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MULTIVARIATE ANALYSIS AND THE IBM704 COMPUTER
APPLIED TO ABCC DATA ON GROWTH OF SURVIVING HIROSHIMA CHILDREN

ZTHMBHATE IBMT04tEH#
FEO#HBETEFEROKEICET 32 aBCccOERADOILHA

INTRODUCTI ON

To date little information has heen
available upon which to base inferences
concerning the effects of ionizing radi-
ation upon the growth and development of
humans. A massive body of anthropometric
data has been collected by the joint
Japanese and Unlted States research group,
Atomie Romb Casualty Commission (ABCC) at
Hiroshima and Nagasaki, Japan, This
paper briefly discusses the pertinent ddta
available and the design and use of
specific statistical analyses to test for
correlations of growth parameters with
exposure parameters, and differences among
exposure groups. Multivariate analysis
techniques are used, with twelve anthro-
pometriec measurements as varilables,
Numerical computations were programmed for
and performed on the IBM704 high-speed
computer at the University of Michigan.

As soon as the immediate medical emer-
gencies in Hiroshima and Nagasaki had been
met, the collection of data was begun.
Shortly after the formal cessation of
hostilities, a joint United States Army-
Navy Commission made extensive observations
upon the survivors of the bombings, and
also collated observations made by a number
of Japanese investigators working under
extremely difficult circumstances. The
primary result of these preliminary studies
was the recommendation that the National
Research Council be requested to begin a
long-term study of possible delayed medical
and blological effects of the atomic bomb
upon human beings.
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Since that time, a group of investigators
concerned with this
been continuously resident in Japan. This

overall program has

group has been known as the Atomic Bomb
Casualty Commission (ABCC). A brief
summary of the administrative structure of
ABCC and of its relationships with the
various other groups involved has been
presanted.l

In 1947, Dr. W. Greulich® set up a limited
study to investigate possible effects of
atomic bomb radiation upon the growth and
development of children who were present
when the bombs were detonated. During
1947, about 700 children were examined in
this program. To assure that the exposed
sample included primarily those who
had received relatively high radiation
exposures, children who had exhibited
epilation and subsequent radiation illness
For comparison with the
Hiroshima and Nagasaki samples, nonexposed

were selected.

children were selected from nearby Kure and
Sasebo, respectively.

ABCC took over responsibility for this
program in 1948. Routine c¢linical exami-
nation of exposed children was begun in
Hiroshima in March, 1949, including
primarily children drawn from the Greulich
study. Drs. W. Sutow and Y. Tokawa shared
responsibility for this early project, with
Dr. Greulich as consultant. From the
beginning, ABCC placed particular emphasis
upon studies of growth and development of
surviving Hiroshima children.

In the summer of 1950, use of the
nonexposed control sample from Kure was
re-evaluated. After considerable discus-
sion, ABCC defined a new nonexposed
category, composed of children who were
not present at Hiroshima at the time
of the bomb but who had moved into that
city subsequent to January 1, 1946.
These children were paired, as nearly as
possible, with individuals in the exposed
sample according to age, sex and school
classroom.
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ABCC decided to proceed in 1951 with
approximately 2500 exposed and 2500
nonexposed Hiroshima children. Additional
exposed children, as required to fill this
quota, were selected randomly from the
Master File of survivors. This study,
whiech continued through 1951, 1952 and
1953, provided the data upon which the
present report is based.

Partiecipation by the children was
voluntary. The rather severe patient
attrition during 1951-53, illustrated in
Table 1,'was due to several unrelated
factors. Some children reached adulthood,
by definition, simply by achieving their
twentieth birthday. A few, who reported
inconsistent exposure information, were
eliminated. A fairly fixed proportion was
unavailable for subsequent examinations.
This latter category included children who
had died, who had moved from Hiroshima, who
were unwilling to return, or who simply
could not be located.
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TABLE | NUMBER OF CHILDREN EXAMINED BY YEAR OF EXAMINATION, SEX, AND EXPOSURE
£ 1 BUEE KB BONR Sr SR BB B

EXAMINATION YEAR MALE 7 FEMALE % TOTAL
WK tfg | EXPOSED |NONEXPOSED | EXPOSED |NONEXPOSED e
R WS R R B
FIRST w1k 1851 1240 113z 1182 1106 4660
. |
SECOND w2 | 1952 956 803 913 881 3643
THIRD #HIK 1953 578 593 815 589 2475
TOTAL  &F 2874 2618 2710 2578 10778

In addition to general eclinical exami-
nations and laboratory tests on these
children, data on growth and development
were obtained. This study was concerned
specifically with the twelve direct
anthropometric measurements: height,
weight, sitting height, span, head width,
head length, head circumference, calf
circumference, chest circumference,
abdominal eircumference, shoulder width,
and hip width.

Most of the material discussed in the
preceding paragraphs 1s based upon a
historical resume by Sutow.3
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In a summary of the measurements made in
this study, Reynolds4 tabulated means and
standard deviations of anthropometrie
variables for each age and sex category in
the exposed and nonexposed groups. In
addition to a direct comparison of these
groups with respect to selected individual
variables, he divided the exposed group
into two subgroups, those exposed within
1500 meters and those exposed between 1500
and 2000 meters from the hypocenter. e
reported that, in 470 of 600 comparisons,
nonexposed children were larger, and that
these differences were most marked at the
5 and 17 year age groups. He observed
height and weight to exhiblt a slight
positive association with distance,
negative with number of symptoms.

These preliminary observations by
Reynolds compared individual anthropometric
measurements on the exposed population with
those on a nonexposed population of similar
age, sex, and residence distribution, and
also compared two subgroups of the exposed
population, defined according to distance
from the hypocenter.

The present study defines a radiation
exposure index based upon the best avail-
able radiation parameters: distance from
the hypocenter and location relative to
shielding materials., This index serves as
the dependent variable in correlation
analyses and as a means of dividing the
exposed population into groups ordered
The radiation
subgroups so defined are then tested for

by degree of exposure,

equality of vector means and covariance
matrices, using the twelve anthropometric
measurements as variables. This analysis
provides a more sensitive and definitive
test for differences in anthropometric
measurements than direct comparison of
individual measurements.

RADIATION EXPOSURE INDEX

The statistical procedures used herein
are based primarily upon comparisons of
groups of children exposed to the atomiec
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bomb radiations in varying amounts. At
each analytie step, comparisons are also
made including the nonexposed children, in
an effort to extract the utmost in useful
information from the available data.

The radiation exposure index, as defined
in this section, is intended to provide a
variable related to the actual blological
The index used
in this study represents the natural
logarithm of the estimated biological dose
received. Best available bomb test data
and information concerning the location of

radiation dose received.

the children relative to the hypocenter
and to shielding materials are used in
computing the radiation exposure index.

A ceritical re-evaluation of the dose
received by individuals at Hiroshima is
presently in progress. However, the use
of the index in this study as the dependent
variable in regression-correlation analy-
ses, and as a device for ordering radiation
subgroups in testing equality of multi=
variate means and variances would not be
seriously impaired by a subsequent finding
that the estimated dose was not a good
numerical Approximation of actual dose
The function of the index is
to provide a variable which increases with

received.

increasing dose and can be used to order
groups of children according to dose.

The loecation of the exposed children
in Hiroshima was determined as precisely
Distance was coded in
intervals of hundreds of meters from the

With reference to shielding
each child was listed in one
of ten mutually exclusive categories.

as possible.

hypocenter.
materials,

These categories have been qualitatively
grouped by Neel and Schulll as shown

in Table 2.

Detalled estimates of the neutron
and gamma radiation air dose, in rads,
{(corrected for shielding by Japanese-style
houses) delivered by the Hiroshima bomb
The estimated air
doses, given by Ritchie and Hurst? as a
function of distance from the hypoecenter in

have been calculated.
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TABLE 2

SHIELDING CATEGORIES AS CODED IN PRESENT STUDY AND NEEL-SCHULL GROUPS

2o KFEODE(LICH MRS HE B L U8 NEEL-SCHULL (= & 5 57 X B%
PRESENT STUDY | NEEL AND scHuLL
A Neel & L ¢f schull
IN THE OPEN F ik . &E%D'"G
|HSIDE A WODDEN JAPANESE BUILDING KEBAZEREN
IN A TRENCH WIEN LIGHT SHIELDING

BEHIND A POST OR TREE

HE Lo Aok

BEHIND AND WITHIN
IN A TRAIN OR MISCELLANEOUS YEHICLE

TWO METERS OF A WALL

Mok AESS 2n DA
wE g LEMRBA

MODERATE SHIELDING

UNDER THE EAVES OF A HOUSE HOUFTF H 0
INSIDE A CONCRETE BUILDING a vy ) — FEERN
INSIDE A BRICK BUILDING AR L B HEAYY SHIELDING
INSIDE AN EARTHEN AIR RAID SHELTER LB RN A
meters, demonstrate an approximately linear
relationship between the logarithm of ¥rLoRpEfERPRERIZES E, HEOX

dose and distance from the hypocenter.
The effective air doses to be applied
to those children in each 100-meter
interval are, estimated as the
logarithmic averages of the maximum and

therefore,

minimum values observed in each such
interval.

Ritchie and lHurst have reported attenu-
ation factors of Japanese-style wooden
houses to be logarithmically correlated
with the distance the radiation has
penetrated into the house, up to pene-
tration distances of the order of fifteen
feet. They attribute this relationship to
differential absorption effects of wall
materials relative to roofing and to
the effects of windows. Since precise
evaluation of the penetration distance
for individual children
study is not feasible,
cannot be applied.

in the present
this relationship
Instead, an 'effective’
attenuation factor for Japanese-style
wooden houses is defined as the logarithmic
average of . the attenuation measurements
reported by Ritchie and Hurst for house
penetration distances from zero to fifteen
feet. The effective attenuation factors
thus defined are 0.54 and 0.75,
ively,

respect-
for neutron and gamma radiation.
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For the 'mo shielding' category, the air
dose values are estimated directly as the
logarithmic average over each distance
interval. Of the children in the 'light
shielding' category (Table 2}, the child
who was 'inside a Japanese-style wooden
building' at the time of the bomb can
be characterized as having been the
beneficiary of the above effective attenu-
ation factors. TFor children grouped by
Neel and Schull in the 'light shielding'
category, therefore, calculated neutron and
gamma radiation air doses are reduced
respectively by the effective attenuation
factors for a child inside a wooden
building: 0.54 and 0.75. Similarly,
the 'moderate shielding' group can be
considered to be characterized by a child
situated 'under the eaves of a house',
protected by roughly twice the amount of
shielding material protecting a child
inside the house. For children in this
Neel and Schull category the alr doses are
reduced by the squares of the one-thickness
attenuation factors or 0.29 and 0,56,
respectively. The 'heavy shielding'
category is less easily characterized in
terms of Ritchie and Hurst's data, but
contains only 20 individuals. These
individuals are arbitrarily considered to
have been shielded by the equivalent of
three times the amount of shielding
material protecting the individuals in the
'"light shielding' group. Air doses for
these children are therefore reduced by the
cubes of the one-thickness attenuation
factors or 0.16 and 0.42, respectively.

Calculation of the estimated Hiroshima
air doses, corrected for shielding attenu-
atlon, has been discussed. The radiation
dose in rads produced in human tissue by
the bomb would differ somewhat from the
dose in rads produced by the same radiation
in air. The tissue-to-air dose ratio
depends upon the kind of tissue considered
and upon the kind of incident radiation
and its energy spectrum.

The radiation unit of interest when
considering an effect of radiation upon
human tissue is the bilological absorbed
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dose in rems. The dose in rems delivered
to tissue 1s related to the tissue dose in
rads by the relative biological effective-
ness (RBE) of the kind of radiation

in question:

Equation 1 Dose in rems
K1 rem B{LOHE=

The RBE of a particular kind of ionizing
radiation is defimed as the ratio of the
dose in rads of x or gamma radiation
required to produce a given biological
effect to the dose in rads of that parti-
cular kind of radiation required to produce
the same effect. The rem is thus a unlt of
biologically effective absorbed dose.

