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Series 11 reports present findings from the Natio Rai Health Examination Survey, which
obtains data thro.ugh direct examination, tests, and measurements of samples of the U.S. .

population. Reports i through '38 relate to the adult program, Cycle I of the Health
Examination Survey. The present report is one of a number of reports of findings from the
children and youth programs, Cycles II and III of the Health Examination Survey. These
latter reports from Cycles II and III are being 'published in Series 11 but are numbered
consecutively beginning with 101. It is hoped this will guide users to the data in which they
are interested. "-- ,.
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BODY DIMENSIONS AND PROPORTIONS,
WHITE AND NEGRO CHILDREN 6-11 YEARS

Robert M. Ma lina, Ph.D., Meter V. V. H.unill, M.D., M.P,II., and StanleyLoneshow, M.S.P.II.a

This reportiompares the growth patterns of
white and Negro children for 20 body measure-
ments .serected from a survey of C.S. children
6-11 yeprs of age, Cycle 11-of the Health Exam-

' ination Survey. It Is the fifth in'a sQries of re-
poitg)presenting analyses and discussions otdata
on height, weight, and 28 other body measurements

'taken in" Cycle 11. The fir§t two reports 1'2 anad-
lyzed height and weight by age, sex, race, geo-
graphic region, and various socioeconomic indi-
cators. The third report 3 presenteddata on skin-
told thickness. The fourth 4 considered data, b)
age and sex, on 21 body measurem, nts performed
in Cycle 11 which are specifically useful to those
concerned with human factors in equipment and
safety design and in the manufacture of furniture
and clothing.

The Health Examination Survey (I ICS) is con %
ducted by the National Center for Health Statistic's
ti cqllect and analyze health-related data on the
American people through direct examination of

...selected' subjects, It is a'succession o separate
programs, each referred to as a "cycle," and
each cycle lasts from 2 to 4 years.5
- Cycle I of 11LS, conducted from 1959 to 19'62,
obtained information on the -prevalence of certain
chronic diseases'and the distribation of a number
of an ometric and sensory characteristics in
the civili n, noninstitutionalized population of the
conterminous United States aged 18-79 years.
The general plan and operation of the survey and
Cycle 1 are dascribed in two previous reports,5 6

'Associate Professor of Anthropology. University pfTexas,
Austin, Texas; Medical Advisor, Children and Youth Program,
Division of Health Examination Statistics; and formerly Ana.
ly deal Statistician, DH ES, respectively.
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and most of the results a= published in other
Series 11 reports of Vital and Health Statistics.

Cycle 11, conducted from 'July 1963 to De-
cember 1965, involved selection and examination
of a probability sample of noninstitutionalized
children in the United States aged 6-11 years.
This program succeeded in examining 96 peicent
of the 7,417 children selected for the sample.
The examination had two emphases. The first con-
cerned factors Mated to healthy growth and de-

elopment as determined by a physician, a nurse,
a dentist, and a psychologist; the second concerned
a %ariety of somatic and physiologic- measure-
ments performed by specially trained technicians.
The detailed plan and operation of Cycle II and the
response results are described in Vital and IlegIth
Statistics, Series 1, Number 5.7 A comparable
exam i natio' of data collection fug-Cycle III, youths
aged 12-1 was completed in 1970, and the plan
and operation are described in Series/1, Number
8.8

The present report and Series. 11, -Number
123 4. together consider 27 of the 30 body measu re-
ments taken in Cycle 11, leaving out only the three
skinfold . measurements. Although . companion
pieties, these two reports are very dissimilar in
pufpose and method of analysis. As stated in the
introduction to Series 11, Number 123:

The main purpose of the numerous body
measurements collected in Cycle II was to
define a normal Pattern of growth and devel-
opment in childrenin the United States in the
middle 1960's (and to describe some of the
modifying factors): However, the opportunity
to obtain data on this uniquely representative
sample of U.S. children for more utilitarian

1



purposes as well vas not disregarded.. In
( yele 1 (adults aged 18-79), 18 body meas-
urements were obtained nut only as mAleal
and anthropologic correlates to the rest of
the examination, but alSo as data for use in
the consideration of anthropornetric factOrs
in equipment' and safety design and manufac-
ture (furniture, clothing, etc.)... The 21 an-
thropometric dimensions in this .report were
included in the group of body measurements
partly for their descriptive value in the grqwth
and development battery and partly for their
use In "human engineering" or-''human fac-
tors" work. Some of the. measures have
limited value in describing growth and de-
velopment because they comprise multiple
layers of .tissue, multiple organ systems,
and/or multiple loci of growtti (e.g., waist
and chest size, thigh clearance, all girths,
seat breadth). However, many of these di-
mensions were selected primarilX toachieve
continuity with those measurements taken on
adults in Cycle 1 of the
ThWt report was descriptive and utili tarian

in its purposes. Percentile distributions of each
measurement by age and se); were presented as
found in the total population of U.S. children ir-
respective of race.. In contrast, the present ru
port is biologically oriented, and the data are
analyzed separately for white and Negro children.
In addition 'to the 20 separate body measurements
taken, in Oye le 11, which are listed below, three
indexes and two derived measurements (each
baSed on two or more of the separate measure-
ments) are used in the 'present, comparative
analysis.

Ilse 20 'separate dimensions presehted in
this report by age, so., and race arc weight,
stature, sitting ,height, buttock-knee length, pop-
liteal height, foot length, aeromio'n-olecranon
length, elbow -wrist length, hand length, biacrom-
ial breadt6, htcristal breadth, bieondy la r breadth
of the fe;mur, ch,..st breadth, chest devil, upper
arm girth, lower arm girth, calf girth, chest
girth, waist girth, and hip girth.

