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For  years physicians have used pulse-rate and systolic pressure as 
indicators of condition. One of the first a t tempts ,  however, to combine 
pulse-rate and blood pressure findings to form a scorable test  was tha t  
of Crampton in his "Blood Ptosis",  published in 1905. This was followed 
by  McCurdy's Condition Test in 1910, by  Meylan's test  in 1913, by  
Foster's test  in 1914, b y  the Barach test  in 1914, the Schneider test  
in 1920, the Pulse-Ratio test  in 1925, together with a number  of variations 
of such tests as tha t  of the Michigan State tests of 1920 and the Cali- 
foruia test  in 1923. 

Of these tests,  described elsewhere, the one which has by  common 
consent been considered to be the most effective for the diagnosis of 
"present  condition" is the Schneider test, in which the reclining and 
standing pulse-rates, the pulse-rate increase on standing, the pulse-rate 
immediately after a fixed amount  of exercise, the return of pulse-rate 
after  exercise to the standing normal,  and the difference in systolic 
pressure, standing and lying, were taken as the variables. This test  
was based upon studies of aviation recruits during the war and had 
as its rat ing criterion medical examinations with the subjective rat ing 
of physicians. The statistical techniques used were limited and the 
scoring tables developed were a r b i t r a r y  and were not  subjected to 
proof of their validity. 

The present s tudy  was begun in an a t t empt  to seek a more valid 
method of devising such tests. Among the practical problems involved 
was, first, t ha t  one conducting such tests must  use measurable variables 
which are practicable, such as these utilized by  Schneider, and possibly 
diastolic pressures as well. The second problem was to determine the 
correlation of each of those variables with present  condition, and to 
find a method of correlating them. 

In  the methods formerly used, there was a lack of objectivity.  
I f  one were to simply utilize the present tests, such as the Schneider 
test,  and correlate to that ,  it would correspond somewhat  to endeavoring 
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to lift oneself by ones statistical bootstraps. I f  one were t~ depend 
entirely upon the subjective judgments of physicians, these also would 
be open %0 criticism. 

I t  occurred ' to  us to utilize the ordinary methods of multiple cor- 
relations, inter-correlating the different variables by the  ordinary 
product -moment  method but  using the method termed bi-serial "i" '  as 
the means of correlating each variable with a criterion of present. 
condition. The bi-serial "r" method utilizes two groups of individuals 
falling in separate categories along one axis but  showing ord inmy 
numerical variabil i ty in the other axis. For example, if we eouht secure 
two groups of individuals, one of which could reasonably he presumed 
to be in "good condition" and the other of which could be presumed 
to be in "poor condition" and if, furthermore, One could be reasonably 
certain of meeting the other conditions of normal i ty  of distribntion, 
which are usually assumed, this method of correlation could then be 
combined with the others in the larger problem of multiple correlation. 
In  this s tudy we investigated the possibilities of this method of solving 
the problem. We make no pretense of offering the results of our s tudy 
as the final solution, as the number  of cases studied was relatively 
small and the group lacked homogeneity in the ages of its subjects. 

~laterial used. 

We had available as research materia! the records of the s tudy of 
the physiological effects of golf made by  Dr. P. V. Karpovid~ and 
printed in the American Physical Education Review, November,  ]928. 
Wc selected for our first group eighteen individuals from various West- 
chester County golf links, all of whom were able to play at  least eighteen 
holes of golf. Our second group was composed of twenty-one patients  
of the Burke Foundation of White Plains, New York. This institution 
is a convalescent home and these pat ients  could reasonably be considered 
not  to be in as good "present  condition" as the golf players comprising 
the first group. All, however, were able to play some rather  gentle 
golf on the course of the Foundation.  Both groups were men. The 
age ranges were considerably too large for the best results in a scientific 
study, and the "well" group averaged eleven years older than  the "ill;' 
group. This would, however, simply have the effect in this ease of 
somewhat  lowering our correlations without invalidating the results of 
the s tudy or the method used. 

The thirty-nine subjects chosen will, it can be seen, satisfy the 
criterion of two groups which do not  overlap very  much in condition 
and who represent the two categories of good and poor condition. The 
criterion of normali ty,  however, is not  quite so easily substantiated.  
There were not available any  ratings of condition and we were forced 
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to fall back  upon  var ious  devices.  I t  was found  t h a t  severa l  var iables ,  

such as pulse-rate ,  systolic pressure,  and  the  like did t end  to  fall  in 
someth ing  approaching  no rma l  d is t r ibut ions ,  when these smal l  numbers  

were t aken  in to  considerat ion.  Hence ,  i t  was felt  t h a t  we were jus t i f i ed  
expe r imen ta l ly  in con t inu ing  the  s tudy  and ascer ta in ing  w h a t  the  
compara t ive  results  would  be. 

