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mshmng Do co
Dear Dr. Brimhall;

Attached is & report by Leomard A- Iarson
ontitled A Faotor Amalysis of Seme Cardiovessular=Respirator
Variables with raptiou ReTerence 4o the Schneider and NoCurdy=

laraon TogtB, JIhis is submitted by the Committee on Seisotion

and Traiming of Alrorauft Pilota with the rocommendation that it
be published in the Teohnloal Series of the Divigion of Research;
Civil Aeronsutios Administration.

A oritionl review of the report indleates the
need for a revised gtatistical treatment of the data whish might
w1l lead to changes in the content of the report. Instead of
undertaking such a major operation at the present time, the re~
port 1s progented ag written by the euthor, together with an
extensgive LEditorlel Fereword baged on comments made by the author,
the refores, members of the Editorial Staff and others whe have
reviewsd the study, Suggestions with respect to a further statis-
tloal analysis of the date are also pregentad in this Foreword.

Very truly vours,

.

Morria S. Viteles, Chairmar
Committee on Seleation and
Training of Aireraft Filots
Natlional Researeh Council
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EDITOR sy FORETORU

Early in the history of the Committee on Selection and Training of
Aroraft Pilots, Dr, leomard A. Larson undertook researoh inwelving a factor
analysis of cardiovascular-respiratory wvariables, with perticular reference
o0 the Schneider Test and the licCurdy-Larson Test. The present report deale
with the findings of the research oondusted by Dr. laraon.

The report is publighed essentially as written by Dr. lLarson. The
oditors.and also the suthor, are of tho opinion that a oonesideradble portion
of the report would be of more wvalue if rewritten in terms of a modified an~
alysis and a mors extensive treatment of the data, However, conditions malm
it impracticable to conduot the required stetistioal amlysis and to rowrite
the report at the present timo. The report 1g therofore being published as
writton, In doing aso, it seems desirable to call 4o the attention of the
roeders the following sammonts on the report, whiesh represent the questions

and oriticisms mised by the author, referees, and edltors in preparing it
for publieation:

l, Ag the author polnts out: cardievascular=respiratory phenomena
ere probably manifold and not manifestations of one primary funotion. For
this remgon, as many physiological correlates as poasible should have entered

into the selestion of mesgures and should have figured in the discussion of
the faotors thamselves.

2, Ag in many studieg of physilological phenomena; the same basio
variabie 1s inoluded in more than one index or battery soore. In factor
antiyais, the repetition of the same baslo variable is iteelf a determinant
of the kind of faotors which may be igolated. ™ile the use of such "repeti-
tive" warlables in faotor emalysls can be defended, its influence must be
olearly reocognized. It will be noted in this study that many of the inter~
oorrelations and faotor loadings are misleading for this reason. Even after
the factors are rotated and "logioally" slustered there still remains a great
Jdeal of overlap. The following are examples of such repetition:

8. Pulge pressure; derived only as the difference between
systolio and diastolio bleod pressure (i.e-.. it ia not
2 unique meagura) has been included both in the analysis
and in the factors mas an "indepsndent variable."

b, Pulge presasure before exeroise, pules pressure after
exerclse, and change in pulse due to exeroise (the
difference between the two) have been 1nc1udad as three
independent varieblea.

6o Sitting pulse, standing pulse; and pulse after exar-
oige are al) pulge meosnsures, but more than that, arse
all in part a function of the individual's basia,
initinl pulse rate, The use of difference-soores
(partiasling out basic pulse) or the use of "weighta"
ghould be employed to make these wariables as inde=
vandent &g possible,
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3o Then such repetlitive variables are used; chanee orrors in
meagurement introduce a apurious elament inte sorrelations. There arée many
suoh spuriously high ocorrelations in the origimal oorrelational matrix,

4o Then the table of factor loadings is examined (Table II) in
relation to the faotors as dssoribed in the text, it wlll be mpted that
there are large positive and negative loadings on sgme of the items whish
have been neglested when the factors ware "loglionlly clustered, In defining
the "independent™ fmotors, some items with & loading of .50 or over wers
disreparded when dhey did not soem to fit inte the fastora as dosoribed
authoritatively. These hAve, on the other hand, been imoluded when they
did geem to apree with "authoritative opinion" eg to how the variables should
b olustered. Such & method of grouping the variables (with apparent disre=-
gard for the magnitude of the loading) socems inconsistent with the purposes
of fastor analyails. A possible explanation of many of these "urmanted™ and
"anused” loadings wes offered in 72 on the previous mages

bo The paper does not ocontain & disoussion of the possitiiity
that the faotors aas isclated might be more olosely inmtersrolated were the
irndividual differences more faithfully deploted by the measurca, When the
low reliability (testeretest correlation) of many physiological measures is
oonsidered, 1t is evident that a faotorial study of this sort is an anmalysis
of biologisal instante, and that i meagures which wors truly ocharasteristie
of individuale could bs obbained, fower faotore might be isolated from any
group of such physiologloal measures.

6o It will be noted that the majority of the h2's are near 1,00,
This would seem to indioate that these h2's are probably not "true" estimates
of the reliability, but are only indieations of "plural boollesping,"

7. One of the limitations indioated on page & is that the group
is & solest sample oonsisting of “Springfield College men, all of whem para
tioipated in physioal edusations sctivities.® Astually, approximately €0%
of the population consisted of students majoring in health ard physioal
odusation, the remainder being non-major students exposed to considerably
less physical aotivitys There is, of oourse, the distinet possibility that
the pepulation uaed in this study 1s not directly comparable to those used
by the other investigators to derive their sardiovascular or officiency test
batterles.