In addition to gross body size, these di-
mensions provide measures' of upper and lower
extremity lengths, body breadths across bony
landm irks, and various 'extremity and torso

extremity length measurements make it

2

possible to assess the relative contribution of
different segments (for instance, the upper arm
and forearm to to:al arm length)and thus to better
describe body pioportions. Breadth measure-
ments are indicators of skeletal breadth; when
taken at several body sites they indicate the con-
tribution of skeletal framework to body build.
Limb circumferences provide an estimate of rel-
ative muscularity and thus an insight into the
body's composition. The arm, for example, is
comprised of successive layers of bone, muscle,
and fat. When arm circumference is corrected
for the thickness of the outer layer of subcuta-
neous at at the triceps site, an estimate of the
lean component of the arm's composition is ob-
tained. (See below,.) Trunk circumferences areof
limited value in estimating body composition ex-
cept perhaps in extreme cases of undernutrition
or overnutrition. They may, however, contribute
to a general appraisal of physique, e.g., theiratio
of chest and waist circumference. Each of thedi-
mensions is defined and the technique of measure-
ments described in detail in appendix 11.

Two dimensions were derived from the avail-
able Measurements. First, sitting height was sub-
tracted from stature to provide an estimate of
subischial length. Subischial, or leg, lengtben-
ables us to partition stature into two major com-
ponents: the trunk, head, and neck, which com-
prise sitting height, and the lower extremity
length. Second, an estimate of the mid-arm mus-
cleIle circumference. (lean component) was obtaincilb
by correcting the upper arm circumference for
the thickness of the triceps skinfold as follows:
f.Me '(estimated muscle circumference.) = upper
arm circumference - w triceps skinfold. In recent
years the estimated upper arm muscle circum-
ference is often used as an anthfopometric index
of nutritional status.9-"

In addition, three ratios we reterived from the
available measurements: (1) the ponderal index,
heightk,r7igiu,h to provide an approximation of
physique on a linearity/Iaterality continuum; (2)
the ratio of sat ing height t o stature, sitting height/
stature X 100, to indicate the relative contribu-
tion of sitting height (head, neck, and trunk) to

ht tomputmg this ratio height is epressed in inches and
pounds, which produes a different result than would

die us of metric measures.
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total stature; and (3) the ratio of biacromial to
bicristal breadths, biacromial hr.cadthebicristal
breadth X 100, to indicate the relative propor-
tions cif shoulder and hip width. The shoulder, hip
ratio is used frequently in studiesof body propor-
tions and physique.

Estimates of the usual parameters for dis-
tributions mean and standard 'deviation) are
used throughout the report except where distri-
butions deviate from normal. The percentile
values indicate the general nature of the distri-
butions. In general, with the exception of body
weight and several girths, the dimensions dis-
eusSed in the present report are normally dis-
tributed, or show only slight and inconsistent de-
viations over the age span under study. Normally
distributed dimensions are primarily length and
breadth measurements, which are measured be-
tween well-defined bony landm rks boae-to-
bone measurements. The distr tions of body
weight and of limb and trunk circ mferencemeas-
urem.nts ia-te frOm the normal over the ages
studied and are skewed to the right. The positive
skewness is more apparent for body weight and
trunk circanferences. Of the three limb circum-
ferences, lower arm circumference is normally

-distributed, Ville both upper arm and calf cir-
cumferences arc slightly skewed to the right. The
skewing of weight and girth., measurements re-
flects the contribution of subcutaneous fat to these
dimensions. Subcutaneous fat measured via skin-
fold thickness is positively skewed in distribu-
tion. 3 Hence in this report dians of weight and
girth measurements are used. for comparative
purposes; however, 'Trans and their standard
errors are also included in the detailed tables
because these statistics a re widely used by others.

the six new body measurements reported
here complete the presentation of percentile
distributions of all 30 body measurements taken
in Cycle II. Five of the 30 measures (height,
weight, and three skinfolds) were examined by
socioeconomic and demographic variables, in
addition to percentile distributions specific for
age, sex, and race. ' Of the 2.5 remaining body
dimensions, seven were considered useful only
for Series 11, Number 1234(foot, hand, seat, and
elbow-elbow breadths; thigh clearance; knee
height; and buttock-popliteal length) Six are pre
sented for the first time in this report (the three

extremity girths: calf, upperarm, and lover arm;
and three bone-to-bone .breadths: biacromial, bi-
cristal, and bicondylar). twelve measurements
are examined in both reports (sitting height,pop-
liteal height, buttock-knee length, a'cromion-
olecranon length, elbow-wrist length, fclot length,
hand length, chest breadth and depthechest girth,
waist girth, and hip girth) Height and weight, of
course, are included in many of these reports.

METHOD

At each of 40 locations preselected randomly
throughout the United States,` the children were
brought td the centrally located mobile examina-
tion center for an examination which lasted about
2 1/2 hours. Six children were examined in the
morning and six in the afternoon. They were trans-
ported to and from school or home.

Men the children entered the examination
center, their oral temperature was taken and a
cursory screening for acute illness was,made; if
illness was detected in a child, he was sent home
and examined at a later date.,-(he examinees
changed, into shorts, cotton sweat socks, and a
light, sleeveless top and ,proceeded to different
stages of the examinaiOn, each orie following a
different route. Mere were six different stations
where examination's were conducted simultane-
ously, and the stations were exchanged, somewhat
like musical chaffro that by the end of 2 1/2
hours each child had had essentially the same ex-
aminations by the same examiners but in a dif-
ferent sequence. At three of these stations a pe-
diatrician, a dentist, and a psychologist made
examinations, and at the other three stations
highly trained technicians perfolmed a number of
°their examinationschest and hand-wrist
X-rays, hearing and vision tests, respiratory
function tests and electrocardiography, a bi-
cycle exercise test, a battery of body measure-
ments, and a grip strength test.

