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Attaohed i s  a report by h o n s r d  8, Larson 
en t i t l ed  A Faotor b l y s i s  of Some Cardiowsoular-Respirat~y 
Variables dth Part 
b e o n  Te6tso This i s  euhnitted by t h e  C o m m i t t e e  on Seleotion 

ioular Refereme t o  the Sohneidsr lurd MoCurdy- 

and hnining of Aircraft P i l o t s  with the rsoommendetim that it 
be published i n  the Teohniaal  Series o f  the Division of ResmrohO 
Civil Aeronautios  Adninistratfonn 

A orit ioel   review of t h e  reporf indlaates *he 

rall lead t o  o w e r r  in the aontent o f t h e  reporto Instead o f  
need f o r  a revised statiatioal  treatment of the data ahfoh m i g h t  

undertaking rmoh a major operation a t  the present time, the  m- 
port 18 pressated BS m i t t e n  by the  authorp  together w i t h  an 

the referees lmrmbae of *e EditoFial S t a f f  and others  liho have 
&enaim Editorial Foreword bane& on ocments made by the author. 

t ioa l   ana lys ia  of %he data are also presented i n  this Ferwordo 
reviewed the study.  Suggestions with respeot   to  a further atatis. 

vary  t ruly yourep 



b r l v  i n  t h e  hietmr of the  C m d t t e e  on Seleotion and "mining of 
Airorapt Pilot& Ik, bolraPd I&am undertook reeemoh involving a Pa&m 
analysia of oardiovasouhr.=respitory wriablees  wlth p r t i o u b  referenoe 
t o  the Sohaeider Teat and t he  ZSsCurdy-Lareon Teatt. me present  report  deala 
with the findings o f  the research oonduoted by DP, k a o n .  

editorssand  also the  authoro are of the opinion that e oonridernble  portion 
o f  the report would be of mwe w l u e  ip rewritten in ten118 o f  a modified an- 
a lys ia  and a more extensicre treatment of the datao Horevera eanditions a 
it Smpraotioable t o  oonduot t h e   r e q u b d   a t a t i a t i o a l  a m l y a i a  and t o  renrite 
the  report  a t  the present  timeo The report i a  therefore being published a8 
sitten, In doing Boa it seema deabable   to   ea11 t o  the  aftention o f  the 

and orit loims  refeed  by  the  author,  refereesp and edi tors  i n  preparing it 
readerr t h e   f o l l d n g  o o n w n t a  on the r epor t r  whish repeaent t he  questioqe 

for publieationb 

'he report  i a  pbl iahed  essentially a8 mit t en  by Lk- Iatsolb The . 

e m  probably  manifold end not manifeatations o f  om primary h o t i o n s  For 
le be  the author points  out, oardiovaaoular-respiratory phenomna 

t h i a  reasons as mny phyaiologlcal  oorrelates 8s possible ahould  have entered 
into the mlootion of m a m u e s  end ehould have  figured i n  t he  discussion of 
t h e  faotora thmaelw.eee 

m r i a b i e  i s  inoluded Pn more than one index or  bettaPy soore. In &tor 
anaiyaiap  the  repeti t ion of the aeme beaio variable i s  itself a determiner& 

ti=" variables in faotor  analysis o m  be defended, i t s  influenoe muat be 
of  t h e  kind of faa tors  whioh may be iaolatedo mhile the um of =oh "repeti- 

olear ly  reoo&cedo It rill be  nolad i n  this study tlnt m y  of the  Inter- 

the   faotors  are rotated and "logiosllf  olustered  there still remains a great 
oorralationrr  and  faotor  loadinge are mialeading far this rea#ono Even after 

deal of  owrlapn The follmriag we examples of suoh repet i t ion$ 

20 As i n  m a n y  atudlea of phyaiologioal phenomenaE the  aame basic 

Fulee pressure, de r ived  only 8s the differenee b e h e n  
systolio and diaatol io  blood pressure (ioe.. it is not 
a unique meamre) has been inoluded  both i n  the  anrlyais 
and in %e faotora as an 'independent variablea" 

Pulse  preasure  before exeroiae, p l w  pressure after 
ezeroiae, and ohange i n  pulae duo t o  exeroise (fhe 
dlfferenoe b e h e n  the k )  have been inoluded as three 
independent variables., 

oise ere  all pllae measureas but more than  thatp BTO 
S i t t i n g  pulaee, stracling p l a e ,  and pulw after mer- 

a l l  in part a funation of the indidduel ' s   bnr iop 
initial pulse rate0 The uao of diffemnoe-sooracl 
(paptialing out basfo  pllse) or t h e  use of "weights' 

paan*  e48 possible., 
ahould be  employed t o  make t h e m  variables as  ind do- 



So men suoh m p s t i t i w   w r i a b l e s  are U S ~ ,  ohanoe -8 in 
masur-nt infroduoe a aputious elwmnt  into  oorrelationst, mer0 arb many 
auoh epuriaurly  hi&  oorrekt ione in the originti1 o m r e l a t i o n a l  mtrixa 

40 Ithen the   table  of hotor loadings IS examined (Table 11) in 
re lnt ion ta We f'aotors as desoribed in the textB %t will be -fed that 

bva been negleoted when the  PaotorB ware " logioa l ly   o lus te rd ,  In defining 
t h ~ e  (LIB lare poSitiVU 8nd negative lOading8 on sfne of the itmu which 

the "independent" f h o t r e ,  some items a i t h  a londlng of .SO OP over were 
disregarded when $hey did not s e m  t o  fit in to  the Paator8 BE deaoribd 
authorit;ativel$o Then= on t h e   o t h e i  hando been inoluded &men they 

beoluuteredo Suoh a mthod of g r m p i n g   t h e   ~ ~ P i a b l e 8  (with apparent  disre- 
did soem t o  agree with  nauthoritntiw opinion" as 4x1 how the a v l a b f e a  should 

gard for t h e  magnitude of the hading) W ~ K  inoonaistent vi% the purpoeoe 

"unused" loadings i a s  of'fered in #2 on the pre.Oioru ppge. Of f80hr Wyi80 A pO88iblO eqIlmation Of o f  these " e d "  and 