8, The following technigues deserve sconsideration as & basis for
further analysis of the data presonted in this stmdy:

as The fastors could be rerctated from the sentrpids thereby
bringing the loadings nearer the usual form. Sush a ro=
tation would leave no "unexplainable® high negative loed-
ings and no "urwanted" significant positive loadingss

b One of the reasons that ao meny of thess "unexplainable"
high positive and negativo loadings appear in the ¢able
may be that there are toc many items (variables)included
in the analysis for the 145 oases useds Further treatment
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of the data would take thie into asoount. The first 19
{relatively independant) itoma could be refactorsd and &
oomplete rotation done on these prior to the inclusion of
the "bmtteries," The battories could then be added by
means of Dwyer's extension.®

¢s Inasmush ag the variables as rotated in this study were
troatod as if they were "truly independent" their predic=
tion by metns of multiple ocorrelation methods using tecta
with loadings on other faotors must lead inevitably to
correlations among "factor soorcs" unless something is
done to elimimate the correlations In this connsation
the variebles insludod in these faotors ocould be resocoresd
using the facter wolghts, and the corrolations betwesen
4hege "independont faotor scores" somputed. It 1s doudbtoed
if the pointe on the "profile” would be as indspendent
ag ono 1p lod %o bolisve from the amalysis in its pregent
form 1f themo correlations were donee

d. It might be deslrable to set up new batteries of items by
feotor=seoring (woipghts determined by the faotor loadings)
the individual items which would meagure the "separate
factere™ only bg combining certain of the measures (items)
end "pertialing® out others from this oombination. This
procadure might woll prove more useful than multiple re~
grossion equations with thelr enforced use of linear reo-~
labionships only,

1 Dwyey, D, S. The determination of the faoctor loadings of a glven test from
the lmown faotor loaedlngs of other teste. Paychometrilm, 1937, 2, 178-178.
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SUMMARY

The purposes of this study are: (1) to amalyce selsoted ocardio~
vasoular-respiratory variables for their principal oomponemts and (2) %o
determine the physlolegieal ocharacteristics of 10 selested cardiovasoular
togt index scores on the bagls of the lsclated fastors.

Ninetosn cardiovagsular-reapiratory measures were obtained on
145 men majoring in health and physiocal eduoation, Groups of these were
combined lnto 10 oardiovasouler tests batteries. The measures on the 19
relatively independent variables and 10 oombined batterioes were studied
by means of factor amalysis techniques and analyzed in relation to earlisr
findings in physiologioal research, There were revealed 8 primary factors:

1. Pulge prossurs,

20 Pulse rate responss to exe¢rolse in relation to normal.

S0 Pulge rate response to exercise.

4, FPulse preasure in regponse to postural shange.

6o Diestolic pressure and shanges with respeot %o body position,
6> Reapiratery funetlon.

7. Blood pressure response to chanpes in positiono

8. Systolls pressure.

Utiliging the rerulte of faoctor analysis and in addition a logical
smlysis of the Ilntersorrelations by oommpetent authority, the followlng var«
iableg wore solected ag boing suffieiently unrelated as to be considersd in-

dependent j

1. Horizontal pulge rate.
2., Differonces between horizontal and standing pulse retofe
3. Differences bteiween normal standing pulge rate and pulase rate
two minutes after exersise.
4o Horizontal systolic pressure,
5o Differences betwesn horizontal and standing systolls pressuress.
8 Horirzontal diastolioc presaurse.
7. Standing diagtolisc pressure.
8, Differences betwasn horicontal and standing diestolis pressures.
9. Horizontal pulse preasure,
10, Differences between horicontal and standing pulse pressures.
11, Breath«holding twenty seoonds after exersise.
12, Vital capaoity.
135, loCurdy-larson Effieisnoy Test.

The elght faotors isolated in this rosearch are not desoridbed by
any one of the ten test btatteries or "index saores.™ The reascns for this
lack of relationship are:

l. The feotor may not be included in the test battery.

2. The nurber of 1tems in the battery may be so numeroua that the
influenoce of the faotor is not reflected,
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The system of soaling the items in the Sest batterier makes
it Ampossible to ocompare identieal ijtems on varlous batteriss.

The test battory may yleld informetion not sovered by one of
the aight faotoras,

Thess reaulbts of thig estudy muet bo irmbterpreted in the light of sertain

1iml tations:

1.

20

3o

4.

. 6,

6o

™e vaprlables and tests selested cemmot Y8 assumed te indlsete
a complete mesapure of the sardicvasculer«respiratory funstional
status.

The isoleted faolors =and their identifioation are on the basis
of the variables used in the gtudy and the judgment of physlelo-
glstaa

A geleoted sample (prysisal education students) wac used in this
study and, therefore; mey prasent unigue cardiovassular determirn-
antec

The test batterisr uged in the study eannct de directly compared
beoause the variables are not ldentival; The aystem of rotation
and identifieation of the faotors invelve Judgment skill, 1.8.,
the best rotation may not be made and the factors may be idsnti-=
oal but given different mares, PFurthermore the date are on
different institutiomal populations.

The variebles and teste ars not all completely desoribed by the
igsolated faotors. The 10 wwst batteries are desoribed by the
isplated frotors in terme of their index soores. Rellabilities
of the oardiovasgcular-respiratory variables are low.

The game basie wvariable is present in more than one of the index
soores in batteries.



A FACTOR ARALYSIS OF SOME CARDIQOVASCULARRESPIRATORY
VARIABLES WiTH PARTICULAR REFERENCE TO THE SCHNEIDER
AND THE MoCURDY-LARSON TESTS

INTRODUCTION

In the measursment of any abllity, trait, or sharactoristic,
the fundsmental qusetions shioh ariss sres (1} What oonstituing &ho
elemental compenents?, end {2) How may thess bs measured? The snswera
to thess questions sonstitute basic rasearch In Imowledge about the ability;
tralt; or charasteristio before application ie made. 1In the mesgurement
of ecardiowvasoulnr-respirstory fumotion, for exemple, how ommplately do
the cormonly used physiologioc varisbles indloate funstional integrity?
Beoause thers iz no chjective way of lmowing when moeasurensnt of cardip-
vascular-respiratery function is complste, one must begln on tns premise
that all available messures are indicative, then analyze the varilables
for tieir elemental oomponents and means of measurement of the ecmponenta.
The sorrelational method serves as & toel in this prosess with the inter
acrrelationa analyszed by the feotor analysis methed and by an inspsctional
anelysis of the intercorrelations.

The problem of samplizng i1g importent in any research, but has
partisuler importance in sorrelation studiseg where the msasurements are
t0 be mnalyzed for elementel asomponents. The data uged must bs hemogene
eong with respect to all gources of variance other than ths observed
mesgursment. In physiologleal variables the age fuotor, for exampls, musk
be eliminatad, With the foreipgn foctors olimimated ono is ready to begin
the oot)-relatioml enalyslg. (See ¥rocedurs for faotors elimirated in this
B'hldyo

In sorrelational gtudizs of physiologio variables if a ratic is
found to exist between mirmte veliume and P.Fo x FPoR. for an individusl, and
this ratio is the same for all individuale in & homogeneous group, it ean be
agsumed thet the meshanlsm rogulating these two measurss 1s the sams. In
the selectlun of wvariables for tho measurement of this funeotion, one may bs
gsoleoted as it nsocurately predlots the other. The elemental component has
been mensured.