['he recording form _for the battery of 30
body measurements is reproduced in appendix II,
which also gives details on equipment and meas-
uring technique. All lateral measurements were
performed on the subject's right side and record-
ed by a trained observer. Periodic quality control

`See appi,ndix I for sample design.
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observation and training sessions were conducted
by the supervisory medical staffand outside con-
sultants to insure continued proficiency and to
obtain replicate. data for the purpose of quantifying
observer error. The results are presented inde-
tail in appendix 11.

As in all the HES reports, age is basically
defined -as age attained at last birthday (verified
from a copy of the birth certificate in 95 percent
of the Cycle 11 examinees). The mean age ofeach
category therefore approximates the midpoint of
the whole year; for instance, the 8-year-old male
group consists pf a 1-year cohort whose mean age
is 8.51 years, While the corresponding female
sample averages 8.49 years.

"Race" was recorded as "white:" "Negro,"
and "other races." d White children comprised
85.69 percent of tht: total, Negro children 13.87
percent, and children of other races only 0.45
percent.' Ube differential response rate by age,
sex, and race is discussed in appendix I.

RtSULTS

Weight and Height

Weight and height inAie C ycle ll sample have
been ! discussed at length in previous reports.'.2
They are included here to provide a more com
plot( picture of the anthropomiry of American

.11.11e classification scheme used in the 1960 census was
employed here. As described in the repori on the operation of
HES' Cycle 11,7 this information was obtained at the initial
hou chold interview by the U.S. Bureau 4.11 die Census field
wor er. Its accuracy was checked at the subsequent home visit
by he FIES representative and again at the examination in the
tra er. A final record check by birth certificate turned up only

sci 111( 011,>2.5n. MIL'S. and t/ICSC Jere mostly pertaining to the
ca egory "other races." Hence the possible extent of nos
cl ssification of the variable race is so nominal that It could
In se no effect on the data atialy/ed m this report. However,
w 1g11 comparing the HES findings to those on other variously
&fined racial groupings in the world, the degrees of genetic

mixture. as discussed first by Hers/sown! ul 19281'- and late r
(Mass and L1,13 by Roberts,14.1 5 and k Reed 16 should be

aken into consideration.

`Children of other races were included in Series 11. Num
bcr 123. when .111 the data were analyzed independently of race
but arc omitted, because they are so few, when a whitc.Negro
dichotomy is used, as in the present report.
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Figure 1. Median weight of white and Negro thildrdn by sex
and age.

Negro and white children du ring middle childhood.
Both weight and height are measures of gross
body size and, as expected, increase linearly with

age between 6 and 12 years (figures 1 and 2, tables
1 and 2).

Median body weights for white and Negro boys
differ only slightly from 6 through 8 years, but
by 9, 10, and 11 years differences in median Ixacty

weights base become greater and are consist 6tly
larger in white boys. White girls have lightly'
greater median body weights ihan Negr girls
6, 7, 8, and 9 years of age, but at 10.9 d 11 rs
the median weights for Negro giriS are s ghtly
greater.

Racial differences in a verage Stature a re neg-
ligible for males, mean st t'Ures for Negro boys
being slightly greatet a ., 7, and 8 years of age
and those for white bo, slightly greater at 9 and
10 years. On the er ha9d; Negro girls have
consistently gre er meqif statures than white
girls in all e group except the 8-year-old
group, so/tbat at a s 10 and 11 they are both
taller and heavier an ,white girls.
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Ponderal Index

Viewing the relationship of height, and
-(height/s./weighr)as expressed in the ponder
/(figure 3, table 3) indicates consistently
indexes forNegro children of both sexes
whites. High panderal indexes suggest
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Figure 3. Mean ponderal index of White and Negro children by
sex, ancage.

dexes for Negro and' white girls approach each
other., Note, haever, that it is at these two ages
that Negro girls bare heavier than white girls.
Nevertheless, the mean ponderal indexes for
"Negro girls at every age except 10 are higher
than thoge for white girls.

Components of Stature: Sitting Height and
Sus ()Ischia' Length

$

Partitioning standing height into sitting height
(figure 4, table 4) and subischial length, or stat-
ure minus sitting height (figure .5, table 5), illus-
trates the well-established racial difference inthe
components of gtature: Negroes are longer
legged and shorter trunked; convprsely, whites
are shorter legged and longer trunked. This is
true for both sexes, the difference between racial
groups being generally consistent over the age
range studied.
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Sitting Height;Sto-ture Ratio +

The ratio ofsitting height to stature (sitting
height /standing height X 100) is consistently iiish-
er in white children of both sexes (figure 6, table
6). This ratio indicates-that a significanpy great
er percentage of standing height is contributed by

:ithe sitting height (head, neck, and trunk),and less
by sUbischial or leg length in white than in Negro
children, while of course the oppsite is true
for Negrd children. The ratio of sitting height tcy
stature decreases in a parallel manner with in-.
creasing age from 6 t'o 11 years, indicating a
greater contribution of the lower extremities to '
stature with advanciqg age during middle child-
hood in children of both racial groups.
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Partitioning the lower Extremity

Although traditional bone-to-bone landmark
measurements. of the lower extremity were not
taken, two measurements used primarily for
"human engineering" or "human factors" re-
search purposes provide an approximation of
racial differences in the components of loWer
extremity length. Buttock-knee length, .though
affected by fatty tissue deposits over the buttocks,
prOvid:s a rough approximation of thigh or upper
leg length; popliteal height provides an approxi-
mation of lower leg length. Buttock-knee length .

is consistently longer in Negro girls than in white
girls, the mean differences being smaller at 6,
7, and 8 years than at 9, 10, and,11 (figure 7,
table 7). The buttock-kpea length of boys shows
no consistent pattern of differenceser the age
range studied. Although Negro boys have longer
buttock-knee length measurements at 6, 7, and 8
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years, differences between Negro and white boys
are negligible at 9, 10, and ,11 years. Popliteal
height is consistently greater in Negro children
of both .sexes over the age span, with the differ-
ence between means at each age group being very
consistent (figure 8, table 8).