The biological dose in rems delivered
to the Hiroshima children in each distance-
shielding category is estimated from the
air dose in rads according to the following
relationship: ;-

Equation 2 R =
&2

where: R is the biological ahsorbed dose
in rems

°(G) is the product of the tissue-to-air
dose ratio and the RBE for the inecident
gamma radiation

R(G) is the gamma radiation air dose in
rads, corrected for shielding attenuation

F(N) is the product of the tissue-to-air
dose ratio and the RBE for the incident
neutrons

R(N) is the neutron alr dose in rads,
corrected for shielding attenuation.

For gamma radiation energlies between
0.1 and 20 Mev, which is estimated to
include the range of bomb emissions after
filtration by hundreds of meters of
air, the tissue-to-air dose ratio 1s
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approximately independent of energy and
is fairly close to unity for the various
kinds of tissue.6 Since gamma radiation
is used as the standard in the definition,
the RBE is also frequently assumed to be
unity.
he low for very low energies and high at

Although this assumed value may

high energies, it is probably nearly
correct for the range of gamma energies
delivered at Hiroshima. The factor, F(G},
is therefore assumed herein to be unity.

The case of neutrons is somewhat more
complex. The tissue-to-air ratio depends
primarily upon the probabilities (cross-
sections) that the incident neutrons will
interaet with the various kinds of atoms
in the air and in the tissue. These cross-—
sections depend strongly upon neutron
energy. The distribution of neutron
energies present in the radiation incident
upon the Hiroshima children is not known.
The details of the energy spectrum would
depend upon the bomb parameters and upon
atmospherie conditions in Hiroshima at the
time of the bomb. Since no test detonation
analogous to the Hiroshima bomb has been
studied, estimates of this spectrum are, of
RBE is also
dependent upon neutron energy spectrum.
Values of RBE reported in the literature
for neutrons, for the most part, fall

necessity, somewhat crude.

between one and ten.
substantially below one and above ten have
The factor, F(N} 1s,
therefore, not estimated, but accounted

However, values
also been reported.7
for empirically as follows. For each
shielding category, within each 100-meter
distance interval, values of the estimated
bioclogical dose (R) have been calculated
using equation 2 for each of three values
of F(N) = 0.1, 1.0 and 10. The calculated
natural logarithms of R are used as trial

The calculated trial
exposure indices range in value from

exposure indices.

zero to eleven,

It is next desired to select the exposure
index which provides the most reasonable
estimate of actual biological dose in rems,
on the basis of survival and of the
distribution of radiation symptoms in the
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FIGURE 1

SYMPTOM RATIO VERSUS TRIAL EXPOSURE INDICES
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defined by or whole
number part, of the trial exposure indices.

the characteristic,

The exposure index caleulated with F(N) =
10 appears to be too high, in that the
estimated biological doses of more than
200 children exceeded 1000 rem (exposure
index above approximately 7.0). Since
survival after doses this high is extremely
unlikely, it would seem unreasonable to
suppose that such a large proportion of
the sample could have received such massive
doses. The exposure index calculated with
F(N) = 0,1, on the other hand,
from Figure 1 to he too low, in that the
' threshold' dose (where the regression line
intercepts the exposure index axis) for the
is about 70 rems
(exposure index approximately 4.2). It
seems unreasonable to suppose that doses
this low could have caused clinically
observable radiation symptoms in such a

appears

appearance of symptoms
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large number of children. For these
somewhat intuitive reasons, the exposure
index caleunlated with F(N) = 1.0 is
selected as the radiation exposure index
best suited for the analyses discussed in
This index is used as the
dependent variable in the regression-
correlation analysis, and to define the
radiation subgroups compared in subsequent
as shown in Table 3.

this report.

analyses,

EEbNE, ZokyhuvnE s HEBLHEBEC
£V, CZURETAMHTEF(N)= 1.0& L
THE L= lRisk ELTEAZ. Z0IF
MU R — BB It W T LB ER L LTH
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TABLE 3 RADIATION SUBGROUPS BY EXPOSURE INDEX
#3 WBEEICLSHEBXS

RADIATION SUBGROUP NO.|EXPOSURE INDEX YALUES INCLUDED
PR 5 & 5 IOGHIIE O L EBIEH
D 0 (NOMEXPOSED JE#EHEF)
1 0.0 (EXPOSED #EH ) - 2.9
2 3.0~ 3.9
3 4.0 - 4.8
4 5.0 - 8.8
The threshold dose for the appearance of HOTRERRE LB L % 2 5 N5 MR
radiation symptoms predicted by use of this ;
index, about p100 repms, is not unreasonably D ZOIREU LS HEERA) 100 rem (34K 1L
small, and only a few per cent of the EOTHS, 4, 100remZ 2 25E (IR
children are thus estimated to have FEHILIEIT 6.9%) o F ol aR o i E s
survived ?oses in excess of 1000 rems ZEEL BT ARG AT IBE L Lo 4,
{exposure index above approximately 6.9).
It is possible there was some error in INLLBOREDBIH T A — 5 — FRAl 12,
evaluating radiation parameters for these HAWIEMEEEE S5 IR b,

few children.

It should be emphasized that the four
data factors used in deriving the exposure
index: air dose, shielding correction,
and location

relative to shielding are each subject to

distance from the hypocenter,

severe inherent limitations as hases for
precise estimation of the radiation dose
actually received by the exposed children.

AIR DOSE. The air dose delivered by
atomic bomb to a particular point depends
upon the nuclear material used in the bomb,
the nature and structure of 1ts non-nuclear
the effieciency of the deto-
the fission neutron and gamma

an

components,
nation,
radiation spectra, weather conditions,
atmospherie moisture content,

character of airborne dust,

amount and
land con-—
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figuration and other factors, as well as
Data obtained
corrected for known

upon distance and shielding.
from bomb tests,
differences in these parameters insofar as
possible, provided the basis for the
caleulated doses reported by Ritchie and
Hurst.? Since no test bomb analogous to
the Hiroshima bomb has been studied,
however, these calculated values must, as
stated by Ritchie and Hurst,
estimates.

remain crude

SHIELDING CORRECTION. The shielding
attenuation factors reported by Ritchie
and Hurst? may be presumed to provide a
valid indication of the effectiveness of
Japanese~-style wooden houses in reducing
radiation doses in air.
did not,

of external

These factors
include the effect
structures,

however,
such as other
buildings or land features which may have
added to the protection afforded a partic-
ular ehild reported as being inside a
The gqualitative grouping of
shielding categories,

wooden house.
as was done by Neel
and Schu]l,1 and the characterization of
these groups by a particular shielding
configuration, as has been suggested
herein, appear to be reasonable approaches
to data of this sort. However, the
resul ting attenuation factors certalnly do
not provide a precise measure of the
individual child's actual radiation
situation.

DISTANCE FROM THE HYPOCENTER.
distanee from the hypocenter was often

The reported

based primarily upon the child's recollee-
tion of his exact location at the time of
the bomb, a factor which would appear to
be influenced by the almost indeseribable
trauma and confusion at that time.

LOCATION RELATIVE TO SHIELDING. The
position of the child relative to shielding
materials also was often based upon his
own recollection. As much care as possible
was taken in the interviews to obtain these
data correctly; but again, the extremely
traumatic nature of the experience must

he considered.
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As a result of these limitations, the
assertion that the exposure index incor-
porates a good approximation of the actual
dose received would be pretentious indeed.
On the other hand,
defined should be expected to vary in the
same direction as radiation dose with
increased shielding and distance, and
ahould bhe a satisfactory guide to the
ordering of defined radiation subgroups
relative to actual radiation dose received.

an exposure index so

The foregoing discussion does not
assume that the dose-effect funetion
indicated in Figure 1 for the appearance of
radiation symptoms 1s characteristic of
whatever radiation effect may be observed
The radiation
subgroups defined in Table 3,
are not predicated upon the existence or
in the effect
of radiation on growth and development.

on growth and development.
therefore,

nonexistence of a ' threshold'

The development of an exposure index
described herein represents a logical
in the direction of defining a
more nearly continuous exposure variable
on the basis of distance and shielding

extension,

data, of the methods used by Neel and
Schull.l Smaller distance intervals are
used in evaluating the index for an

individual child,
made to incorporate more recent data on
the effectiveness of typical shielding
configurations.

and an attempt is

Empirical and intuitive arguments are
used herein in selecting the value of
unity for F(N) and F(G).
have been selected by
a recent study.

The same values

Beebe, et al® in

DEFINITION OF THE SAMPLE

The data received from ABCC consisted of
medical and
biographical information on 4660 Hiroshima
children,
examinations in successive years.

extensive anthropometric,

of whom many had received
Anthro-
pometric data for a total of 10,778
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examinations on these children were
received, as shown in Table 1.

On the basis of anomalous radiation
symptomatology, 154 children were elimi-
nated from the sample for this study.
Preliminary sorting of the remalning data
cards revealed that important primary data
were missing for several additional
children.

For purposes of this study, a child was
rejected from the sample if any of the
twelve anthropoﬁetric data were missing.

One of the data supplied specifically
identified those control children who
resided outside Japan for 10 years or
more, including 1945. Those children also
were eliminated from the sample.
deficiencies in the seven and nine year

Extreme

age groups, which were reduced in size for
logistic reasons early in the project,
renders these groups of no statistical
value for age-specific comparison. For
that reason, these children were not

inecluded.

The groups of children compared in this
study are defined by age, sex and exposure
The groups thus defined are
compared using multivariate analysis

index.

techniques to test for equality.

Tests for equality are performed both
with and without inclusion of the non-
If the latter are valid as
controls, these two series should provide

exposed group.
very similar results. This procedure
should also serve to check on the validity
of the use of the nonexposed data as well
as to test for differences among the
defined exposure subgroups.

In addition to comparing the anthropo-
metric measurements, or 'size' between
groups defined by the calculated exposure
indices, it is of interest to investigate
differences in growth patterns. The
children examined in 1951 were scheduled
for re—-examination in 19532 and 1953.

However, before comparing growth patterns
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the data must be Iinvestigated for hidden
bias in the selection of those who returned
for successive examinations.

Detailed information on potentially
important socioeconomie factors is not
available. Tests for hidden biases of this
sort were undertaken on the basis of data
collected in 1951, by comparing with
respect to radiation index and growth
parameters the children who did not return
for re-examination with those who returned
for one or two subsequent examinations.

Tests of differences in growth among the
exposure categories defined for this study
included only those children for whom data
from three complete successive examinations
were available. This requirement elimi-
nated from the sample, for this test,
those who did not return for at least
two re—-examinations and those for whom
subsequent examination data =are not
complete.

ANALYTICAL PROCEDURES

STATISTICAL CRITERIA

The sample of children used in the
present analysis was defined in the
previons section. A radlation exposure
index also has been defined to characterize
the degree of exposure each child received.
The distribution of this index in the

sample is approximately normal.

With the exposure index as a criterion,
the exposed children have been divided
into four roughly equal categories,
approximately equivalent to the guartiles
of the distribution.

Data also are available for nonexposed
group children including approximately
as many children as the four exposure
categories combined. To provide an
analysis which makes maximum use of these
data, but is not dependent upon the
validity of the use of the nonexposed
children as a control, each comparison was
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made among the four exposure categories,
and then repeated, including the nonexposed
children as a fifth group.

The four, or five, groups so defined are
compared using multivariate analysis
The variables selected for
these comparisons are the twelve direct

techniques.

Each com-
parison 1s two-fold in nature and includes
statistical tests .for equality of wvector

anthropometric measurements.

means and of covariance matrices.

"The statistic selected for testing
equality of covariance matrices is a
generalized form of Bartlett's criterion. Y
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Equation 3 m=N 1ogelsi1lugﬁfk logefsijk|}

% &
where: R is the number of populations
being compared

f

freedom for the kth population, where

K, is the number of observations in the

k
population
N=3 ¢
Sijk is the unbiased estimate of variance
or covariance between the 1ith and jth
variable in the kth population
|Sijkl is the determinant of the covari-
ance matrix of the kth population
Sij is the pooled variance or covariance
between the ith and jth variable, and
|sij| is the determinant of the pooled
covariance matrix
Box1? showed that the statistic M/C is
approximately chi-square distributed with
f degrees of freedom, where
(2p®

x = Ny~1 represents the degrees ot

k
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Equation 4 1/C =
4

1I-g(p + 1)(R - 1)
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Equation 5 f

i 5
for tests of R populations and p varlables.

A generalization of Mahalonobis' p?
is the statistiec selected to test for
differences in vector means.ll

Equation 6 Vv = PP

< 6 22
where a1J is the element in the ith row and
jth column of the inverse pooled covariance
matrix.