60 me paper doen not oontain a disouaeion of the poaa i t i l i t y  
Uut the taotorr an i a o b t d  might be mow oloeely  inter-related were the  

lon reliability (toet-reteut  ooorrelation) of mslry m i o l o g i o a l  rmwsumr i r  
individual  diiferenoer more fa i thiul ly   depioted by the mBaIw.Q#o Then the 

of  biologies1 inatantno sad that l.2 meaatree ahioh wre t r u l y  oha?8ateriut5.0 
oonsldsrsd, it I F J  evldent thet e f'notorlal  study o f  fhir EO& i r  an analyr i r  

of individualn oould be obtained, f m r  i ao tors  might be isolated fim any 
gtoUp Of 8 U O h  PhySiologiOal m 8 a B U t . 8 6 0  

This wuuld r a m  to indiaste a t  these he', a m  pmbably not "true" eetbutea 
of  t he   r e l i ab i l i t y ,  but u e  only indinetione of "plural bookksopingen 

60 Sf dl1 be noted that the  major i ty  o f  the h z h  are near l0OO0 

i r  e selwt ample oonsietting of %prkgf'iald College men, a l l  of m t m  par- 
7. One of the  limitstions indioated on page 4 i# thst the group 

t loipated in phmical  edusetiona  ootivitier.q Aoturllg, appraziatately EO$ 
of the population  oomirl;ed of atud81tt8 mjor ing  in health aEd phyeiael 
eduaetion, the remnlndsr bing non-zmjor sLuden%m e x p o d  t o  oonsiderablg 
lese   phpioa l   eo t iv i tys  lh r re  i n m  of oourse. the dist-t  pmsibYli%y thrt 
the  population usad in this otudy i a  not h o t l y  ocmparable t o  thorn ueed 

batterieso 
by tbe other l n v e s t M t o r r  t o  derive their O ~ F ~ ~ O V ~ K C S I ~ E U  or ef'fioienoy tent 

Oe The follolring taahafeuor dereme  sonsideration 8s  a bosis for 
further analyrle of the data presented in thts r r t r ~ A ~ ~  

as me Psoton  oould be motatad fran *e oentroids thereby 
bring- the loadings xiearer t h e  urual fwmc Suoh a 10- 
tat ion w u l d  laare no Aunexplainablen  high negative load- 
i n g s  and 110 A l l w a n f e d "  mignif'ionnt posit ive bndinpe. 

bo One of  the  ransons 4he.t 80 many of these "nuoxplalxublen 
hi&  porl t ive md negative loadings appear in %e t ab l e  
may be that there are t o o  many itema (vnriablem)lncluded 
i n  t h e  analyai6 for the 146 oases u s d ~  mer tpeetment 



of t h e  data muld  fala t h i n  W o  awounfo !he flr& 19 
( re la t ive ly  independent) itema oouM be refautored and a 
omplete   rotat ion done on thee0 prior  f o  the inolurion of 
the "batterier," %e b ~ t t e r i e s  o d d  then be added by 
meane of -1s extension.1 

oo Inaenuah as the variable8 as rotated i n  this s h d y  were 
treatod a8 if they were " t ru ly  independent" t h e i r  predio- 

d t h  loadings on othar faotors  m u s t  l a d  inevitably t o  
t i o n  by m m  of multiple  oorrelation methods using t e s t s  

done t o  e l b h t e  the oorrelation. In t h i s  oonneotion 
correlations among "faator s o o r d  ualesa sm&hing i o  

the mrrinbles  ineluded i n  theee faotors  oould be reaoored 
using t h e  fmtw mighte,  and the correlations betwsen 
these "indepoladont faotor  soores" oomputed. It is doubted 

as o m  i s  l ed  Oo bolicme from the a m l y s i s  In i t a  present 
if' th points on the  "profile" would be RS independed 

form if them correlation8 were d o t h  

d. It m i g h t  be desirable t o  set up new ba t te r ies  of items by 

the i n d i v i a a l  itms Pjhioh m u l d   m a m e   t h e  "separate 
ftaotor-eaoring (might8 ddemined  by the   faotor  loadings) 

fabcsra" only combining aertain of the  measure8 (it-) 
and "parkialing out others from t h i e  aombination. Thia 
procedure m i g h t  me11 prow mre useful than multiple m- 
gresrrion  aquations with their enforoed uee of l inear  re- 
lationships onlye 

m r ,  D. S. The determiaation of the  h o t o r  l a d i n g s  of P given bot from 
the brn faotor  loadings of  o&er testa. Paschometrikh. 1987, 2, 17S-178e 
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msoular-reapimtory  variables for their prinoipal oomponeats aad ( 8 )  00 
The purposea  of this atudy a m r  (1) t o  p n l y p e  aeleobed oardio- 

datenaiae the phyaniobgisal oharaoterist ios of 10 aelsoted aardiovarroukr 
teat index soores on the  hsla o f  the   isolated Raotmro 

~ 146 m e n  mpjorlng in health and  phyaioal  edwation. (iroupa of there were 

~ re la t ive ly  independent  veriable8 and 10 ombind   ba t t e r l ea  wire atudied 
~ ombined into  10 oardiovasoular  teats batterieso The meeauns on *e 19 

Nineteen oerdiowwulu-resplmtary meaaures were obteined on 

by means of faator BaPlyailr teohnlques and amlymd in r e l a t i o n   t o   e a r l i e r  
findlugs i n  phyniologioal reoaroh. Then were revealed 8 primary faatorat  

2e Pulse rats rrmponso t o  exeroise i n  awlation t o  normal. 
lo Pulre presetreo 

So Pulse ra te   rerponee  to  Bxemieeo 
40 Pulse pressure in reaponee to   postural  ohangeo 
Se Maatolia  pressure and ohangee wlth  respemt t o  body paltion., 
6a Respiratory  Aurotiono 

Be Syatolio  preeaure- 

Ut i l iz ing  the ?et lul tS of f’aotor analysis and in  addition a logioal 

fabler  were aeleoted as being sdfloiently unre-hted as t o  be,oonsidered in- 
~ a n l y s i s  of the l n t r e o r r e l a t l o a a  by ompertent authorityo the  fbllovlng var- 

~ dependent 9 

Blood pressure response t o  ohangee in positiono 

1. 
2. 
so 

40 
60 
60 
78 
8. 
90 

1 0 e  
11. 
12 I 
1s. 