The data for buttock-knee length and popliteal
height, though both are only approximate measure-

!Dents, suggest that the greater lengthof the lower
extremity in Negro children is due especially to
a longer lower leg, the differences in upper leg
length being minor and inconsistent. Pais gener-
alization is in agreement with recent observa-
tions .on Negro-and white' children utilizing tra-
ditional bony 1-andmarks, which give more precise
measurements."

Foot lerz,gth is likewise consistently greater
in Negro children of both xes-over the age range
studied (figure 9, table 9). Again, the difktence
betweeh means at each age is very consistent.
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Figure 7 Mean buttock knee length of white and Negro children Figure 8. Mean popliteal height of white and Negro children by
sex and age.by sex and age.
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Figure 10. Mean acromionolecranon length of white and Negro
children by sex and age.
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.
Partitioning the
Upper Extremity,

.7',

A generally similar racial pattern to that
observed for the lower extremity is evident for
the upper extremity. Acromion-oletrarton length
(upper arm length) is consistently greater in
Negro girls from to 1-1 years (figure 10,
table 10). In boys, however, the pattern of dif-
ferences is not 'consistent. Negro boyslfave longer
Upper armVat 6, 7, 8, and 11 yearsof age, while
white boys have longer upper arms at 10 years.

Figure 11. Mean'elbow wrist rendihioLwhrl:te and Negro children
by sex hnd age.
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.
Mean acromion-olecranoulengths in Negro and
white boys are identical' at 9 yea.of age. It
shOuld be noted that a similar patter'n of mean
differences between Negro and white boys and
girls is apparent for buttock-knee length. Eltodw-.
wrist length (lower arm or foreal m length) is,
consistently greater in Negro children of both
sexes from 6 through 11 years (figure 11, table
11), and, the difference between means is rather
consistent at each age group.

I,Iand length is also consistently longer in
Negro children of both sexes (figure 12, table 12).
The difference between means at each ag,Is very
consistent.

Negro children of both sexes have longer up-

'per ex.tremities than do whites. This difference is
fargely due to^the longer forearms and hands of
Negro children, just as their longer lower extrem-
ities are especially due to longer lower legs. (This
is considered in more detail in the discussion.)

.

Figure 1Z Mean hand length of white and Negro children by sex
v and age. .

Biacromial Bniadth

Negro boys have slightly wider measurements
of bony breadth of the shoulders at each age ex-
cept 9 years (figure 13, table 13). Biacromial
breadths of Negro "girls are only slightly higher
than those of white girls at 6 and 7 years (and
are the same at age 8). At 9, 10, and 11 years,
howeet, the difference between Negro and white

,girls is greater, perhaps only reflecting the
larger body size of the Negro girls at chese ages
(see figures 1 and 2). ,
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/
Bicrista I Breadth

The bony breadth acNoss the iliac crests is
consistently larger in whites of both sexes over
the age Span studied (figure 14, table 14). Also,
the difference between means at each age group
is rather consistent from 6 through 11 years in

.males and 6 through 9 years in females. At 10
and 11 years the difference between bicristal
breadth Means in Negro and white females be-
comes slightly smaller than at the youhger ,ges,
although average bicristal breadth is still larger
in white females. Thus, even though Negro girls
are generally' larger in overall body size than
white girls, especially at 10 and 11 years of age,,
white girls have wider bicristal breadths over the
entire age span studied.

,g

1,

Biocr'omial Breadth /Bicrista1 13recdth
Relaircinship

. .14te ratio of shoulder to hip breadth (bia-

/ cromlal breadth/bicristal breadth X 100) is con-
sistently higher ip Negro children of both sexes
over the ago range studied (figure 15, table 15).
The higher ratio indicates that Negro children
have more slender pelves relative 'to their shoul-
ders than white children. Conversely, the lower
ratio indicates that white children have broader
hips relative to their shoulders than Negro chil-
dren.

The magnitude of the biacromial/bicristal
ratio decreases with age in an almost parallel
manner in Negro and white girls, indicating a
greater widening of the breadth across.thd iliac
crests relative to the breadth of the shoulders,
The ratio in white boys is almost constant berWeen
6 and 11 years. In Negro boys the ratio at 6, 7, 8,

sand 11 years of age is almost constant, but at 9.
Mid 10 years ofage it shows a sharp increase.
Whether this fluctuation in the ratio is only due to
sampling variation in the smaller Negro sample
is not clear.
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Figure 14. Mean bichstel breadth of white and Negro children, by 1,1gura 15. Mean. biacromlal breadth/bicristal breadth ratio of
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; Chest -Dimensions

Chest breadth is, on the average,' slightly but
"4. consistently greater in white children of both sexes

from 6 through 11 years (figure 16, table 16).
Chest depth, on the other hand, showsnocOnsist-
ent patteni of racial differences over the age
span studied (figure 17, table 17). Interestingly,
Negro children of both sexes have slightly higher
mean values at 6 years of age; thereafter mean
values for, the chekt depth measurement are gen-
erally slightly larger in white children.

?-

Figure 1ean chest breadth of white and Negro children by
sex and age, .