Nk is the number of children in the kth

population

iik is the mean value of the ith
in the kth population

variable

is the mean value of the ith
in the test sample

X variable

X;) 1s the mean value of the jth variable

in the kth population
variable

X, is the mean value of the jth

in the test sample

Raol? showed that, if the populations

have a common covariance matrix, when the
hypothesis of no difference in the R p-fold
this statistic is
approximately chi-square distributed with
f degrees of freedom, where: = p(R-1).

vector means is true,

NORMALITY TEST AND TRANSFORMATION

In testing hypotheses of equality of
the
assumption that the variables under
consideration are normally distributed is
usually explicit.12’13 Box1% states that
the test of equality of means is fairly

covariance matrices and vector means,

insensitive to departures from normality,
but that the test of equality of covariance
matrices is as sensitive to non~normal
kurtosis as the statistics generally used
to test kurtosis. The latter test has
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been shown to be satisfactorily insensitive
to departures from zero skewness, as long
as the samples used in a particular
comparison are not severely skewed in

opposite directions.

Before applying the multivariate tests of
equality to the present sample, therefore,
skewness and kurtosis statistics were
computed for each age-sex-—exposure category
to provide information about the degree of
departure of the anthropometric variables
Those variables which
demonstrated significant non-normality were

from normality.

then subjected to successive appropriate
transformations to reduce the degree of
departure from normality.

Whén these statistics had been obtained,
tested for
significant departure from normality, using

the skewness statistics were

a 5 per cent level of significance for
one-tailed tests in each direction. Of the
those skewed sjgniT:
icantly in the positive direction were

twelve variables,

subjected to a logarithmic trans formation.
Those skewed in the negative direction were
subjected to an exponentiation transfor-
mation. Those not significantly skewed in
elther direction were not treated further.
After this test and transformation, the
transformed variables were tested again
Variables

that remained were transformed back to

for significant skewness.

their original form and positively skewed
variables were subjected to successive
square root transformations, negatively
skewed variables to successive squaring
transformations, until all twelve variables
had been reduced to nonsignificant skewness
or until five transformations had been

applied.

DEFINITION OF THE PROBLEM

The statistics selected to test equality
of covariance matrices and vector means,
as defined respectively in Equatlions 3 and
6, were used in three distinct comparisons
the

of age-sex-specific subgroups, on

basis of:
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Size - based upon the magnitude of the
direct measurements of the anthropometric
variables: Height, weight, etc.

Growth Rate - based upon differences
between successive measurements on the
same child, and

Rate of Change of Growth Rate - based
upon differences between successive
determinations of growth rate.

The size of a child can be expressed in
terms of the twelve direct anthropometric
measurements. The first comparison among
the defined exposure categories with size
as the criterion, makes use of the twelve
direct anthropometric measurements obtained

at the first examination.

The growth rate of a child can be
expressed in terms of differences between
successive anthropometric measurements.
When data from three annual examinations
annual rates

are available, two such

can bhe defined.

The second comparison among the defined
exposure categories, wilith growth rate as
the criterion, makes use of the differences
between twelve anthropometric measurements
obtained at the first and second exami-
nations,
test populations after elimination of
children for whom complete data for three

and is applied to the same

examinations are not available.

The rate of change of a child's growth
rate can be expressed in terms of differ-
ences between successive measurements of
his growth rate with respect to the
anthropometric variables. When data from
three annual examinations are available,
one such rate of change of growth rate can
be defined for each variable.

Implicit in the use of data from second
and third examinations is the assumptilon
that no important bias with reference to
growth or radiation parameters has affected
the return or non-return of individual
children for these examinations. A test
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for hias of this sort uses the same test
statisties for differences in covariance
matrices and vector means. The children
who were examined in 1951 are divided into
groups according to whether they were
returned for only one

examined only once,

re-examination, or returned for two or more
examinations. These groups are then
on the
to test

for bias of return versus nonreturn with

compared age-sex-specifically,
basis of first examination data,

respect to size.

CORRELATION ANALYSIS A

The foregoing tests provide a definitive
measurement of the level of significance
whieh it can be stated that the defined
subgroups tested differ with respect to
size, growth rate, and rate of change of
growth rate. They do not provide a measure

of the direction of the effect, if any.

The tests for differences are, therefore,
supplemented with a correlation analysis.
In addition to the twelve anthropometric
variables measured at the first examination
the following variables are included in
distance
symp toms,
The analysis was
performed on the whole population, with

this analysis: exposure index,

from the hypocenter, shielding,
number of examinations.
age and sex as variables, and upon each
age-sex specific group. Each analysis was
performed both with and without the control

group included.

Exposure index (F(N) = 1) is a roughly
defined for each
distance-shielding group. Exposure-

control is a simple dichotomous variable,

continuous variable,

given the value 0 for the nonexposed group
and 1 for the exposed group. Distance
from the hypocenter is given in 100-meter
intervals. The shielding categories
defined in Table 2
numerical values 0 to 3, respectively.
The three symptoms selected as bhest

characterizing the radiation symptomatology

are used, given the

are epilation, petechiae, and oropha-
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ryngeal leslons (ginglvitis). The number
of these symptoms exhibited by each child

is used as a variable, ranging from O to 3.

RESULTS
NORMALITY TESTS

In each of the age-sex—exposure groups,
the twelve direct anthropometric measure-
ments are tested for significant departure
as discussed in the
In this first analysis,

from normality,
previous section.
a total of 1440 tests for non-normal
kurtosis and skewness are performed.
One-tailed tests are used, with a 5 per

cent level of significance.

In a second analysis, the normality test
is applied to the sample population defined
These
characterized by age
differ in the number of exami-
In each
of the ape-sex—number-of-examination groups

for testing bias in re-examinations.
groups of children,
and sex,
nations for which they appeared.

the twelve anthropometric measurements are
tested for significant departure from
normality. In this second analysis, a
total of 720 tests for non-normal skewness
and kurtosis is performed.

xl4 states that the statisties used
herein in tests for differences among
covariance matrices and vector means are
not sensitive to departures from zero
skewness In the parent populations unless
is found to be
skewed severely in one direection in one of

a particular variable

the groups being compared and in the
opposite direction in one of the other
A variable is therefore rejected
for use in the tests for differences among
it is found to be
extremely skewed in one direction in one of
the subgroups being compared and while
extremely skewed in the opposite direction
A variable is
considered extremely skewed only 1f more

Eroups.

exposure groups if

in another subgroup.

than one transformation is required to
render it not significantly skewed.
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0x14 further states that the tests for
differences among covariance matrices is
sensitive to non-normal kurtosis in the
parent populations. If the populations in
the test groups are leptokurtic, the
statistic M/C tends to be spuriously large,
leading to the false rejection of the null
hypothesis; that is, to the detection of
significant differences where, in fact,

none exist. Conversely, if the populations
in the test groups are platykurtic, the
statistie M/C tends to be spuriously small,
thus acting to prevent the detection of

real differences.

five defined
It is of
with reference to each

In the present case,
subgroups are to be compared.
interest to ask,
variable: how many of the five subgroups
are platykurtic, how many leptokurtic?
Unless a majority of the five subgroups in
a particular test depart from normal
kurtosis in the same direction, the remain-
which are insignificantly
non-normal or which depart from normal

kurtosis in

ing subgroups,

wonld
tend to mitigate the effect upon the
statistie. Also, if only one variable in a
particular test exhibits a tendency

the opposite direction,

toward
the other eleven
variables may also be presumed to mitigate

non-normal kurtosis,

the effect of the non-normal variable upon
the test statistic.

In all, 288 age-sex-specific tests of
normality within sets of five subgroups
In 143 of these 288 test
groupings, none of the five exposure groups

were performed,

were found to depart significantly from
normal lkurtosis; in 54 of these 288 tests,
one subgroup was found to be significantly
leptokurtic, none of the other four to
depart significantly from normal kurtosis.
In only two of the 288 test groupings were
a majority of the five subgroups found to
depart from normal kurtosis in the same
direction. On the basis of this finding,
it is concluded that the anthropometric
variables do not depart sufficiently from
normality with respect to kurtosis to
preclude their use in the subsequent tests

for differences among subgroups. The data
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are,
tests,
ables eliminated by the skewness criterion.

therefore, used directly in subsequent
with the exception of those vari-

In only thirteen tests were as many as
two out of three number-of-examinations
groups observed to depart from normal
kurtosis in the same direction. It is
assumed that the diluent effect of the
remaining variables will sufficiently
mitigate the tendency in these few cases
for the statistie M/C to be spuriously
large.

On the basis of sample variation due
only to random sampling, if the variables
are independent and if each variable is
assumed to be normally distributed in the
infinite parent populations, the proba-
bility that a variable would exhibit
significant departure from normal skewness
or kurtosis by this test, in either
direetion, is 5 per cent.
In summary, tests for non~normali%}
of the anthropometric variables in age-
sex—exposure groups and age-sex—-number-of-
These
groups are to be compared in subsequent

examinations groups are performed.
multivariate tests. Departures from
normality, although somewhat more frequent
than might be expected on the basis of
random variation alone, are not suffi-
ciently extreme to preclude the use of the
data in computing the statistics M/C and V.
Since the variables themselves are found
not to depart from normality in a degree
sufficient to preclude their use in later
tests, it is assumed that the functions
defined to measure growth rate and rate of
change of growth rate, based upon differ-
ences between successive measurements
of anthropometric variables, may also
be used.

CORRELATION ANALYSIS

The numerical values of the correlation
coefficients relating the twelve anthropo-
metric variables to the occurrence of
radiation symptoms in boys are found to
lie within the limits plotted in Figure 2.
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FIGURE 2

RANGES OF VALUES TAKEN BY CORRELATION COEFFICIENTS RELATING

TWELVE ANTHROPOMETRIC VARIABLES TO NUMBER OF SYMPTOMS - BOYS
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In each age group, the range of the
correlation coefficients is plotted for
each of two populations: exposed children
only; total sample,
children.

of values observed when the sample

ineluding nonexposed
Also plotted are the ranges
is
considered without respect to age.

A general tendency toward negative
correlation hetwéen the anthropometric
variables and the number of symptoms
exhibited is apparent in Figure 2. Similar
Since it has
been shown previously (Figure 1) that the
number of symptoms is related to the degree
of radiation exposure, this result could
imply a negative relationship between the
anthropometrie variables and degree of

results obtain for girls.

radiation exposure.

No radiation symptoms were exhibited by
any of the male children who were six years
old in 1951. Some of these were in utero
at the time of the bomb,
infancy.

some were in
Since no symptoms occurred, no
ranges of correlation coefficients are

plotted for this group.
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The observed effect is seen to be most
marked at the younger and older age groups,
with the minimum effect in the middle age
The children for whom the effect
is most marked were either in infancy at
the time of the bomb or in the 12 and
13-year range.

Zroups.

Inclusion of the nonexposed children
appears to have caused no general shift in
the correlation coefficients, relative to
those characterizing the exposed children.
There 1is, some indication that
the rangeé of values observed tend to be

however,

reduced by the inclusion of the nonexposed
children.

When the age-specific groups are compared
with the entire sample, considered without
respect to age, a clear reversal of sign
of the correlation coefficient is apparent
in Figure 2.

existence of a functional relationship

This reversal implies the

be tween the occurrence of radiation
symptoms and age. An increasing number of
symptoms with increasing age 1is observed
(Figure 3). It might be conjectured that
the older children would have tended to be
outdoors, en route to school or work at
the time of the bomb,

school children would have tended to be

whereas the pre-

in the home at that early morning hour.

With regard to shielding, no correlation
with anthropometric variables was observed
Shielding
configuration is a factor of fundamental
importance in evaluating the radiation
exposure recelved by an individual. The
fact that no correlation is observed

in the age-specific analyses.

between the age-specific anthropometric
variables and shielding configuration,
whereas a real negative correlation is
ohserved between age-specific anthropo-
metric variables and the number of symptoms
might be taken to be a contradiction.
In fact, the influences of
differences in shielding upon an indi-

however,

vidual's estimated radiation exposure are
of minor importance numerically, when
considered relative to the influences of

distance from the hypocenter.
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A general trend toward a positive cofa
relation is observed between anthropometric
as shown in
Since distance is
this finding implies a

negative correlation between anthropometric

variables and distance,
Figure 4.
related to exposure,

inversely

variables and exposure. Generally negative
correlation is observed between anthro-
pometric variables and the exposure index,

as shown in Figure 5 for boys, and exposure

control, tending to verify the implications
of prior correlation results. Similar

results obtain for girls.