The exporimentsnl varisbles gelected for this research are those
commonly used {pulss rate, blood pressure; eto., with reacticns to exeroise).
with the laboratory mecsures omitted (0, oonsumption, mimite volume satimates.
etoo)o One of the major limitations of the researsh ig that no agsurance oan
be given, after en extensive atatisticnl amalysis, that all elemental compon-
snts have been laolated., It ylelds information enly with respeet to the
variablss used and the acourccy with whisch the oompenents heve beesn lsolated
and idsentified.

Thero have been thros studies raported nn- the analysis of the
intsrrolationships of cardiovasoular-respiratory varilables to dstermine whioh



itema tend to voary together and to establish hypetheases as to the
rogulating mechanlsm. 1.2,3 fTho varinblos used in thege roports are

net identionl; therefors oxaot comparissrs of the etudiss cannot be

meies Other limitations in faotor anmalysis clae prohibit cznet oome
parisons.® (See Limitstinns.) Two of thess studies wers ou oollege
rent2S end one on cpllege women. The purpese of thecs studies was to
analyze tho table of intorsorrelations using the Thurstons Factor
Annlysis 5:6+7 method to determine the principel componsnts, that g,

the number of somponents dassribing the wriables. An illustration will
meke slesr the methods One may use 20 cardicvescular-regpiratery varimbles
In an exanmlontion end essume that they sre unrelatsd, making 20 spocifis
ostimates of cardlovascular<respiratory funetion, One might assums thet
they are all perfectly related and that conly one mechaniem regulates
funotion. It is. of ocurse; obvious thet neither of these twe hypotheses
ig ¢orrect and that seme muber botwoen these extreames desoribes the
golected variables. Such an eralysis i3 of tremendous sipgnirioance in
order to set tho atage for experimsntal work as wsll as a means of seleote
ing variebles in the construction of cardiovasvularerespiratery testa.

A comprehensive eveluatlon of funetionm status ghould inolude all unrelated
faotors. '

Mocloyl fourd in aoslyzing 14 cardlovagoular variables thet they
were cesoribed by at least sight principal componesnts. The veriables in-
cluded horirontal and standing systolio, diestelle, and pulse pressurss;

a oomparison of pules rate and pressures between the horizontal and stand-
ing poeitions; end pulse rate after axerclse. Three of the isolated
factors wers identified ag faotors of pulse rate (heart rate, standing heert

YMeCloy, CoHs A study of cerdiovasoular variables by the method of faotor

anelysls. Frocesedings, Svoond Blennial Meeting, Soclety for Re~
search in Child Dovelopment, Oot. 1936, pp. 107=113,

2Murphy, Mary A« A study ol the primary components of cardiovagoular testa.
Res. Quarte of tho Aner. Assoc. for Heanlth, Physical Eduo. & Rec,
1940, 11, 67-71.

SQuamme, H.J- A Pactor Aralysis of Cardiovasoular Varlables, Unpublished
lastor's Thesis, Springfisld College, Springfisld, ¥Vags.

%) 114t of ths individual variebles as weoll ag the faators identiiied in
thege three studies are presented in Appendlix I, Selection oif
variablea for inocluszioen in the present study was baged on these
analysss.

5Thurstono, L.Ls Current issue; in factor analysls.s Psychol. Bull,, 1940,
37, 189+-236.

€ A Simplified Multlple Factor Method. Chioagos The University
of 5Eicago Book Store; 1933.

7 The Vectors of Mind. Chicagos The University of Chicago Press,
19364



rate, and heart rate return to normal), and five as faoctors of blood pras-
sure (genmeral blood pressure, pulse pressure; reolining diastolio pressure,
effeot of position on eystolis, and reclining eystolie pressure).

Murphyd, utilizing 32 eardiovasculer variebles in examining &
group of oollege women, found nine primary componentse. TIhree of the igolated
faotors were desoribsd as faotors of pulse rate and six ags blood pressure
faotords :

In a study conduoted by Quamme® 20 cardicvascularerespiratory
variables were enalyged by the factor method. Eight factors were isoclated,
Tour wers desoribed as faotors of pulse rate (sirculatory reoovery to exer=
olse, offect of pulsa rate to exoreoise, pulse rote return after exerslase.
and pulae rate responsge to poetural ghanges), aad four &s factors of blood
pressure (head or maximm pressure, diestollc changes with bedy position,
dlestolio preasure, end maxlmm prossure changes with bedy position).

STATEMEIT OF PROBLEM

The purposes of this resesroch are twofoldy (1) to analyzo some
sardiowascular=rospiratory variables for their primncipal components, and
(2) %o determine the physiological oharsoteristics of tea selected cardioe
vasoular vest index scorea on the btosis of the isolated fastors,

PROCEDURE

Experimental. Nineteen cardicvasoular-respiratory varisbles were
administered to Springfleld College men, the majority of whom were ma jfor
students in health end physical educatlon. Some of the varlables wors used
to soore ten ocardicvascular tests, The total of 29 varlables and tests was
used in ths statistiloal snalysis. Tho nineteen variables served as material
for the isolation and identification of the faotors. The ten teat batteries
were lnoiuded to determine their physiologlo charaoteristios on the baais

of the isolated factors. The following precautlons were used in obtaining
data for the statistical amalysls: (1) no exercise was allowed before the
sxenination (during thet day)s (2) subjects with emotiondl disturbances were
not used; (3) subjeeta not receiving & normal emount of slesp the night
provicus to the examination were oliminated; (4) subjeots with heart defects
(mediosl examination) wore neot uged; (5) subjoote having 2 heavy meal just
before the exanination were asked to return in one hour; (8) subjeots with
solde were not useds and (7) the subjecots selected represernt a physiocally
£1t group of young men (18.24 years of age), all of whom partieipated in
rhysloal eduontion aotlvitiesa ag part of their eduoation. The measursments
wore all made in ons week in Septomber. All questiomable results were re~
ghockod and were droppsed or retained onm the basis of the above oriterie.