.

Figure 17. Mean chest depth of white and Negro children by sex '
and age.

Bicondylar Breadth of the Femur

is measurement !,,,across the condyles of
the femur shows only .negligible differences be-
tween Negro and white children of both sexes
from 6 through 11 years (table

Limb Girths

Median values for upper, arm girth are con-
sistently larger in white boys and girls from 6
through 11 ,years-(figure 18., table 19), and the

'-difference between mediatts at each age is rath
s' consistent, siallificatce of differences b?

tween Negro and 'white children for this girth
measurement will be considered in the discuision.
'In lower arm girth,. medians for white boys are
slightly though-consistently largeethan thoseifo'r
Negro boys frOM 6 through 11 years One. White
girls, have larger lower arm girth medians at 6,
7, and 8 years,,of age; But from 9 through 11.years

,
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no differences
appa '11 in this measurement (figure 19, table

alf girth shows a pattern similar to that
for upper:di/al girth. At all ages white boys and
girls have Oiler medians for calf girth than their
Negro counterparts (figure,20"table 21). Tliedif
ferences btween medians for Negro and white
boys are rgelatively small tte 6, 7, and 8 years but
gr:enter at 9, '10, and 11 years. Differences be-
tween the medians for Negro and white girls are
generally consistent over the age span under study.

, 1

12 '

Fir

tween Negro and white girls are

Figure 19.*Median lower arm girth of white and Negro children
by sex and age.

Estimated Mid-Arm Muscle Circumference

The upper arm girth corrected for the thick-
ness of the triceps skinfold f provides an estimate
of the mid-arm muscle or lean circumference of
the arm. As noted earlier, this estimated meas-
urement is widely used in public health surveys.
Although the estimated circumference is gener-
ally indicated as being a muscle circumference,
it should be.noted that bone tissue, the humerus,
is also included. The significance of the contri-
bution of bone to this measurement, which is
important in racial comparisons, i$ considered
at length in the discussion.

CCompArisun of skinfold thIcknesses in the Negro And whim
,satnplc discuss0 here is treated in detail in another 7.9011.3
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Differen"ces irr estimated muscle or lean cir-
ca ferenee.,, of the arm between Negro and white
c ildren of both sexes are- small; nevertheless,

ey are consistent. Negro laws and girls have,
a the average, consistently larger estimated
uscle or lean ctrcumferance7of the arm than
hites from 6 through 11' years (figure 21, table

22). Thus the larger upper arm girth of 'white
children noted earlier appears to be due to more
Subcutaneous. fat at the triceps site in white chil-
dren frOm 6 through 11 years. ".
I

Torso...Girths

White children of both sexes have cOnsfit4,

ently larger mKhan° values for chest girth than
Negro children from 6 through 11 years of age'
(figure 22; table 23). With the exception of the
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Figure 21. Mean estimated midarm muscle. Circumference of
white and Negro children by sex and age.
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9-year-old sample, white boys also have larger
waist girth measurements than Negro boys (figure
23, table 24). Differences in median values fOr
waist girth between Negro and white girls, how-
ever, are not consistently apparent-over theages
studied. Hip girth shows a pattern similar to that
for chest girth: white boys and- girls have con-
sistently larger medians for this measurement
from 6 through 11 years of age (figure 24, table
25). Median values for both chest and hip girths
in girls show a pattern.of decreasing racial dif-
ferences with increasing age; so at' 10 and 11
years of age differences between medians are
small. These observations are probably related
to the greater overall body size Of Negro girls at
these ages.

DISCUSSION

Patterns of growth as shown in a series of
anthroponietric . Flimensions' and, indexes were
analyzed in a large, representative ample of
U.S. Negro dncl white children 6 throughl years
of age. The data are cross-sectional (4e., dif-
ferent children are represented at each age level)
and are this affected by the limitations of cross-
sectional studies. In addition;emphasis is placed
on/comparisons, of mean or median values for
. Negro and white children, despite considerable
overlap between races in each age and sex group.
Neverthele s, the present data provide updated
anthropomet is information which are reliable
estimates f AmericanNegro and wliite children
of both sexe during middle 'Childhood.

.
The Cycle II data for Negro and white chil-

dren generally agree With existing data for con-
temporary as well as for earlier samples. It is,
however, difficult to make, precise comparisons
with most other studies '6n account of sampling
and other methodsirgical differences. One dif-
ference is that the HESdata are grouped by chron-
ological age, and so the average age is the mid-
point of the year. For example, 6-year-old Chil-
dren range from 6.00 to 6.99 years, with the mean
at approximately 6.5 years. In two recent Studies
of Negro and white children which include th
period under study 17 ' is children are grouped into
yearly categories, with the whole year as the mid-
point. In those studies 6-year-olds are classified
as children aged 5.50 to 6.49 years, with the mean

I)
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at approximately 6.0 years. Each of the tvva pro-.
cedures refers to the 6-year-old age group, but..