Variables studied. 

We had avai lable  the  fol lowing possible var iables  which were 

numbered  as follows : 

0 - -  Condition 
1 - -  Reclining pulse.rate 
2 - -Rec l in ing  systolic pressure 
3 -  Reclining diastolic pressure 
4 -  Standing pulse-rate 
5 -  Standing systolic pressure 
6 -  Standing diastolic pressure 
7 -  Reclining pulse pressure 
8 -  Standing pulse pressure 
9 -  Pulse-rate following exercise 

10--Pulse-rate sixty seconds after exercise 
I 1 -  Increase of pulse-rate upon standing 
1 2 -  Increase of pulse-rate upon exercising 
] 3 -  Time of return to normM after exercise 
1 4 -  Increase of systolic pressure upon standing 
1 5 -  Increase of diastolic pressure upon standing 

E a c h  of these var iables  was corre la ted wi th  "p resen t  c o n d i t i o n "  using 
the  me thod  of bi-serial  " r " .  The  resul t ing  corre la t ions  were as fol lows:  

r 01 - -  .4170 
r 02 - -  .1760 
r 03 + .5067 
r 04 - -  .4835 
r 05 - -  .1492 
r 06 + .6379 
r07 - -  .2795 
r 08 - -  .3540 
r 09 - -  .4719 
r 0  (10) + .2012 
r 0 ( l l )  + .1502 
r 0 (12) + .0575 
r 0  (13) + ,1553 
r0  (14) + .0176 
r 0 (15) + .1904 

The  probable  errors of these coefficients run  f rom abou t  .09 for the  

largest  to .15 for the  smal les t  coefficients.  This would render  some of 

the  coefficients of exceedingly  dubious va lue  and in mos t  cases this  

impression is conf i rmed by the par t ia l  coefficients computed .  

7* 
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An a t tempt  was first made to evaluate certain of the variables to 
ascertain whether or not  they were worth being retained. Owing to 
the large number of variables, it  was not  felt worthwhile doing the 
enormous amount  of statistical computations necessitated by running 
ou~ partial  correlations on everything. 

Pulse rates--lying and standing. 
Lying and standing pulse-rates were each statistically significant. 

These were then tested to find whether one could take the place of 
the other. When standing pulse rate was held constant, reclining pulse 
rate gave us a correlation with condition of only --.0092, while with 
reclining pulse rate held constant, standing pulse:rate correlated --.2694 
with condition. We therefore decided to eliminate reclining pulse-rate 
from further consideration. This decision was strengthened when it 
was found that  reclining pulse-rate with pulse-rate after exercise held 
constant correlated only --.0800. 

Variables 10, 11, 12, and 13, gave correlations only slightly greater 
than their probable error and were, therefore, not  statistically significant. 
This was certainly true of variable 12, increase of pulse-rate after 
exercise. These impressions were confirmed when other items were 
partialed out. Hence, it  was decided to eliminate these four also from 
consideration. The detailed evidence for this will be given at  the end 
of this paper. 

Systolic pressure. 
The systolic pressure coefficients of correlation were all low, being 

very close to their probable errors. Since these coefficients had been 
used by  Crampton and Schneider a more detailed s tudy was made. 
With standing pulse-rate held constant, reclining systolic pressure 
correlates with condition --.0517. With standing systolic pressure held 
constant, the reclining systolic pressure correlates only --.0991 with 
condition. 

Standing systolic pressure, with lying systolic pressure held constant,  
correlates .0277 with condition. 

Standing systolic pressure, with standing and reclining pulse-rate 
held constant, correlates with condition --.0320, and with reclining 
pulse-rate and systolic pressure held constant, correlate --.0414 with 
condition. These low correlations suggested the elimination of systolic 
pressure entirely. 