It is of interest to consider whether or
not bias with respect to return or nonre-
turn of a child for subseguent examinations
affected the anthropometriec variables.
Figure 6 1llustrates the ranges of the
correlation coefficients relating anthropo-
metric variables and number of examinations
for boys. No clear tendency toward bias
of this sort is demonstrated, for the
age-specifliec populations. When the
population is considered without respect
to age,
correlation is observed.

however, a significant degree of
The existance of

a functional relationship between age and

# Ay
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numher of examinations is implied. A
tendency for older children to return for
fewer examinations is observed for both
sexes (Flgure 7). In this case, it might
be conjectured that the children tended not
to wish to return and that the effectivenes
of their desires in implementing famlly
decisions increased with increasing age.

The ranges of the correlation coeffi-
cients relating number of examinations with
exposure-control, distance from the
hypocenter, exposure index, shielding, and
number of symptoms indicate no significant

correlation.

In summary, correlation analyses are
performed relating anthropometric variables
to radiation parameters and to number of
examinations. The results consistently
imply the existence of a negative corre-
lation between the anthropometric variables
It
remains for subsequent multivariate
analyses to determine the statistiecdl

significance of these implied differences.

and the degree of radlation exposure.

No important bias in anthropometric
variables or radiation parameters appears
related to whether or not a child returned
for subseguent examinations. This point
also remains to be investigated further
by multivariate analysis techniques.

MULTIVARIATE ANALYSIS

Statistics designed to test for differ-
ences among age-sex-specifiec groups have
been selected, as discussed in the previous
section. The statistie, M/C, compares the
covariance matrices of the anthropometric
variables among the subgroups. The
statistic, V, compares the multivariate
means of the anthropometric variables among
the groups. These two statistics are
applied concurrently to the pertinent
age-sex-specific groups in ten distinct
analyses of the sample (Appendix III).

Also calculated are combined chi-squares
for the test statistics which characterize
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each of the ten multivariate analyses.
When a population is divided into sample
groups, and chi-square statistics for the
various sample groups are independent,
combined statisties may be computed to

characterize the population according to

ﬁm@fmmﬁﬁH&Lf MeEx? et
T5. BEFASHEs OEABIZFTY R, BEX
ﬁﬂﬁmﬁaxzﬁﬂﬂﬁ%h%ﬂﬂﬁﬁﬁﬁﬁ
ém,%mﬁ%ﬁw%ﬁ%%&h?%éﬁ%%ﬁ

the equation: Kook TEtHah 5.
G |
Equation 7 (M/C) = g (M/c:)i
& 7 S |
" |
¥ 121 -

where: G is the number of sample groups

being combined

(M/C); is the value of the statistic M/C
for the ith group

V,1 is the value of the statistic V for
the ith group.

The number of degrees of freedom appli-
cable to the combined statistie is equal
to the sum of the degrees of freedom
applicable to the statisties of the sample
groups being combined.

Analysis 1 was performed upon age-sex-—
specific groups, using first examination
data for the entire sample, including
nonexposed children. For Analysis 2, only
the exposed children were included.
Analysis 3 was performed upon the three
Analysis 4 upon the
These last
two analyses were intended to provide

least exposed groups,
two least exposed groups.

information about the existence or non-
existence of a 'threshold'; that is, a
degree of exposure above which an effect
can be observed, but below which no such
effect is observed.

The age-sex specifiec tests do not
indicate systematic differences among the
therefore the differences
indicated by the combined statistic (as
shown in Appendix III), although highly
significant, are probably small.

vector means,
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When the results of the tests for
equality of covariance matrices for exposed
ehildren only are compared with those with
nonexposed children included, a tendency
toward higher levels of significance
in the former case is observed. This
indicates that the nonexposed children tend
to differ from the exposed children more
than the latter differ among themselves.

Analyses
the number-of-examinations groups.

5 and 6 were performed upon
These
analyses are intended to provide a measure
of possible blas, with respect to anthro-
pometric variables, in the return or
nonreturn for subsequent examinations. No
significant bias with respect to size in
the rate of return for subsequent exami-
nations was indicated by the data comparing

vector means.

Analyses 7 through 10 were performed upon
the subgroups of children who were examined
Analyses 7 and 8
compared those groups on the basis ‘of

at least three times.

growth rate,
groups on the basis of rate of change of
growth rate. Although the combined
statistiecs indicate highly significant
no systematic differences in

9 and 10 compare the same

differences,
vector means are observed at the younger
age levels (in 1951 for boys 13 years and
under, for girls 12 years and under) in
comparisons with respect to growth rate and
change in growth rate. highly
significant differences were observed at

However,

the older age levels.

At the older age levels, the variances
associated with growth rate and change
in growth rate become very small. The
cumilative effect of these small variances,
in computing determinants of covariance
matrices,
numerically less than the minimum value

operate.

is the generation of quantities

with whieh the computor can
Multiplication of each observed growth rate
and change in growth rate in the older
age groups by factors as large as 50 falled
to eliminate the computational difficulties
caused by the extremely small quantities

generated. Multiplication by factors this
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large,
quantities exceeding the upper limit with
These
extremely small and extremely large

at the same time generated other
which the computer can operate.
quantities cause severe errors of rounding

As a result
the covariance test

and truncation, respectively.
of these errors,
statisties for these age groups, Wwhen
tested for differences in growth rate and
change in growth rate, were found not to
be invariant to multiplicative transfor-
and could not be evaluated. The
on the other hand,

to be dinvariant to

mations,
vector mean statistics,
were found these

transformations, and appear to be valid.

CONCLUSIONS
NONEXPOSED CONTROL GROUP

The selection of the nonexposed children
included in the sample has been disecussed
in the first section of this report. The
children selected were, by definition,
residents of Hiroshima at the time of their
anthropometric examination, but were not
present in the city at the time of the
bomb, August 6, 1945.

Children satisfying these criteria can
be generally characterized in one of three
ways. They were: bona fide, lifelong
residents of Hiroshima, who had bheen
evacuated from the city for safety at the
time of the bomb;

the city from nearby rural areas;

postwar migrants into
or
postwar migrants into the city from more
distant points.

Children in the first category, whose
parents could arrange evacuation, would
probably tend to represent families at the
The
risks entailed in comparing groups which

upper end of the socioeconomic scale.

differ appreciably in socioeconomic
factors,
groups may differ, are apparent.

as the exposed and nonoxpospd

Children in the second category might be
expected, as a result of having lived in

rural areas during the war years, to have
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had more favorable nutritional and medical
histories than the children who stayed in
Hiroshima and were subjected to the severe
Children
must be

trauma of the atomic bombing.
in this category, therefore,
considered suspect for use in direct
comparisons with the exposed children.

Finally, children in the third category
are also suspect for use in comparisons
with exposed children, but for a somewhat
Ample archeologiecal
evidence exlists to suggest that the ethnic
origin of present-day Japanese might differ

different reason.

acecording to their point of geographic
origin. A series of migrations into
prehistorie Japan, by different peoples and
by different routes, have heen recorded.
The timing of these migrations,

and the degree

the exact
areas of Japan influenced,
of assimilation among the various ethniec
groups are guite uncertain. The possi-
bility exists that significant vestigial
anthropological differences remaln among
present-day residents of the various parts
of Japan in the pattern set by these
early invasions.

The results of tests of equality of
covariance matrices, in conjunction with
the preceding discussion, provide an
indication,

that the nonexposed children in

as discussed in the previous
section,
the sample are not strictly comparable
with the children who were actually
exposed to the radiations from the atomic
bomb.
this report, however,

Each of the analyses discussed in
was performed upon
the total sample,
groups,
exposed children

including the nonexposed
as well as upon the groups of
in the sample. All
general conclusions reached on the basis of
analyses in which nonexposed children were
included have been verified by the parallel
analyses, in which only exposed children

were considered.

It is concluded that the nonexposed
children should not be incorporated as a
'control' group into analytical procedures
designed to test for differences in
anthropometric variables among groups of
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exposed children. The inclusion of these
nonexposed children in the analyses
discussed in this paper, however, did not
appear to affect the results unfavorably.
This finding implies that the statistical
differences in size heing detected among
the exposed groups are physically very
those between the
exposed and control groups are small. The
fact that the results of correlation
analyses in which nonexposed children

small and that even

were included also did not differ signif-
icantly from those in which only exposed
children were considered corroborates
this implication.

COMPARISON OF SUBGROUPS BY SIZE

The five subgroups defined for each
age-sex-specifie population have bheen
tested for differences with
The results of these analyses are

respect to
size.
given in Appendix III.
specific results are considered,

When the age-sex-
in oﬂly
a few cases are significant differences
observed. The majority of these few cases
ocecur in the extreme age ranges, 6 years
old or 17 to 19 years old (in 1951).
However, the combined statisties indicate
a highly significant difference among the
vector means in the subgroups compared.
Highly significant differences are found,
that is, whether or not the nonexposed
children were included and whether or not
the more severely irradiated children
were inecluded.

The multivariate analyses discussed
above provide a measure of the level of
confidence with which it can be stated
that the groups differ with respect to
size, but do not indicate the direction.
In addition to these analyses,
correlation analyses were performed in
which
related to radiation parameters.

therefore,

anthropometric variables were

Significant correlation coefficients
between the anthropometriec variables and
radiation parameters were consistently
observed, again whether the population was
considered age-sex-specifically or without
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respect to age and sex, and whether or not
the nonexposed children were included.
These computed correlation coefficients
consistently indicated a negative relation-
ship between size and radiation parameters.
to be
negatively related to number of symptoms
each of which may
be presumed to be positively correlated

Size was found, for instance,

and to exposure index,
with aetual radiation exposure. Size was
found to be positively related to distance
from the hypocenter, which may be presumed
to be negatively correlated with actual
radiation exposure.

The correlation analyses also indicated
that the differences tended to be most
marked at the older and younger age groups,
which confirms the result indicated by
the multivariate analyses and also that
noted by Reynolds4 with reference to
height and weight related with symptoms
and distance.

A highly significant difference in size
exists among the exposure groups tested.
The size difference is physically small,
not detectable for the most part in the
age-sex-specific tests. It has not been
proven that the differences which have
heen demonstrated are attributable to
radiation.
according to socioeconomic or physiological
factors have not heen available.

Data comparing the subgroups

Com=~
parison with respeect to data of this
sort would be a fruitful direction for
if these

subsequent research, data can

be obtained.

Some confounding factors which pertain to
the meaning of these conclusions should be
First,
is performed upon children who survived
the bombing. The selectlon impliclt in the
unavoidable use of surviving children for
in fact, bias the sample
severely in favor of children inherently
more resistant to the effects of radiation.

mentioned here. the entire analysis

such a study may,

A second potentially confounding factor
arises from the fact that there is nothing
in the data bearing on possible non-
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radiation effects which may be expected to
vary with distance from the hypocenter.
Examples could be the degree of emotional
or physiological trauma, or the long-term
effects of the bombing upon such things
as medical services or dietary sufficiency.

Since mortality among parents, loss of
dwelling places, means of livelihood and
the like were more frequent among children
exposed nearer to the hypocenter, nutri-
tional status after the bombing may
have been related to distance from the
hypocenter. Accurate assessment of the
possible importance of this factor is not

currently feasible.

A further difficulty,
caution in the interpretation of these
data, is that the theoretical assumptions
of the statistical tests for equality of
vector means are not satisfied here, in

which calls for

that the covariance matrices differ among
subgroups. To what extent this failute
is reflected by erroneously low probability

values it is impossible to say.

VALIDITY OF DATA FROM SUBSEQUENT EXAMI-
NATIONS

The ehildren examined in 1951 have been
characterized by the total number of
examinations they received. The number of
examinations for which a child returned
has been used as a variable in correlation
analyses, with respect to anthropometric
(as determined in 1951) and
radiation parameters.

variables

In addition, these groups of children
have been compared, age-sex-specifically,
with respect to anthropometrie variables.

