllinute treadmill experiments on 94 cs.sea, it baa been sought to develop 
neasures ot heart rate trend, analogous to acceleration in the previous 
ll!!Ximl· treadmill studies (Section I), which would predict the treadm1ll 
score. from these studies, the following tentative conclusions my be 
drawn1 

1, Meaa\ll'es of heart, rate cur-.-e.ture, third differences and the 
, eeoond derivative or a socond degree fit of the four-minute 

heart rate curvea, yiold correlations no higher than .XI with 
the oriteriono 

2, While III fifth-order JllUlt.iple o'l "58 wne obtainetl with these 
dAt&, none of tl,e W!"ia.bl,;,11 correl•.t.e higher than .4 with 
the (,"l'i terion, Such II oo tte1-y could hardly fail io be erra­
tic if c-r.:,as 'islide.t">d en otl.c,r "':unplee. 

3. From th,;,sa con9itlerett:'..nr.s it 1.;sy be concluded that the four­
min;.ite tr3'!.d~ill ti?at c'oVi n-~t. pnrride a satiafactory basis 
for prooJ.~t.ion re? •;,,.xiir.& 1 ti·.z 0 d;nill psrforr.anoe. 

lptrodyetl.Qn tlac-.aus0 of tl:l!l sl.~plicity of administration of a 
standard test or the "st.ool=steppin;.;'' varioty, 11. further effort was 
made to validate & subw.:r.:ir<al til3t d." thiB sort 1n terus of the IJlll1i118l 
treadmill totJ1; ., 'i:here i'> even fiu·ther ras sou to study this type or test 
furthe,r tifr.(!e evitl,;,r,::e in the p•g-::,,:li.np at,.ir,.ies caots scme doubt on the 
foosib1.lt-:·.y of ae-ve'lo,,:u,g i;. relish'.., •rnd val:ld short f'crm of the tread~ 
mill. teilt Hs>?clf. 

AccoreJ.1.Rl!·, & tc.,st r-,·"ti;u3 •.,;r: ~ d<1·,fow, h1cJ udl.ng post~exeroisa , 
heart rate. f:!.ar.l;,,B,·car b1..C'.r, snd ~- ~erl"s of wor;, pericds during which 
the sutjeot ~~•s r,,.:)1.::.i,·,;c. t;:, ,"½rr:f ,.s1zl,t~ of inn·ea.1iing l!l!tgn'..tude dur-
ing the sub11t;,xi.rr.nl ts!}-1;, 'l'r~ r'•'-"':112:l s•,rl!'H of' 1>ork l'lll.B included in the 
hope th!!.t cr.a'.Nlc~. ,;:·h s-.:L•,, •~•.' t.',e 1, ,,, rt. n1h incx-,"" sa en such grade:\ pa.ck teat 
work might pN,.,,e t.(· OG c. v,;.: 1.(1 '.vl,•.: ~-:: phi•c'~ c,,1 l fitness as indicated in 
the treeclm.ill atudlP.co• 



1.., ,ts,..t!zl.PL~~·s.J~.. Th~ P1.i:),•=~·{':::, ·:'~~'~ r,;qutr-00 tn r-3:inin Or1mrlete1y 
at re!lt for fl 5.1,r~ d.rmt.:i r, rir,J p1'iClr tc ':!-,,, t1cl, 

2, Stan;Iaaj WQIJ:L .. Wiz-, !11,T:;,,,, ~-,,,,..,, perfod, ~),,. 3ubJect was re,­
qu.1.red to 1rnc0nd aoo r;,,7::-,,~, f'.'.',•,~ ~ l'1-1nch stool at tho ratll 
of i/J cycles :,"r I!lU!\14 1" fr:,:,· '1 ;,3rlod of SO aoconds. 

3. At the end of tl-e StM£'.'l:rd ":ork Fs1·io1 ',;te 3ilbject wal'I i3tcpped 
for 'nppro:d.r,,hr<' 5 □1,,,ut•.;; ,:,,rd the follovii:g =cures recorded~ 

a, !'9st-ax(!,m.i5~.J_!~-&rt li.:G,'l., A. 20-eecond count beginning 10 
aecon1s r, rter , exeratsa, 

b. Regpv<)ty Ve•;u:i_""~!l1~ !1 2C· r,~cond coun;~ begir,..ning 4 minutee 
aft€r exe!'Ci!f1:-. 

o. ,llirii::eter Bl?J!J!, Tte first furill"let,w blrnf me begun 45 
secondeo after the St>,:.::fard Vlo:rk Perioo tms stepped I the 
second blow -,ma then bo,~ 10 seeonds following the end 
of the first, A :?O mn. lfg, manometer with' a slow leak 
was e!!rplo:,ecl. TIM scqro "'8 :i fa.!:an 11s the BUIII of the two 
blo1:1s. 

4o Th~ subject ws then re<fJ!.,,~d to don a pi.ck il&Ck and .5 minutes 
after the end of the Sk!ld'l.rd '11<':!'k Period, 11ms n,:;ain required 
to step up !lid dow. on t!-.e :JRo!,e stool at, the same rate tor the 
follo~i.ng 1-rninuts peric~n: 

a, !!.W ffp;;k Per1.¢• 'llie subJe!lt stepped up n1d dom1 on the 
stool, but no load mu, ?Ut in the p&ok ea~k. 

b. ~~ l'lork Period. D,1ring this l'-'mitiu":" pe::-iod the sub­
ject '11'-'S required to ~1·r-;,15 pounds of weight in,the ~ck 
sack while. perfr,rr.-,ing ;:,1fl s1·andsrl _ezercj se. • 

c, Third Work Period. An,.in the subject stopped up and c~cwn 
from the 17~1nch stoc,l for a period of I-minute, but dur­
ing this period he l'!l!.S l''J(ci;:lrod to re,ex im sdditicml 15 
poum.e {mkinf; 30 lbs. or weight). 

d, Fourj,h Work; Pori~. No additional weii;ht ffllS required 
during this l•llinute peri'ld, The sul:,j.,.ct merely per­
formed the standard 8Jlt'lreise again while pe.ckir..p, 30 lbl'" 
of weight in the JBCk M!:lt, 

5. After each of' the above 1-1!'.inute work period.a the subject was 
required to stand still f'Ql' s period of, 30 seoo,:ps while a 2"..,­
seoond heart rate count 11Bs 11111.de.. Four heart rate scores 
were therefore recordetd for· each subjeot during tl-.e pat>k test. 
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Subitpt1. Eightr-tbree eubJect11 were given bath the aiibM:rlwl -
pack teat deearibed abofl and the mxiual tr&adlllUl tut (N■ Section IJ, 
1n order to obtain data for determination of. ftlidity of the ,-8Ul'II■ re-­
cord.ad during the pack test. In addition, rateet.e ,._.. c■n'ied out with 

·lll!I.Jl1 ot. the ori~ 83 and ]l!l.irl!I of teats on other eubjecta. In all, a 
total of 94 :1;$st,,retest cases 1S9?'e available for the deteninatton of • 
the rel14b1lity of the various functions. 

Repults. Nearly &ll of t!le subjects were able to negotiate the 
entire eerie a of 1-minute p!lCk tests. ApproxinBtely ~ or them, how­
ever, were unable to complete the series and stoi,pc.• •~ unable, to 
mintain the :required :rate of ascent !snd descent. 

The correlai,ion mtrix, and tbs h~est ll!Ult,iples of first to 
fol,ll'th order/ are- a,.van in Table 17. It 111 clear f'J-o• the zero-order 
Tqlil that none of the 111!1!\l!Ul'.is reco::ded during the svl:mn1na1 paok test 
possese any 0011111:l.!\&J'llble validity. Pcst~oxarciee heart rate and flari-. 
meter blow co111b1nll4 yield a multiple R of only.~, although judging 
from the prM°'lb, J,nvestiga.tions ( see Tsble 12), • this conelatioh is 
ueually about ,SQ. . • • • ,, 

' ·~ . 
The heart ta,tes, taken during the pau3es 1n ihe iraded series or 

work-loads ("pact pulses~) poesees high 1nt~r=elation and• tor this 
reason only one of them, the fc,urt1:, baa been cmrried ,into the 11!!.trix. 
This lllessure,, the fourth pack heart r:.i:?, is more _i-el4ble and valid 
than poet-exercise hoort rate: ' , 

It is app!lrent tbnt rAeaSm-es of hoort l't!te ~r in relation to 
the graded work will oot different:!ate subj'J<lt9 aa_·-efl'ectively as the 
curve f'u1lctions :l.n-the trMdr.dll test, 'l'hi11 is ,reU ahOilll in Table 16. 
The intFcorrehti!),Dtl of immediateJ.y contiguOU!I heart iates are 1n all 
caees ,94 or bigbe?, e.r.d the first and fourth oon-e1-,te .86. The com­
plete failure of third uiffer~noes to COM:'9l~te with the critenon is 
further ertder.ce tb.,.t the sha1,a or th_. ~ ·.v, described bf the graded 
work heart rates dQ,31!>.not difi\,r·n·',;5.3.to hlgh .f'roiu _lOII' treadl!lill pera 
fonr,(1!'8, 

Considering the poe:;iibilit,<" of u,ilng the subm.-.:imnl pe.ok test aa '- ._ 
a screening device, qcu.t.-off" JcOint.il h'lVG l'-3en_GJ<,t··1,."m1ned.fro11 inepec,.,. 
tion oi' the seattergrruns of th,, v,u·u.U.ae with tJ:ee.dmill score. The 
significance ot dit:feret<cl:I beti,,;su the Ct\ tegvrie-Ji disi,1'1gUishillg ex- • 
tl'6me groups fllom th1' 1>est .:,f·the ~-~,s0s w~tpllji tested l,1 chi-squared. 
These data -are. irb'er, in Table 18. .t .:.Ji : i .. 