E ~ r l ~ ~ n t a l  pulse rateo 
DVfremes behven horisonfal and abnding pulse rsteh 
DWerenoea botreen n o m 1  stmding pulse rate and pulse r a t e  

Eoritontal  systolio p r e s ~ u ~ e ~  
two miautea m e r  exeroise. 

Diffewnoes betwean horizontal and atandlug eyatolia pressures6 
Horlsontal  diastolic  preasuree 
stand- dinatolio pressure. 
Differenoea betwean horhontal d M i R g  dbstolia  presmrea.  
Eoriroatal  pulse  preamre. 
DlfYerenooe betwen horiEonta1 and b d i n g  pulse preaaurea. 

V i t a l  oapaoity. 
Breath-holdlng twen%y seaonds after  exeroiaeo 

EdoCurdy-Iarsw. EffiOlomy T e d m  

B e  e i@t  faofore llrolated i n  this reaenroh are   not  deeoribed by 
~ .Sy one of  t h e   t e n   t e s t   b t t e r i e a  or “index soowas” Fhe reasons for this 

laok of relationship are: 

~ 

1. The faotor  may not be inoluded in the te& battery. 

2. The number of item6 in the battery nmy bo so nuwroua fhrf the 
influenoe of the faotor is  not refleatea. 



60 

60 

%e variables and tes te   ss leoted carmat €m assumad to  indioate  
a oomplete m a e m  of the onrdlova~aular~recspiratory functional 
ctatuso 

The l r o b t e d  faokors and tbelr identifloatton ere on the basic  
of the mrrhbkis used in the &u&v and the judgnent of phyrlolo- 
giete. 

A ueleoted eampla (pk-ysfoal eduo%tion students) was used i n  t h h ~  
atudy end, therefore, nay present unique eardioven.ou3.w determln- 
ante. 

beeauce the variables a r e  not iilsntinals I h s  a y t e m  of PotatfOR 
The test bebfiOPieF umd i n  the a t u Q  earn& be di ree t ly  oompared 

and i d e n t l f i a a t i o n   o f t h e  faotore invalve judgmenf skill, l > e o o  
the beet   rotat ion may not be made and the  Paotore may be ldentl-  
081 but  given  different aar.es+ Puptltermore the  date ere on 
di f fbrent   lns t i tu t ianr l  populationso 

The variabler and t e s t s  are not a l l  ccrmplotely aesoribed by the 
isolated  faotorre Ihe 10 Wsti bPtter:lea are desorlbed by the 
isolated  iaotors  in terms of their index soorea. Rellabl l i t leo 
of the oardiooaaouZer=rrsepiratory variables are lowrn 

%e m e  basio variable is  pessne in more than one of the index 
mooma in bttar leso 
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A FACTOR ANALYSIS O F  SOUE CARDIOVASCULRR-RESPIRANRY 
VARIABLES WITH PARTICULAR RXFERENCE Ti) TEE SmBIDER 

AND THE bbCURDP-LBRSON TESTS 

XNTROLWCTIOEI 

In the meaeurment of my a b i l i t y p  t ra i t ,  or ahmeeter is t io ,  
the fundamental questions  rhiah  arieo we4 (1) mat oonetitui.ls 

t o  them questionr  oonatiklte b o i o  reeaewh i n  kuarledgo about the ab i l i t y i  
elemental  omponent87, and (2) E m  m y  *ese bo measured7 The easwera 

treit, or o h r a a t e r i s t i o  bafore appl ioat ion  ie  mads, In the meeeuren6nt 
of osrdfowaaular-reapira~org h n o t i a n D  for example, h a  ample te ly  do 
t he  oomnonly used  phyalologio  wariablee  indioate  funotional  intopity7 
Beoauae there ie no objective way o f  knowin(: &en ~ ~ U ~ S U P ~ W X I %  of cerdio- 

that a11 available measures ace indioakive,  then emlyee the   var iable8 
~asouler-rrrspiratcry Punation l e  ompleteg one muet begin on tiis prmiae 

for tkelr elementeP onnponante and means of meeruremnt of Chi eunponentao 

oorreletiona snalymd by the Pflator analysis method and by an inapaotianal 
The oarrelational method a m a 8  as a tool  fn t h i s  proae6n uith &e inter- 

FmalyaitI of  the  inkeroorreletions. 

parliouler importanoo i n  oorrelation studies where the msasuranents arm 
Ths problem of  sampliq is important i n  any researohu  but has 

t o  be w l y e s d  for elmental aomponente. %a date  used mu& be hamagen- 
eour w i t h  respect t o  a l l  amces  of wrianae ether then the obsomsd 
maesurunen'c. In phyeiologiaal  veriebles  the age faotor,  for O X ( I I P P I O B  must 
be elimimted, FPith the foreign  hotam  el iminated one i n  ready t o  begin 
the aor re l a t ioml  anrrlyeia. (See wooedure for faotora elimiaeted i n  t h i Q  
etudy. ) 

In B O Z T Q b 3 ' c i O l r a ~  &Udi30 O f  phhysiclogi8 veriables i f  a r a t i o  i s  

a i e  r e t i o  l a  the same fo r  all. iadividuole in a homogeneous group, it 0811 be 
found to mist Wmoen minute volma end Pepo x B,B, for an individual, and 

seemed thet %he mmhanim regulating those masurea l e  t h e  m e .  In 
the selwtitn of w r i a b l e s  for tho rm135urement of this funotionp one m y  k 
neleotod BB it aamre te ly  p e d i a t a  the  o t h e r .  !he elepentnl amponant ha# 
been measured, 