The correlation
no significant correlation between number
of examinations and anthropometric vari-

analyses indicate

ables or radiation parameters (symptoms,
The multivariate
analyses comparing age-sex-speclfic
number-of-examinations groups, with the
possible exception of boys aged 11 and 12
indicate no bias in number of

shielding or distance).

years,
examinations relative to size.
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It is therefore concluded that no
significant bias relative to size or
radiation parameters affected the return
or nonreturn for subsequent examinations.
This conclusion is a prerequisite to the
use of data from subseguent examinations
in comparisons of exposure groups with
respect to growth rate or rate of change
of growth rate.

COMPARISON OF SUBGROUPS BY GROWTH RATE AND
CHANGE IN GROWTH RATE

The five exposure groups for each age-
sex-specific population have been tested
for differences with respect to growth
rate and rate of change of growth rate, as
these terms have been defined in a previous
section. No differences in the growth
rate or change in growth rate are observed
at the younger age levels.

At the older apge levels, although the
actual physical differences in growth rate
and change in growth rate are small,
highly significant statistical differences
among vector means are observed.

SUMMARY

In summary, four conclusions may be drawn
concerning the children ineluded in the
sample, on the basis of these analyses.

The groups of nonexposed children
examined in the ABCC program differ with
respect to anthropometric variables from
the corresponding groups of exposed
children more than the latter vary among
themselves.

Differences with respect to size which
are statistically very significant are
found among the subgroups defined on
the basis of the radiation exposure
index. The actual physical differences
are small, however. The differences
have been shown to be 1in the direction
of decreasing size with increasing
degree of radiation exposure. It has
not been proved that the differences are
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entirely attributable to radiation.
Study of the possible interactions
among anthropometric and radiation
parameters and socioeconomic or physi-
ological factors, if such data can be
obtained, might elarify this point.

There is no evidence of bias with respect
to anthropometric variables or radiation
parameters in whether or not a child
returned for subsequent examinations.
The use of anthropometric data from
subsequent examinations in comparisons
of growth rate and change of growth rate
cannot be rejected on the basis of these
tests for bias.

No significant differences have been
shown to exist at the younger age levels
with reference to growth rate or rate
of change of growth rate. Although it
must be presumed that these children
experienced such dynamic growth differ-
ences in the period immediately following
the bombing, no evidence of this was
observed in 1951. Highly significant
differences among exposure groups were
observed with respect to growth rate and
change of growth rate at the older age
levels. The actual physical differences
are very small, however,
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APPENDIX 1
18 1

TABLE 4 DISTRIBUTION OF SHIELDING AND DISTANCE IN PE-18 SAMPLE
Fd PE —18fE A (2 3= 1T 2§k & PEBE o B{%

SEX |DISTANCE IN METERS SH'EL“’?G i
% SR (m) N%E l ugﬂ M£§%ﬁ u%w m%“
<g99 7 30 10 1 48
1000-1499 49 234 a8 1 322
MALE 1500-1999 182 444 64 10 700
5 2000+ 13 14 4 1 32
ToTAL Bt 251 722 118 13 1102
<898 7 20 6 0 33
1000-1498 B4 251 28 2 346
FEMALE 1500-19989 139 418 52 5 615
& 2000+ 13 12 2 0 27
ToTAL  &f 223 | 102 ‘ 89 7 | to2

TABLE 5 DISTRIBUTION OF SHIELDING AND SYMPTOMS [N PE-1B SAMPLE

%5 PE—18ERIZ& T3 EM & EREOBF
SEX |NUMBER OF SYMPTOMS F"'ELD'"G A e
. B NONE | LIGHT |MODERATE| HEAVY TOTAL
e TR = ® | hEm | m it
0 236 667 104 13 1020
1 7 24 ] 0 44
MALE 2 5 14 5 0 24
B 3 3 10 1 0 14
TOTAL 3t 251 722 118 13 1102
0 194 655 84 6 939
1 20 23 1 0 50
FEMALE ? 7 13 3 1 24
£ 3 2 5 | 0 8
TOTAL 3t | 223 702 84 7 1021




TABLE 6 DISTRIBUTION OF SYMPTOMS AND DiSTANCE [N PE-18 SAMPLE

#6 PE—-1BERII&TIERE LEEDBME

SEX |DISTANGE IN meTeRs | "UMBER OF SYMPTONS "ﬂj\lf‘

e HEE (m) 0 | 1 2 | 3 | TOTALEF

| <999 8 21 14 5 | 48

1000-14938 280 23 10 9 322

MALE 1500-1988 700 0 0 0 700

h 2000+ 32 0 0 0 32

ToTAL @t 1020 44 24 14 1102

<989 14 8 6 5 33

1000-1499 283 42 18 3 346

FEMALE 1500-1888 615 g 0 0 815

ES 2000+ 37 0 0 0 27

TOTAL i 938 50 24 i 8 1021
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APPENDIX 11 1821

FORTRAN PROGRAM TO TEST FOR EQUALITY OF COVARIANCE MATRICES AND VECTOR MEANS
AR R EER 7 PULESE O MHEE 2B T 5 FORTRANT O 77 5 A

1010 READ |MPUT TAPE 7,1,HF,L .M, ETN
1 FORMAT(125,121,117,F3.0)
WRITE OUTPUT TAPE 6,2,NP,L,M,ETN
2 FORMAT(S5!'H!TEST FOR EQUALITY OF MEANS AND COYARIANCE MATRICES//13H
! PROBLEM NO. 125/717H NO. OF BROUPS = [21//21H MO. OF PARAMETERS =
2 117//31H ESTIMATED TOTAL NO. OF DATA = F8.0)
DIMENSION TOTEX(20),PLYAR(20,20),BN(5),SUMEX(20),AVEX(20,5),SUMXY
(120,20),COVAR(20,20),X(20),8(20,20),E(2D0})

K =

™ = 0

RHO = D,

SUMR = 0

57 s

T = 0«

V= B

DD 1020 151, M
1020 TOTEX(1) = 0.

po 1030 151, M

Do 1030 171, M

1030 PLVAR(I.1) = 0.

CONTINUE
1040 BN(K) = 0
DO 1050 1=1,M
SUMEX( 1) = O.
1050 AVEX(I,K) = 0.
DO 1060 171, M
DO 1060 J-1.M R
SUMXY(1,3) = 0. 3

1060 COVAR(I,J) = 0.

1070 READ INPUT TAPE 7,3,(X(1),I1=1,M),ICH
3 FORMAT(A(1H ),2(F3.1,F3,0),BF3.1,11
|F(ICH-9)1080,1110,1080

1080 DO 1030 1=1.M

1090 SUMEX(I) - SUMEX(1) + X(1)
Do 1100 I=1,M
DO 1100 J=1,M

1100 SUMXY(L1,)) = SUMXY(I,) * X(1)*x(}))
BH(K) = BN(K) + 1.
G0 TO 1070

1110 po 1120 1=1,M

1120 AVEX(I,K) = SUMEX(I)/BN(K)
oo 1130 151, M
DO 1130 =1, M

1130 GOVARCI,J) = (SUMXY(1,J) - SUMEX(I)®SUMEX(J)/BN(K)I/(BN(K)-1.)
WRI1TE OUTPUT TAPE 6,4,K,BN(K)
4 FORMAT(30HIND. OF DATA IN POPULATIODN NO. 12,3H = F4.0//28H AVERAGE
1 YALUES OF YARIABLES)
WRITE ODUTPUT TAPE 6,3, (1, AVEX(I, K), 151, M)
5 FORMAT(4(8H ¥ l2, 40y = F10.3)4)
WRITE DUTPUT TAPE 6,50
50 FORMAT(2Z7HOCOVARIANCE MATRIC ELEMENTS)
WRITE DUTPUT TAPE 6,60, ((1,J,COVARCE,)), 151, M), 171, M)
60 FORMAT(4(4H X(.12,7H) ¥S X(12,4H) = F10.3)/)
po 1140 151, M

1140 TOTEX(1) = TOTEX(I) * SUMEXCL)

Kb =k
AM = M
pg 1150 I1=1, M

Do 1150 J=1,M




1150

1160

tird

110

1185

1180

1200

1210

1250

1260

1270

1280

15

1240

16

1205

20

1300

13

PLVAR(I,J) = PLVAR(CI.J) *+ (BN(K)-1.)*COUVAR(I,J)/(ETN-AL)
Do 1155 151, M
DO 1155 J=1, M

BL Y =

Dg 1156 1=1,.M

Bedad ) =l

N =0

B =10

N = MSIMEQ(ZO,M,M,COVAR,B,R,E)
GO TO (1180,1170,1180),N

WRITE OUTPUT TAPE 6,6,K,R

FORMAT(33HOVALUE OF DETERMINANT, GROUP NO. [2,3H = F20.5)
GO TO 11835

WRITE OUTPUT TAPE 6,7

FORMAT(J3H COVARIANCE MATRIX OVER/UNDERFLOW)

G0 TO 1185

WRITE OUTPUT TAPE 6,8

FORMAT(IOH COVARIANCE MATRIX IS SINGULAR)

CONTINUE

§ = 5 + (BN(K)-1.)*ELOG(R)

SUMR = SUMB + 1./(BN(K)-1.)

TN = TH + BN(K)

[F(K-L)1180,1200,1200

K=K + 1

GO TO 1040

po 1210 [=1,M

po 1210 J=1,M . "

PLYARCI,J) = PLVAR(IL,J)*(ETN-AL)/( TN-AL)

0o 1250 151, M

Do 1250 1=1,M

B(l,J) = 0.

DO 1260 =1, M

B(I,1) = 1.0

N =10

R= F.0

N = MSIMEQ(20,M,M,PLYAR,B,R,E)

GO TO (127D0,1280,1280),N

WRITE OUTPUT TAPE 6,9,R

FORMAT(42HOVALUE OF PDOLED COVARIANCE DETERMINANT = F20.35)
G0 TD 1285

WRITE OUTPUT TAPE 6,15

FORMAT(40H PODLED COVYARIANCE MATRIX OVER/UNDERFLOW)

G0 TO 1285

WRITE OUTPUT TAPE 6,186

FORMAT(37H PDOLED COVARIANGCE MATRIX IS SINGULAR)

RHD = 1.-(SUMR-T./(TN-AL))* (2. *AM**2, +3. #AM-1. )/ (6. * (AM+T. )*(AL-1.
1))

AR = FLOG(R)

WRITE ODUTPUT TAPE 6,20,5,5UMR, TH,RHO, AL, AM, AR

FORMAT(SH § = F6.D//8H SUMR = F5.4//6H TN = F3.0//7H RHO = F5.4//8
TH AL = F3.0//6H AM = F3.0//8H AR = FT7.3)

T = -RHO*(S-(TN-RL)*AR)

0o 1300 151,M

DO 1300 J=1,M

Do 1300 R=1,L

VEPLYARCI, JI*BNCKI®SCAVEXCL, K)=TOTEXCI)/ TH)® (AY EX(J,K)-TOTEX(J)/TN
13 =N

WRITE OUTPUT TAPE 6,13,T,V

FORMAT(S3HOTEST STATISTIC FOR EQUALITY OF COVARIANCE MATRICES =F10

1.5//753H TEST STATISTIC FOR DIFFERENCES BETWEEN GROUP MEANS =F10.5)
G0 TO 1010
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FORTRAN PROGRAM TO TEST FOR NON-NORMALITY AND APPLYING
SUCCESSIVE TRANSFORMATIONS

THMEHES I UEBEREREROD O OFORTRAN T T 7 7 A

1010
1

2 FORMAT (34H1

1020

1070

1040

1046

1080

1050

1060

1065

1066

1067

1080

1100

1

READ INPUT TAPE 7

e bl i B BTN

FORMAT(117,110,F4,3,FB6.0)

WRITE OUTPUT TAPE

AA2TH NO. OF VA

2TIC = F4.3//26H
DIMENSION S(20) ,MTAB(2),A(20),B(20),C(20),0(20),AM1(20),AM2(20},

6,2,L,M,F,ETN

SKEWNESS TEST AND TRANSFORMATION//14H PROBLEM NO.
110//38H

RIABLES
ESTIMATED NO.

117
TEST YALUE FOR SKEWNESS STATIS
OF DATA F6.0)

AM3(20),AK(20),%(20,120)

MTAB(1) = M

NT = MTAB(1)+1

0o 1020 | = 2,M1

MTAB(1) = 1-1

ITN = 0

po 1070 1 = 2,N1

Agl-1) = 0.