. •••· ." 

The hif:li ·e;roui,' wss defir.,~l by .fo1J~· ~ i;•lahleJ, three of which wore 
in the correlation !l.J'l81:,:3is-. ,,ie fN, .. ~t, 1"'52,: is the n:imber of 1"1ork 
periods in the @l'aded sari es n"~"'Duu-y _ to ,1.evate hesrt :rate to 52 o~ 
higher, ,Use ot the, .sel!e~tod e:c,:u',ir,,t1N•3 I\., D, BC, A'3C, ABD, ABCD 
(osra· ':'abll! '18 for d11ffo:t tfor.,:,) d,:,t.,-ctc:l :>4 u,on uho had higher tr.an 
avsn,.ge tresdinill l;IC,;,ra, ,i.r~l -~ 1rtt'1 lo•JH' V1>1n -a,ang:i. _ On the other 
hand, it fulled to 'til4o-~'ify '.iG r;~,'i,1~C>tci ::1c, v:?re aoove averego on the 
troed.;!lJ" The• ch.t.-c:q::.: l v., -;_" l') /'·/, {P " <' ,CJC0C12). Thie table illu-
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(1) 
(2) 
(3) 

(2) 

(.3) 

(4} 

(5) 

(6) 

. 1'ABLE l? 

COt!REU.TIONS1 

Treh~ill Sqoi-e -· 
Post-e~erciae_ Bea.rt Rate 
Flarimeter Blow 

3UPl:J. XIMAL PACK TEST 

(l) (2) ' 

-,19 -: ( ,70)* 

• .}9 ·,07 

·,~32 • ~'n!; 

.µ~,; 
• - . -v~ -

,,os 
. •,t', -.~ ,64 

"1.2346 

• • l\.234;'. 

(4) 
( 5) 
(6) 

= '33) 
. ' 
( .3) 

( .• 75) 

-.20 

.10
1 

--:,09 

• • ,39 

"',49 

( .82) 

,09 

,55 

, 

Fourth Pl<clc Hart Ri,.te • 
Third Differences (Pack pulses) 
Reco~ry Heart Rate 

/ , I , 

( 5) . (6) . 

R1.~ • ,49 

R1 ,345 •·.c ,49 

R1,2jb:'. -,~ :,,44 •• ' 
, :...t-''" •J"':i ,,.-.r., 

l!1,2ji 1' ,i' :-,4.3 ,,, • 

:--,; . ' 
R1 ,2345f • ,SO 

'.t . 

-, .; I, ' 
__ ,: ; ,;-;;._, 

• 1igutn 1n puenthes&f are- ta11t-rete11t r' •• .i-1111:iul:,1ee are not 
~ the 93 ~" reprlleai\1-c! in ·the matrix,- lf'.ot rS'li•bWties ie • 
94, but uoii ¼.he eau ,~ \Jiat wsro used to detettiM'reliabU:t.ty of 
the tour...ablute treadllill. 
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Categories1 A :.:: P:52 I, and 5 
B s: 4th ?Elek He,;rt Rat.~ llild~r 52 
C = i'larimet2r over 41 second:. 
D = Post-exercl ,,.,;_ ,iear-t l\e te under 41 

Above Av, 
!rei:,dmill 

-----:--- ---,.----
High Group a b 
(A, D, BC, 
J.BC, ABD, 24 
A.BCD) 

All other C d 
c;'.1988 

40 

.£'~• $'3$ - 96 a 792 ..c:.. Cbi-s~uared,. 19.04 p~ ,00002 

l.i!!!: Gro!U) 

Categories: A:: P52 land 2 
B: 4th PQek Heart R6te over 
C: FJ.e.rimeter B1011' under 35 

LowGroup 
(AB_. c, 
ABC, :,i,) 

All other 
aa ... 

8 

C 

Below Av. 
Treadmill 

24 

25 

-49 

/2:ar 648 ~ 250 :: 398 
Chi-squared .,. 4 .. 25 p ::; ,04 

b 

. 
d 

J:lelo,r Ava 
1'reedmill 

6 

37 

43 

;8 

Above Av. 
Treadmill 

. 
10 

27 

37 

JO 

53 

$J 

34 

52 

* F reoresente 8UDjects unable· tc ~ompleve ~rajed 
series of •ork t.e~ts. 
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,.·:-'"\:."-:i~tratee the issuee involftd in use of euoh a IKll'HDing teat. By broad­
~ '-': ening the criterion it 111 po1111ible to 4efine 1101"8 high •n, but at the 

1111me time, includii,g 110re low mn. Conversely, llharpen1Jlg the out-off 
criterion to exclwe more or the poor en will pick rner good aen. 

A 111111.lar out-orr procedure to classify the low 118D prom to be 
oone1del'llbly 1111111 aati11facto17, Yfl\ile these catego'rie11 chose 24 low 
men, they also chose 10 high men a!'.,d failed to pick 25 other low Z18n, 
Chi•equared 111 4,25 (P : ,04) • • 

Thie analyei11 of the submaxirml test is net entirely adequate be­
cause the 1111mple (83 cases or Group V) was not ideal tor. validation 
purposes, since the extremes were not well represented, Other cut­
orr11 might have been tried, IIE!Vertheless, the results 1Ddioate the 
11eriou11 11mitations of the standard su):Jme.rllllll test and define the 
deg:ree,or confidence which.can be placed in olasaifioation by such 
a test. Since a much more promising type of auhvex1ml tellt is at• 
forded by a variable length proced!JI'e furthar consideration of the 
present type bas been ebarrlonoo, at least for the present. 

~lllll!'PTY· A teat routine was set up including Post-Emrcise Heart. 
Rate, Flapmeter Blow, and a nries of work perioda during which the suo­
jeot wu required to oarcy weights of increasing nqnitude during the 
Bl'Wx1m•l test. The cbaracteriatioa of the heart rate increase on the 

, graded paok tellt were examined to d""l'Jline it they could serYe u n.lid 
indioee or physical tit.neH u indicated in the treadJrlll etudiee, 
Eight;r-three l!Ubjeota were giVBJl both the 1111'tw1xlvl pack test and the 
111711181 treadmill test. Retests were carried out with 11m11 or the orig­
inal 83, while in all, a total or 94 teet•reteat cuee were available 
for the determination .or the validity of the VIIJ'ioUB tunotiona. 

Brie~, the -in findings of this eeotion of the 1Jrve11tigati011 
showed thats • • . • ' 

1. !lone of the neuures recorded during the lll'bmx1NJ pack 
teat appeareci'to poseese any marked ruidity.- • 

2. lleUl11'9a or heert rate behavior did not appear to diff'eND­
tiate subjeot11 U erteotively 88 the CUl"'III f'unotione in the 
treadmill test, 

I 

3. Cut-orr pointe were determined fro• inspeotioa 'of the ■oatter­
grua or the variables with treadmill. ■oore and the eignifi­
csn~ or the qitfel'9lloe between the oatagoriea distinguillhilla 
ext1'11118 groups from the rest or the caeee waif tested by chi• 
llqUlll'1!d. !1'he ohi•aqwu-ed P values for both the high and low 
groups tell below ,05, In the high group the eelected -
bination of, Tariables detected 24 men with higher than aver~· 
age treadmill score and 6 with lower than average, but tailed 
to· olu11ify 16 IIUbjects who were· above average on the tread­
mill, In the low group the catego:riee ohon 24 low un and 10 
high 1111n, but tailed to pick 25 other low 118D. 
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'!'HE l.\':Jl.Hi, 1:-,~ 'RT RAT& TRlADII.ILL T&ST 

In the preceding sect.ion it vm.B shown that the tour-minute treadlllill 
test 1'11!1 too short to provide valid moonure:i:er,t of the. tre!Xl. of adaptation 
to exercise. Although it was poss~ble to identify the poorer fitness group, 
1,e., the men who coi.ld rllll <•nl,y 4•6 minutes before exhaustion, thoae eu1>­
ject11 with average tolemnoe (able to run S-10 minutes baf'ore exhaustion) 
oould not be dif'ferentie.ted from the superior subjeot11 (those able to run 
12-15 minutes). 

It 111!1.l!I then hypothesized th1i.t if each subject could be run on the 
treadmill teat to a given proportion of his total curve e. test of' sufti­
oient length would be avsila.hle to give heart rate curves of sufficient 
nlidi ty to prodict l!l'l.Ximal performance. 

The Ceiling !!esrt rate test deserio9d. in this section is the out­
come of the preliminary stul.ies undertaken with a VJl.o-.r to identifying 
a segment of the heart rate Otn'VEI 'ffhtch wo,1ld be ressons.bly predictive 
of the «ital curve for each individuaL 

Procedure. Following the hypothesis stated abow, the first prob-
lem involved is the Mlection of a "cut-off" criterion point whioh might 
result 1n segments of the heart nte curve proportion to the total. Such 
a criterion is not only essential t.o the theoretical analysis of the pro­
portione.l curve eypothesis, but is even· more important from the standpoint 
of developing a submaximal teat of exercise tolel'!!.nce 'lfflich might prov9 or 
practical value in the field. 