Diastolic pressure. 
Reclining diastolic pressure with reclining systolic pressure held con- 

s tant  correlates .5803 with condition. Standing diastolic pressure with 
standing systolic pressure held constant correlates .6690 with condition. 
Standing diastolic pressure with standing pulse.rate held constant is 
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also high, correlating .6557 with condition. I t  will be seen from the 
appended table tha t  the diastolic pressures correlate highly with 
condition regardless of what  is part ialed out. With  standing diastolic 
pressure held constant,  reclining diastolic pressure has a correlation of 
only .1780 with condition, but  with the opposite ar rangement  we get 
4767. We, therefore, temporar i ly  decided to retain standing diastolic 

pressure and to eliminate reclining diastolic pressure. Our decision was 
influenced in this case by  the fact  tha t  we had also eliminated reclining 
pulse-rate and both of the systolic pressures. Increase in diastolic 
pressure upon standing gives too low a correlation to be significant. 

Pulse pressure. 
Standing pulse pressure with standing diastolic pressure held con- 

s tant  gives a correlation of only -- .0692 with condition, and reclining 
pulse pressure also gives insignificant correlations when other significant 
i tems are held constant.  For  example,  with reclining diastolic pressure 
held constant,  pulse pressure correlates .0436 with Condition; and with 
pulse-rate held constant,  the correlation is -- .1434 with condition. 
These two items are therefore eliminated. 

This left us with standing pulse-rate, pulse-rate after  exercise, and 
standing diastolic pressure as items of proven significance. These were then 
inter-correlated and the weighting devised. Several other combinations 
were tried. The multiple correlations resulting therefrom are as follows : 

R0.46 ~ .7505 
R 0.469 ~ .7847 
R0.49 ~ .5085 
R0.49 (13) = .5442 
R0.49 (11) (13) ~ .5814 
1~ 0.469 (13) : .8770 
R 0.469 (11} (13} = .8862 

The above combinations demonstrated tha t  standing pulse-rate and 
standing diastolic pressure were the most  impor tan t  variables. The 
addition of pulse-rate after exercise did not  increase this very sig- 
nificantly. To use the five variables of standing pulse-rate, diastolic 
pressure, pulse-rate after  exercise, increase of pulse-rate on standing, 
and return of pulse-rate to normal,  raises the correlation considerably. 
Owing to the small two-variable correlations, however, we believed tha t  
this was probably a spuriously high correlation due to chance variat ion 
and tha t  we were not  justified in retaining more than the variables 
of standing pulse-rate, diastolic pressure, and pulse-rate after  exercise. 
When we retained only standing pulse-rate, standing diastolic pressure 
and pulse-rate after exeereise, we were able to form two fairly satis- 
factory and relatively simple tests. We took the best combination of 
these variables and computed their  correlation with "present  condition" 
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using bi-ser ia l  " r "  which gave  the  fol lowing cor re la t ions ;  these  can be 
c o m p a r e d  wi th  the  mul t ip l e  cor re la t ions  given a b o v e :  

R0.46 = .7387 
R 0.469 ~ .8032 

I t  will be seen t h a t  these  values  are  no t  far  f rom the  e s t i m a t e d  values.  
I t  will  be of i n t e re s t  to  compare  these  values  wi th  the  resul ts  o b t a i n e d  

f rom o the r  tes ts .  W i t h  our ma te r i a l ,  we could compu te  the  cor re la t ions  
be tween  "p resen t  c o n d i t i o n "  a n d  the  Crampton tes t ,  the  Foster tes t ,  t he  
d i f ference  be tween  pu l se - ra t e  rec l in ing a n d  s t a n d i n g  as p roposed  b y  
McCurdy, a n d  the  Schneider tes t .  These corre la t ions  were as fol lows:  

Crampton r ~ .0101 
Foster r ~ - - .  1928 
MeCurdy r =  .1502 
Schneider r ~ .4140 

I t  will be seen t h a t  the  Crampton t e s t  is of no more  va lue  t h a n  a 
r a n d o m  guess, so far  as this  g roup  went .  The  McCurdy t e s t  i s t  a b o u t  
the  same size as the  p robab le  error  a n d  is p r o b a b l y  no t  a t  a l l  s igni f icant .  
The  Foster t e s t  gives h igher  scores to  the  conva lescen ts  t han  to  t he  
well. The  Schneider t e s t  is cons ide rab ly  b e t t e r  t h a n  these  others .  