Statistioal. The Thurstone lethod of Faotor Analysls 10 wag uged

®3p. olt.
9('.‘¢p~. olt,

10596 references on page 2.



in the iselaticn of the fmetors. Thls method beging with a table of inter-
correlations (406 restilinear correlatione in this problem) and results in
the isolation of & wmbsr of factors or componamts which constitute the
major part of the tests annlyred and gives & correlation between the faetor
and the %ests uged in the analysis. The method acsumes that the tests and
variebles ere relatsd and thai they can be deseribed by a ralatlively smell
nusber of facterz. The fretor method involves no assumpticn 2s %o the nature
of the fastorse The mame glvan to the faotor, or ldentlification, la deter-
mined by how much ene lmows about the teste and the field within whioh he
workss In thils resconrch two cutstanding physloleglsts have roviewsd the
atatistioal repgulte and have given guggestions as to tho raturs of ths fasw
tors igolated.

Limitationa, In the intoerprelnition and applicetion of the resulis
of this rogearch tne following should bo comsidered:s (1) the wvariables and
togts salecstad cannot be aasumed %o indicate a complsets measure of the cardi-
ovagoular-respiratory funstionnl statusy (2) the isclated fectors and their
jdontification ere on the basis of the wvariables (not tost batteries) used
in the study snd tho judgment of physiclogimtey (3) the sampls counslste of
Springfleld Collego men from 16 to 24 ysers of age, all of vhom partisipated
in phyesical eduoation sotivitiss (ses Pgitoriel Raviesr): (4) the fastor
aralyeis studieg reviewed cannot be direstly compared boctuse the varlables
ars not identical, the system of rotntion and the identification of the
faoctore involve judgment eklll: ‘that 1a, the bsst rototion may not be made
and the fastors may be identilesal but given different namws, and the data are
on different institutional populetions and on men and women; (5) the variables
and teets are not all completely desoribed by the isclated fmaters. Factors
will appear only 1f they are present in at letst twe of the tests enalyred.
Begause amme of the testz &re not cunplotsly desoribed by the isolated fasters,
the implication 1g thet other factors ara poasible: (6) the ten test batteriea
are desoribed by the isolated fastors in terms of their “index socres"; and
(7) the reliability rangs of the cardicvasculnr-respiratory variadbles end
tests 18 .75 to 95, which msans that & high degree of confidsnos as to the
atability of the factor eannet be made, {Ses Bditorial Review for other
limitationa, )

RESULTS

The results of the feotor analysis of the table of intercorrelations
{Table 1) show that there 14 no common faotor; that is, & faotor commen %o
2ll varisbles and tests used in this aralyels (Table I1). The eight isolated
faotors are descrlbed by indepsndent oslust ws of wvarimbles, whioch give evi-
dence that oardlovescular-respiretory variables are suffiolently Andsperdent
or unrelated go that at letist elight factore are necessary to desoribe cardi-

ovescular-respiratory funotion. The eight factors oannot be considered entirsly

independent or euntirely unrelatsd, but they are not suffieciently related for
oross prediction.
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MULTIPLE CORREIATION OF VARIABLES WITH THE FACTPORS

Faotor

1
Pulse Pressure

II
Pulse rate ress
ponse to exer~
¢las in relation
to noraal

II1
Pulae rate rog-
ponge Lo axerw
AT

£ 44
rulse pressure
in responss to
peatural ochange

v
Diastolic pres-
sure and changes
with reapect to
body position

Vi
Respiratory
fuosor

vII
Blood pressure
responss to
ehangea in »oe-
Lure

V11l

Systolle
pressure

T
8e
1l,

14,
1B,

16,

s
8o

A7a

Variables in the Fagtors

Horigontal pulse pressuras
Sitting yrulge pressure,
$tnnding pulse pressure.

Pulse rate 2 minmutes efter
sxeroiges

Differenvs in standing pulse
rate and pulee rate 2 mimtes
after exersise. '
Difference in horitontal and
atanding pulse rate.

Horftontel pulze rate.
Standing pulse rate.

Pulge rate 2 mimaten aftor
exeroise,

Horisontal dlaetolis prassura,
Differapoe in horizontal and
standing diastolle pressure.
Differenos in horizontal and
standing pulese pressurse.

Sitring diastollo preasurs.

Standing diastolie pressurs.
Difference in horisonta) and
standing dlaatolic pressure.

Standing pulass pressure,

Tital -G‘Paﬂ 1ty-
Breath liclding after exernise,

Horizontal systolio preasurs.
Horizontal diastcllo pressures
Sitting systollo pregsure.
Sitting pulse pressure.
Difforence. in horisontal oid
svanding systolle presaura.

Horizontal systolio pressura,
Sitting systolic pressure.
Standing eystollo preasure,
Diff'erence in horigontal and
standing systolloe pressurs,

Multlple Corrslations

Ry,s5,8,11
R1,8,11

RI1414%.15,16

RI11.1,2,14
Byr1.2,1a

\

BIv.4,10,19

Rv.7,10,18,19
Rv,7,10

Rvi, 12,13

Ry11,3,4,6,8,17
Ry11.4,6,8,17
Ry11.4,8,17

RV111,3,6,9,17
BY1311.6,9,17
Rvii1,5;17

=
-

b

5t

i 1) A%

LTI ]

894
0891

+68B4

o895
2892

o176

2740
oTe

=677

» 8656
+864
+864

»864
2864
+BE2

* The Arabic mumber preseding the name of the varieble corresponds to the mmn=~

bers of the variables as listed in Tables I and Il.
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With the aid of expert physiologistsl! tho aight lsclated facters
were analyzed and physiologloally dessribed. The single variables wers
stetigtically eanalyzed to determine their "net"™ sontribution to each factor.
Those ylielding significant "net™ contributions were solected as prediotive
of the factor. The multiple oorrelations (Teble III) indicate the signi=
fioance of the prodiotlon and werse used as an aild in the identification of
the factors.l? Tt will be noted (Table I1I) that the wvariablece are not all
completely described by the eight factors. Thls means that the teasts whioh
are not described are spsoific with respect to the variebles in this experi~
ment, Unless & factor 1s found in at least two tests, it oannot be isolated,

The process of factor rotation involved only the simple variables
and did not ineclude the test batterles. The tost hatberisg were included
. only for the purpose of determinirg thelr physiologic charsoteristios on the
basis of the isolated factors. {See Editorial Review on spurious factors.)

FPeotor One: This factor because of the high loadings (correlas
tions) of sitting and standing palse pressures (.76, .86) is identified as
- gulse pressures The nultiple correletion of these two varlabdles with the

otor 1a .89. The horizontal pulse pressure correlates .59 and diastolis
pressure {horizontal, sitting, end stending) also oorrelates eignifiecantly.
The intercorreliations of diastolle pressure and pulse prsssure, however,
ars not sufficlently high o predict one, given the other. Pulsse pressure
must thorefore be osonsldered-an & single somponent when eompared with the
other cardlovasecular-respiratory messures.