A •out-off• ,oint to be practicable must be determinable during tht> 
oour11& of the test run on •the treadmill so tlle.t the test can be stopPf'd 
at 801111!1 point befOl."8 e.ctual exhaustion is reached, • 

At first, 11 standard lll'lxinmm he11rt such as 85 or 95 beats per half• 
minute ns considered, Bawner, inspection of the data and prelllllinacy 
trial tests using this techniql!e showed th,,t such a cut-off point would 
fail to provide proportional lengths of the ourve beoauae.individue.l • 
differenoee in general lnel of the heart ra.te curve were too great~ 

P'or emllple, two equall.7 good ·subjects (u -sured b:, length of . 
l't1JI cm the treadmill test) iay have bee.rt rates, though eimill!l.r in trem, 
different bf 5 to 10 beats per minute throughout the entire test, imlud• 
iq the timl bee.rt rate attained, • It must be as~, therefore, t):iat 

26-rhe abeolute "out-'otf" sohw does hoae.ar yield data of con11ider­
, able validity as will be shOWII later in this paper, . ' 
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with equal treadlldll t_eet pertormance such ditference11 do not nacuearily 
renect wriation in cardiac etficieney. It then bec011ea important that 
11. •cut-off" criterion be detend.ned which i.kea into account tbe individ­
ual heart r11te pattern, i.e .. , an !nd1Vidual •eut--.orfll c:-1teri011 ~cunded 011 
a be.1111line fer that individual. 

. Resting heart rates, while giving some clue to heart rate level dur­
ing 110:rk, fail badly in individual cases. A considerably more repre11enta­
tive baseline lll!ly be .obtained during a period ot atrenuoua but si.n:l.ard-
11\!ed axercJee, 

The average hall'•ll!inute helll't rate, taken trom the period 1 1 45• to 
31 15" of the treadmill run, hexeir:lr.fter to be deeipted •~],y Run 
Heart Rate• (ERHR), was oho11en for 11tudy. With ER!IR as an estimate or 
heart rate level, a •cut-off" hsart l'!lte could be defined which ree.1on­
ably suite the tndividual being tested. 

Since bee.rt rate appr0&ches a maximum with the onaet or exha1111tio:i, 
which termiD&tes the naldml test performance, it b evidant that it a 
raliab:L9 forecast or th1a exhaustion level or heart rate from EIU!R can 
be 1-<1-, a given heart raw short of the lllBX1mum to serve 11.11 a •cut-off" 
criterion can be predicted eo that -~he individual will not have to be 

- run to exhaustion on the test. Such prediction can be made according • 
to the formula 1 

fc : rx, A :X ~-iM,- - r £z.. Mx) - K} 
(fX • l tfx 

where, Y: IEXimu."l hl!lllrt rate (thi;, avel'!!.ge of three laat half-
minute rates} _ 

X • ERF.R (Early Run'Hes.rt Rate) 
),! and I' a 111oe.r.s and stand"rd deviations or X and Y 
K :. a subtrahend detel'll\lning the point below llllrlmum. heart 

rate at which "cut-off" trill be ~de .. 
'fc • iredicted •cut-off<'· crit<i'.r!on £or the :l.n4ividual 

~ accur&,cy of this system depF.in:is, of course, on' the oorra1'1.tion 
ooefficient, (r), which determines the stand'ard arror or the eatillllted 
Ye. Tbe final validity or the method, h""ever, rests upon the 1119.gnitude 
aid stability of' i:nultiple regressions obtained from three w.riablea 
which develop f'ro11 the data when the cut-oft is used.' Thaee V!l.riablee 
ares {a) ERHR, (b) the second derivat1'1'8 or the bee.rt rate ourve ex­
tending from start of run to the cut-off point,27 an4 (c) CT,, wh1oh 1e 
the time to reach the cu.t-of'f hoo.rt rntsi. 

27gg1tor• ■ note. It is important to note that thia. out-off point 
•which- la defined as a given.heart rato s)lort of' the lllllXimtol at the ubaua­
tion level wu pre41cted by the -above fo:rlllUl.a ,and not obteinlicl by run:rdng 
lllibjeota to e:dlauatian. 

• 
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K• tho D1.U11ber ct ttw.rt b$at11 lie' hail'-1111.nut• below the IIIAlXilNa.\ .. at 
wh1ch-the out-off was to be mad• wiu select«! u one atandud e:n-olr""' on 
the judpent that it 11top11111011t of th• aubjitota eut'ficlentl7 llllort of u.xi~ 
aua pmo:r.manoe to uke th• <telt subNndmaJ • but not 110 earl.7 that t.'le eub• 
ject 111 stopped before :i:-eliable l:welrt rat• trend• IINI eatablillhed. 

Sub:feota em Dt,t.&. The necessary data tor tbs atatis\1oal. llZllll.7&• 
undff'taken 111 thee• studies were a-vailable Oil all of tile aubjeota ot lh/o1Jpa 
I, II, Ill, and lV teated durillg the mvestigat.ion.s reported in Seotion I 
ot thia report" At this time it •• tel.t unne01t11n17 to eub~ect IUlOtbel' 
large group of subJeots to th,. v:rluJ tr•&nill test. It will b4I nec•-
11ar,, b.o'll'ffer, to provide new group11 of sub3eot11 tor a i-igid Ol'O• w.J.ida­
tion of the results of these anal.ya"~ 

Rt,ulto. The eesential date. Oil which thete out-offs 'll'8NI 'balled, ve 
F•umted ill Table 19. The oorreJ.ations between l!8lll!. and mu:1- beart 
rate at point of cut-otf' are very oonobtent OTtll' the aS'f'U'&l IJ'01lpl of' 
data, averaging approxilllatel.7 -.55. A fairly hi&h, bat 1ncona1ateat nep­
tive oorrelat;ion, ia found bebecl the criterion and ER!m wbile oorNl.a• 
tion11 with aaxim1lll heart rate are tor th• 1DO&t part 1naigllit1oant. 

The at&nda.rd. error of estimating JllllXi.mml hel.rt rate (and aleo the 
out-off heart rate which ia a conatsnt subtrahend} based Oil • 00ff9l.a­
t1on of onl.7 .55 1a relatively large and would a,em to 1eriOU11l7 l:llllit 
the validit:, of the aut-otf methodo HO'l'l'lffer, thl!il partial oorrelation■ 
(1']_3

0
2), io■., th■ correlation between treadmill eoore and llll!.XiJlrWII heu-t. 

nte with ERHR held oonatant, indicate that high tr!ill!ldm1ll SOONII tend 
to be above the regre11111on of maximum b11&rt rate on ERHR, and low 100re11 
below. In other 1JOrd11, the good m~ tend to run beyond thtir IHXimulll 
heart rate predicted fro111 .mBR while poor men stop sbort ot it. All a&r1. 
be 11■en 1n Table 19 theee partial correlations are above .70 in tour of 
the 11ix 1111111pl1111 and approximately .JO 1n the other two, 

The standard error of eetimate then is s:,atematic to tha eztent o1' 
th•• partial oorrelat1ons, and atfeots the correlation of CT with tread-
111111 ■oore ooneiderably less thllli would otherwi11e be assum!ld f'l'Olll aucll an 
error of estilu.te. Th• out-ott criterion, which 111. 11., parallel of the re• 
grneion line will, theref'ora, tend to run the poor men a longer tilae, 
and the good !llen a shorter time than would be t.rue·1r ideal proportions 
of total heart rate span could be detel'Jllined, Thia ourtaila the CT vari• 
anoe, but doee not 11erio1USl:, lower the oorrelation 111th total· treedmfl). 

1'he prediction equatione are also given in Table 19. It will be 
noted that the regreas1on coefficients and constants vary- aomewbat with 
the means and standard deviationfl from 11ample to Hlllple. One explmi.a• 

~t 111, er xV l - -?,r., when x 111 ma:dm.1111 heart rate and y 111 
early run heart rate. 

. j 
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TABI..El9 

mm«:ORREUTI0NS BE'fflEEN EAHLY ARD MAXIMOK HEART RAH 
AMl TREADMILL SCORE lrI'Di l'RP.DIC?IOl'l ~UA'lIOIIS 

(1
2

) tr1n1=1lJ Score 
( ) Ear~ Run Hevt Rate 
(3) Muillull BNri Rate 

Correlation• 
VN1,abl1 9Igupe • .L !Ill& ~ (1) (2) 

ERJ!R (2) I 98 88a0 6,26 -.68 
II 97 Pf7o7 5.73 ~.37 

III 45 91.6 7.01 -.62 
lV-A 29 89v2 ,.22 -.53 
JV-B (reteet) 87.6 4,78 ~.58 
V 83 87,5 4,47 •a37 

llaxilrwlBeart I 98 l00o9 4.89 -.12 .;54 
Rate (3) ll 97 101.1 4,17 002 .50 

III 45 97.l 4,27 .17 ,53 
lV•A 29 98,4 3.61 ,27 .62 
IV-B (retut) 97.7 3,93 .20 .51 
V 83 97,6 3.76 .43 0'2 

PREDicnoN EQUArIOKS' 

I 98 Yo • ,422 (x) + (63,8 • 4•) 
II 97 Ia• ,366 (x) +·(69,0 - 4 ~ 

Ill 45 Ya ■ .325 (x) + (67,4 • 4 
lV-A 2? Io~ ,431 (x) + (60.o • 3) 
IV-B (reteet) Ia :: ,4).6 (x) + (61,3 - 3 ) 
V_ 83 Yo a ,440 (x) + (59,1 - 3) 

· ilf>itterencu 1n these out-off aonatantl!I are due to differeuaa 
1n the standard 9l'l'Or ot estimate, 

.39 

.26 
,75 
.90 
.70 
.79 

< 
,,-,',,~_. ~-·· 
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a very adequate bui1 tor general application ot the out-ott point to 
IND of tb1- &p l'lilli8• 

The zero-o~r and aultiple oorrelatione bet-JI the -• de­
'leloped by the cut•ott mathod and the tl""'1dll1J1 IIOCINI (criterion) are 
given 1n Table 20. The data are arranged to ewpbe•\te t.bree pointet 
(a) the comparability between aultiples conta1n1ng GT am thoae oon­
taining the aeooad derive.tin, (b) the validity or m:iutiplu contain• . 
ing CT1 and (o) the validit7 ot the •illplitied aeasure, T 85-95, tlie 
tread!lill. duration starting with a pul.le ot 85 and ei,d1ng when the p!llN 
rsaches 95, 

It will be recalled that one ot the primary objective1 1n devel~ 
ing the cut-off procedure was to obtain a sepsnt of the total curve Wbich 
would i:ortray a greater proportion of the heart rate trend during work, 
It wu anticipated that longer ourYes would yield validity approachinf 
that for-the total curves (as sh011Jl 1n Section II). 