A n o t h e r  m e t h o d  of compar i son  is to  use w h a t  has  been cal led  t i le  

P r ed i c t i ve  I n d e x .  The  P red i c t i ve  I n d e x  is 1 - - | / 1  - - r  2. This  n u m b e r  
can  be cons idered  a b o u t  t he  same as p e r c e n t a g e . . I t  renders  cor re la t ions  
much  more  r ead i ly  comparab le .  The Pred ic t ive  I n d e x  of var iab les  4, 
6, 9, as co r re la ted  wi th  condi t ion  is .4043. Of var iab les  4 and 6 alone 
.3260, and  the  Schneider index  .0897. Hence,  using the  th ree  var iab les ,  
we get  a p red ic t ive  va lue  which is a p p r o x i m a t e l y  four  and  one-ha l f  
t imes  as re l iable  as the  Schneider tes t ,  a n d  using on ly  two var iab les  
we ge t  an  i ndex  t h a t  is th ree  and  s ix - t en ths  t imes  as rehable .  

I t  m u s t  be emphas ized  t h a t  the  smal lness  of the  g roup  s tud ied  
makes  th is  t rue  on ly  for  th is  n u m b e r  of cases. The  p robab le  errors  a re  
su f f i c ien t ly  high to make  genera l i za t ion  upon  these  unsafe.  On the  
o t h e r  hand ,  i t  is p robab le  t h a t  e i the r  of these  me thods  is more  re l iab le  
t h a n  the  Schneider tes t ,  in spi te  of the  smal l  n u m b e r  f rom which these  
s t a n d a r d s  are  deduced .  The  con t r i bu t ion  of th is  paper ,  however ,  is 
n o t  in i ts  fo rmulae  b u t  in the  va l i da t i on  of a m e t h o d  of s t u d y  which 
shou ld  iu the  ve ry  nea r  fu tu re  give us as ideal  a t y p e  of t es t  of th is  
n a t u r e  as i t  is poss ible  to  ob ta in .  

Formulae. 
The fo rmula  for r a t i ng  the  var iab les  is as fol lows:  
I .  The  th ree  v a r i a b l e s - - s t a n d i n g  pulse- ra te ,  s t a n d i n g  d ias to l ic  

pressure ,  a n d  pu l se - ra te  a f t e r  exercise:  

(4.46 D.P.)  - -  (S .P.R.)  - -  (3 P .R .  a f te r  exercise).  
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The norms  for th is  combina t ion  would  seem rough ly  to  be, if above  
zero, in s a t i s f ac to ry  condi t ion  ; if below zero, in u n s a t i s f a c t o r y  condi t ion .  
I n  our  resul ts ,  on ly  four  ou t  of e ighteen of those  supposed ly  in good  
cond i t ion  are  below zero. Our  resul ts  run  as high as 100. The  m e d i a n  
is 40. On ly  th ree  of the  g roup  supposed  to  be in poor  condi t ion  arc  
at  zero or above  and  t h e y  run  as low as - - 2 6 0 .  The  med ian  is - - 5 4 .  

I L  F o r  the  two var iables ,  s t a n d i n g  pulse- ra te  and  s t and ing  d ias to l ic  
pressure ,  t he  fo rmu la  is :  

(.89 D.P.)  - -  (S .P.R.)  -~ 1 6 .  

The s t a n d a r d  again  is the  zero l ine.  I n  our  s t udy ,  there  were b u t  four  
below in the  " g o o d "  cond i t ion  group,  a n d  b u t  f ive above  in the  " p o o r "  
group.  I n  our  s t u d y  the  resul ts  of the  " g o o d "  group  ran as high as 28, 
a n d  of the  " p o o r "  g roup  as low as - - 4 4 .  

If  i t  is des i red  to  use all of the  var iab les  showing a n y  poss ible  
usefldness,  the  fo rmula  which could  be a d o p t e d  would  be as fol lows:  

(3 S.D.P.)  q- (1/3 increase  of P.I~. on s t and ing )  - -  (S .P.R.)  - -  (2.5 P .R .  
a f t e r  exercise)  ~ 2 r e tu rn  to  normal ) .  

I n  th is  case, " r e t u r n  to n o r m a l "  is the  pu lse - ra te  f rom 45 to 60 seconds 
af ter  exercise minus  the  s t a n d i n g  pu lse - ra te  before exercise expressed  
in beats  pe r  minute .  S t a n d a r d s  have  n o t  been c o m p u t e d  for th is  as  
we do n o t  feel i t  can be a re l iable  formula .  

Summary. 
Using a m e t h o d  of s t a t i s t i ca l  research enab l ing  one to c ompu te  

corre la t ions  wi th  "p re sen t  cond i t i on , "  several  s imple  fo rmulae  have  
been devised  for scoring "p re sen t  cond i t ion . "  Tes ted  on a smal l  g roup  
of t h i r t y - n i n e  ind iv idua l s ,  these  formulae  are f rom three  a n d  one-ha l f  
to four  a n d  s ix - t en ths  t imes  as  va l id  as  the  score o b t a i n e d  f rom the  
Schneider tes t .  