B(l-1) = 0.

cel-1y) = 0.

k=1

READ INPUT TAPE 7,3,(X(1,K),152,N1),ICH

FORMAT(3(IH ),2(F3.1,F3.0),8F3.7,11)

po 1080 | = 2,NI

N5 = XABSF(MTAB(1))}+!

Afl-1) = A{I-1)+X(N5,K)/ETN

BeI-1) = B(I-1)+X(NG, K)**2. JETN

(l-1) = C{I-1)+X(N5, K)**3. /ETN
IF(ICH-9)1050,1060,1080

K = K + 1

G0 TD 1040

K = K-1

CONTINUE

oo 1080 1=2,N1

AMI(I-1) = 0.

AM2C1-1) = 0.

AMI(1-1) = 0.

IF(ITH)1066,1066,1067

A(l1=13 = A(1=1)2ETN/FLOATF(K)

B(l-1) = B{I-1)*ETN/FLOATF(K)

C(l-1) = C(I-=1)*ETN/FLOATF(K)

Sitd=17 =

D(l-1y) = 0.

AK(1-1) = 0.

ng 185 J=1,K

oo 185 1=2,N1

NG = XABSF(MTABC(I

% i

D(1=-1) = D{l-1) + ABSF(X(NS,J)-A(I-1)/FLOAT( X)

Do 1100 1=2, M1
AMI(1=13 = A{l-1)
AM2(1-1) =
AMa(l-1y =

Sch-13%

AK(L-1) =

WRITE OUTPUT
FORMAT(TBHE NO.
DRMATIONS/ /1 5H
NG = N1 - 1

DO 444 LLL=2Z,NI

0

O(l=13/(AM2{1-1}**0.5§
TAPE G,4,K,I1TH

116/719H
FIRST MOMENTS)

F DATA

BCl=1)-(AMI(1-1))**2.
CCI-1)-3.%B(CI-1)*AMI (1-1)+2. *ANMT(]-1)*=3.
= AMI(I=1)/AMZ(1-1)**1 5§

STATISTICS AFTER 13,16H TRANEF
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444

1188

11480

2160

2180

21717

2170

MTAB(LLL) = XABSF(MTAB(LLL))

WRITE OUTPUT TAPE 6,5, (MTABCI+1), AMI(1)},]1=1,N8
FORMAT(4(4H X({,12,4H) = F14.4)/)

WRITE OUTPUT TAPE 6,8

FORMAT(1BHO SECOND MOMENTS)

WRITE OUTPUT TAPE 6,5, (MTAB(I-T),AM2(1),1=1,N8)
WRITE OUTPUT TAPE 6,9

FORMAT(21HO SKEWNESS STATISTICS)

WRITE OUTPUT TAPE 6,5, (MTAB(IT1),8¢1),1=1,N9
WRITE OUTPUT TAPE 6,10

FORMAT{2Z1HO KURTOSIS STATISTICS)

WRITE OUTPUT TAPE 6,5, (MTABCIH1 ), AK(1),1=1,N8
L =02

Do 1110 A=2.N1

PECS( =1 )=P)113D, 1120, ¥120

MTAB(1) = XABSF(MTAB(I1))

I

G0 TO 111D

| F(~8(1-1)-P)y111D0,1140,1140

MTAB(J]) = -XABSF(MTAB(I))
| B

CONTINUE
FE¢I-2)1010,0010,1150

MTAB(1) = J-2

ITHN = 1TH + 1
IF(ITN-6)1158,1010,1010
TF(I TH-2)1160,2160,1200
H1 = MTAB(1)H1

po 1180 1=2,N1

N5 = XABSF(MTAB(I))*1
IFCMTABCE)I11T70,1180,1180

0o 1177 MM=1.K
[FC(MTAB(I+1)=-2)1171,1174,1171

IF(MTAB(I+1)-4)1172,1174,1172
X{NG, MM) = X(NG,MM) 100

X(NG, MM) = (2, T182B)** (X(N3, MM))
60 TO 1177

K(NS, MM) = XK(N5.MM)- 1000,
X(NG, MM} = (2. 71B2B)**(X(NG, MM) )

CONTINUE
GO TO 1180

DO 1188 MM=1,K
X(NG5,MM) = ELOG(X(NS, MM))

CONTINUE
GO TO 1240

N1 = MTAB(1) *+ 1

po 2130 1=2, N1

NG = XABSF(MTAB(I1)) *+ 1
IF(MTAB(1)32170,2180,2180

DO 2177 MM=1,K
X(NG, MMY = (2. T132B)**(X(MN5,MM))

X(NG, MM) = X(NS, MM}*=*D, 35
GO TO 2180

00 2188 MM=1,K
X{NG,MM} = ELOG(X(NG5,MM})




2188 X(N3,MM) = X(N3, MM)*=*2,
2190 CONTINUE
BOD TO 1240

1200 N1 = MTAB(1) + 1
DO 1230 1=2,HM1
N5 = XABSF(MTABCI))+1
IF(MTAB(1))1210,1220,1220

1210 DO 1212 MM=1,K

1212 X(N5.MM) = (X(N5,MM))*%«2
GO TO 1230

1220 00 1222 MM=1,K
1222 -X(NS,MM) = X(N5,MM)**0, 5
1230 CONTINUE

1240 CONTINUE
Do 1238 [=2,N1

A{=1) = g,
I 28 o i 1
1235 B{l-13 =

1047 DO 1085 J=1,K
po 1085 1-2,N1
NS = XABSF(MTAB(1))}+1
Afl=1) = A(l=13+ X(NS, J)/FLOATF(K)
Bel=1) = BCI=1)+X(N5,J)**2. /FLOATF(K)

1085 C(l=1) = C(1=-1)+ X(NG, J)**3./FLOATF(K)
GO TO 10665

FORTRAN PROGRAM TO TEST FOR EQUALITY OF COVARIANCE MATRICES AND VECTOR MEANS
WITH REFERENCE TO GROWTH RATE AND CHANGE [N GROWTH RATE

WE®RL I UREBEZH I VT ORSETHE L U7 PR OR M E D FORTRAN 70 75 A

1010 READ IWPUT TAPE 7,1, MNP, L.M, ETH
1 FORMAT(125,121,117,FB.0)
WRITE DUTPUT TAPE 6,2 ,HNP,L,M,ETHN
2 FORMAT(SIHITEST FOR EQUALITY OF MEANS AND COVARIANCE MATRICES//13H
1 PROBLEM NO. 125//717H NO. OF GRDUPS = 121//21H ND. OF PARAME TERS =
2 117//31H ESTIMATED TOTAL NO. OF DATA = F8.0)
DIMENSION TOTEX(20), PLYAR(20,20),BN(5), SUMEX(20),AVEX(20,35), SUMXY(
120,20), COVAR(20,20),%(20),8(20,20),F(20)
k==
N = D.
RHD = 0.
SUMR = D.
g =l
T 0.
¥ n.
oo 1020 1=1, M

1020 TOTEX(1) = 0.
D0 1030 I=1.M
Do 1030 JF1.M

1030 PLVARCL,J)) = 0.
CONTIMUE

1040 BN(K) = 0.
0o 1050 1=1,M
SUMFX(1) = 0.

1050 AYEX(l,K) = D.
D0 1060 171, M
Do 1060 J=1,M
SUMXY(1,1) = 0.

1060 XOVAR(I,1) = 0.

1070 READ INPUT TAPE 7,3,(X(1),171.M),ICH
3 FORMAT(3(IH ),2(F3.1,F3.0),8F3.1,11)
JF{|CH-9)1080,1110, 1080

1080 DO 1080 [=1,M

1090 SUMFX(1) = SUMFX(1) *+ X(1)
oo 1100 [=t, M
00 1100 J=1.,M




1100 SUMXY(I,J) = SUMXY(1,)) + X(I)*x¢l)
BN(K) = BN(K) *+ 1.
G0 TO 1070

1110 00 1120 I=1.M

1120 AVEX(I1,K) = SUMEX(I)/BN(K)
0o 1130 1=1.M
po 1130 1=1,M

1130 COVARCI,)) = (SUMXY(I,)) - SUMEXCI)*SUMEXC))/BN(K))/(BN(K)-1,)
WRITE OUTPUT TAPE B,4,K,BH{K)
4 FORMAT(30H4MO., OF DATA IN POPULATION NO. 12,3H = F4.0//28H AYERAGE
VALUES OF YARIABLES)
WRITE OUTPUT TAPE 6,5, (1, AVEXCI,K),I=1,M)

5 FORMAT(4(BH X{,12,4H) = F10.3)/)
DO 1140 [=1,M
1140 TOTEX(l) = TOTEX(1) * SUMEX(I)
AL = L
AM = M
Do 1150 =1, M

po 11350 )=1,

1150 PLVAR(CIE,J) = PLVARCI,J) *+ (BN(K)-1.)*COVAR(I,J)/(ETN-AL)
0o 11585 IT1.M
po 1153 J=1.M

1155 B(l.1) = 0.

DO 1156 171.M
1156 B(I, 1) = 1.0
N =8
Ramme il
N = MSIMEQ(20,M,M,COVAR,B,R,E)

60 TO (1160,1170,1180),N

1160 WRITE OUTPUT TAPE 6,6,K,R
6 FORMAT(3I3HOVALUE OF DETERMINANT, GROUP NO. 12,3H = F20.5)
GO TO 11BS

1170 WRITE OUTPUT TAPE 6,7
7 FORMAT(33H COYARIANCE MATRIX OVER/UNDERFLOW)
GO TO 1185

1180 WRITE ODUTPUT TAPE 6,8
B FORMAT(30H COVARIANCE MATRIX IS SINGULAR)

1185 CONTINUE
R = ABSF(R)
§ = 8§ + (BN(K)-1.)}*ELOG(R)
SUMR = SUMR + 1./(BN(K)-1.)
TH = TN + BH(K)
IF(K-L)1180,1200,1200

1180 K= K + 1
G0 TO 1040

1200 DO 1210 I=1,M
0o 1210 J=1.M

1210 PLYARCI,J) = PLYARCI,J)®(ETN-AL)/(TN-AL)
Do 1250 151, M
0o 1250 J=1,M

1250 B(I1,1) = 0.

Do 1260 (=1, M
1260 B(CI.1) = 1.0

N =10

R = 1.0

N MSIMEQ(20,M M,FLVYAR,B,R, E)
GO TO (1270,1280,1290),N

1270 WRITE OUTPUT TAPE G,.9.R
B FORMAT(4ZHOYALUE OF POOLED COVARIANCE DETERMINANT = FZ0.§)
GO TO 1285

1280 WRITE OUTPUT TAPE 6,15
15 FORMAT(40H PDOLED COVARIANCE MATRIX OVER/UNDERFLOW)
GO TO 1295

1280 WRITE OUTPUT TAPE 6,18
16 FORMAT(37H POOLED COVARIANCE MATRIX 1S SINGULAR)
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1285 RHD = 1.-(SUMR=1./(TH-AL)})*(2, *AM**2 +3 *AM-1.)/(6. *(AM*T1. )*(AL-1.1))
R = ABSF(R)
AR = ELDG(R)
T = -RHO®(S-(TN-AL)*AR)
DO 1300 1=1, M
Do 1300 I=1, M
po 1300 K=1,L

1300 ¥ = PLYARCI,JI*BNCKI®C(AVEX( 1, K)-TOTEX(1 )/ TNY*(AVEX() , K)-TOTEX(J)/TNT) + ¥
WRITE DUTPUT TAPE B, 13, T,V
13 FORMAT(S53HOTEST STATISTIC FOR EQUALITY OF COVARIANCE MATRICES =F10
1.5/753H TEST STATISTIC FOR DIFFERENCES BETWEEN GROUP MEANS =F10.5
GO TO 1010

APPENDIX 111
5211

TABLE 7 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING
SIZE OF FIVE SUBBROUPS ON THE BASIS OF FIRST EXAMINATION DATA