Such hall proven to be the case, Multiples containing the deriva.­
tive of a second degree fit to the heart rate from beginning ot run to 
the out•oft point proved to be 1n the neighborhood ot , 7 when combined 
with standard emroiae heart rate and flarwter blow.29 This consti­
tute1 a statistical demonatration of the logioal connection between the 
total curve validit:, and the present out-off curve. However, the~-­
bination of CT, Standard Exercise Hi,,art Rate, and Flarimet11r Bl01r cor­
relates sligbtl:, higher with the criterion 1n tl!ree of the four samples 
used for this comparison, and the close comparability of the l!lllltipj.e•, 
R1,234 and R1,235 demonstrates (pending oross•validation of' the results) 
that the out-off measure, CT, might be substituted for the Q1ll'Ve tune• 
tion. It may be, 1n fact, a slightly different measure or the same 
tendencies, 

. surnrn,u Analyeie or stabilitz or the CeiHpg H"rt Rate Testa. The 
multiple correlations between the treadmill criterion and the three inde­
pendent variables -- Standard f.xeroise Heart Rate, l"larimeter Blow, and 
Time to -Cut-of'f' representing submaximal measures -- were high enough to 
;luetify'using them as a workable better;y prediotillg maximal performance. 
This battecy la hereafter referred to as "Ceiling E:.eart Rate Test A·;• 

The multiple correlations between tho tre&dmill criterion and the 
three independent variables -- .:'tand&rd E:!eroise Heart Rate, Flar1llleter 
Blow, and T 85-95 -~ likewise are suffioientl;r high to justify these as 
a workable battery. This latter batter:, is hereafter referred to as 
"Ceiling Heart Rate Teet B."' 

Ceiling Heart Rate Test A has certain theoretical advantages over 
Ceiling Heart Rate Test Band the multiples with the criterion are in 
all oases but one higher, though the difforence "e slight throughout. - • 
The next logical step. in the tr,;,atmont of these' data 'llll.B therefore the 
analysis of the e~ability of these two batte~iee of measures, 

29sinoe• only a portion of the total curve is now used a eeoond de­
gree curve is adequc,te. The second derivative is a constant 1n these 
second degree curves, 

~+· 
.. ¾. 

'k' 
', 'Jk, ,. 
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(4) 
(5) 
(6) 
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'(2) 
(3) 
{4) 
(6) 

TABLE 20 

OOMELATION. :.IATRICEB .AND :JULTIPLE R1S1 CEILING 
HEJ.RT AATE TEST 

'l'ree.dmill Score 
StanAAf!l £%ere!,-, Heart Rate 

·Flarimeter Blow 

(4) Tillle to Cut-off 
(5) Second Deri~t!ve· 
(6) 1 '35-95 

GROQP I (98) 

(1) (2) (J) (4) 

-.JJ, 
.37 -.10 
.62 -.47 .17 
.51 -.07 .11 • .66 
.50 . -.J6 .10 

R1,24 • ,65 R1,26 • • 58 

Rl,.34 • • .613 R1,.36 -.~59 -
R1.2.34 • .70 R1.2.)6 s .66 

'½..2.35 a .72 

GROUP It (97) 

{l) {2) (J) 

-.o6 
.• 46 .004 
.55 :.. • .33 , .25 
.5J -.22 .20 

Rl.2.34 : .65 R1,2J6 a:: .64 

I' 

, 

,, 
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(2} 
(3) 
(4) 
(6) 

(2) 
{3) 
(4) 
( 5) 
(6) 

( 2) 
(3) 
(1,) 
( 5) 
(6) 

TABili -w ( .;ontlnue-!) 

C0RhELATI0N ',IJ.TRI'CES AND MULTIPLE RI S1 ~ElLING 
HEART RATE TEST 

GROUP III ( .. 5) 

(l) (2) (3) 

-.42 
.v. -.12 
.52 -.39 .15 
.53 -.31 .16 

Ri,234 :: .59 R1.2)6 :: .61 

GROUP IV;-A (29) 

(l) (2) (3) 

-,47 
.59 -.o6 
.60 -.51 .41 
.40 -.11 .55 
.52 -,43 ,40 

h1.24 - a63 fl 1 .26 = .59 

R1.31, 
" 

,'/l RJ .36 = .66 

f.1,234., .75 h, -- 36' 
.J. - ✓ :?J: .74 

h1 .2.~5 - .,,'1'?, 

G~~go~ .J v_~a ir~teirt) 

(;) ,- J '1 
\-1 (3) 

->. -; ~.' 

~YJ -- • '.,'(j 

.. ''.:-j -.U .51 
Jo ·-. :> . 51, 
.,69 .... ')c. ,47 

r .. ~ r;~ ~t }_ .,£°{ ~ ,,71 ,_ - '·-

I, 1 ,, 1 
.,}..,_ ,7?, >-- , ~~ 

. or ~-'' ,; -?) 

R , --,, 
l. I •. - ,_ .'50 ,, " '(_ 

•• .L _ ~,/ J ~ .'13 

\ 
' 

(4) 

.Jl 

{4) 

.61 



(2) 
( 3) 

• (4) 
( 5) 
(6) 

COftRIUATlf:N '..'\'\'RICES /.i,,,; l,fiJi,TIPU Ft 1S, Cl':11ING 
HEART IUTE :'SST 

0/ft'.)UP 'I ( 83) 

f J.) , ") \ . (3) 

-.3.3 -.10 
• .39 -.63 026-
,59 - ,42 ,1.3 
,51 -,45 eZ'l 
.57 

·Ri,24 " ,59 ll.1,26 = .57 

R1,.34 ·"' 
.6.1., Rl.36 : .62 

Rl,2.34 : .64 R1.236 ·,, .63 

Rl,2J5,. .62 

(4) 

,73 

Each ot the teatli ~ beat be repreeented by the multiple regres-
• eion equat:ton with the criterion ( treadmill teat). Thia equation will, 
ot course, determille the score of individuals to whom the .teat will be 
applied 1n the tuture. Tbe question might then be asked whether. the 
equation of arry one set of materials is applicable· to another set, 

It.is known that the multiple regression equation represe~ts the 
beat weighting ot the faotors invol-red 1n the group froa which the equa­
tion itnlt wu derind, How wll it applies to another group is II pro­
duot ot the reliabillt7 of the el81118nte and the changing conditione of 
the ~le. Teeta !light be acceptably reliable llJ1d still show low 
stabilit7 beOllUlle conditions existing in eny ·one el!IIJ)le are dii'f'erent 
from thoee existing in another. 30 . , . 

Table 21 gi-ree the Betas ot the two Ceiling Heart Rate batteries 1n 
the three large groups ot subjects. It was thought better not to deal 
with 5-tu ot the three neJJer groups, though croA•application ot 

'°141tgr'1•pqte, Deoiaiona an tbe BUitabillt.7 ot tbeee teata tor 
tield use llhould, of course; be bued on turtber -ralidation through the 
uae of additional criteria. 



the other multiple ~greasion batteries to them was lllllqe. It- is 
apparent trom inspection of the lletBS in Table 21 that there is a good 
deal of similarity in tba stancard score weights obtained trom these 
three groups, . 

Cross-application of Betas p1•ovides the qefinitive results, It 
is dit"tioo.lt to judge the importance of a discrepancy between Bet.ea 
except when the cross-applications are made, The R tor the cross­
applied regression bas been calculated frol!I the fonnul&: 

Ba ru •·~ r13 + Bo r14 + .... Bn r1,n 

where Ba, Bb, B0 , B11 ., sta11da:i.'d regre.ssion ooeffic1ents (Betas) f'r011 an 
alien sample, 1md r's are inherent in the data .to which the regression 
is applied •. 

By using this formula all hazards which are due to changed variance 
are excluded, Sinoe the problem of variance to be expected f'roa groups 
to which a final test ~ be applied must be studied as a separate prob­
lem, it is proper here to make the cross-application with Batas. The 
stability of patterns of standard score weights as derived from different 
groupings is then being te!lted. • 

. Table 22 presents the results of these cross•applications, It is 
apparent that the Group I regression Wied in Ceiling Heart Rate Teat A, 
when applied to other groups, gives almost the·eame lltlltiple correletion 
that ls obtained when each group uses its own regressions, An exception 
to th:l.11 is the application to Group II which eeeme to be s.t:,pical. TM 
aue is true of the applica.tion of Group V regressions but this till& 
without the e:a:ception. Group II regressions, however, fail to recover 
a multiple u high as the one which is inherent in the original relations. 
ln all cs.aes e:a:oopt the application to Group V, Group II regreaaions ob­
tain multiple correlations considerably lo11er th811 the il!herent ones. 

The S8llle relations hold for cross-applications of regression to 
Ceilu,g Hssrt Rate Test B. Here, again, the multiples obtained by 
Ulling the regreas:l.ons of' Group I are only Llittle lower tb1111 those 
that are· inherent, except in the case of' Group II. All multiples ue!ng 
Qroup V J!egreuiona are only a little short of the inherent ones, with 
the possible e,roeption of Group IV-A which f'alle trom .74 to ,67. Uae 
of Group II regx-esaione again results in considerable dimittution of 
multiple correlatione trom those that are obtained when beat weightings 
are COllpUted f'or each set. 