The fo rmulae  given in th is  s t u d y  c a n n o t  be cons idered  as be ing  
re l iable  for o r d i n a r y  use because of t he  smal l  n u m b e r  of cases f rom 
which t h e y  were der ived .  However ,  the  m e t h o d  p re sen ted  is, we bel ieve,  
a rel iable one. 

Correlations. 
r 0 1  = - -  . 4 1 7 0  r 0 3 . 4  = . 4 5 7 6  r 4 ( 1 3 )  .9  - :  - -  . 0 2 8 6  

r 0 1 . 2  - -  - - . 3 8 4 3  r 0 3 . 6  = . 1 7 8 0  r 4 ( 1 3 ) .  ( 1 1 )  ~ . 1 2 0 8  

r 0 1 . 4  - -  . 0 0 9 2  r 0 3 . 1 4  = . 4 5 8 0  r 4 6 . 9  ( l l )  ~ - -  . 3 9 4 1  

r 0 1 . 9  = - -  . 0 8 0 0  r 4 6 . 9  ( 1 3 )  ~ - -  . 1 8 4 7  

r 01 .4 i~  : . 0 7 2 6  r 0 4  ~ - - . 4 8 3 5  r 4 6 .  ( l l )  ( 1 3 )  = - - . 2 2 5 2  

r 1 2 . 4  := . 3 2 0 2  r 0 4 . 1  = - - . 2 6 9 4  r 4 9 . 6  ( 1 3 )  = . 7 6 6 2  

r 1 3 . 4  = - - . 0 6 5 4  r 0 4 . 5  -=  - - . 4 7 2 3  r 4 9 .  ( l l )  ( 1 3 )  ~ . 7 6 7 8  

r 1 4 . q  = . 6 2 8 7  r 0 4 . 6  ~ - - . 5 1 3 3  r 4 ( 1 1 )  .9  ( 1 3 )  ~ . 2 6 4 5  
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r 15.2 = .1763 
r 16.4 = - - . 2 5 4 9  
r 18.4 = .5040 
r 19.2 = .7860 
r 19.4 = .4129 
r 1 (12 ) . 2  = .4696 
r 1 ( 1 3 ) . 2  = . 0 3 2 8  
r 1 ( 1 3 ) . 4  = - - . 0 5 4 0  
r 1 ( 1 3 ) . 4 9 = - - . 1 1 0 9  

r 0 2  = - - . 1 7 6 0  
r 0 2 . 3  = - - . 3 6 7 7  
r 0 2 . 4  = - - . 0 5 1 7  
r 0 2 . 5  = - - . 0 9 9 1  
r 0 2 . 1 4 = - - . 0 5 1 5  
r 27.3 = .9630 
r 2 ( 1 5 ) . 5 = . 2 9 4 8  

r 0 3  = .5067 
r 03.2 = .5803 
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r 0 4 . 9  = - - . 2 1 4 9  
r 0 4 . ( l l )  = - - . 5 0 2 4  
r 0 4 . ( 1 3 )  = - - . 5 0 5 2  
r 04.69 ~ - - - . 1 2 0 3  
r 0 4 . 6 ( 1 3 ) - ~ - - . 5 1 7 6  
r 0 4 . 9 ( 1 1 ) ~ - - . 2 4 3 4  
r 0 4 . 9  ( 1 3 ) ~ - - - . 2 1 4 6  
r 0 4 . ( 1 1 ) ( 1 3 ) = - - . 5 4 7 6  
r 04.69 ( 1 1 ) =  .0480 
r 0 4 . 6 9 ( 1 3 ) = - - . 0 0 1 0  
r 0 4 . 6  (11) (13) = - - . 5 3 1 0  
r 04.9 (11) (13) = - - . 2 8 6 8  
r 04.69 ( l l )  (13) = - - . 1 4 0 2  
r 4 6 . 9  = - - . 1 8 5 9  
r 4 6 . ( 1 1 ) =  .2832 
r 4 6 . ( 1 3 ) = - - . 1 7 1 9  
r 49.6 = .7705 
r 49 . (11 )  2 .7835 
r 49. ( 1 3 ) =  .7648 
r 4 (11) .  ( 1 3 ) = . 1 4 1 2  