. the definitions are different.
Other technical affiatties in makingcom-

pariscins relate to definition of sites and/tech-
niques of measurement. For example, tipper'ex-
tremity measurements used in the present repOrt
were made between specific landmarks (e.g.,
acromion to -olecranon). Krogman's esure-

t ments of upper extremity segments w e deilved,
by subtraction of measurements mad- at specific
landmarks above floor level; for inst 7924dipm-,
ial height minus radial height giy APPer arm°
length. 17. ,

It should be further noted th t buttock -knee

lent and popliteal height, two ff the measure-
ments used in this report toy tition the sek
ments of the' lower extremity are essentially
human engineering measureme ts. Because these
measurements are made from urface to surface
with light contacir. they are' onfounded to some
extent by variation in soft tissues. Therefore
buttock-knee length and pop iteal height provide
Only an approximation of ac al segmental lengths
and are not as precise as measurements usingjtraditional bony landmarks ,

blth9ugh there are' s me overall body size
differences between Negro and white children
during middle childhood, espeeially'in girls, the
ma joNanthropometric liqerencea between Amer-
ican Negro and Whiteschildren are essentially in
the proportions of the trunk and limbs. ln com-
parison with white children, Negro children have
Shorter trunks: more slen r hips and cheats,
longer loWer extremities especially a longer
lower leg), and longer upper extremities (espe-
cially a longer forearm and hand). Conversely,
in comparison with Negro ,children, white chil-
dren have longer,' thicker trunks, .wider hips,
shorter lower extremities, and shorter upper ex-'
tremities.. These dimensional and proportional
differ-ences between American Negro and white
children; were noted as`far back as 1929 by
Todd,19 and are well documented, in other studies
of children _and adults' 7.20.24 Further, such pro-
portional differences have been reported to occur
prenatally during the first trimester.25-21 Tiii
implies that genetic factors affect skeletal di-
mensions: one's racial background predisposes
the skeleton to certain proportions.

r

In an attempt to assess racial differences in
the limb segments comprising the upper andlovv-
er extremities, the normal deviates for these

. segrnerys were analyzed. For each age and sex
group, the normal deviate

- -2 /Ars-2
w icy \ "

was computed. Instead of its usual use in state-
ments of probability levels, this measure is used
here as an indicator of relative magnitudes. The
larger the deviate, the greater the difference
between whites and 'Negroes, since by dividing by
the stan.l.ffd error of the difference, the problem
of difference in relative magnitude is eliminated.
Results of this analysis are presented in table 26.

A distinct pattern suggesting a proximal:
distal gradient erperges for thAhree segments
of the upper extremity. Differences between Negro
andvvirite children are least marked for the upper
arm segment (acromion-olecranon length) and
most marked for hand length, with the values for
the forearm segment (elbow-wrist length) being
intermediate. This,pattern of racial differences

dor the upper limb'n,segments is apparent in all
age groups except the 8-yearlold boys and girls, ,
in whom the deviatiob from a proximal-di:
pattern was very slight.

In contrast to the proximal-distal gradient
of racial differences in the upper limb segments,
there is no consistently apparent pattern for the
segm nts of the lower extremity boys. The
patt rn for girls, however, is similar to that
not d for the upper extremity (fable .26).-Differ-
enc a-between Negro and white children of both
sexes are consistently least marked for thigh
length (Buttock -knee length). The pattern of dif-
ferences for the lower leg and foot is not clear
in goys. ln all but one age group of girls (the 9-
year-oldgroup), however, racial differences are
most marked for foot length, with the value for
lower leg length (popliteal height) being inter-
mediate. -.

The preceding observations on the lower ex-
tremity are in part a function of the measure-
ments used and in part a function Of the mechanics
of the looker extremity. It should be carefully
noted that two of the measurements of lower ex-

,

2 ()

15



tremity 4egments are only indirect measures of
segment length. Buttock-knee length, for example
is affected to some extent by the deposition of
subcutaneous fat on the buttOcks and also includes
dr thickness of the patella or knee cap. (See

_Appendix 11 for discussion of measurement meth-
ods.) Hence it is not a true measure of thigh or
femoral length. Similarly, popliteal height is an
indirect mfasure of lower leg length. Beckb,se it
is Ineasui'ed as the distance from the.,footr.est to
the popliteal fossa, it includes not.onty the tit*,
the major bone of the lower leg, but also the bones
of the ankle, especially the talus and calcaneus.
Thus this measurement is not an accurate indi

r cator of lower leg length per se..
In addition to me surement technique, the

functional mechanics of- e upper and lower ex-
tremities limit direct com risons of their re-
spective segment lengths. The foot, for example,
is adapted as a weight-bearing unit in the upright
posture, while the hand is adapted as primarily a
prehensile organ. Thus the fool joins the remain-
der of the lower extremity at a 90-degree angle,
While the hand is a continuous extension of the
fo rm.

actal differences in girths are affected to a
large extent by variation in amount of subcutaneous
fat. This- is especially apparent for upper arm
girth. When corrected for the thickness of the
triceps skinfold, the difference between Negroand
white children in upper arm girth is seen to be
due to an excess of triceps fat in white children.
Comparing .figures 18 (upper arm girth) and 21 4.
(estimated mustle circumference of the arm),
one can note a reversal in the positions of 'Negro
and white children. White children have consist-
ently larger arm girths, but Negro children have
consistently larger estimated muscle or lean cir-
cumferences of the arm. Similar observations
have been made by Malina,18 for a sample of Ne-
gro and white Philadelphia elementary schopl--

children Studied longitudinally ovei a 1- year
period.

As, indicated earlier, corrrecting the upper
arm girth for-?the thickness of the triceps skin-
fold results in what is generally termed the es-
timated mid-arm ,muscle circumference. The
significance, of 'the contribution of bone tissue to
this estimated circumference is important in
making racial L,ompansons. Data comparing the