It 11111.1 tentatively be concluded from these results that regressions 
obtained in Group V rep\"eeent .• stable pattex;n. Then regi-esaione are 

j 
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TABLE 21 

THE BETAS OF THE CE,ILING HEART RA'li!: BATTfmlES 
'Pl' TRE THRJiZ LAROE cmotJPS 

Treadmill Score 
Standard Exerche Heart Rate 
Plarilleter Blow 

Yl1PS Ceillnr Tredmill 

B12,34 

lli3,24 

B14,-23 

Ri,234 
' 

Paing T 85-95 Treadmll 

Bl2,36 

Bi3.26 

B16,2'.3 

R1,2j, 

. 

GROUP I 
(N "' 98) 

-.21 

,?:7 

.48. 

,70 

,66 

(4) Tille to Cut-oft 
(6) T 85-95 

GROUP II 
(ti, ; 97) 

.u 

.33 

.50 

.65 

'.37 

.47 

GROUP V 
(B i SJ~ 

,05 

.s, 
,64 

•• 09 

.26 

,62 
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TABIE 22 

llllLTIPIE R'S OBTAINED P'ROM THE- APPLICATION or ALIE!f 
REGRESSION COEFFICIENTS TO raILING HEART RATE BA~ 

(1) • TreadJdll Score (4) Time to Cut-ott 
(2) standard Exercise Heart R&te (6) T 85-95 
(3) Flarillleter Blow 

TIJ,E TO CUT-OFF 

R1,2.34 Rl.234 u~ing1 
Group I Group II. Group V 

Grgµp; Inhm,rt Remssion Bfgression RegreaeiRP ..JL 

I :~ .1Q ,63 .68 98 
II .58 :~ .64 97 

III .,21 ,58 ~52 43 
IV-A .~ ,73 ,66 ,75 29 
IV-B :fl .so ,76 .78 29 
'J .62 .63 ,M !!3 

T 85-95 

R _RJ.'036 ~~i 1.236 Group I Group lI Group V 
Group; Inher&nt Re«£el! e.tc."i .!:!:!.:!~~ Ueaossion Ji.. 

I .M,i l~ ·(. ,63 98 II-";',) 

II :~ .55 ,,2k ,62 91 
III , 59 ,51 ,58 43 

IV-A .'JJ,, .72 ~t- ·• .67 2'~ 
IV-B :~ .. :r:, ,71 .73 29 
V ,El .fl .&.J 83 

• -_--, 
- - :,i 

·,:..~ 
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very IIUOh like those obtaillfid in us,- ot the o-ui.r groups, even atypi­
cal Q~ II. They repreeani the tol!'IIIW.~ !or ~iving at eooree in 
Ceiling Heart Rate Teets A and B. • 

It next seemed .desirable to teet the reliability or. thie regNa .. 
eion eqUAtion directly. Using a 11Ult1ple regreeeion (not Betaa but 
b 1s) of ·oroup V, pred.iotions were made on IV-A and IV•B. The scorea 
obtained represent two applioatione of Ceiling Heart Rate Teet A to 
29 case,. Since the 1'1arimeter Blow was, only taken once, it wu neoes­
sar, to include the 11ue score for both applications, HOiiner, 11ince 
the test-retest correlation of tbi■ teat 1B .85 or better, the spuri0118 
addition to reliability or the regression prediction rro11 thia source 
111 aall, The correlation between the two regreesion scores, computed 
separately, is '.91, • 

• ' 
The principle of the oeiling test■ ill to• ■elect a heart rate lllp&ll 

in the progression toward exhaustion and to detemine work done during 
this ■pan. The less CUl"'l'atui"ae there 11 in the. heart. rate develoj)ll6llt 
and the more gradual the elope, the 1110re work there will be. 

Ceiling Heart Rate Test A ~• a varying out dependent upon heart 
. rate level IJld Teat B uaes the aame cut-off tor all individua111. 

It 111 important that .tm-ther stmie11 be undertaken to 11!:vestigate 
further Ceiling Heart Rate Teats which inclme the 881!18 out-oft for all • 
c81!8s. If tbia methbd oould be employed to gain results aa good aa 
those tor Ceiling Heart Rate Test A, it would in(lOrpor&te certain prac­
tical advantage, tor tests of thill· type, 

- _,, 
;L'-• . ._,.:.,:,--,_, !- ' .__:-i 



APPENDIX A 

EXPLORATORY STUDIES· 



Pravio1;s to 11L"1mt,iklne ~'.;', ~idies ci2derfo,:id i!l 1:.hs to:ct a variety 
or explornto77 !nvest1gs.tl~i.1-1 ,.,:;r,;, c,1;:rie:l 01.rt in order to Ja<;er11ine the 
:!'~aibili ty o~ employi!Y the nsx'c~l. tr-:,v1.n::.ll test c..~ ~, merisure cf ,;xer~ 
cise toler1>nae and to t,,~t clv, 1>oH;:1c•.i-,,:- .mlue of tha suuid,;r·d measures 
of eardioWcscular-rcspiratory r,J~p-:,r.:;,~ i;o ,:,.tm;cl.s" or pl",ysicaJ. exertion, 
lt '11:lS ~e;iibh 11.lso b invsi~".: c;~h, t.h,1 r~laticnablp bat.ween cert.a.in 
anthro~etr1,-: w,•· eur<>rr.e,-it~, the tre.'l.:.lmiJ.:0. 1;,:,er'.,, 'lncl the ph:,rsblogical­
me9 sin-ea, 

'!:he studies desc;.•ibed -!.·1 ~-~ ls l'".ppendJx :ll"e e.dmUtsdly exploratory 
i,n mt,ure. They G<lTVad p:::-l··.ra1 t,, de:1'1.n(? the direction of further 
e~iment&l ime:it1i;:atir,n? ll.:,,oo at th;, "c:ii1i'.;ruction of a bsttery of 
meaeuroe which v,nuld reliably pr:;(E ~~ e::e--al~'" t-:,lern.nce !18 msaaured 
by the treadmill t,,at, 

A group of 100 subject::i wa:1 l'oleoted r.t r!lndo1n from an RV&ilable 
2000 enlisted m.;n e.t Moffett Field, Calffoicniu., All of the subjects 
were certified as physically fit, Le., they hild been classified as 
I-A by the draft bcarda which insured their l>eing relatively free fr·om 
any defects which would tar.dicap them ror r.dlitnry duty. All of the 
men had had a minimum of three weeks milits.ry tmining and so had ex­
perienced the major rart of the "touflhening up• process. They ranged 
1n age from 18-22 years (R period during which large variations in 
physical capacity are not expected to occur).,: 

PROCEDURE 

All eubject11 were, 1!11lbjeoted to the maxi.1111.l t,rMdmill test am their 
treadlllill score onlculated, Cardiovascular nnd respiratory measures and 
certain anthrop01119trio measm-ements (e.g., chest width, age, height, eto.) 
were· recorded rar each man.,32 

31Theae racta shouM indionte beyond a doubt that the group is rale.• 
tively ho1110geneoua. A test of exercise tolerance which will provide a 
large spr'911.d in -11urements taken in euoh 11. group could therefore be ex• 
peoted to differentiate quite well between eubjeote in the general popula- . 
tion, 

-
32Tbe treadmill teat and the method for computing the scores on thie 

te9t •re described in Section I of the report. Cardiovascular, respira­
tory, e.nd e.nthropometric ll!8Bsuree ~nd procedures for- recordinp: them &r& 

Jescribed elsewhere 1L ~he text, either in the body of the report or in 
this Appendixo 



These measurements were then subjected to detailed atatiatical amly­
see in order to determine the relationship between euch -aurea and the 
tr8!1.dmill scores ('3Xerciee tolerance), It 1111a hoped that out or suoh 
am.lyaas could be derived a mxinizad predictive battery or pbyaiologica.l 
measures which could be more reliably emp10'f8d in the field as a test or 
'Fitness• than those tests in C1L"l'8nt use. 

RESULTS 

The me&n treadlllill score for the 100 cases employed :!.n this study 
was 10.41 with a :Jtandnrd deviation or 3,59 and a range or scores from 
3 to 22, 'the treBdmill test ~s capable of differentiating between sub­
jects even in such a homogeneous group a~ this. Differentiation should 
be even batter therefox-s i..'1 a :rand-,m populF.tion of individ~le. 

!m_hrooopetrf£ lfeaQUL,q. t,ntt>roµomitx·ic measurements were analyzed 
in this stuiy for two prilraey rsa~cnai 

1. To determinei ,the relat_lonr.:Cip between body dimensions and exer­
ci11e tclernuci; as ill"-8~1.J'ec. b:r tha trs;adm."..11 teat, 

2, •~c, det .. 3:,~.rine the 1nterra1E,tioc~hi,~ t<et.rsan tpe treadmill test 
accres, t~e phys:!.o1"gical mee.st1re,s, and the anthropometric meaa­
'Jl"EOruent ~ ".,3 

'l'he rollowint; entlu·opometric i.UABt'f.'ilmt.:r ta were recorded for all 100 
subjeoter 

2, Boiy weight to th€< ,;:e,~_rast. nr,'l-bnll' ldlog.ram, 

3, Height to tiie nee.rest cen':.:vr.,n,er, st~rdint: erect 1'ith kck to 
meaeu:ring rod, 

4. Leg length" 111,:r lved f::-,,;., U1,) c::l.f'J eren<ce betwcc:i l!lte.nding and 
:,it,t.ing be5;pt !lild 1•1t!: no µ;·-~s,r~ro, 

;" Glrnrt width, ~c,s.so-ed to t1ee1·eat ca,Jt1mtJtor at the nipple 
leivel. 