- 

Th2ro erperimmtal variables  eeleated  for this reemroh are tho80 

vi421 'chhs Isrboratory WWBB o d t t o d  (0  eonsumption, minute volume estimates, 
oaarrnc&y used  (pulaa rate, blood  presrmre,  etoo. dkh reaot iens   to  

eto,). One of t he  major l i d t a t i o n s   o g t h e  researah l a  t ha t  no esaurenoe oan 
5s givenn, after en extensive e ta t i e t i e s1  analysis, t ! t  al l  elamen-1 aampon- 

mrriablee used end %ha m a m c g  w i t h  orhiah the  oemponenta have boeea isolated 
ents have been Isolated. It yields i n t o m t i o n   o n l y  with respeot t o  the 

and identified. 

inbr re la t ion&ips  of oardiooaoou~r~sespirntory variable6 t 0  determine rh iah  
There ham been three &udiee reported an-the gnEilys3.a 6f' the 
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e A Slmplifled h l t l p l e  Factor &&hod. ChioagoI The Unlwreity 
of ChicaEo Book Store, 1933, 

7 The Veotors o f  Mlndo Chioagor The University of Chicago Press, 
1986. 



i rate, and h a r t  r a t e  remm~ to nonnal), and five as faotors of blood  'pres- 
I i sure (GB?ieml blood pressure, pulse pteeswe, reolining d i a s b l i o  pras8uTe6 
i effeot of posit ion gn eyetolio,  and r e o l h i q   s y a t o l i o  pressure). 

Eaurph$o u t i l i c ing  92 oardiovosoular variables !n eas;nining a . 
group of oollege women# found nine p r i m r y  oomponents. Phree of the isolated 
faotors were described  faotore of w e e  rate and six a8 blood  pressure 

~ PBotorso 

In a study oonduoted by Quammeg 20 c a r d i o w e ~ u l a F - r e s p i t o r y  
variables mre analysed  by the faotor method. B i g h t  h o t o r e  were isolated, 

~ Four were deaoribed as Pactora of pulse  rate  (oiroulatoty reowery t o  ex=- 
and pulae rate response to   poetural  ohanges), and four as factors  o f  blood 

~ o l s q  effect o f  pulse r a t e   t o  exeteise, pulee mte return afier exeroise; 

d i s r to l io  pressure.  and maxim prossure ohgneee with body position), 
preesure (head or mximum pressus-e, diastol io  ohangea w i t h  body position, 

STATEHEIT OF PROBLEM 

"he purpoeoa of t h i s  r0EsWOh are trPoPoldr (1)   to  8naLpe some 
oudiowsoular-resppfcatory oar$ables for  their  p r i n a i p l  oomponents, and 

~ (2) t o  determine tho  physiological OhfbrCwkeFiStiCS o f  ten aeleotud  aardio- 
~ Pa130ul8P test index mores on the basio of the   i so la ted  ~ B O ~ Q P ~ B ~  
~ 

~ PROCEDURB 
I 
i 
~ 

oa~ioweoulsr-respiratory  variable@ were 
College men. the on jo r i ty  o f  ahom were najor 

j t o  s o o m  t e n  oardiowsaular tests. The tom1 of 29 variables and te&s wan 
~ students i n  health  and  physical  eduoatiob Some of the mvlables  were used 

~ Used in the statiotioal analyeis. The nineteen  wriablea  served BO material 
for the isolat ion and ident i f icat ion o f  t h e  faotors. The ten t o s t  betteries 

~ were  inoluded t o  determine their  physiologio  ohoraoteristias on the baeia 
i ! of the iaaleted  fsotors. Zhe f o l l d  precautions were used in obtain- 
, data fob the  s ta t ia t ioa l   a rn lyoiar  (3 no Bxetoise mas allmad  before  the 

~ examination  (during Phnt day)& (2) subjects with emotion61 d is turbnoes  were 
~ not usedp ( 3 )  subjmta  not  reoeivlng a normal mount of sleep the  night 

previoua t o  the  exmination mre elimismted~ (4)  subjeote with heart defeots 

~ before  the examination were asked t o  return i n  one hour) (6) subjeots wlth 
(mediaal  examimtion) Omre not umd) (5) eubjeots having a heavy meal j u s t  

oolde uere not  usedl and (7) +he mbjoots  eeleoted  repreoent a physioally 
~ f i t  group o f  pug mea (18-24 y e w s  o f  age), ell of whom perrtielpated in 

~ p h p i o a l  eduontion aotivities as prt of their eduoatiolln The meanuementa 

ohecked and were dropped or r.&ained on the  basis o f  the above or i t s r ia .  
mre a l l  made in one seek i n  September, A l l  questiollable results wre re- 

S t a t i s t i o a L  The Thuretone Method of Betor  Analyeis lo w s  umed 

~ %p. oit. 