Factor Two: The physiologic variadbles corrslating signifioantly
with thig freter ares pulse rate two mlnutes after exeroise (.56), the dif=-
ference bhetweon standing pulse rate and pulse rate two minutes after exers
olse (.60); and the dif'ference betwsen horizontal and standing pulse rates
(--38). The nultiple correlation of thege variables is »85. This fmotor is
therafore described as pulas rate response to exerolse in relation to normal
and is congidered unrelsted to the other physiologio TEotOrs. .

Fastor Threex The wariables correlating sipgnificantly with faector
thrae are horizontal pulse rate 5972), standing pulse rate (.83), and pulse
rate two minutes after exerolse (.85). The "met" oontribution of the horie
gontal pulse rate in the presence of standing pulse rate and pulse rate two
minutes after exeroige ig insipnifiecant. The multiple ocorrelation of the

remaining two toats is .88, The faotoer is desoribed as Eulso rate rosponse
to exercise and ig slgo sufficlently unrelated to the other isgolated factors.
Factor Four: The vaerlables signifieantly related to the fastor
are horigontal diastolic pressure {.44), horizontal pulse pressura (-»57),
difference between horirontsl and standing diestolis pressures {=-.58), and
the difference betwesn horizonta) and standing pulce pressures (.75). On
the besis of this ovidsnce 1t iz described as pulse pressurs in response
to pogtural chanpe. The multiple correlation of those variables IeEIEInn
ating horicontal palss pressure) ie .78, and 1t is oonsidered unrelated to
the othor factors.

1¥me writer wishes to express appreciation to F.V, Earpovich, McD., and
Peroy Dawson, M.D., for their desoription of the isolated faetors.

12me multiplee were developed by means of the Fisher=Dolittle multiple aor-
reiation Sashnique woing the feoter laadires as zers order correlations.
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N.otor ¥ivs: The physivicsls voriables oorrelating sipnifisantly
sre. siltting dikagbtolic pressure (~.29). sitting pulse pressure (=,28)
standing dlastolie pressure (=,36) differance betwsen horlzortal and skard-
ing dimstolic pressures {~-.43). 2nd the difference betwesn ho: izonval and
standing pulse pregsurss (-.30). Sittlns and standing dimstolis ptessures
have the lergsst "net" significmncs iu predioting the factor {,74), 1t is
deseribed as disstolioc pressure and changes with respest to body position
and is counsidered unrelated to the other factora.

Fagtor Six: Vital capacity end breath<holding 20 seconds after
axerolse correiate significantly (:%6 and ,56). These ltems yield a mulecl-
pla correlation of .58 and are desoribed as the respiratery faoter. The
multiple sorrelation iz not aignificantly high to e§§eet5v91y prediot the
faotor, however, the items are not significantiy releted to the other vom~
ponents; therefore it oan be econsidered ancther aspeot vf cardiovasoulars
respiratory function-

Factor Seven: The itevs correlatlng significantly eres hirizontal
systoliec pressure (~,52), horiszontal diasgtolie pressure (=.32). sitting
systolie preasure (=.46), sitting pulss pressure (-.46), and difference be-
twoen horizontal and standing systolio prossure {.48). The multiple oorre-
lation between horicontal diastolic pressure, sitting pulse pressure. dif~-
ference beiween horigontal and standing systolisc pressure and the faotor 1s
285, 1t 1s deserihed as blovd pressure rosponge to changes in pesture.

The identificaticn, however, ls with & low degree of con%idenes beoause of
the laok of guffiolent degree ¢f differontiation of the verions pressures.

Factor Eightsy The variables ocorrelating are all systolio pres=
gureg in the various positions (horizontal, sitting, end standing), Standing
systolio pressure and the differense between the horizontal and standing
systolioc pressurs oorrelate {multiple) .86. It is identified as systolie
pregssurs. It iz consldered unrelated with the other fectors,

INTERPRETATION OF CARDIOVASCULAR TEST “INDEX SCORES™
IN TERMS OF THE IDENTIFIED FACTORS

. Ons of the major parposes of this analysle is to determine the phy-
slologio charactoristios of the ten seleoted cardiovasoular test “index
scores” with particular reference te the Sohneider and the MoCurdy-larson
tegts. The "index scores" wers therefors inoluded in the factor anslysis:
This prosedure does not estadblish the wvalidity of these batterles 2s «lidity
can be agtablighed only by its evaluaticn with respect to an aocepts’le
eriterion, but it simply ylelds & puyslologlc desoription on the basis of the
identif'ied faotors. The procedure also sssumes that the lsolated faotors
regulting from the amalysis of the single cardiovassular-regpiratory variablse
are ocorreotly identified. A, example i1llustrates the use of the factor methed
in the analysisg of the test batteries, A cardlovascular test battery is &
oomplex phenpmenon., We are intereated in two charecterigtics of thig battery:
(1) "hat 1s its validity’ and (2) Whuc eare ite physiologic sharaoteristics?

It is in the latter that ths factor amelysis procedure makes & contribution.
I1f, for example, it is found that three pure fastors correlats perfectly with
the test battery., 1t can he assumed that the iest battery is fully leseribed
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by the three factors; and if the fastera are correstly idemtified,; the
degoription of the test baitery 1s esteblished: So it is in this analysis.
I diastollo pressurs oorrelates perfootly with a test battery, the test
battery is physiclopgloally theo same as diastollo prassure, fesuming that no
other variables are reasting on both the test battery and dlastolie pres=-
gure to producs the perfeot correlation. If a large portlion of the relatione
ghip ia due to apgs;, 1%t would be herdly correct to say that the sorrelation
1ls perfect betwsen the dlastolic pressure and the test battery., For a soms-
plete physlologie desoription 1%t is neeessary to lnmow what congtitutes the
relationship. If %he variebles could all be assumed 4o be pure this problem
would be olimipated, but this cerrot bo assumed o be trus in oirculatory«
respiratory variftbloes.

