
unimpaired. Il7ith these findings all the parts of the 
puzzle, L ancl S of vaccinia, seemed to fall  in  place, 
and now nlore than ever it  seems reasonable to  con-
clude that they are  nothing more than different com- 
ponents of a single protein molecule. 

Little or nothing is known about the antigen tliat 
gives rise to antibodies that neutralize the virus of 
'accinia. Indeed, rnost workers have been unable to 
remove these antibodies from immune serum by means 
of adsorption x ~ i t h  purified elementary bodies. On 
the other hand, Salanlan believes that there is a union 
between elementary bodies of raccinia and neutraliz- 
ing antibodies and that if sufficient amounts of elernen- 
tary bodies are used the neutralizing substances can 
be adsorbed fro^^ inimune serum. i l n  assessment of 
infornintion regarding the antigen that incites the pro- 

duction of nei~trallzing antibodies and the manner in  
which snch antibodies act reveals that lnucll remains 
to be learned concerning this tlie niost important of 
all subjects connected with imnlunity to vacc.inia. 

Frorn my remarks regarding viruses in general and 
vaccine ~ i r u s  in particular, i t  should he erident that 
there is nothing peculiar about immunity in 1 irus dis- 
eases. Principles that liold in  other fields operate also 
in  the virus domain. Furthermore, it  should be ob- 
vious that generalizations about immunity in  virus 
maladies can be made with no more assi~rance than 
about resistance to other types of infection. In~muno-
logical and serological phenomena in each virus 
disease present special problems that llase to be met 
not through generalizations but by specific experi- 
ments. 

NORMS OF GROWTH 
By Professor EDWIN B. WILSON 


DCPARTXENT O F  VITAL STATISTICS, IIAR? ARD SCHOOL O F  PUBLIC HEALTH 


Is the Procecdi~zgs of the Sat ional  Academy of 
Sciences (Vol. 21, pp. 633-1., 1935) I gave average 
heights and weights of 275 school girls fo r  consecu- 
tive ages 7 lo  1 G  years inclusive with the correlations 
of the heights and of the eights i n  the different years 
based on the nieasureinents obtained in Dr. W. F. 
Dearborn's gromth study. As many persons knew that 
the study involved many niore than 275 girl?, some 
have wondered why I took only the 275 for  ~vhorn rec-
ords mere available fo r  each ancl every one of the ten 
years from 7 to IG. 

The answer, unless I am mistaken, is to be had by 
considering the ainis of a gromth study. I f  we desire 
to estahlisli stable norms of height and weight or of 
other rneasurenients a t  different ages me should take, 
of course, large samples because the standarcl error a 
of a n  average is that of the distribution divided by the 
square root of the nuniber r t  in  the sample. Thus a t  
1 3  the arerage height mas 163.40 cm mith a standarcl 
deviation of 7.42, which iiieans 153.40 1'.45 for  the 
average if based on only 273 girls, mllereas if we had 
measurexnents of four  times as many the standard 
deviation of the xilean would be only .22. However, 
f o r  snch nornis one need not trouble wit11 the con-
tinuity involved in growth studies; one could make a 
cross-sectional survey involving a large nuniber of 
persons a t  each of the different apes. 

Growth, however, is a continuous process and the 
amount of growth between two giren ages is nieasured 
by a difference or increment in  the measures. I f  we 
have I girls of one age and nJ dl f f~ren tgirls of another 
age as in  cross-sectional studies mith means Z and B', 
respeclivelv, fo r  some nleasurement and mith standard 

deviations a, and the sampling error of the dif- 6111, 

ference Str-Z ~ o u l dbe 

but if we had girls of both ages, as i n  growth studies, 
and tlie averages were X and P, the sanlpling error of 
the difference could be obtained directly fro111 the clif- 
ferences y - x  or indirectly from the correlation co-
efficient r between corresponding values of a and g as 

I n  cases in  which i. is high this value niay be much 
smaller than the fornier ~ilhen the number of persons 
involrecl is about tlie same, or, to put  i t  differently, 
the second value rnay be statistically as good fro111 a 
relatively sniall number of individuals, as the first is 
from a much larger number. 

F o r  example, the l o ~ ~ e s t  correlation of the heights in 
successive years was found to be r = .96. I f  v e  assume 
o, and a, nearly enough equal so that they may be 
pu t  equal, and equal to a:, a, fo r  corresponding tiges, 
without serious error. and if x7e take I = nz = .iz the first 
formula g i ~  es 2 4 ,  'TZ and the second gives 20; ( 1  - r)/ n  
or only .04 as much; to put  i t  inversely, we sElould 
have to have I = ?iz = 25% to obtain from the first form- 
ula a sampling error as small as that obtainable from 
the second, or we shonld need nearly 6,400 girls taken 
a t  each of the years to give as good a n  estimate of 
alerage g r o ~ ~ - t l ~  we a t  both as qot fro111 375 taken 
years-l>rc~vided we trust our statistical formu1a.l 

to 
remember that  statistical forlnulas are mathematical the- 
orems proved 011 certaiil assumptions vhich may not hold 