~ 9op> 0% 

~ losee referenoes w page z0 



in the isolat ion of  t he  faofors. '&his method begina rltk a tab le  OP inter- 
oorrelntions (406 r ea t i l hea r   oo r re l a t ione  i n  %is problem)  and resu l t s  in 
t h e  iaolat ion of  a m b r  of faotors or oomponents ehioh oonst i tute  +\e 
major psrt of the te&e enalped and gives  a correlat ion  betmen the faotor 
and the t e a t s  used i n  the analysis. %e m e t h o d  asslmes that the tests  end 
vosiables nre re lated and thaf Way can be &meribed by a re la t ive ly  smell 
number of faotorr. B e  fRotor mathod involves no esmqtion as t o  the  nature 
of  the fsotorso The nene given to the Paotor, or Pdontiffoetion, is d e t r -  

mrh. In this researoh t w ~  outstanding phyeiologiete have reviewad t h e  
mined by hm muoh one hem a b a t  the t e s t s  end the, field wlthin whioh he 

t o r r  iaolated. 
a t a t i a t i o a l   r e m l t e  and have givm m a a s t i o n e  8 8  t o  the nature of tks Pao- 

of this research Che falloaing ehhould b3 oonslderedt  (1)  the vanriablea End 
te&s seleoted aanaot be assumed ta inddoata e oomplete namro of the aardi- 
ovaroulai-respiratory  fmationnl sbtusg (2)  the isolated fac%ors end their 
i d o n t i f i a t i o n  are on the  basis of the m i e b l o a  (not teat   baW~9riss)  ueed 

Springfield College men from 16 t o  24 y a m  of age, a l l  o f  whrrm p r t i o i p a t e d  
in the  study and t h e   j u d g e n t  of  phymiol~gi&e# (8) the wuple  oomists   of  

anr lyeie  mtud3ea reviemad omnot be d i m e f l y  oemprad boaause the variables 
i n  phyaioal  education  EOtiVitfes (seo n$i+5O?iEl ilev:imr)! (4) t h e  *tor 

iaotors  involve  ju@mnt skills that is, the best; rotsation say not be made 
and the Paotare may be i d e n t k a l  but given different  m e .  8 n d ~ t h e  data a re  
on diffsreut ins t i tu t iona l   pople t ions  and en men and 
and tests are not a l l  oormpletcely desoribed by the Iaolatod  faotars, Fmtors 

nr ( 5 )  the variables 

will appear  only if they ere present in a t  lea& b u  o f  the tests enalycedh 
Beoauae acme of the $eats ere not oaanpletely deserlbed by the isolated f'aoCorsr 
the implieation i s  that other  fhotoro  era  poesiblel (6) the tan t e e  bat ter iee  
are desoribed by the isolaeod faator8 i n  terns of  *heir "indm mores"# and 

tests i s  -75 t o  -95, .hioh moans that a high degree of oonfidenoe ab: t o  l&e 
(7) the r e l i a b i l i t y  r e k e  oP t h e  oardioarsoulnrorespimtory mviablee and 

s t a b i l i t y  o f  t he   f i e to r  oanaot  be made. (See E d i t o r i a l  Revim Par other 
limitations.) 

Lf?llitationsQ XR the intei.pre+a%ion and appliO%tion of the r e su l t s  

BTe ibentical, tibe QyEfeEJ Of rOkation and the  identification Of fhe 

RESULTS 

The reeul ta  cf the  *top analysis of the table o f  interoorrelationa 

al l  variable6  end tests used in this analyeis (Table II)* &e oight isolated 
(Table I) &ow that there i e  no oomon h o t o v ,  thet is, a faotor o m o n  t o  

fnotors are described by indepsndent o lus tms  o f  mriablee, whioh give evb  

or unrelated EO that at least eight faotoro are neaesaary t o  desoribe o a r d i -  
danoe t h a t  0ardiomrecu~P.UespiPatoky m i a b l e a  We suflioiently  indepsadent 

ovssoular-raspisstory  funotions The eight Faotors o m n o t  be oonsidered  entirely 
indopendent or entirely unrelated, bwb they are not   mff io ien t ly   re la ted   for  
OPOBS prediotiona 







were analysed  and  phyaiologioally desoribed. !he single wriablea m r e  
s t a t i s t i c a l l y  aaaPyeed t o  determine t h e i r  'net" oontribution t o  eaoh faetoro 

of t h e  factor. The multiple  oorrelations (Tbble 111) indieate   the signi- . % o m  yielding  r ignifioent 'net" oontributions were aeleoted as prediotive 

the  factor8.U It will be noted  (Table 11) that the w r i a b l a s  are not a l l  
fioawe o f  the  prediotion and were used as an aid  in t h e  i d e n t i f i a t i o n  of 

are not described are  specifio  with  respect t o  t h e  w r i a b l e s   i n  this experi- 
ompletely  described by the  eight  factors.  This meana t h a t  the teats whieh 

mente Unless a factor  i s  found in ctt least tor0 teats, it oannot be iaolatedo 

With the aid of expert phpioPogists" the d&t isolated  faotors  

~ and did not inolude  the t e s t  butteries. The t e s t  be"6a were inoluded 
~ . only f o r   t h e  purpose of determinirlg the i r  physiologic  aharaoteristioa on the 

"he prcaess of faotor rotation  involved  only  the  simple wrlables 

baaia  of the   isolated  factors ,  (See Editor ia l  Review on apurious  faotore.) 

h o t o r  O n e n  This factor  because of t he  high loadings  (oorrela- 
t i ons )  of s i t t i n g  and standjng  pulse  pressures (-76, ,86) i s  idenLified as 

&e horieontal  pulse pressure correlates  .69 and d ias to l ie  
ulse  ressure.8s The nultip?.e  oorrelation o f  these t;Ro variables with the 

pressure  (horieontal,  sitting. and standing)  also  oorrelates aigniflaantlye 
The intercorrelations of d i a s t o l i o  pressure  and,pulae pressure, howevero 
are not  Buffiaiently  high t n  prediot oneS given the  other, Pulse preasure 
must thorefore be oonsidered.an a single component *en ompared with the 
other oardlowsoular-res~,iratory measures. 

~ with th i s  faator  ares pulse rate h m  minutes after exeroise (oSS), the  d i f -  
Faotor 'PROS The physiologfc variables correlat ing  s ignif ioant ly  

~ ference beereen standing pulse ra te  and  pulse ra te  trso minutes after exer- 

~ (-.$E). l'he mlt ip le   aur re 'a t ion  of these variables i s  a66. %is faotor  i a  
~ alee ( .60) ,  and the difference behen horirrontal and standing pulse rates 

~ therefore  deaoribed as ~ u l o e  rate response to   exeroiae in relation t o  normal 
~ and i s  considered -elated t o  t h e  other  physiologio Asotors. 