In Table IV the relaticnships between the elght isolated cardice
vagoular faotors and the various test batteries have beon listed in terms of
signifieant sorrelatlons. It iz neoted that Fastor I (Pulse Pregsure) corre-
lates signifiecantly with five %ozt battaries (Stone .75, Basal HMetabolio .61,
Tigerstedt .91, PP. x P,R. «79, &pd PP, x P.Rod DiAs. o89); The reasorn
for such correlations is apparent as the tosts have for their major constitun~
ont pulse progsurs., Tho pules pressurs fuctor ylelds nearly & cemplete des-
oription of the thrse tsstg. The dessripiions by the other geven isolated
faotors are hardly significant, wlth the exceptlon of the Basal lietabelle
Test and the P.P» x P.R. which correlate .76 and .53, respeotively, with Pun-
tor 1):hree (pulse rate responss %o oxXercise), (Sse Edltorial Review om mulsiple
r's.

Peotor two (pulae rate respones to exercise in relation to normal)
does not ocrrelate aignlfioantly with any of the ten oardiovasoular test
battoricese The fastor ig inolucded in gome of the test batteries but the ine
fluence of this variable on the index goors appesars to be lest ia the awmming
process, This is en Important end ocomporatively uarelated factor.

The Barach Test {»85); the Pasal Metabolle Teast (.78) ond the P.P-
X PoR. Test {.53) all corrslate pignificantly with factor three {pulse rute
response to sxerseiss). These tosts mll inelude this component as a major
songtituent. The fastor is inoluded in some of the other batteries (MoCloy
end Sehnelder), but the index scores of thoso tosts do not reflect 1t-

The Crampton Test is the only ‘est oorrelating with festor four
(pulse prsssure in response to postural ochange) (o37)o Thie test does nob
include the factor, but the slizhily sipgrificant ocorrelation is p-obobly due
to the relationship of the factor to systolle pressure postural change; which
1ls a major slement of the ‘ogt. These two factors are related to approximately
this degroe.

Faotor five (dimstolis pressure and shanges with respect to body
poaition) correlates slightly with four tests (MeCloy, Stone, Crampton, and
the MoCurdy-larson Test). The aizus are not oconsistent in the MoCurdy-larson
Test: but this may be due to the system used in scaling the diagtolte pressure.
The high and low diastolio values receive a low index soore in the MeCurdy=-
Largon Test. The feotor is rotatsed as & negative fastor; therefore the posi-
tive relationship with the MoCurdy-larsocn Test.
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TABDLE IV

PHYSIOLOGIC DESCRIPTICN OF CABDIOVASCULAR

TT:3TS BY IDENTIFLIID FACTORS

Identified Matore

Slgnificant Corrslations with Testu
And Jdentlfiad Fastors

Tost Correlation
1, Pulgo Praswmure 1, Stons « 749
2. Bagal letabolic «+B07
J. Tigureleds « 509
4, PoFo ® PuRa 2788
5. P.P. x Pole ‘:: -B88
Diesa
2. Puloe Rate Responzs to
Bxercise in Relation to No sipmificant
Hermal aorrelations
3. Pules Rats Responee %o Ys Barach 2849
Exsraliae - Bagal Nebtabollo < T57
3. PuPo x PoR. » 533
4. Pulps Pressurs in Lesponse 1. Croapton 23965
4o Peosturel Chanze
5 Dlagtolie Pressure and lo Melloy g 364
Chenpss with Regpect to £. BStone =5 817
Body Fosition 5. Cramphbon - 373
4; HoCurdy-larson o814
G. Respiratory Foumstion l, Crempton » 5566
2 IpCurdy-largon +4B8E
7s Bleod Pressurs Respense . Stone =235
Lo Changes in Pogltion 2s  Crampion 402
8. Systelle Preasure i, 1lsCloy +810
2; Crompton 561
5. Sohneidsr 2815
4~ laCurdy-layson - 318
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The respiratory fastor (six) correlates significantly (.49)
with the MoCurdyelarson Tost and slightly with the Crempton Tost. The
MoCurdy=laraon Test oorrslates bectuse of vital sapacity and breath-holding
ability 20 seoonds aftor exsroisey tho Crampton Test because of the relatione
ship of pulse rate to the factor., The correlations with the other tests are
-3 of TS

Faotor soven (blood prossure rosponss to changes in position) cor=
relates significantly with tho Cremptom Test and slightly and negatively
with the Stone Test., This is in sccord with the mature of the factor and
tosts. The difforencs in the horizontal and the standing systelio pressures
1g a positive elomeont of the factor and one of its signifiecant elements.

The Crempton Test includes this element, eand also correlates positively with
the faoter. The horizomtal systolis pressure has a negatlive correlation with
the factor whleh indisates thet, as the factor inoreases . the horizontel
systolic prossure decreases. The gitting pulase pressure correlates wlth the
factor, and this item is the mejor constituent of the Stone Test, thorefore,
the nepative ecorrelation.

Faotor eight (systolis pressure) deseribes partially the MsCloy
Test (+61), the Cremptom Test (.56), the Schneider Test (.61), nnd the
MeCurdy~largon Tost (.32)s The ocorrolations are sigaifioantly higher in
the firpt three tosts. Tho Crampton and the Schnoider Tests inelude this
faotor as a major camponente In the MoCloy Test, however, the only mcoount
whioh can ba made is the relationship of systolic pressure to dlagtolis prese
sure in the standing pesition.

It will bo noted in Teble I1I that the eipght isolated faotira dog=
oribe siz of tho ten test batteries from 50 pervenmt to 100 percent,*d twp
fyom 80 to S0 psresnt, and two from 60 persent to 70 perocent. It 1s also
interesting to notoe that not one of the test batteries reflecte all eight
isolated factors. The test correlating aignifieantly with each of the eight
isolated feotors vary frum one %o fivo. Tho ocorrelationa, however, are not
suffiolently hirh to prodieot the faotor. It should be pointed out that the
reacon the tests may not reflect the vnrisus ocmponents may be because of
the asystem of soaling. For example, diastollo pressure in the leCurdy=
largon Test 1c soanled acoording to the logleal physlological interpretations
that is, the mean is used as the desirable value (best ssore) with the
extremos as the undesirabls values (low scores)s The unsenled diastolis
preasure will therefore not correlate with tho ecaled value.l4 The index
score, therefore miy have & higher degree of validity, me en estimate of
siroulatory-respiratory funotion, than is reflested by its correlation with
the faotor.

15 e factor loadings squered aro interpreted as percantagens,

14
Editor's Notees The correlation betwoen values on the two soales will be
survilinear, This faot sugpests that all oorrelations between the MoCurdye
larson Test and unsoaled pressure measures should be oarefully examined for
linearity. The author reportc, in a comment upon this point: "In those
gcatter-diograms prepared the MeCurdy-liarson Test oorrelations wore found
linear. This is also reasenzvle %o ascumo physiolegically.”

o
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Dther (aubor arsiyals shaddes (uet smgaran’s milih respeot o speaifis
faotory; show ¢ ainimm of aipht Pactore doseribing approximantely the
same gzelootisn ¢f variahlsa.