6, Hip '!fie.th. - '>!~I\FU,.•J.'l we.th t!·cr, praaaurt, ~t t,,e, gr~ateilt width 
i>f hJ-i1in.c ':'!i.!.:neter -t.o tt·.-3 ,v,:,r-€J:r~ •1entiI.t1::"'lter" , 

~:lt-c Wc.S 1·e.__._:.--...:.: .. ,:£ t~ 1 1"1_t 1!, G-,~ch t~,11£-t:l.,,q::~l:tp ~-;·.~~ 1\r,l'i·.,-1 to e:xist in 
an;:r ?{'?Jit!-ce ~,,~_:--.r·:-.; \ n tt~ L:1 Lcj:,:.~-c-~.:::.c::o::,·i '.l 9,',~.l'lp of ~ubjsot~ that it. nip.;ht 
be DAC:&!J~~s.l:'"J i..o :.:•-:;,,.-~ _i-:.!_.,~':? ;~;•,e 1~~:1-::,; :~r--:; ll.2,t.::JL.l'l::!'J'..1'.:l-~ .... _t~ in t~:r-m3 of the 
e.nth~"Cf.-O:J.etr! 0

: 1.$,("·\:,!':'.1 e_i_J \t'31~ -~;'J i :_,~·~cr:.i;~,:J t,oJ_.~r"ci~":"'""' r:,nd p:~~rsiologic.9.l 
resp.-:mfi !! ,. 



B,,' ;:~f.2!_~~-~-";Q.<, 1i~.1s.,:'O,~ .Lt :·~,:t::·; ~ r.-:tr);"~l _:.,£' h-o•iy gi•.:rfc,:-;3., tak3n 
fro,."fi t:'1t1 t)~1~:::r!.!1 1 l-.-".,-.-':, ,,;.:!; 

• 9. ,.Y&l.,.Q::Jlltlt•Y, 7b,; b;ci't r,l' thl:·n tr:!.llle i.c~mi.rcd in liters 
nr..d con'e:iqted !02·· ho,tr t~,1,1r-:1rr_ t1:'l'e .-. 

10 o v ,cJ<Ls ,A,. 
:mrlc.ce VH,:;l curn~:tty ln lite:r'.l ror square l!lfftor of booy 
!•uri'~ .D !I 0 

In Tabla 2:J-A are prct19;·.tei t.he corrall'l.t.1ons of aach of the e.nthro­
pom.atric ,_2ur03 and tha mn::1Jm:il trEli'dsill ::mc-ra for tha 100 caselil, 
Also preecntoo i1J trl!J ste.nih r.d (favia tlon (S ,D,) , the menn. and the co­
ef'ffoicnt or VJ.rin t fon ( C. V,) for ea ~h of th<3 t'!ell sures. • 

or tho8a 1r,:m.e~,:,·0s, only cher-t ,:'le.th oo:i be considered highly sig­
nifiC'lr1t. On the, r,hcle, tt-.e r,9<:Ultcl n;:-a net ouch as to j11atify any 
conclUP-ion concerning the r0la.ticm1l.ip bc"t':f(ien tree.dmill perforrranc, 
and imthropometric = suroo .;JC, • 

In Table 2J,.B 111·0 gi~en the oor;-ab.t1,ms batv,;ien wel.ght, height, 
QDd chest width· am the shu+ te~t ptyiliolcgical measures,· Here, only 
the corralatio!l. between waight •rnr:c t'.:e i-,i.tlo P,P,/P.P .. 11a8 found to be 
aign:l.ficant. According to tr:0 w.ta given in thi,; table, then, the rela­
tionship between e.nthropomstl."ic m'J.'l.suree anJ functlonal response· to ~tand­
ard exercise io too lott to be ccnu:!.dored of importance to tl:e preeent 
study. 

Since vital capacity lw.s been given so ,uuch prominence as a measure. 
of peysicnl fitness the 1m!ll:rnis of the39 scores 11'18 pursued soljl9What 
further in the present invsatigntion, Accordingly, the relationship 
between vital capacity (a f\m.ctiou:.l measllrf'l) e.ni! aurfe:ce area, height, 
weight, 1ud chest w:l.dth (structvral men!!lll'es) • was da:termined (see T'!.ble 
24), 

Considering ~ .e high correlation between vital capeoity and surf'lloe 
area (.509), the measurement.a were put on a OOIIJlll.rable bae:l.s by express­
ing them in te1'1118 or liters per sqmre 111eter of body surface.,. When thl.1 
iB done, the, correlation between treadmill score and vital capi.oity . 
dropped tro11 ,239 to .161. Similarly, when chest width •s partialled 

''4 
J 'l'eyor, a. B, Jridth::nkht tables tor boys am g1r1a rrom 1 to 16 

YfflP' tor WP l'r women from 17 tp 24 ;mrs, -Stanrord: -Stanford Uni­
veraity Pm■ , 1936. 

35Cerpenter, T~ lo frNtre factor!, IP1 trmzlel tor qggputipg NO­
Rketgry mtena And biplgrial tmreCnrmt;too, et tPGV• 3rd u_ 1Jaah­
tn«t011, D, C, 1 Carllqie Inatitut!cm, Publioation 1lo, :J>.'.11, 1939. 

~f4U«9E't PAAI· It lhould be noted, howwtBi I tbat- llUOh waures 
oould not be upeotwd to 1how mrked d11'f'wrentiat1on 1.n a group as honp­
geneoua 11.a the one employed 1n this study. nie poas1bil:l.ty or such re-· 
lat.1oneb1p existing 1n tb11 general population oannot tt.9ref'ore be dis~ 
carded on the bal\118 of' tbt"se data. , 

: 1~~-
~'•' 



TABLE 23 . 
ANTIIROPOUETRIC MF.A.SORES 

A. Correlatiap with Treadmill Score (R : 100) 

Heaeure ~ §.all.& ...L 

Age 22.93 1.95 -.172 
Stending Height 1?6.413 5.47 .201* • 
Leg Length 84,90 4.05 .2()()1-
Body Weight 70 .34 7.65 .168 
Chest V'idth 30,17 1.36 ,J4lff 
Hip f.'idth 29.04 1.46 ,035 
Surfr.ce Area 1.86 .u .190 
Vi ti<l · Cepaci ty 5.0J ,58 -239* 
V .C ./S,A, 2.70 .26 ,161 
Dev. Pryor 'll't, ' -7.90 lJ,07 .OJO 

B, • Correlt.tiori •1th Short Test Measures (N ~ 59) 

!llE.lU Height 
·Recovery Heart nate .16.3 .010 
ae6rt Rate Change .116 -.117 
Fl6rimeter Blow -.121 .160 
Ratio P,P./D.P, • .2:ig,. (1) 

(1) Co1•relution between heigh~ and standing diastolic 
pressure· is .042. 

* Attains 5 per cer,t level of signifi<:&nce. 

** Attains l per cent level ·or significance 

.W£ 

7,82 
3.10 
4,77 

10.88 
6.15 
5.0.3 
5,97 

11.44 
9.72 

Q!.l!!§t 'f'igtb 

.064 

.0.34 
,15'7 
.169. 

' ; '~ - ',-,i' 

':'. ~ ; • .--J - , 
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TABLE 24 

CORREIATION BETWEE!rl VITAL CAPACITY AND STRUCTURAL ·MEASURES 

Surface area and ·v1ta1 capacity 
Body height am vital capacity 
Body weight am vital cap,i.city 
Chest width and vital capacity 

,509 . 
• 498 
.418 
,:,66 

out, the cprralation with treadmill sc~ra d.'opped to ,129, 

It my be tentatively concluded, therafore, that for.this group of 
subjects, vital capacity has little relationship with the treadmill par­
fornanoa apart from such structural :na-.ourc,r:JC!nts as 'surface aree. and 
chest width and conse<{uently hn.s little olace in a test of the f'unotioml 
capacities of men of this tyro, 

R11Stipg Circulatory Functions. r.eotiJ,g circulatory ~suree ware 
t!!ken in a quiet re,om, The subject. upon reporting to the laboratory in 
the be.-sal state, reclinoo. en a cot :,hi.la th~ reclining heart rate me • 
counted and blood p!.'e'3Bll!'E'ls -,htaine,L Attu1· 5 minutes observation be 
took a sitting potlition f"or f.trn rui:111tce ft'llow~ by a aeven,,minute 
stairlir,g period, The cireula~ory o':Js>Jnmtl·cne were IOOde during each 
minute for the tbree-!>'lsitj_ons, Eeart rnt-i!s ware countad with a stetho-;­
scope over th;,· hec~·t.. Counta \Jl'9i'c :,.•E<,'\JL at- -~Le 15th second and sndod 
et th9 45th second point of e,w~, rti,,<1te" 'fr.e rates were ,.xprossed as 
beete par•minut.o" Sy·n-col!.<.· (l~t polm:.; a~rl d1ccstolic (4th point) read~ 
i:igs ware ir.s.de as ci,i:><➔ l y tc. ti-~ 30 s<1co.ri point as possible. 