T6

breadth of the humeru4d4termined from a ra-
diograph) in Negro and white children are lacking.
Garn28 and Smith anti,Risek,29 however, reported
little difference in periosteOl diameter's of the
second metacarpai, but did rote gtfe er cor-
tical bone thickness among adult Neg es of both
sexes than among the corresponding ite groups.
This seems to suggest that adult Negroes have
more cortical bone for the same periosteal di-
ameter of bone. However, it is difficult to Make
inferences from measurements of second met-
acarpal wigh., to the humerus; results of a study
comparing radiographic bone breadth measure-
ments of the second metacarpal, Second meta-
tarsal,; humerus, and tibia indicated little pre-
dictive, relationship from one 'bone to the other
int a0aniple ocwhite children aged 6 to 16.303'

is difficult to make inferences from one
skeletal area to another. The available data on
bone width measurements of the second meta--,
catioal indicateclittle consistent racial difference,
if any, in total width at the midshaft level. If the
same is true fox the humerus, the corrected arm
ircumference data would then indicate slightly

but consistently greater muscularity in the upper
arms of Negro compared with white children.
Data from samples of Olympic athletes indicate
a generally similar trend. Using radiographic
techniques, Tanner 2' found that Negro athletes
had slightly more muscle and bone tissue and
less fat- in the upper arm and thigh compared to
white athletes; although in the calf they also had
less fat And snore bone tissue, they had less
muscle than whites. Thus this sample of Negro
athletes had substantially smaller calf muscles
relative to muscular development in the arm anti
thigh than did white athletes.

Special consideration should be given to the
comparison of Negro and white girls. On the
average, Negro girls are taller than white girls
from 6 4hrough 11 years of age and are heavier
at 10 and 11 years of age. Cycle 11 data also show
a reduction in the difference between median girths
of Negro and white girls at ages 10 and 11. It
would be interesting to find out if there is a mat-
urational difference between Negroand white girls
at these ages_ Malina,32 for example, noted Nigro
girls advanced over white girls in skeletal ma-
turity from' 9 through 12 yedrs'of age. Todd33
in 1931 reported somewhat similar observations,

s'
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noting greater variability between Negro and
white girls than between boys. Todd's smalt
sample of Negro girls (n ='2) were frequentl
skeletally advanced compared to his larger sample
of white girls.

The report assessing skeletal ma,urity of the
Cycle 111 sample of children 6-11 years of age,
which is currently in preparation, will contribute
substantially to this question.

SUMMARY

. Patteps of growth in 20 iheasureciankhro-
pometric dimensions, two d6ived dimensionk,

sand three ratios are reported and discussed for
U.S. white and Negro children 6 through 11 years
of age. The 20 dimensions reported by age, sex,
and race are weight, stature, sitting height, but-
tock-knee length, popliteal height, foot length,
acromion-olecranon length, elbow-wrist length,
hand length, biac romial breadth, bicristal breadth;
bicondylar breadth of the femur, chest breadth,
chest depth, upper arm girth, lower arm girth,
calf girth, chest girth, waist gkrth, and.hip
The two difnensions derived from available
measurements are estimated leg (subischial)
lerfg and estimated mid-arm muscle circum-
ference. The three rat os are the ponderal. index,
the ratio of sittipg he' ht to stature, and the ratio
of biacromial (shbuld ) to bicristal (hip) width.

These national esti ates are based on cross-
sectional data, which limit file analyses to at-
tained size rather than velocities of growth. Em-
phasis is place upon comparisons of age- and
sex-specific means and medians for Negro and
white children.

All dimensions reported here increase
almost linearly with age from 6 through 11 (years
in Negro and white children, both male and fe-
male..-Although there are some Overall body size
differences (height and weight) between Negro and

white children during middle childhood, especially
in girls, the major anthropometric differences
between Negro and white children are differences
in the proportions of the trunk and limbs. Negro
children, on the average, have shorter trunks,
more slender hips and chests, longer lower ex-
tremities (especially longer lower legs), and
longer upper extremities (especially longer feire-
arms and hands) than white children. White chil-
dren, conversely, tend to have longer, thicker
trunks, wider hips, and shorter4ower and upper
extremities than Negro children.

Limb (arm, forearm, and calf) and torso
(chest, waist, and hip) girths aregenerally larger
in white children over the age hinge studied. There
are, nevertheless, exceptions, andthedifferences
between Negro and white children are not apparent
4r all ages from 6 through 11 years. For in-
stance, Negro girls are taller and heavier, than
white girls, especially at 10 and 11 years, a'nd
this is reflected in.a reduction of median girth
differences between Negro and white girls, at

,these ages. Much of the racial difference in girths
is, explained by differences in theiamount of sub-
cutaneous fat. This is especially apparent for arm
girth; when the arm circumfere4e is corrected

ifor the thi kness of the triceps skinfold, it is
obvious thai the ern diffe encesbetWeen Negro
and white. children al-e, du ssentially to a larger
amount of triceps fat i white children. In face,
when corrected for the thickness of the triceps
skinfold, estimated mid-arm musci (including
bone) circumference is consistently larger in
Negro children. .

The conclusions derived from these 11ES data
geneially agree with most other anthropometric
comparisons of American white and Negro chil-
dren; the statistics provide current, comprehen-
sive, and reliable national estimates of body di-
mensions for American Negro and white children
of both sexes during middle childhood.
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forable 1. Weight of children by race, sex, and age at last birthday: sample size, mean, standard-`
deviation, standard error of the mean, and seleqed percentiles, Wited Stat.es, 1963-65n

L Race, sex, and age

6 years
7 years
8 years
9 years
10 years
11 years

WHITE

Boys,

6 years
7 years
8 years
9 years
10 years
11 years

Girls

NEGRO

Boys ,/
6 years
7 years
8 yearst - - --
9-

_10 years
11 years

Girls

6 years
7Lyears4
8 year's -4 -
9 9 years
10 years
Il years

Percentile

5th 10th 25th 50th 75th 90th 95th

In kilograms

489. 1,787 22.0. 3.39 0.18 17.4 18..2 19.9 r 21.7, 23.7 25.9 27.9
551' 1,781 24.-8 4.11 0.21 -19.4 20.5 22.2 24.1 26,7 29.8 31.7
537 1,739 27.8 5.03 0.25 21.3 22.5 24.5 27.1 29:3` '34.1 36.7
525 1,730 _31.4 6.91 0.47 23.5 24.6 26.9 29.9 34.0 38.7 44.0,::
509 '1,692 33.9 6.63 0.30 25.5 26.8 29.6 32.7 36.7 42.3 45.72
542 1,662 38.6 8.32 0.40 28.8 30.1 33.2 36.7 42.3 49.1 53.5