~ 

~ three are horicontal  pulse ra te  072), standing  pulse ra te  (.E3 
Faotor %eea The variables oorrelat ing  r ienif ioant l  

~ rate tvm miqutes after exeroiee 1.85). %e "net" oontribution of t h e  hor i -  
~ zontal  pulse rate in the  preeence of standing  pulse rate and  pulse rate t w  

~ raoainine, two t es t s  is  .84. ale ~Paotor is described as ulse  rate response 
~ ~ minutes after exeroiao i s  sinai&fioanto The multiple  oorrelation of t h e  

~ t o  excroiae snd i a  also suff la ient ly   unrelated  to   the  otfer   isols ted  factors .  
~ 

h e t o r  Fourn The variables s ignif ioant ly  related t o  the motor  
are horizon-io pressure (,.A), horirontal  pulse  pressure ( ~ ~ 5 7 ) ~  

~ differenoe betmen horicnntal and standing  dieatolio preasures (-.56). and 
the differenoe  betmen  horizon@l  and  atanding pulie pressurea (.75). On 

! the  basis of t h i s  evid.snc.e it i a  described e6 pulse  pressure  in  response 

~ a t i n g   h o r i e o n t a l p d w  prtuswe) i a  0789 and it i s  oonaidered unrelated t o  
t o  postural ohange. lhe multiple  oorrelation of these oariebles [elimin- 

the other factorso 



desoribed  as-diastolic pr;ssuro and ohaiges  ulth-respeat to body poaition 
and is considered  unrelated t o  t he  other factorat, 

exeroise   sorrelate   r lenif ioant ly  (,36 and .66):  These items y i d d  a multi- 

multiple  oorrelation i s  not  aignif'ioantly high t o  e eot  de y prediot t h e  
plo oorrelation of ,50 and nre desoribed as the re6 irator faotor,  The 

ponentsb therefore i.1: OW be eonsidered another  nspeot o f  oardioweoular- 
fnotorp however, the  items are not siggnific-antly r e l a t ed   t o   t he  other o m -  

respiratory funation-. , 

FBetor S i x 3  ntal o a p o i t y  and breath-holding 20 seoonds af te r  

--+-+i 

b o t o r  Sevenn Ths ? - t c v 6  oarrelating  signff.icantly w e 8  h t d s o n t a l  
aystalio  pressure (-,52), horiaontRl  diastolio pzessure sittirg 
systolio preseure (-,46jr oitt ing  pulse  prersure (-.,46), and d i f f e rewe  be- 
t w e n  horizontal and standing 6ystolL.a pr~mm.~re (.a), The multiple oorre- 
lation bakeen horirontal   diastolio pressure, r i t t i v  pulse pressure,  dif- 
ference  bekeen hor i sonta l  and  shndinc E : W ~ O ~ ~ O  pre6suIe  and  the  faotor is 
.85, It is desaribed a8 blood  pressure  response i o  ohangea in  posture, 
lhe idsnt i f ioet ion.  however, is w i t h  a Tow demeo o f  aonfidenae  beonuse of 

- -  

the  laok of sufflaient degree QP different ia t ion of the vnrioue  pre~sures, 

Factor X l & h t r  The vaPiable6 o o r r e h t h g   a r e , a l l  SySeolio p e e -  

~ ~ ~~ 

a r e a  i n  the various  posit ions  (horizontal ,   si t t ing,  and 8tanding)d  Standing 
aystolio pressure and *e differenoe between the horisontsl  and standing 
aystolio  pressure oorrelate (multiple) +86, It is identified n s  systolio 
preesure. I t  ia  sonsidered  unrelated Pafth t he  o&er ikotar6, 

INTERPRETATION OF CARDIOVASCUIAR &ST "IlODKX SCORES" 
IIl TE.WS OF THE IDZNTIFI!3b FACTORS 

One QP t he  major purposes o f  t h i s  anelyaia I s  t o  determine the phy-. 
siologio  ahsraotsrist ioe o f  t he  ten seleated  cardiwasoulrrr test "index 

teats,,  The "index sooreti" wre therefore irmluded i n  the  faotor  analysisj  
E O O P ~ S ~  vith p a r t l n u l a r   r e f r e w e   t o   t h e  Sohneider and the lVbCurdy-larson 

oan be aetablished  only by i t s  ovaluaticn rLth respeot to an aooepts:le 
'Ihis  prooedure doew not  eetttblish the val idi ty   of   these  bat ter ies  as %l id i ty  

or i ter ion,  b u t  it 6bPly   y ie lds  a FLysiologio  deaoription on the bs:s of  the  

resul t ing frm the   ana lys i s  o f  t he  #ingle osrdiovaaslilar-respbatory vnriabl-se 
idantifled  Paotors, The prooedure also assumes that the isolated  faotors 

are oorreotly  identified.. A i  example i l luetrntea  the  use o f  the fvotor method 

oomplax phenomenon.. We are interested i n  tvo ohameter is t ioe of this batteryr 
i n  the analysie of the tear battepies, A oardiovasoulnr test bat tery is a 

(1) ?lhnt ir its mrlidity'?  and (2) '&G a re  its physiologio  oharaoteristies? 
It i n  i n  the latter that the faotor nmlyeiti proomlure I B S ~ E  a sontributlon., 
If, for emtuple, it is  found that three pure feotors rorrelate perfeot'ly wit5 
the  tes t   bat tery, ,  it oan be aasumedthat the  t e a t  bnetepy is f i l l y  2asoribed 



I d esor ip t ion   of the  test battery i s  established. So it is in this analysis= 
j by the threo f ac to r s s  fmd i!: the faotora m e  oorreotly  identified, the 

~ Xf dias to l lo   p ressure   oor ro la tes   per fa f ly  with a test battery, the te& 

~ other  variables rnrs reaotiw, on both the tes t  b t t e r y  and diastol io  pres- 
~ battery i s  p h y a i o l o ~ i a a l ~ y  the sane 0 8  d i a s t o l i o   p r e ~ 8 u w ~  aneuming that no 

~ s u m  t o  produce the perfeot  oorrelation, I f  8 large portion of the relation- 
~ h i p  in due t o  age8 it muld be hardly  oomeot t o  say that t h e   o o s o l a t i o n  

~ ifi perPaot betmen the  diestolio pessure and t h o  t e a t  battery. For a o m -  
~ ple te   PhpiO~O~iO  desor ip t ion  it i o  eeeesmry t o  know what aonstidutes che 
~ relationship, If the wrhbles oould al l  be assumed t o  be pure this problem 

m u l d  be eliminated,  but a i s  oanr?ot bo assumed t o  be true ia olroulatory- 
~ respiratory varihBlea. 