Cbsor-vation>J "'"l'"' n;,uc, lr- ,c,;c:",. t f th" 17 m!r.utcs of t.he resting 
perioo.. Tne 1·en.'iin6::; J'c-r tr.o f'lr6t. ·u,-;,:c ~-··:,f,cr:, do.ring which sd,justment 
takes plac~, wtir,? o:~i"l'/,eC ::n tt,? 1~t p,f11tet·;,.oT! of th:3 average heart I·a.tes 
e.nd bl.ood pri;ss1~~·es, 

'fBtla 25 pr-·'3E:c·.t.s the rco-::r:c•, o:·.0:1~'!".: t'0'1[.E:~i0mi, and cocffi.cieant0 
of corr•elation f,,, "·,he l r.;l:1.v1,h:nl cnrdl D,~ir.<:.ulcr m2~.11:2Toc< and tho cor­
relatlon batween th&sa t1&.au•c0

~ «L.'i tr;e, mMo.:ha:l. h·eadmiil pt,i•for;oo..-:ce 
soores. Also gb,m :;.1v" d.e c,•:\:t,Jc,il n.tlc.-, er tro dif"f'errmc9 between. 
oerta in tftending and 1~ ~•:J:..,1 tt1 ~ ~~E ~~L!"0c.i" 

Ii1..1 ~resul-i:.e ln :!.'cl--:]..,_,.; -~:- :• ::.•"'l',:.,~•t"". :, i:-12;:.t i: t,8ru- i..::i. LL lnv,Jrsa :.r·alati.on­
ship batwettr fi1::,~,sw ~ecrf:~ ~ti·'..'..<-~,..,r.JtJ_i,,, ~c,-·,,:t t"2."t.f: (t;'.e 1"'.i 'bowav~r, is 
r:iot &t.at.i~ticsl.ly str·,.il',!.t: ... ,·:·'.·: I.r ells },.-(";til.~t~.fm/ ~ c1 .. ,ce thiA cor,clu­
sion l:J\~ OE:'El'l tcr-ne cut b'I o1 '"'"' ~1,'"""'.:.,; • '.'::· "·"l: cxpl&,:iation of the 
Jack or sir:nit :.,...:..:i.n1~F, J.- 7.·u :, ~'., .::c.1 .. ::~.:•.-~ .: .. :., -~L: :t J-!..~~;~1va )10rJ,"l'ge.n.alty 
of tL.t- 5,..,0,Ji', ~:·r., tv~J.1 ~·ZJ rio'i.J-.:c 4 ,.. t ....,;~.:-: .. ::=J~~11: ::-a~~ .. , fttr i.;hca~ 
1no ·;~,'.';€.:I ~-BS f.Ji.~~:· L,}"~,F ,-,.~,~ ;i-~1,·~ /;:;'._(:- ·:J ",',·.;c,'J:.\t:;,~ Rf:: ·:.<tg1~cteriJ3o-

Ylp~bly" 
"'a.rne.i. • '> ~i,.. U ~ 
J..9~2! ::►::, Ju,..., 

l'i. lJ . ;;,m-, , '"' . 
r;:;~1t~; 1 .,1. ... nhvc:.i e".:.J 

JC5 .. 

Pl11e.b.7 y N ; t ~ ., !'.nd. 

_ci,~r..'..!!.l~l..llimo.J::t. 

. -.,_ 
- );;f: 
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{ 
r~~;<•i 

. 
~; M~~;~ ::J~':; c- f·CJ,. • ·;·c,, " J(;~;c·r10:t:, 
.·. 

~· 
~ Cor1;ol,; t.1;,n 

_.ith tr,;edeiJ.l 
•± ·,1·'?M1Y:9 _j.l..£ru:"_JL_ /'I. Ml? M~ ful'.t. 

:'j i tning 

'l r~h.,~t. rk te -.166 • 93 61,45 '!.«O 13.35 
:::, °'•'I :i toJ.ic .039 'H . 123.69 11.01 ~.90 

r. 1c:; to lie -.171 '"' 7'l.41 7.'l5 10.01 z· J .• 

t,:t..1.se .154 ., .... 46.U.! 9.57 20,72 ·, pressur€- :/", 

, 3: t 4
..;::',. ;(, 

~-
: <£,t rt i·a te -,1)7 .~G') 65,!!0 8,.32 u.64 

{ ::y:Holic .1.32 J.(.') 122,68 10.72 '!,74 
,-

..,. •~"-

,1;Pe.tolic .ooo lC1 so.56 7,01 fl, 70 
"'1:J~ ,re i:,ros,l'Jre ,r:fi7 lC:J 42,72 9,46 22 ;14 

i>tmicl:lng 

Heart re.t.e -,1.3!3 9'l 77,'15 10.70 1.3,74 
s, ~t.olic .007 913 114.70 ll,)7 9,91 ,· 
Dkatolic -.25()lt g3 '!LlO 7,52 9,27 ·,· 

" Pulse pressure ,19S*. 9~ .34,06 9,a4 2'3.29 
' P,P./D,P. ,25!3* 59 ,/,2 ,14 33,:33 
~' 

Ctu,r.g,e Reclining 
to Standing 

lleart rate -.006 9:l 17.12 8,56 
Systolic '!",001 'H •-S,82 3,46 
DJ.aallolic -.103 93 J,47 5,80 
?ulse ;:,ressure .,..060' ~ ·-11,51 9,19 

"'Atta.ins 5 per cent 111v11l or s1gnt!lcancn, 
,, llee;lining St&pding mrrerencl' S,E, (g1rr,1 ~ y- '. 

HR. lilt! 61,45 TI.85 ~16.40 
SD '3.20. 10,70 1).48 1.22 

SP. Mn 12.3,69 114,70 -S.99 
f BO 11.01 ll,)7 15.S.:3 .57 

DP. Y.n 73,41 '11.10 +2,69 
Sil 7.'15 7.52 • 10.~7 .25 

P.P. Mn 46 .1'3 )4.06 -12.12 
~ Sl) 9,57 9.!34 13.73 • l'l!! 

"'C.R. • 1\ .11,2 
r_ • 

s (ditf,~ ' 

.k't~l(\o ;).,f4~• {• 



It will t,a r.,:,tctl tb.l!. i:.hc~·c !s ~~ ') t:li;U,z.tic~ .. H'~ r·aV)tionnhip between 
arq of the reeli!tlng or .;i::·,•a.l::1, •:•,·:0 eio'l".1sJJUht' tr.~>UlU?'B1l and ':l'.:l rel!l.tion­
ehip bstween tr.e chtU!f.a in t'io_,e :,;:,"E-ur:,s <vhau the rubjE:ot changes f?'om •. 
a reclining to a otM.d:lJJg r,w,r,,ti•"•,. i•inot-:,lk bl!',oo -pro.31,u,:-a, pulse pres­
sure, end P ,P ./Dai'. rlo, h,::r,:,v:,:,.•, ~'.1c;:, :'11;.'::'.t ':'kn;t .:?o:rrelation with the 
treadmill SO~?~. 

These data, ther.,~f,,re, ir-lic~::o th,:t, r.ithin thi::; s-.!llple of suppca­
edl3' · "fit" ind:l~dll'.lls, amt ris cc:::-1::1\roo t,, tte tre!!drnil1 score, high 
:fitness is charr.ct~:riz,;,o::; t,y n tcnd91'•cy t,:i l1lgh p~lb'!I pr0as1n-s, lower dia­
stolic pressure and a highr,ii:- ;.,HL::1 ,,~•;.S~\u-e/dia11tol'lc pr·eaaure rotio, 
and possibly by a s\'lmew':-\9.t J(:'l;·,n· h~,rt r:ite. 

, Befon1 accepting the foregctr4:: !Ull'lyss1s as ce>nclusive, it should be' 
noted that the circmJ.atory ;.oe;i,~t,!,.-,11'?< te>. active standing my dt\"11 with an 
aspect or fitness not prope:·ly- ~::::-:iw,.ed by th<> treadmill test mid, there­
fore, weighting assigned to .lwh "."8.riables as sta.nding diastolic preasur, 
or the ratio, P.P./D.P. l!lllJ' net be appropriate in the sssessmeut of general 
peysical fitness. It should 11lao be recalled tl:lat those l!l8'l!lures which 
shmr no relationship 1n this highly selected populfltion might provs to be 
of some predictive significance in a more heteroeeneous gTQUp. 

The Double \fork ~' An atterr,pt we.a also mdti with this group or· 
subjects to detel'111ine the validitY' (in tens of relationship rith t,rea,!~ 
mill scores) of the physiological responses to shorter teats of exercise 
tolerance. Although aeveral poesibilities were axplored, the Double ;fork 
Teet see~ed the most -promising during thees preli~ill!U'y studies. 

In this test the subject W'lS required to aseend and descend Ii 15~ 
inoh exercise platform at the !'1':.ta of 1J tb!e11 per 111:!.nu.ta. Every sub­
ject was run as tollon1 Fiva lninutes of resti l minute of work; 2 
111tnutes of restJ 2 minutes of work; and than 10 minutes of recovery. 

Card19Jll'"JJ)ar Measures. Four indices of heart rate and blood 
pl'eSIIUN 1"1:l'fl selected &II the physiological responses t.o 11xerciee to 
be am]J"sed in these etudie11, 

"A" The sitting pre-exercise values, 
"Bl! The average ct the two readings d.itaiMd 1n the minutes tel­

lowing the f'irst and second Wul:'k periods, i,s., 2nd and 6th. 
11:1.nntea, , 

"C• The ditte:renoe between values used 1n "B• served as a -l!llll'e 
~ slope. 

•o• A -lltlNI of Ntlovery, represented by the -n ct readings 
taken trOII tho ::!!:Id to the 5th minute after the ·eecond 110:rk 
period. 

The -ns anti atamard deviations or thoee inaices along 1rith their 
correlation with the lllllXilllllll tresd111ill teet score are presented 1n Table 
H. . 