r 4 (13) .69  = .0181 
r 4 ( 1 3 ) . 9 ( 1 1 )  = .0323 
r 4 6 . 9 ( 1 1 ) ( 1 3 )  = - - . 2 7 8 8  
r 49.6 (11) (13)  = .7754 
r 4  (11) .69  ( 1 3 ) =  .3384 
r 4 ( 1 3 ) . 6 9 ( 1 1 ) =  .0480 

r 05 = - - . 1 4 9 2  
r 05.2 = .0277 
r 05.6 = - - . 2 9 8 6  
r 05.12 = - - . 0 4 1 4  
r 0 5 . 1 4  = - - . 0 3 2 0  
r 58.6 = .9856 

r 06 = .6379 
r 06.3 = .4767 
r 0 6 . 4  ~ .6557 
r 06.5 = .6690 
r 06.9 = .7060 
r 0 6 . 0 1 ) =  .6252 

r 06.(13) = . 6 2 6 2  r 08.14 = - - . 3 1 2 1  
r 0 6 . 1 4  = . 6 7 5 8  
r 06.49 ~ . 7 7 7 3  r 09 = - - . 4 7 1 9  
r 06.9 ( 1 1 ) = . 6 9 7 8  r 09.1 = - - . 2 5 5 1  
r 06.9 ( 1 3 ) = . 6 8 6 3  r 09.4 = - - . 1 8 0 2  
r 0 6 . ( 1 1 ) ( 1 3 ) = . 6 0 7 6  r 0 9 . 6  = - - . 5 8 5 5  
r 06.49 (13)-----.6737 r 09. (11) -~ .4682 
r 0 6 . 9  ( 1 1 ) ( 1 3 ) =  .6702 r 0 9 . ( 1 3 )  = - - . 5 0 4 5  
r 06.49 ( 1 1 ) ( 1 3 ) = - - . 3 3 8 3  r 09.14 - = - - . 1 9 3 7  
r 69.4 = -}-.1223 r 09.46 = - - . 3 4 7 3  
r 69. (11) = - - . 0 1 8 9  r 09.4 ( 1 3 ) = - - . 2 1 2 4  
r 69. ( 1 3 ) =  - - . 0 6 9 5  r 09.6 ( 1 3 ) = - - . 5 9 2 7  
r 6 (11) .  (13) = .2925 r 09. (11) (13) = - - . 5 0 6 9  
r 6 (13) .9  = . 2 4 6 2  r 09.46 (13) ~ - - . 3 5 6 8  
r 6 (13) .  (11) = .2832 r O9.4 (11) (13) = - - . 1 6 1 4  
r 69. ( I1)  (13) = - - . 0 6 1 I  r 09.6 (11) (13) ~ - - . 5 9 2 7  
r 6 (11) .9 (13) = .2908 r 09.46 (11) (13) = + .2111 
r 6 (13) .9 ( l l )  = .2007 r 9 (11) .  (13) = - - . 0 3 8 0  

r 9 (13 ) .2  =- .1333 
t O 7  ~ - - . 2 7 9 5  r 9 ( 1 3 ) . ( 1 1 )  = .1288 
r 07.2 = - - - . 2 2 1 7  r 9 (13) .  12 = .1740 
r 07.3 = - - . 0 4 3 6  
r 0 7 . 1 4 ~ - - . 1 4 3 4  

r 08. = - - . 3 5 4 0  
r 08.4 = - - . 2 7 4 1  
r 08.5 = .3494 
r 08.6 = - - . 0 6 9 2  

rO  (10) = .2012 

r 0 (11) = .1502 
r 0 ( 1 1 ) . 4  = .2442 
r O  ( 1 1 ) . ( 1 3 )  = .1908 
ro (11) .  9 (13) = .1989 
r 0 ( 1 1 ) . 4 9 ( 1 3 )  = .2715 

r 0 ( 1 1 ) . 6 9 ( 1 3 )  = - - . 0 0 1 0  
r 0 ( 1 1 ) . 4 6 9 ( 1 3 ) =  .0435 

r 0 ( 1 2 )  = .0575 
r 0 ( 1 2 ) . 4 = - - . 1 2 9 6  
r 0 (12 ) .9  = .2452 
r 0 ( 1 2 ) . 1 4  = - - . 1 4 1 9  
r 0 (12) .149  = .0154 

r 0 (13) = .1553 
r 0 (13) .4 : .2253 
r 0 (13) .9 = .2536 
r 0 (13) .  (11) = .1947 
r 0 (13) ,49 = .196 
r 0 (13) .69 = .1163 
r 0 (13) .9 (11) = .2910 
r 0 (13) .469 = .1391 
r 0 (13) .49 (11) = .3377 
r 0 (13) .69 ( l l )  = .2152 
r 0 (13) .469 (11) = .6416 
r 0 (14) = .0176 
r 0 (14) .  (11) = .0138 
r 0 (14) ,  14 = - -  .0440 
r 0 (14) .25 = .0221 
r 0 (15) = .1904 
r 0 (15) .5 = .1571 
r 0 (15) .25 = .1345 