In  Table XV the rel8tionships b k e n  the eight isolated oardio- 
vascular faotors and the marims t e s t   b a t t e r i e s  have beon l i s t e d   i n  t e w a  of 

late6 rsignifloantly with f:w "izt batterlee  (Stone *75, %sal Metsbolio e618 
eignifioant  omreletions. It f a  noted that motor  f (Pulse hessuro) eorre- 

Tigeratsdt .91. POP, x PsR. .79, m d  P.2,  x PA+. Dias. 089). The roBsor. 

ent p l e e  pressure, "ha p l e a  pressure Wotor  yields nearly a amplete  deos 
for such  oorrelakionu i s  n p p r e n t  as ,the t e s t s  have for  *air major oonatlw- 

oription of the ehrae tests. %e dosoriptions by the other 5-n isolated 

Teat and the POPa z P,R, ?hioh oorrelate  a 7 8  and *53, reapcotively, with ma= 
&tors are hardly significant, with the  emefliort of t&e &sal !&tabolio 

t o r  three (pulse  rate response +a exeroisa)., (See m i t o r b l  Bvieu on multiplrt 
r * s -  1 

doe6 not  oorrelate aigniflaantly with any of the t e n  oardiovasouler t e a t  
fiator two (pulse rate response t o  Bxeroim i n  r e l a t ion  t o  normal) 

~ battorleas The Pantor  i o  inoluQsd ia 60im0 of %e t e a t  batteriee lart the  in- 
~ fluenoe of thie  arriable on the index soore appears t o  be l o s t  in the aumrning 
~ prooesso !l'hhls an h p o r t m t  and oomprntively  unrebted faator,  

The &moh Teat (.85), %e BBm:L Metabolio Test ( - 7 6 )  and t h e  ?*P, 

~ response t o  emraiee). These toots  811 include this empnent BB a mjor 
~ x PoK. Teat (,53) all oorrclate  eignificantly vlth Paotor three (pulse rate 

~ aoneti+aent. The faotor is included i n  erne o f  the &her ba t t e r i e s  (MoCloy 
~ and  hhnelder).  but the  index s o ~ r o 8  of thoso t e s t s  do not   ref lect  -it, 

(pulse praseure i n  rmpcnse  to p o s % m l  ohange) (037)0 This test doea no% 
&e Crmpton Test is t h e  only tes t   oor te la t fng  hdlt?r -Cor POUP 

~ inoluds t h o  faotos, but  the  sl ightly  signifioant  aorrelation i s  p?olmbly due 
~ to the relationekip  of the faetor to   systel ia   pressure  postural  change, .hioh 

~ this deyee. 
i s  8 mjor element of the <oat. meee C m  factme are r e l a t e d   t o  approximately 

Wotor five (dinstolio pressure  and ohangee with r s a p w t   t o  body 
posi t ion)   oorrohtea slightly fou r   t e s t s  (Mocloy, stonec Crsmpton. a d  
the NadoCurdy-Iarson Test)o The dgns  are not  consistent in the &My-Larron 

%e high and low dla&olio wluea  reaeive a lm indm  seore in the kCurdy- 
Testa but  this m y  be due t o  the aysten used in eoaling the diaeto2le preasare, 

Lemon Teat. The fpetor i a  rotated as 8 negative fnetoq therefore t h e  p o d -  
t iw relationship I&& t h e  MOCutdy-faraon %sto 



IdalaifieE FBotors 

k, Crmpton 366 



The reepiratory faotor ( a h )  oorrelater  sienifioantly ( 4  

I MoCurdpI8rson Teat o o r r e b t e s  bemause of vital oapaoity and brsath-holding 

~ &hip of pulse r a t e  t o  the  faotoro. 'hur oorrelationlr witk the other tests are 
~ ability 20 reoonds after exeroise) the Crampton Test boause o f t h e   r e l a t i o n -  

dth the &~1Pdy-&son met and s l igh t ly  ala fhe C r a m p t a n  Test. The 

1 , E W O o  

re lates   s igrdf iaant ly  with tho C r e m p b a n  Test and s l igh t ly  and negetively 
with +he Stone Test. "h€s i s  in aooord with the n a t u r e   o f t h e  faofor and 

is a posit ive element of the  i?aotor and on0 of i t a   s ign i f loant  elemds. 
bests. "he differonoe i n  the horizontal and the standine eystolio pressures 

the faotor. The horieonbal ~yst01l0 pressure has 8 negative  correlation with 
The Crexnpton Test inoludas th i s  elexmll2, and a l so   cor re la tes   pos i t ive ly  wle 

the feotor  nkioh indioates that. BE the  factor  inoroase&.the  horiaontal  
. systolio pressure deoreaoee. The s i t t i n g  pulse pressure oorrelates with the  

fsotor. and th i s  iten i s  the major  oonstituent of the %one Ted. *erefore, 
- the  negstivi   'oarrelation. 