J 
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TABLS 26 

CIRCULATORY DATA - DOUBLE llORK TEST 

~~ 

Heart Rate: 
Index "A" 

• "B" 
• •c• 
" "D" 

2nd min-o rocovery 
2nd mino rec.:,very -

reeti!'lg HR 

Pulse Preiei;ure1 

, 

Inda:, "A" 
" "B'"' 
" 
" 

102 ,r)') 13.~rs 
J.S.10 7.52 
75.'75 14.58 
77,3; 17.55 

13,83 '.14,26 

42 ""' O' L 9,,,6 
10.ce 16.93 
11 ,;:.o 12.12 
63.'.? 12·,52 

~Attains the 5 per cent lev~l of slguificance, 
**Attains the 1 pa:r ce!'lt -level of c>iw.tH'iC!lnCao 

Correlation with 
Treadmill Soon 

•• l.37 
-.299"'1' 
-.259ff 
-.21611 
- .29)'1-!' 

-.27Q!t<t 

,1'5 
,174 
.104 

-.033 

It will be noted that Ii:dicea Z, q ,u,d D, an:!.. 2n.d min, recovery heart 
are the only mefl.~!Jl'"C' which poeae~s 9irz:dficar.t 1"61.Ationohip with the 
troedmill score,J.I 

30rbese dtrla aro further anaJ.yzed 6l!ld d:i.001.U1sed i!:i the o:rigwa.J. report 
by Craig Taylor, untitlea ,fituo1es in phYeical fitnees 11 19Al, Op, •qit, 
lRef~rred to ir 1:-,otnotc 5,) • 

Thie r-,;,ort "; ,;o pr,nm:tg d;, t.a. -.rt,ic'-i c'.eMnat.rate the relationship 
between req,iru',,<,r y ,n,d. "-"'1t·.,hol1.c ll',~q s,u· .. 11 3;1t.s and the tresdmill J!Core 
and the con-e1,i,tfon ':>f,tw.aem broo.'d1J:>,,J.-:\:t 0.s;J tcsti, (ll'hrimatei· Blow)' and the 
treadm.1.11 11coree, 1,!c·,t r,ign::.ficant l!l;r,o·,g thosa data are t:.,e following 
ccrr91litiona with tl'<J'l.dr,1111 p1c:rforn,-~ce1 (a) Ureas meohaI'..cal efficiency 
correlt.tee , ~95 '!liH, •i 'lA {r,~t1d1,dll a,nd l :i U,~ only r-,,,pir,;:tory-metabollc 
R003UT8 attaininr .,Ji,,:,:u'; .-,rn~,, ('.) A ,'.Jrr.ller i· (-.304) ,ms foua! for 
the dl.fferer;c£ b~i:,-,·,:,n r:,zt.iiu: ~nd :;x,n,·.1r "xygen consuniption, (o) 
FlarlrntJter '!Jlor. lI ( t t c :c.::t h1.nv t,il:n• ·1,a·lne the re~overy period fol• 
lo111ng a 15-mint'tu :r,, :,->, P"! :le~:) <:c,;::,·-,,'~c. t c 1 ,/.50 w:l:'.;h tha tresdl'l:111 
s,~nre (N ,. 5~) " 



APPENDIX B 

R!':LA.TIONSHIP OF S'.IJ.NDJ\RD ~FrrNEss• TESTS . 
TO l'rIB TREADMILL TEST 

'1: 



RELATIONSHIP f\F STANDARD •FITNESS" ·rESTl', TO THE TRltADllU TEST 

UITOODUCTION 

As part ot the exploratoey studies diacu11aad 1n Appendix A, certain 
of the standard te~te being currentl:r employed 1n tbs field ea meuuree 
ot pl:IJ1!!1.:al fitness were adlliniaterod to as many- of the eubjeota ae were 
aailable for the etod7 and the relationship betnen then teata 8lld the 
lllllXime.l treadmill test of exercise toleriu.ee determined.'9 

STANDARD Fl'.FdE3S TESTS 

The following st@dard te11t1J 111E:re adlllinistered to various aubjeots 
selected .t'rvm the orlginal. group or 100 imrolved in the ear]:y exploratory 
studies on irhom scores on the maxil:'-al treactmill test Nre available 1 

l, The S.:bn<t>ider lndez.40 
·rhe ldcCurdy•La.reon ~organic Efficienoy• Teet41 
Crampton Te111t42 
The ~'JCloy 1'wo-Variable Teat43 
The Stone Teet44 
The P...llee Ratio Teat45 

, :J9A brief S1li'l'll!U"J" cf sollle of th" ·pElrtinent literature relative to these 
teste. and othar iJllu-~r inYestigetiol".a i!lVo:i.v!.ng these teets are given iv a 
repot"t by Pr. Craig Taylor entitlE'rl .sJu~i=.1.lJl JIDYSical f'itneea I, 1941. 
Q.u,, oit-. (Referred to in Footnota 5. 

40Sohne1der, E, C. A cardiov.asm,Js.r rnti.Dg as a measure of physical. 
.f'atjgue end efficiency, !!.,_,!mar. M,;d, ~', 1920, 74, 1507-1510. 

Schnelde1·, E., C. i-hysio:tof:;[_z'..J:".'J.i!'".:.~& oct,ivit,Y. 2nd Ed, Phi!a-
delpb:l.1.1 i'I, D. Saunders Go., 1~41 • 

4litoeurd;:r, J, R,, and Larson, L . .A. !k,:Hu.remente of organic e.ff::.o!eney 
tor the prediotion of physic"l oc,~ition, Ree, Quv+,. I-J!ler 1 A!le. Health 
AA4 Pl;;ro~~d11.g, Ass, (Suj)plement), 19'35, 6, 11. I 

Ll.l.rsor:, L. A, A study of' thei valiCH,y of some cardiovascul.ar teate • 
.L.....'llSi?.:....!?'..:.il...!t , 1939, 7, i14-.::20 . 

., 
4.:C-,..11.lu-ptoll, C. IV< A test of co:ruB.tion, ~~9, Bew~, September 1905. 

4Juee1oy, lJ. !i. W~_!Jnd ~-~en'l',L~alth and ph;ratcl}. eduS!J:­
!!!:!£!. C.a:'.'t, 1939, 

44/::s,e, li'.eC,n:-d,J·, J. H .. , £>:id J..Lrao.1, r,, A • . Qi!,:,..g,;U. Thill test was 
se:or•:,d ac,c :1~1J, tng to ~1-~eir rRv! siG~.fL. 

45.z.uttle, 'f." :;. . , llnd Dickillllc,tl, R. ~:. .i simplification of the pulse~ 
1-1i.t.to teo!l;."li<::m, for ra1;lllf; pl,ys1cnl efficfonoy ll,lld p:rea,z,m, condition. Reijl, 
);lyu·t.....__1,.l'is:1:::. .. 1,'J.s>. }l".!1,lth e!,]Sl_Pb..Jl'.fl..,,E:2Jl<l •, 1"iJ8, 9, 73-60, 
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The relation3hj_p betnori these !l'tc,;~._,,!11"d tests and those ot the 11ea11-
uses on llhioh the testa ue based are f.?'!'santed. in Tabl,;, 'Z'/, 

TABLE 27 

RELATIONSHIP OF s!:AIJDARD TESTS TG r:rs TllEADMILL TBST 

r wit~ 
St1Pd1rd Test l'readmi)J. JL 

1. Schneider Index .148 50 
2. l!cCura1-uirson Test ,061 32 

a, Sitting Die.stolic .ooo 100 
b, . St.anding D1'tstol1o •.250 100 
o. Length or Flar:llnett)r Blow 

after 20 Sec, exeroioo ,082 32. 
d. Diff. between Norml Stam:-

1ng Pulse and Pules Rate 2 
111n, after exercise -.188 32 

e, Standing Pulse Pressure .198 98 
t.' Vital Cap11city/Body Sl!I'face .061 32 

3. Cn.mpton Teet -,086 50 
·4. The l!cCloy Test -.014 ,50 
'5, Stone Teet .146 50 
6. The Pulse Ratio Teet -.231 50 

It will be noted that none .or the total test IIOOree on the standard . 
tests oorNlate lignifioantly (at the ; per cent l.enl) with the treadlllll, 
test. Although this ooes not prove.tbs superiority or the treadllill, test 
as a -1111'8 of peyaical fitness it dc,'3■ indicat,e nevertheless that t:ui • 
standard tests are not assessing the S!lms cardiovaeoula~reapiratoJ7 that • 
are being -sured b:, the treadmill taet. These data seem al110 to justify 
dropping further experillental work in '!IO far as siudying the relationship 
between these tests an:l. llllltimal treadmill perfornanee, 
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FIGURE a. rm: ~ERCISE PLATFOIUII -APPENDIX ,, 

HAND 
BAR. 

--·r·r~ 
I : 
! o I 
: I 

I 
i 
L .. . 
f
.: ' .. . .. , . 

; 

~ r 
I 
l 
I 
I 
I , 

" ro 
~ 

1 &nd 61 • oft-the-platform 
41 on-the-platform 

The first leg in 2 depends on 
preference of the subject; in 
5 the •,c.rre lA[' is s~e rt sd O.cr'ln 
!irsto 

• 

J 5"' 

ir,.~,. ?- ARM REST 

'i / I! I,, ,,, 
i ~ 

!~ I fl 1· TIGHTEN nm SLIDm:: FIXTL1lE I· 1:, BOLT 
• Iii I I ALLOWING ARM 

RE sr HE iGJ!T 
1)1 ADJ UST /JENT I I i 
1, 46 to 54 INC¥.ES. j 1! G l[II;E FOR j I 

I I . ~ ~ ,\TI:11 RE~T .J . ... ..Jf l."I.kJ'Lf,t: 
I' • 

lioto; On.1y the.&s::ientia.1 
dV .. ensions are given. Other 
a~+sile ff,a~ vary according 
tc conv'lnifinca in construc­
tion. 

Fmuru;; 100 STETHOSCOPE 
,120SITI0N -FOR. HEART RATF. 
.COU?ll.' 
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