A c a r d i o - v a s c u l a r  r a t i n g  o f  " p r e s e n t  b o n d i t i o n " .  

(4.46 8 .D.P . ) - - ( , .~ .P .R . ) - - (3  P .R . )  
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(.89 8 . D . P . ) - - ( S . P . R . )  4- 16 
after exercise.) 

A 

100 1 12 
80 1 8 
60 4 4 
40 3 0 
20 2 1 - -  4 

0 1 4 - -  8 
- -  2 0  2 2 - - 1 2  
- -  4 0  2 - - 1 6  

- -  6 0  5 1 - - 2 0  

- -  8 0  2 1 - - 2 4  
- - 1 0 0  - - 2 8  
- - 1 2 0  1 - - 3 2  
- - 1 4 0  1 - - 3 6  
- - 1 6 0  - - 4 0  
- - 1 8 0  3 - - 4 4  
- - 2 0 0  - - 4 8  
- - 2 2 0  1 - - 5 2  
- - 2 4 0  - - 5 6  
- - 2 6 0  1 - - 6 0  
- - 2 8 0  

m m 

2I 18 

r = .8032 

1 

21 18 

r :  .7387 

Crampton test 
B A 

100 2 
95 
90 3 3 
85 1 
80 1 1 
75 1 5 
7O 3 
65 3 1 
6O 2 2 
55 1 2 
50 3 
45 1 1 
40 1 
35 1 1 

21 18 

r = . 0 1 0 1  

MeCurdy tat 
B A 

24 1 
21 1 1 
18 1 1 
15 3 1 
12 6 5 
9 5 3 

6 1 5 
3 2 
0 1 

- -  3 

- -  6 1 

- -  9 

- - 1 2  1 

21 18 

r : . 1 5 0 2  

Foster test 
B A 

15 12 6 
14 2 
13 4 6 
12 3 
11 1 2 
10 

9 
8 2 
7 1 

21 18 

r = .1928 

Schneider tes[ 
?3 A 

15 1 2 
14 3 1 
13 1 3 
12 1 3 
l l  2 
10 1 3 

9 2 2 
8 4 1 
7 1 1 
6 1 1 
5 
4 1 1 
3 4 
2 
1 
0 

- - 1  1 

21 20 

r = .4140 
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D e r i v a t i o n  o/ ]o rmu la  /or correlat ion by  the me thod  o/ "b i - ser ia l  r . "  

The  de r i va t i on  of a ~ormula  for th is  m e t h o d  of cor re la t ion  was f i rs t  
p re sen ted  b y  K a r l  Pearson*.  

A s impler  de r i va t i on  is p re sen ted  herewi th .  
Le t  us assume t h a t  there  a re  two groups  of ind iv idua l s ,  one " n 0 t i n  good 

c o n d i t i o n "  (Group I) and  one " in  good cond i t i on"  (Group  I I ) .  These arc  
r ep resen ted  as fa l l ing in  an  e l l ip t ica l  d i s t r i b u t i o n  in the  a c c o m p a n y i n g  fi- 
gure.  I n  th is  me thod ,  i t  is assumed t h a t  th i s  va r i ab le  of " c o n d i t i o n "  (X) has 
a " n o r m a l "  or b inomia l  d i s t r i bu t i on  of the  t y p e  descr ibed  b y  the  fo rmula  : 

y~ = yo e2~ �9 (a) 
W h e r e  Yx : a n y  ord ina te ,  

Y0 = the  o rd ina t e  a t  the  mean,  
x = the  dev ia t ion  of t he  X var iab le  from the  m e a n  of the  

d i s t r i bu t i on ,  
o--~ the  s t a n d a r d  d e v i a t i o n  of the  X var iab le ,  
e ---- 2,7183 . . . . . . . . .  