1 This proviso mag seem odd. We have, ho~~rver ,  
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This raises the further question of how to combine in  the above problem if we should undertake to form 

the data in  case there are, as  there needs must be, from X and Z a t  the earlier age and from Y and W 
irregular onlissions in  the data. I t  is a general rule a t  the later age the overall age means . 

of statistics that if we have two independent and con- nX+lZ n F - ~ n t r
and ----

sistent, estimates Q, and Q, of a quantity with two n t l  n + ~n 

standard deviations a, and a,, the weighted mean and their difference 

Q = p Q z  + (1- p)  Q, mill have the smallest value of G=---+---nY nX nlW 12 

U Q  when p=ui,'(u; + 0;) and U Q - ~= + ~2'~. Hence, n+ ,n  n T l  n t m  n t l  

applied to the estimates of amount of growth Y -X Tve could get U& R S  

and 5V -Z, the best estimate would have the sampling 
error 

1u2 7rzu;,,

Zf-
( n t l ) ,  ( n t m ) z J  

but this would be a bad way to estimate G if r were 
--1 12 +- l m  large and I and 7% were not Iarge compared with m. 

I@:-
;;+ 
u;-
 ma'
U; - eruNu,, Indeed, if we take the simple illustrative case as  
I f  we use fo r  illustration the assumption a,=a,=a,=a,, 
1 = m = tn, 

and it  is clear that if r is Iarge so that 1- r is small, t 
must be considerable before an appreciable reduction 
is made in a,. 

I t  is well known in statistics that the sampling error 
of a quantity inrolves the method of estimating the 
quantity. Thus if a universe is symmetrical, its 
center may be estinlated froin a sample drawn from 
the universe by the mean of the sample or by its 
median or by its mode or by the mean of the least and 
of the greatest element in  the sample, but the standard 
deviations of the four  estimates will be different. So 

before, a, = a, = a, = a,, 1= Pn = t ~ zwe have 

This is greater than if we had-omitted-altogether the-
extra observations which were not coinnion to both 
years unless t 2 (2r  - 1 ) / ( 1 - r ) .  I f  r = -96 we sliould 
have 23 times as  many non-common as  common obser- 
vations before we should be as well off using general 
means to estimate growth. 

This discussion will show, it is hoped, how important 
it  is when establishing norms for  increments of growth 
(i.e., of ~ v o z L ' ~ ? ~ )to maintain throughout the study a 
discipline on the part  of the students and of the 
studied mhich mill bring about the maximu111 con- 
tinuity of the record. 
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1881-1941 

W. R. B. ROBERTSONwas born on May 31,1881, and 
spent his early life on a fa rm a t  Nanchester, Kansas. 

-

for the observations to which the formulas are applied. 
PIlui if the theoretical sampling error of some quantity Q 
for samples of f i  items be a, and if me take a considerable 
number of samples of n items we may find that the stand- 
ard deviation of the values of Q observed in the different 
samples is considerably more than the theoretical ~ a l u e  0. 
I f  we evaluate the amount of grolrth by subtracting aver- 
ages taken for two groups at each of two ages and also 
evaluate i t  by averaging the amount of growth betlreen 
those ages for a single group measured a t  both ages, doing 
this a considerable number of times for different single 
groups on the one hand and for different pairs of groups 
on the other, me may well find that  the variations observed 
are not those given by theory and further that  they are 
not in the same ratio as that given by theory. I t  often 
takes extended experience to correct for such differences 
between theory and observation, but in the absence of such 
experience we have to make our estimates according to the 
theory. 

2 The qualification that  the estimates have to be con-
sistent is usually omitted. There are cases to  be  found 
in the literature lrhere inconsistent estimates have been 

H e  died in  Iowa City on March 15, 1941. H e  was 
one of C. E. McClung's eager students of cytology in 
the 'C-nirersity of Kansas (A.B., 1906; A.M., 1907). 
H e  also studied with E. L. Nark)  1909-1912, in  Har-  
vard (Ph.D., 1915). H e  then spent the rest of his 

combined by the rules which I believe to be appropriate 
only for consistent estimates. Thus W. S. Eichelberger 
and Arthur Newton, "The Orbit of Neptune's Satellite 
and the Pole of Neptune's Equator," Astronomical 
Papers of the American Ephemeris, Vol. 9, P t .  3, 1926, pp. 
275-337, discuss on p. 329 the value of the reciprocal of 
the mass of Neptune, finding from reduction of the visual 
observations 19176 - 25 and from reduction of the photo- 
graphic observations 19655+ 36. The difference is 479, 
which is many times as  much as ~vonld be consistent ~ ~ i t h  
the indicated errors, yet they obtain 19331 t 2 1  by com-
bining the observations as  if they were consistent, even 
reducing the estimated error of the combination in accord- 
ance with the rule. With the high standard in the reduc- 
tion of observations set for the American Ephemeris and 
Nautical Almanac by Simon Ne~vcomb over many years, 
I have to be somevhat hesitant in suggesting the above 
criticism, yet I must say that  I have never seen any 
theory of least squares which seems to me to validate the 
process by which the final result 19331 J: 21 is obtained 
from its immediate antecedents. 