Faotor s m n  (blood  pressure response t o  ohengee i n  position) oor- 

Faotor eight  (syetolio pressure) desar ibes   par t ia l ly  the hCloy  
Test (.61), the Cram on Teat *e Sohneider Test (.61). aad the  
bCurdy-Iiemon Teat p" The oorrebtions  are  eignifioantly  higher i n  
the first three tes ts .  &e Cmpton  and &e Sehneider  Tests i w h d s  t h i s  

wbioh o m  be made is  the   ra la t ionship of syetolio pressure to   diaefol io   prer-  
fao tor  as a m j o r  o m p ~ ~ a r b .  In the bbCloy Test, b m r ,  the oaly soa0rmF 

m e  in t h e  attanding poeition. 

It will ba noted in Table I1 t h a t  the eight isolated f a c t   r a  des- 
oribe s i t  of  the t e n  b o t  b t t e t i a s  frm 90 perpent t o  100 poroent ,~s  tspa 
frm 80 t o  90 pement, and tm frm 60 peroent t o  70 pro&. It is ale0 

isolated  faetorso "he tesO correlating  aignifioar&ly wlth oaoh of t h o  eight 
interesting f o  note that not one of  the t e e  bat te r ies  reflects a l l  eight  

i s o l a t e d   P a o t a s   w r y  f rom one t o  five. The oorrelations, however, are m+ 
suff ioient ly  high t o  pradiet the faotor. It should be pointed  out that the 

the  system o f  aorrliag. For example, diasfolio  pressure in the  %Curdy- 
maon t h e   t e s t a  may not refleob +ha w r i o u s  ompoasnts m y  be beoauae of 

tbat is .   the  mean is used a5 the  desirable  value (best more) vdth the  
farson lrsst is saaled acoording t o  the l o g i o s l  physiologiotrl  interpretations 

pressure will therefore not correlate  witb the  sosled wlue.14 The index 
drams as tdm undeairable  value8  (lov soores). !The ansoaled dias to l io  

soore, therefore may have a higher degree of wliditg, BB an estimate of 
oi roula tory- resp i ra tory   ho t ion ,  than is refleofed by itie correlation alth 
the faator. 

lS 'he Faotor loadings squared 816 Merpre t ed  as proentagen. 
14 

Editor 's  Note0 !he aorrelation behuea wlues on tbe tm wales will be 
ourd2inearo This faot suggests that al l  oorrelations betwean the W~Cmdy- 
b e o n  %st end unsoaled gPeeeure meaEuTes ahould be oaref'ully eramined for 
l inear i ty ,  "he author repodc, in a aoment upon t h i e  pofnt;t 'In tihose 
rcattor-diagnuns prepred tho &Curdy-Lnreon Ted oarrelatione Fwre Pound 
l inear ,  This i n  also reasonable t o  B E G ~ ~ O  phyeiologimllyon 
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*The VariAblDs a r e   l i a t e d  in t h R  f o u r  fnc tor  m a l g s l s  etudieq  to give 
1nforme.tIon ae t o  the h e e e  for the  fnetor  dotermlrurtims. I t  should b e  
rsmembernd. ho-nVRr, t lmt the fnc to r   i ao ln t lone  nre not  entirely  compnrable,  
(1)  because  the vnrlnbleu i n  mch of the   four   s tud lea  a r e  not   idant ica l ,  and 
(2) beoauee f ac to r   l so ln t lonn  nnd ldent l f lcnt lon  Involves  the judgment of 

*%or. 2 hor lsonta l  
the  exparimantor ( 8 e o  l l n l t n t i o n s ) .  

PCP.. 2 p l l s c  prasmro  
PnBb - pulse  rate V , C ,  e v i t a l  ca1vclty 
5 , P ,  = sya to l l c   n reamre  n?.H, I brnnth-l~clding 20 seoonda n f t e r  
S i t ,  :: s i t t i n g  a 8tande.A exarclee 
S t d ,  standing 
3.F, = d l a s t o i l c  preermre 
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I ElcCloy Fnctor A d y a i s  ai Cardlovnecular-Vnrlab1es 
Wlth  Lkldence for  Iden t i f loa t ions  

B t o r   I d e n t i f i c a t i o n  1 Variables  usnd ne a barin f o r  fnc to r  
l d e n t l f l ~ t l o n  with f l rotor   loadlnm - 
( co r re l a t ion  with f a c t o r )  
1. R o o ~ P ~ R ~  8956 

I Heart Rat sa 2, Pcll.ono mln a f t e r  
Schnnlder Xxo 

3. P r R o n f t e r  Schnel- 
582 

' -  Std .  H w t  Rate Po Inc.P,R,from  Reco 
t o  Std. 664 

I 



of the   vascular  ayetern _1___-- 2" S i t t i n g   k s t o l i c  pressure 
bo Mecllenisrn governing  the  geneml 1. Std .   Sya to l ic  minue r e c l i n i n g  

splanchnic  RCCO~odRtiOne t o  c h n p o  
of   hydroetat ic   pressure due to c h n g s e  2. Std..   Diastolic ninus - i t t i n g  
of nos i t i on   d i ae to l i c  

upon  change of poei t ion 

rryetolic .177 

5. l i ed is t r ibu t ion  noch~niam of the  blood 
D 58 

1,, Std,  Systolic minus r ec l in ing  
sys to l i c  ;Ireasure = A 7  

20  Rec, Diautol ic   pressure 
Std, pnlse prnesure 

.35 
- -46 

Rec, s y s t o l i c  FreReure 
8, Redistr ibut ion rnochmiem governing 1, S i t t i n g   p u l s e   r n t s  minus 

t - -'la 
planchnic relnxatMn i n  roeponee t o  
the raising o f  the hydroetat ic   pressure Std. d i a s t o l i c  minus rtx, 

PRO, pUlfle r a t e  - 70 

9. Redistribution  mnchniem  resnonding t o  1, Pulse r a t e  immed,aftor 35 Step ,~ 

during muscular i n a c t i v i t y  _I_-- d ias to l i c   p re seu re  ' "40 

changes in hydroetatic  prensure in %Xe 
response t o  changes of  pos i t ion  2, Std.. cys to l i c   n inus   s i t t i ng  

= 52 

aystoli- d:- 
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