This  d i s t r ibu t ion  of the  X va r i ab le  is r ep resen ted  by  the  curve d r a w n  
below the  rectangle .  

I n  t he  d i ag ram,  (S) is the  po in t  which  represen ts  t he  in te r sec t ion  of the  
m e a n  o rd ina te  (Yl) of the  segment  of t he  ell ipse t o t h e  ]eft of the  l ine d iv i -  
d ing  the  group,  and  of t he  mean  abscissa  (Xl) of the  same sec t ion  of t he  
d i s t r ibu t ion .  The  po in t  (t) represents  the  cor responding  po in t  of Group  I I .  

The  l ine (bvx), wich runs  t h r o u g h  these  po in t s  and  the  means  of 
b o t h  X a n d  Y of the  whole d i s t r ibu t ion ,  is the  regress ion l ine of t he  
el l ipse.  The  slope of th is  l ine is:  

x.~ x, x~ - x, " (b) 

Since bvz = rv ,  o-~' (c) 

= b~/z ~: (d) F~y x 

=_ Y_2 - Y~ . o__~_~ ( e ) 
X 2 - -  X 1 o y  

Y'_, - Yl 

__ ~ . (f) 
X 2 - -  X t 

B u t  y z -  yl _ 2~2- ~ (g) 
. . . . . .  ( / y  ( / y  

�9 On a new method of determining correlation between a measured character 
A, and a character B, of which only the percentage of cases where no space in 
B exceeds (or falls short of) a given intensity is recorded for each grade of A. 
by Karl Pearson, F. R. S., Biometrika, Vol. 7, pp. 96--105. 1910. 
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Le t  (p) = p ropo r t i on  of i nd iv idua l s  in Group  I,  and  
(q) = p ropo r t i on  in Group  I I .  

Then  p -t- q = 1. 
I t  can  be shown t h a t  i n  the  n o r m a l  d i s t r i b v t i o n  

a ; ' - =  % (h) 

and  

.~ = ~ ( i )  q 

W h e r e  (z) is the  o rd ina t e  a t  the  d iv i s ion  be tween  Groups  I and  I I .  
Where ,  as in the  X var iab le  we assume a n o r m a l  d i s t r i bu t ion  of un i t  
a rea  and  un i t  s t a n d a r d  dev ia t ion ,  these  become 

Z Z 
and (j) p q 

Therefore ,  
X.~-x~ _ x. ,  ~/, _ z - [ -  z _-- z ( p _  + . q ) = _ z  . ( k )  

o o o P q Pq Tq 

The f inal  fo rmula ,  s u b s t i t u t i n g  fo rmulae  for (g) and  (k) in  fo rmula  (f) is : 

3 : . . , - L  
.,, _ T , ,  - }~ vq (1 )  . . . . .  _ _  . . . . .  o . 

Z Z o y  Z 

5":,o:./,o I. 6":~u/o :. 
~ r  

Mean F ~j 

F i g .  1. I n  t h i s  d i a g r a m  a n d  t h r o u g h o u t  t h i s  p a p e r  c a p i t a l  l e t t e r s ,  a s  X a n d  ]"  r e p r e s e n t  d e v i a t i o n s  

f r o m  O. L o w e r  c a s e  l e t t e r s ,  a s  x a n d  y r e p r e s e n t  d e v i a ? , i o n s  f r o m  t, h e i r  r e s p e c t i v e  m e a n s .  Y x ,  l ' z  
r e p r e s e n t  t h e  m e a u s  of  t h e  d i s t r i b u t i o n s  of  G r o u p s  I a n d  I I  r e s p e c t i v e l y .  
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I n  t h i s  f o r m u l a  (1), 

(Y1) is t h e  m e a n  of t h e  (Y) d i s t r i b u t i o n  of G r o u p  I .  
(Y2) is t h e  m e a n  of t h e  (Y) d i s t r i b u t i o n  of G r o u p  I I .  

(%) is t h e  s t a n d a r d  d e v i a t i o n  of t h e  whole (Y) d i s t r i b u t i o n ,  t h a t  
is G r o u p s  I a n d  I I  c o m b i n e d .  

(z) c a n  be  a s c e r t a i n e d  f r o m  n u m e r o u s  t ab l e  such  as T a b l e  I I  in  

"Tables for  S t a t i s t i c i a n s  a n d  B i o m e t r i e i a n s , "  Karl Pearson, 
2nd  ed i t i on ,  C a m b r i d g e  U n i v e r s i t y  Press ,  1924. 
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