2, Utiliging the rasuits of 4hs rastor Analysis apnd in addi-
tlon a logioal enalysils of the tabls of interacrrelations: the following
variablea were seliected au beiur sulfisiently vryrelated 23 te be conald~
ersd independent:

ac Hdorizeutal Fulss Hatg.

bo Differense between florizontal and Standing Pulse
Ratog-

3. Difference betwasr Nermal Standing Pulse Rate and
Pulse Bate %wr uwlnutas aftor exersisa,

d: Horieontal Systolie Pressurs.

8s Difference bstwesn Forisontal and Standing Systolio

Fressures-

f- Horlzontal Diaczolis Pressure.

g« Standing Diagtoelio Prossure.

h- Diffarenos betmsen Horlzontal and Standing Disgtelic
Pressurss.

i. Horizontal Pulase Fressure. '

Jo Differencs betweon Herisonbal end Stunding Fulee
Pressurass:

k. Breath=heldirg 20 seconds after exersise,

1. Vitai Capacit;rn

me MoCurdy-larsen Efficisncy Test.

Ic " The implioations of ths fautor analysie of the cardiuvaeculsr=
reapiratory variables and teste 4o test sonstrucstion are: (o) the selestion
of the items for a complete evalustion sheuld inelude all fauctors? (b) if
gsoms of the fasiors rre to be elimivmted, this wust bs dene in termg of &
speolfis ariterion, whioh represents the use to be made of the sslested fog~-
tore$ and {(¢) the aum of a number of varishles my be & better index of e
speoifie ebillty, but 1t doss not reflect the fmctors whioh are constituens
parte.

4~ The sight faotore iscleted in thig regearch are not dessribad
by any one of the ten test "index scores.” The reasons for the lack of re-
lationship ares (1) the factor mey not te insluded in the battery, (2) the
number of it:mme in the battery may bew g0 numerons that the influenca of the
factor is not refleoted. {3) the system of sosling the items in the test
battories makesthe seme itvems imoomparable, and (4) the teat battery .y
yiald information not included ir the eight factors., ’

5: The Schneider and the Melurdy-larsen Tegts are descoribsd to the
extent of 67 percent and G4 percent. respectively. by the elght isolated
faotors- ‘The remaining eight tests are deseribed from 80 to 100 percent.
Additiona) physiclogical informetion. therefore; not given in the eight
fastors may be given by thase tests. 1. was on the basis of validity evi-
dence presented in other sources thet the l'al «dy-larson Test ... o e v
&2 partv of the system of rating.

_______
" 2
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6~ The Sshneiderif ipa tha MaeCuwrdy-Iagson Testi® "Index Scores®

are 2ot dessribed by the sgams fastors. She indasx seorss of thesa twn tests
are onrelated {o16)c17 '

16

17

Sshreider, E.C. A eardipvssoular mating ae a measure of physisal fatigue
end Bffiﬁiﬂnﬂyb Js Amer,. Mad. AGBDO@Q 1920; Té, 1507“1510&

Sohneider, E.C. & Trueadell. 0. A gtutilstlieal study of the pules rate and
the arterinl presmures in recumbensy, end aiter o standard exerolsze, Amer.
Jo PhMEiﬂlag 19223 8}, 229474,

MeCurdy, J.H. & larson, I.A. Tha physicliogy of oxersige. FPhiladolphim.
lsa and Fabigey, 1935, 316-536.

MaCurdy. J.H. & Larmon., L.A. The waildivy of eirculstorysrespiratory
measures as a&n index of zodurance gondibions in swimnming., Res: Quarier.
Df -&ﬁAu-H.PoEgRa dﬂis‘g Octo 1"‘?439 1”110

UsCurdy, J.R, & lareon, L. A- Age end srgenis efficlensy. The Milltary

The writer wishes tv scknowlodss help given by Me, Herleik Quarme, In.
gtruster in Tests and Mesaguvanants. in tha stetistieal somputetiors.
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AFPENDIX

Table I. Ciroulatory~Respiratory Variables uasd
in Faotor Analysis Studles by MeCloy,
Mrphy, Quame and larson,

Tables II - IV, Reosults of Fastor Amalysis
Studies by MoCloy, Uurphy, and Quamne,
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Zaul: %
Circulatory Esgplratory Variables Used ia Factor
Analyelz Studies®
VYariablag»* McCloy _ Murphy © QuAnme Laraon
College Men College Women  Collage Men College Man
(age. 16--26) {age: 18-24) (age: 18-24)

. Hor. P.RH. x x

X

et

- S%d. P.R. X

).

2. 5it. P.R.
1 X
1

5 HornSuPn X

‘lg Sitn SP',

. 3td.5.P, X

. Hor.D.P. x

b

]
7
5. 55¢.D.P,
j. Std.D.P. X

Hor.F.P. . X

81t.P.P.

R R R R R Rl B NN LB b
»

V. C.

AW

B.H.20 sec.aft.ax

b
AR L R R R R R R s

. Std.P.P, x

. P..2 min aft ax
] (std) x

)

15.5td.P. l.minus
Hor.P.H. x x

M

17.5¢4.5.P.minus
Hor.S.P. X X X

18.5td.D.P.minus *
Hor.D.P. x x x

14.5td.P.R.nimie A
Hor.P.P. ' x

20, - . nfter
conelder ixp x

2k.P.R.after
_Step ILx. x

EEQPJ— nl min &ftﬁr
15 Step Bx. x

2f.P.R.2 min after
| 15 Step ix. X

E\.P;an oin aff{er
15 Step ZEx. x

?5.P .R.after 35
Step 9x. p 4

2p.P. R.1l min after
3% Step Ex. x

2[f.F.R.2 min after
35 Step Ex. X

2B-P.R:3 min aftaer
35 Step iix. x

.-.Std.oPc R. mifmﬁ
Sit.P.R. x

H

a3

S StdaB uPD mnina
Sit.S.P. S X

L.S5td.D.P . minun
Sit.D.P. X X

2.5td.F.P.minus
S5it. 7. P X

L R

e

7.5{t .P.R minusg
Hor F R. b




Yariables MoCloy

« &6

Table I

(

= : ® it
= e ER ,‘r. R
Eal e - e

vonttd)

Murphy

Quamie Larson

34

Sit.5.P. minus
Hor.S.P.