£7 WERSIESBHOGREBOZDORITROME ARKE, F1RREOEMIZLS

TEST FOR EQUALITY OF TEST FOR DIFFERENCES OF
COVARIANCE MATRICES (F, = 312) VECTOR MEANS (F, = 48)
SEX AGE 255 BT Hl o 6] 1R H e o P LEBEORE
e P STATISTIC LEVEL QﬁISIENIFIciHCEi STATISTIC |LEVEL nf_ijcqir|nanue
’ Fat it 3 ki HHal bt H I AR
6t 324.310 008 <P<. 01 56.023 . 10<P<. 20
gt 358,814 P<. 0005 54, 447 . 10<P<. 20
10 503.437 P<, 0005 54,038 . 20<P<. 30
11 517, 546 P<. 0005 59, 086 L 10<P<. 20
12 g11.280 P<. 0005 §0. 530 . 10<P<, 20
MALE 13 471.820 P<. 0005 36.810 . 80<P<. 90
L] 14 410,144 P<.0D05 37.922 . BO0<P<. 90
15 437. 440 P<. 0005 62.114 . D5<P<. 10
16 T41.804 P<. 0005 53. 589 . 20<P<. 30
17 1 430,828 P<. 0005 90. 43§ P<.0005
18 36B.763 .01 <P<.025 97.419 P<. D005
19 436,741 P<. 0005 59,707 . 10<P<. 20
B 410,682 P<. 0005 69.078 L 01<P<. 025
87 341.200 . 0005<P<. 001 42.708 . 40<P<, 50
1of 333,104 L001 <P<. 005 3B. 447 . 10<P<. 80
11 422,988 P<. 0005 54. 886 . 20<P<. 30
12 383, 599 .00t P<. 005 49,048 . 40<P<. 50
FEMALE | 13 512,042 P<.0005 BO.424 . 10<P<. 20
e 14 363. 508 .01 <p<.o2s 59.299 L 10<P<. 20
15 736. 554 P<. D005 54, 708 . 10<P<. 20
18 422,462 P<. 0005 44,837 . BO<P<. 70
17 612,682 P<.DDD5 52. 890 L 20<P<. 30
18 450,765 P<. 0005 55. 268 . 20<P<. 30
19 395.896 .0005 P<. 001 §5.137 . 025<P<. 05
TOTAL #Ff11,200. 200 P<. 0005 1,368,852 " p<. 0005
t Based aon sla\r‘en variables (fl = 2864, f2 = 449,
Ao EH 2T
tthe level of significance is the probability that a chi-square as large as that

observed could occur due to random variation alone.
HEAkEERR s AL LRI AE S0 JEB@YF Ty FLARER GO TIT 2 L bR AHE
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TABLE 8 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE [N COMPARING
SIZE OF FOUR SUBGROUPS ON THE BASIS OF FIRST EXAMINATION DATA

£8 HWESHAIABOKKRLBOZOOKIROM L ARKE, B1RREOERICLS

! TEST FOR EQUALITY OF TEST FOR DIFFERENCES OF
COVARIANCE MATRICES (F, = 234) VECTOR MEANS (F, = 38)
sex | Aee oy AT F o [A) — 1k o Sy R VTEBEEZEOBRE
1% B STATISTIC |[LEVEL OF SIGNIFICANCE | STATISTIC |LEVEL OF SIBN|FICANCE
AT H A AT i Rk HE
[ 341,017 P<. 0005 6Z.B9B L001<P<, 005
8 296.282 . 001<P<. 005 41,298 .20 <P<, 30
10 354,383 P<. DODS 54,824 .01 <P<.025
11 349, 532 P<. 0005 46. 166 .10 <P<. 20
12 270.9499 .025<P<. 056 [ 48. 348 .05 <P<L 10
13 318.787 P<.D0D5 25,990 . B0 <P<. 80
MALE 14 293,297 . 005<P<, 01 25.183 .80 <P<.95
) 15 325.386 P<. 0005 44,389 .10 <p<. 20
| 18 536. 270 P<. 0005 38. 854 .20 <p<. 30
17 434.877 P<. 0005 65, 983 | .001<P<. 005
18 257.802 L0 <P<. 20 78.3389 P<. 0005
19 346.988 « 7 P<.000S 47,008 .10 <P<.20
] 286, 696 . 005<P<, 01 41.716 .20 <P<. 30
8 286. 681 « DOSCPL. 01 44,222 .10 <p<, 20
10 286,483 . 005<P<. 01 27.379 .80 <P<, 80
11 328,617 P<. 0005 44,149 .10 <P<, 20
12 292,037 L005<P<. 01 31, 568 LBD <P<. 70
13 344,258 P<. 0005 44,003 .10 <P<, 20
FEMALE 14 261.418 .10 <p<.20 49, B 51 .05 <P<. 10
&« 15 487.852 P<. 0005 45.285 L10 <P<. 20
186 322.218 P<.0005 28. 866 .70 <P<. 80
17 454,585 ‘P<. D005 40.071 .20 <P 30
18 317,244 P<. 0005 46.7089 .10 <P<. 20
19 274.105 . 025<P<. 05 53,980 .025<P<. 05
B TOTAL 3| 8,069,784 P<. 0005 | 1,077.088 P<. 0005
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TABLE 9 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING
SIZE OF THREE SUBGROUPS ON THE BASIS OF FIRST EXAMINATION DATA

£9 BHERESHEIBOFEBLEEDAZADOKHROMEEEERE, BlLABEEOERIZES
TEST FOR EQUALITY OF TEST FOR DIFFERENCES OF
COVARIANCE MATRICES (F, = 156) VECTOR MEANS (F, = 24)
SEX AGE A BT O —fEHE AL BRI O E
e s STATISTIC |LEVEL OF SIGNIFICANCE | STATISTIC |LEVEL OF SIGNIFICANCE
He At A7 Ak HE At H Aok il
8 232.520 P<. 0005 55.716 P<. 000G
8 207. 7489 .00t P<.005 34.510 .05 <P<.10
10 232,965 P<. 0005 36. 561 .05 <P<. 10
i1 238.489 P<. 0005 23.081 .50 <P<. 50
12 160.992 .30 <P<. 40 a7.138 . 025<P<. 05
MALE 13 206.173 L001<P<. D05 14.565 .90 <P<. 95
5 14 “208. 367 T001<P<. 005 21,322 .60 <P<.70
15 225. 561 P<. 0005 34,414 .05 <PD
18 257. 452 P<. 0003 23.472 | .40 <P<. 50
17 302, 901 F<. 0005 43,536 .005<P<. 01
18 172.158 .10 P<o20 51.048 P<. 0005
18 245.972 . PB<.oDODSB 26.443 .30 <P 40
[ 198.280 . 005<P<. 01 31,574 10 <P< 20
8 183,301 .05 <P<. 10 35.033 .05 <P<.10
10 196. 941 .01 <P<. D25 16.688 .80 <P<. 90
11 108, 028 .01 «P<. D25 at, 19z .10 <P 20
12 197.810 .01 <Pg.025 25,321 .30 <P<. 40
FEMALE| 43 207.881 .001<P<. 005 45.023 - 005<P<. 01
i 14 189. 480 .025<P<. D5 31.201 | .10 <P<. 20
15 297.887 Pe. 0005 37.130| . 025P<. 05
18 215.9186 .001<P<. 005 33.208 .10 <P<. 20
17 310,720 P<. D005 39.013 .01 <P 025
18 207.616 .D01<Pe. 005 35.925 .05 <Ps 10
19 172.685 .10 <P<L. 20 37. 443 .025<P<. 05
TOTAL 2f| 5.266.945 P<. 0005 811,458 P<. 0005
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TABLE 10 YALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING
SIZE OF TWO SUBGROUPS ON THE BASI|S OF FIRST EXAMINATION DATA

#10 BRI H2BoREEEROZOOFEHEOBE L AEARE, 1 RKGEOEM LS

TEST FOR EQUALITY OF TEST FOR OIFFERENCES OF
COVARIANCE MATRICES (F, _ 78) VECTOR MEANS (F, = 12)
S XEE 3 27 B 4T 0 o0 ] — R Ay b AREHEEOSE
e s STATISTIC |LEVEL OF ilau}rlcnncg ST&jJ;Tlc LEVEL u;_ilcg{F|cnncE
| At 5k i gt i 4 ke
B 106.750D o D1 <P<.02% 28,754 .001<P<. 008
8 102.821 « 025 gPe 05 17.881 10 gPel 20
10 126.918 P<. 0005 18. 080 : .10 <p<. 20
1 849,126 10 <Pl 20 B.751 . B0 <P<.80
12 B2. 520 .20 <P<. 30 14.873 .20 <P<. 30
AL 13 86. 376 .20 <P<. 30 7.491 . B0 <P<. 80
#H | 14 85.672 .20 <P<. 30 8.461 ] .70 <P<. B0
15 114,185 .00t <P<. 005 22.418 .025<P<. 058
16 123, 851 . 0005<P<. 001 5.087 | .90 <P<. 95
17 142.708 P<. 0005 32.960 . 0005<P<. 0D
18 82.081 .20 . <P 30 a0, 806 .001<P<. 005
18 106.025 .01 P<. 025 20.413 .05 <p<. 1D
| 6 84,433 .20 <P<. 30 19,8048 .08 <P<.10
| 8 86.327 .05 <P<. 10 19, 487 .05 <P<.10
10 86.643 .20 <P<.30 2,933 . 885<P<. 999
11 108.607 -0 <P<. 025 18.604 .05 <P<L. 10
12 86,005 10 <p<lz0 4.829 .85 <P<.875
RENALS 13 BE. 028 .10 <P 20 40,380 P<. 0008
S 14 98.011 .05 <P<.10 6.838 .80 <P<. 80
15 127.588 P<. 0005 89.756 .80 <P<. 70
16 116.210 001 <P<Z. 005 23.627 .01 <P<L. 025
17 172. 106 P<. 0005 18. 845 .05 <P<. 10
18 83,321 .20 P<. 30 19,247 .05 £P<.10
i9 87.583 .20 <p<i30 10.398 . 50 <P<. B0
TOTAL §H| 2,487.085 P<. 0005 411,037 P<. 0005
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TABLE 11 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING SIZE OF THREE NUMBER
OF EXAMINATION GROUPS INCLUDING CONTROL CHILDREN ON THE BASIS OF FIRST EXAMINATION DATA

£11 3EBRERE (HBRE2E0) ORBEBO 2O OHIROM 2 AR AR, B1XREDERIZLS

TEST FOR EQUALITY OF TEST FOR DIFFERENCES OF
COVARIANCE MATRICES (F, = 1586) VECTOR MEANS (F, = 24)
SEX i Sk BT R o A -1 R Ry P TESEORE
#E ﬂiﬁ% STATISTIC |LEVEL OF SIGNIFICANCE STATISTIC |LEVEL OF SIGNIFICANCE
: HAR Rk it it A ks
] 260,603 P<. 0005 23,834 .40 <P<.50
8t 305,175 P<. 0005 30,643 .10 <P<. 20
i0 305, 564 P<L. 0005 10.383 .99 <P<.005
11 232.174 P<. 0008 2?.532_ .20 <P<.30
MALE 12 259.004 P<. 0005 23.669 .40 <P<. 50
G 13 190. 502 .025<P<. 05 21.976 . 50 <P<. 60
14 226.964 P<. 0008 25. 576 | .30 <p<. 40
15 194,781 .01 <P<. 025 ' 18. 501 .70 <P<. BO
16 446, 466 P<. 0005 38.035 . 025¢P<. 0§
17 221,232 P<. D005 18.777 .70 <P<. B0
6 261.266 P<. 0005 25.427 .30 <P<. 40
8 306.183 P<. 0005 11,827 . 875<P<. 99
10 320.935 . P 0005 16. 492 .80 <P<. 90
— 1t 298.622 P<. 0005 34,412 .05 <P<. 10
12 190. 386 0.25 PL.05 25,843 .30 <P 40
# 13 220.611 P<. 0005 24.054 .40 <P 50
14 1B6. 552 .025 P<,. 05 12,212 . B75<P<. 88
15 363.656 P<. 0005 15.730 .80 <P<. 80
1B 229,356 P 0DODS 32.187 .10 (P(.?I]
17 129.890 . 90 P<. 85 a1, 482 210 <P 20
TOTAL 3| 5,168.842 P<. 0005 468.712 .50 <P<. 70

pased on eleven variables (F1=132, F2=22),
BRI RR g Sl



TABLE 12 YALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING SIZE OF THREE NUMBER
OF EXAMINATION GROUPS (EXPOSED CHILDREN ONLY) ON THE BASIS OF FIRST EXAMINATION DATA