X

35.

$it.D.P. minus
Hor.D.P.

X

5.

P.R-after 15 Step Hx
pin.P-R.1 min after Ex,

31-

F.R.after 35 Step Hx

min P.R.1l min aft Ux

38,

P.R.after 35 Gtep Lx
min P.R.2 min aft Lx

39~

Tuttle Pulae Ratio
Test (FH. Rating}

4o.

Tuttle Pulae Ratio lat
(20 etep ex)

L.

Tuttle 2nd Ratlo

{35 Step iix)

L2,

P.R. 1 min after
Schneider lix. x

uBo

P.R. std. 1 min
aft Schnelder Ex. e

Ly,

Diff.Std.Nor.P.R.
and P.R.2 min aft Hx.

s,

Mcclox Test

46. Barnch Test

y7.

Stona Test

MMM M

30

Bagal Hetabelic ,
Tont

2 oqu

P P x P.R. &

51h

Crompton'as Test

52.

Schnelder TVest

23

McCurdy-Larson Tost

X

o

Tlgerstadt

Total Variabless 14

iz

20

\‘BHHHHHHN

*The variablee are liastad in the four factor analysis etudies to glve
information ar to the bases for the factor determinatinona. It should be
rememberad, ho 'over, that the fractor lsolatlons are not antirely comparable,
(1) becauss the vrriables in wch of tha four studies are not ldentical, and
(2) beosuss factor laolations end identificntion involves the judgment of
thes expsrinmentor {seo linmitntions).
**Hor. horieontal

P.R. = mulage rate

S.P. = systolic mressure
51t. = eitting

3td. = standing

D F. =2 diastolic preesure

P.P.
v.C.
B.H.

(4% e

Tulae presaura

vital capncity

breath-lolding 20 eaconds aftaer
a standerd exercies .

e



| - n.

Table Il

”
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¥

McCloy Factor Analysiae of Cardiovascular-Variables
With Nvidence for Identifications

Factor Identification Yarinblee uped as a basis for factor

ldentification with faotor loadings
(correlation with factor)

to Std.

| 1. Rec.P.R, 950
1. |Reart Rates 2. P-R.ons nin after
Sghneider Ex. K82
3. P.R.after Schnei-
der Xx. .546
i L. Std.P.R, 497
2.|Effact of chenge of poeition on systolic 1. 5td4.5ys.Preasurs
prossure,espaclally reclining presaura minme Rec.S.P. -899
2. Rea.P.P. LU98.
- 7, Rea.5.P, .363
3.|General Blood Prassuras 1. std. Das. P. - 811
2. Std. S.F. - 7170
_ an Rec. Dias.F, ".716
- . Rec. S.P, 609
1, Sta. P.P. ~B23
4. |Pulse Pressurea 2. Std. S.F. .568
’ %. Rec., P.P. .52
1. Std.Diae.P-Rec.D.P..81]
5.|Rec.Diastolic Pressurss 2. Rec.Dias.P, =o 673
3, Roc.P.P, h52
b.|Mech.governing return of heart rate to 1. P-Ranbove etd.Nor.l
normal followlng exercise. min,after ex. . b0
2o P:-R-:l min &ftﬂr
Schneider ex. 635
3, P.Roafter Schnal- :
dor ex, BiYL
7-| Sacondary Mechanieme governing reclining 1. Rec. S.P, - 780
systollc blood pressure 2. Rea, P.P. 536
i, Std. P.Rs 122
B.| 5td. Heart Rate 2. Inc.P.R.from Rac.

3 66“‘




Hurphy Fnctor Aimiveis of

Fretor Idesntificetion

Hith T‘c'\"f.*. mnce 1 )1‘ JL My

L R

-_U
foatic

urlipgqs 4&_; yar. ﬁab*qa
1

iy

Yariables Uged ae a Yertlal Pasle for
Parter IdentiTication {Varizblses lisgted

_are those Used to Precict Bach Factor)

17 Mechanlsm governing rrtes of tho 1. Rec. Pulee RBatz 91
___heart beat. 2. 51t. Pulse Aate -89
2- Compensation mechsaniam that controls L. BR. 1 min . after 35 Stap Ex. -6l
tha return of pulse rntes to normal 2- P.R. immed.after 35 Step Ex
after strenuoua exerclae . minug ’-R. 2 min.after Dx. -.61
1. Emotlonal Accelaration which accompanies  1.Pulge rate immedintely after
mugcular effort 15 steps minus P-R.1l min.after y
L azx. -5
I Mechanlems governing minute volunms 1. Standing systollic wraeesure .84
____ 2. Sittling pulse prassure .10
5. Mechanism controlling vasomotor teme = 1. Reclining Diastolic pressurs ,BL
of the vascular aystem 2. Sitting Mastolic pressure .87
b, Mechanlem governing the general 1, 5td. Syatolic minus reclining
eplanchnic accommodations to changes systolic 77
of hydrostatic prassurs dus to chrngese 2. 5td. Dimetolic ninus <itting
of nosition diastolic .hE
T Redistribution machanism of ths bloed 1. Std. Systolle minus reclining
upon change of posiltion ayatolic pressurs ~ U7
2. Rec. Dimatolic pressure 35
aq Std. pulse prrasure -~k
. Rec. systolic prassure Ry
8, Redistribution mochanism govarning 1. Sitting pulse rats minus -
planchnic rslaxetdon in responss to rac. pulse rate .70
the raieing of the hydrostatic pressurs 2. 8td. diastclie minug rec.
during mecular inactivity dinstolic preesure’ .bo
9. Redistribution machanism resnondlng to l. Pulse rate immed.after 35 Step .
changes in hydrostatic pressure in Ex. -5He

raspones to changea of position

Std- ryetolic minus sittiing
systolic nressure
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d ] S—— o wfsr erarelsy ; 83
C{rcul&torg rﬁcova:; o ziveo 1. ¥ital eapacaity N
1 e Etd, pulee raie A7
| 5 Breath Linlding nfter ax. 5
R . T ﬁ £a rate ;3 pla.etice e%. .60
| 3. D astolic ieaponse to Peoiural 1. 53¢, dinstoilc pres  sure a7
L Changog O, DIT/ S 200 Olastalic
] { TI0 v Hive .58
R 3 e e o < n e i o e e JELLE PLC AR s 85,
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