#£12 JEBEER (HBRR0Z) ORBEBOZ0OKHREOH AR, 1 RBEOERIZL S

TEST FOR EQUALITY OF TEST FOR DIFFERENCES OF
COVARIANCE MATRICES (F, = 156) VECTOR MEANS (F, = 24)
§5s e 5 BT R o [a]— o M Ny PLVEHEEOBT
e 4@ |STATISTIC |LEVEL OF SIGNIFICANCE | STATISTIC |LEVEL OF SIGNIFICANCE
it & A1 A iR #tat Bt ARk
B 263. 008 P<, 0005 22,048 .50 <P<. B0
8 47.087 .9995<P 20. 328 .60 <P, 70
10 238,018 P<. 0005 28.925 .20 <P<. 30
11 169. 563 10 <P<L.20 49,234 . D01<P<. 005
MALE 12 314,761 P<. 0005 40,010 .01 <P<. 025
5 13 175.980 .10 <P<. 20 14.543 . B0 <P<. 05
14 191,831 .01 <P<.025 32,820 .10 <P<. 20
15 249, 471 P<. 0005 | 25.797 .30 <P<. 40
16 406. 938 P<.0005 | 31.868 .10 <P<. 20
17 206. 081 . 001 <P<. 005 21,589 . 50 <P<.60
8 164.038 .30 <P<. 40 28.736 .20 <P<. 30
8 166. 158 .20 <P 30 14,884 .80 <P<. 85
10 196, 660 L01 <PL. D25 28,131 .20 <P<. 30
11 319.050 P<. 0005 21.955 .50 <P<.50
el B | BEsETE L0010 <P<. 005 18.596 .70 <P<. 8D
% 13 254,845 P<. 0005 22. 488 .50 <P<. 6D
14 224, 860 P<.0005 22.252 .50 <P<.BD
15 300.902 P<. 0005 14,574 .90 <P<. 95
1§ 201,258 .005 <P<. 01 28,901 .20 <P<.30
17 189, 583 .025 <P 05 30.135 .10 <Pe. 20
TOTAL 3| 4,487.083 P<. 0005 518,904 .10 <P<. 20




TABLE 13 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING GROWTH RATE OF
FIVE SUBGROUPS ON THE BASIS OF DATA FROM TWO EXAMINATIONS

#13 HESHSHOMNERLBEO - 00KIHBROM L AEKE, 2RoMEERIZELSD

TEST FOR EQUALITY OF TEST FOR DIFFERENGES OF
| COYARIANCE MATRICES (F1 =312 VECTOR MEANS (F2 = 48)
ﬂxi e M5 BATH O R — 1 fHE Ay VRO RE
1 s ST{l’Ell_SﬁT!U LEYEL B%il}ﬁ;ﬁlFlBAN{:E ST&L;EEG LEVEL U_{;at;s)jfﬂl;lﬂﬂﬁﬂce
T LK e At i Rt
6 782,721 P<. 0005 53.330 .20 <PLi3D
8 7B82.872 P<. 00035 46. 026 .50 <P<.BO
10 G38. 564 P<. 0005 40,600 .70 <P<. B0
11 665.607 P<.DDOS 56.274 | .10 <P 20
MALE 12 | 587.347 P<. 0005 | 54,123 | .20 <P<. 30
H 13 954,832 | P<. DO0S 50,7849 L300 <P 4D
141 65.410 .05 <P<.10
151 126,836 P<. 0005
16t [ 38.677 .80 <P 90
vt | ' g1, 710" . 001 <P<. 005
B 584.267 P<. 0005 54,323 .20 <P 30
8 523,252 .- P<. 0005 42,972 +B0 <P<L.0 70
10 597. 560 P<. 0005 44. 336 B0 <P TD
11 596. 383 P<. 0005 44,242 B0 <P<L.T70
12 747.388 P<. 000§ 63.305: .05 <P 10
FEMALE| 13f 73. 981 .005 <P<. 01
'S 14t | ! 36. 030 .80 <P<. 25
151 ; 88.457 P<. 0005
161 77,471 . 001 <P<. 005
171 83. 570 . 0005<P<. 001
TO TAL §F ?,551.903! P<. 0008 1224.462 P<. 0003
fAt these age levels, computation of the determinants generated guantities less
than the lower [imit with which the computer could operate. In these cases, the
covariance statistics were found not to be invariant to multiplicative transformations
due to severe truncation and rounding errors. The vector mean statistics, on the
other hand, were found to be invariant to these transformations, and appear to
be valid.

CHLOEBBLFOTUHRARHBE LI THARBHTR cRETEABERERS FTOE 0L L, A
SIEMII LTI, HONEHRITOVELIFAD P ABEORELLVEETHINLTARAE L S S

o, NS PUEHEENREIACHE LT ZIASEREERON LTAETH-T, o8 bh 3.




TABLE 14 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING GROWTH RATE OF
FOUR SUBGROUPS ON THE BASIS OF DATA FROM TWD EXAMINATIONS

£l WEBSHABOWNEREEO L OOHIROME EAEAKE, 2RoBEERIZLS

TEST FOR EQUALITY OF | TEST FOR DIFFERENCES OF
COYARIANCE MATRICES (}'1 = 343 ' YECTOR MEANS (F2 = 38)
i FE 3 53 HUHT 50 o [ — o 4 Ay LT EORE
i i STA:I'.;IlST!G LEVEL OF S‘IGN\_I_FIC\&NCE STA_TISTIG LEVEL OF SlGN:IF[CANUE
sat i FirE ks At it A
6 | 544,504 P<. 0005 35. 121 .50 <P<.BD
8 | 461,102 P<. 0005 26.022 .80 <P<. 80
10 431,185 P<. 0005 36, 464 .40 <P 50
11 414,198 P<. 0005 40.088 .20 <P<. 30
12 352.041 P<. 0005 43.734 10 P20
MALE 13 §88.030 | P<. 0005 43.428 .10 <P, 20
% 147 | _ 68, 517 . D00 5P, 001
151 147.197] P<.DODS
161 37.874 | .30 <P<. 40
171 g2. 106 | P<. 00085
B 420,164 P<. 0005 46,482 L0 P20
8 3159.325 P(fﬁaﬁﬁ 40,887 .20 <P« 30
10 409,908 P<. 0005 42.380 «20 <P 30
11 432, 956 P<. 0005 39,1712 .30 <P<. 40
12 577.211 P<. 0005 _ 42,122 | .20 <P<. 30
FEmaLE| 1af : 71,351 P<. 0005
e 14f 32.513 LB0 <P 70
157 | 151.745 P<. 0005
16t 50,435 .05 <P<.10
171 570.810 | P<. 0005
TOTAL #f L= ' O P<. 0005 1,658, 388 P<. 0005
fsee Footnote Page 53.
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TABLE 15 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING RATE OF CHANGE OF
GROWTH RATE OF FIVE SUBGROUPS ON THE BASIS OF DATA FROM THREE EXAMINATIONS

£15 WBRSESHONEXRFNERBEO-DOHFROME AEKE, 3EOHREERIZLS

TEST FOR EQUALITY OF TEST FOR DIFFERENCES OF
COVARIANCE MATRICES (D, = 312) VECTOR MEANS (F, = 48)
iy WHE Ik 5 BT B oo (A — 1 Ay bR O E
e R STATISTIC |LEVEL OF SIGNIFICANCE | STATISTIC |LEVEL OF SIGNIFICANCE
Z At E Rk g e 17 Bk e
8 BO6. D44 | P<. 0005 47.7391 .40 <P<. 5D
8 763. 851 P<. 0005 49,410 .40 <P<. 50
10 520. 215 P<. 0005 48.049 .40 <P<. 50
1" 545,754 P<. 0004 50,332 .30 <P<. 4D
12 690,651 P<. 0005 39,032 .70 <P<. 80
MALE 13 1077.289 P<. 0005 63.310 .05 <P 1D
% 14t 56, 542 10 <p<. 20
15t 119,938 P<. 0005
181 39.909 .70 <P<.BO
171 B5.027 . 0D05<P<, 001
6 819,675 P<.0005 54,934 .20 <P<. 3D
8 | 630. 168 P<. 0005 38.945 .80 <P<. 90D
10 §27. 498 | . P<.DODS 38.372 .80  <P<. 90
1 482,830 P<. 0005 42. 861 60 <P<. 70
FEMALE 12 777.848 P<. 0005 52,457 .20 <P<. 30
4 13t 80. 554 . 001 <P<. 00§
14% 49.627 L4D  <P<. 50
151 57.412 . 025 <P<. 05
18t 76.700 .00t <P<. 005
177 90, 572 P<. 0005
TOTAL 34| 7,531.821 P<. 0005 L 1,182.8675 P<.D0OS

fsee Footnote Page 53.
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TABLE 16 VALUES OF TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN COMPARING RATE OF CHANGE OF
GROWTH RATE OF FOUR SUBGROUPS ON THE BASIS OF DATA FROM THREE EXAMINATIONS

#£16 HEYFEABOREREEHLHEHETROE & AR AEE, 3HoREEL S

TEST FOR EQUALITY OF TEST FOR DIFFERENCES OF
COVARIANCE MATRICES (F, = 234) YECTOR MEANS (F, = 36)
S g BT oM — ST ~ g R VRSO #E
1 PF-:’E% STﬁ_T]_S_TlC LEVEL OF S]G_NlFlGiNCE STATISTIC |LEVEL OF ‘_SiGNE_FIC-iNDE
AR A E Ak LT HE A
] 5982. 578 P<. 0005 35. 486 .40 <P 50
8 478,673 P<. 0005 30.465 .70 <P<. 80
10 354, 583 P<. 0005 43.267 10 <P 20
11 342.519 P<. 0005 36.689 .30 <PL. 40
12 414,811 P<. 0005 32.959 .50 <P<.BD
MALE 13 753.640 P<. 0005 ' 57.103 .01 <P<.025
O I . 53.498 | . 025<P<. 05
15t 124. 588 P<. 0005
161 34.634 .50 <P<. B0
171 , 126.813 P<. 0005
B 444,182 P<,‘p005 50, 247 . D25<P<. 05
8 379, 361 Pé.nons 37.833 | .30 <P<. 4D
10 365.147 P<. 0008 32,471 LB0 <P<. 70
1" 162,374 P<. 0005 | 32.501 .60 <P<. 70
12 B14, 651 P<. 0005 ; 30.6880 .70 <P<. BO
FEMALE| 1af . 79.819 P<. 0005
% 14t 42, 528 .20 <P 30
151 145,498 P<. 0005
161 BB. 436 L001<P<. 005
17t 1,878.820 P<. 0005
TOTAL 3| 5,102, 529 P<. 0005 2,966.545] - P<. 0005

fSee Footnote Page 353.
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TABLE 17

FOR EQUALITY OF COVARIANCE MATRICES

VALUES OF COMBINED TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN TESTS

#17  HOBTHOR—-MBRECFIIEGHTROM L FEAKE
i & . BAMER H i HE ARk HE

1 11,200 7,248 1. 54 pcrp 00

2 8,070 5,616 14410 100pcqq7 50

3 5,270 3,744 1.40[107"00pgig™ 90

s 2,490 1,872 1.33]1072% <pern™'?
5 5,170 3,072 1.10 whzigs oo

6 4,490 3.120 14410 '00%pgy o750

1 7,560 3,432 2.20 pcig”' 00

8 5,120 2,574 1.98 B

8 7,530 3,432 7.20 p<ig 00
10 5,100 2,574 1,99 pcig ' 00
TABLE 18 VALUES OF COMBINED TEST STATISTICS AND LEVELS OF SIGNIFICANCE IN

FOR EQUALITY OF VECTOR MEANS

#18 N7 FLEHEOR—EHRTICETABAHRIBOMEE BB A
COMBINED STATISTIC|DEGREES OF FREEDOM v LEVEL OF
ANALYSIS MNUMBER (v (f) _d-[— SIGNIFICANCGE
AT & oA HHE A JE ks
1 1,370 1,132 12110 '0eperg 78
2 1,080 854 L2410 "0 <pcig™?
3 Bt 576 foat]107 10 cpero 8
4 art 2848 1.43)107'% «pgin”®
8 4619 476 0.98 LB0<P<. 70
5 5189 480 1.08 . 10<P<. 20
7 1,220 960 | 1.28]107'0 <pero”f
8 1,660 720 | 230|107 ' ®0%pcio”®?
9 1,180 950 1.14 . 0005<p<l. 001
1o 2,970 720 413 g

TESTS
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