461 1,722 21.6 3.79 0.25 16.4 17.5 1943 '21.1 230- 25.9 28.9
512 1,716 24.3 4.17 0.20 18.7 19.5 21.4 23.5 2645 29.9 31.6
498 1,674 27.6 5.21 0.26 20.8 21.9 23.9 26,8 30.1 3444 37.9
494 1,663 31.4 6,84 0.42 22.8 24.3 26.6 29.9 -34.6 41,8 45.7
505 1,632 35.0 7.97 0.44 24.8 26.2 29.2 34.1 89.4 45.4 49.3
477 1,605 39.8 8.75 0.36 28.6 30.0 33.5 38.2 4449 51.8 5715

84 289 1 51.8 3.21 0.37 17.5 18.1 19.5 21.3 23.4 26.4 28.2
79 286 24.0 2.89 0.32 19.4 20.1 21.9 24.0 26.2 28,1 28.8
79 279 27.5 3.67 0.42 22.4 22.9 24.9 27.2 29.4 31.9 34.4
74 269 29.4 5.57 0.77 21.8 22.9 25.? 28.5 32.2 37.3 39.7
65 264 32.4 5.36 0.72 25.4 26.4 28.7 31.6 35.4 40.1. 42.2
83 255 36.8 6.29 0.50 27.6 29.5 32.4 36.1 39.6 46.2 48.7

-,---

trz 7,
281 21.1 2.95 0.36 15.9 17.8 19:0 21.2 7 24.8 26.3

93 284 23.7 3.97 0.47 19.2 19.7 21.1 22.8 6 28.4 30.3
113 281 27.0 6.05 0.37 19.3 20.4 22.4 26.1 .7 34.5 38.3
84 265 1.2 6.74 0.62 23.0 24.6 26.5 29.4 34.6 4z.o. 44.8
77 266 i5.7 9.02 0.89 25.2 26.3 29.0 34.4 39.5 48.1 53.4
84 253 41.1 11.51 1.45 27.4 Z8.6 -,33.3 38,4 46.0 59.3..63.7

NOTE: n -sample size; Ar-pet-i+,nated number of children
standard eciation;," Si -standard error of the mean.

,

in population in thougands; .27...mean;



Table 2. 'Height of children by race, sex, and age at last birthday: sample size, mean, standard
deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Race, sex,
and age

,

n, N X S 82
Percentile

5th 10th 25th 50th 75th 904 95th

.

WHITE , In centimeters .

II=
.

.

6 years- #. 489 1,787 118.5 5.15 0.30 110.4 111.7 115.0, 118.4 121.8 125.7 127.87 years 551 1,781 124.5 5.52 0.38 115.5 117.7 120..8" 124.3 127.8 111.8 134.48 years 537 1,739 129.8 5.70 0.29 120.0 123.1 126.2 129.7 133.6 137.1 138.89 years , 525 1,130 135.5 6.77 0.50 124.5 126.9 .131.6 135.7 140.2 143.4 145.410 years 509 1,692 140.3 6.62 0.37 129,4 131.6 136.4 140.6 144.6 148.5 151.311 years 542 1,662 145.7 6.69 0.30 134.6 137.3 141.1 145.8 150.5 154.2 156.9

Girls

6 years 461 1,722 117.7 5.47 0.32 108.3 110.4 114.4 117.6 121.5 4,4*.. 126.47 years 512 1,716 123.4 5.86 0.17 113.5 116.2 119.6 123.5 127,2 136.5 132.78 years 498 1,674 129.4 6.19 0.39 119.2 121.4 1R5.6 129.7 133..5 137.1 138.99 years 494 1,663 135.1 6.72 0.36 124.2 127.1 130.6 135.3 139.6 144,4 145.910 ye-- 505 1.,632 140.8 7.00 0.34 129.6 132.1 135.7 140.7 145.6 149,7 152.711 years 477 1,605 147.3 7.89 0.27 135.1 138.7 142,7 147.3 152.5 157.4 159.4,
.

NEGRO

17s .
.

.

6 years 84 289 119.1 5.11 0.72 111.3 112.7 115.4 118.6 122.8 125.5 124.57 years 79 286 125.2 45.50 0.59 116.3 118.4 121.3 124.8 129.9 131.9 134.58 years 79 279 131.3 5.33 0.57 122.7 125.0 127.7 130.8 134.8 139.4 140.79 years 74 269 135.0 6.46 0.67 .125.3 127.1 130.5 135.0 139,8 143.5 144.7
10'yekre..-....,....- 65 264 139.6 7.92 0.97. 127.8 129.7 133.4 140.6 144.5 148.4 151.611 years

i

83 255 14.-,..2 8.08 U. 134.5 136.1 141.6 146.0 149;8 154.5 159.2

Girls . .

6 gears 72 281 118.5 5.75 0.86 106.5 111.7 114.6 118.5 122.5" 126.5 127.5
7 years 93 . 284 124.6 5.55 0.59 115.7 117.6 120.3 125.1 128.2 131.6 132.78 years 113 281 129.4 6.69 0.52 118.7 120.8 124.5 129.3 132.8 138.8 142.4
9 years 84 265 137.5 7.80 0.90 125. 127.4 132:8 136.4 142.6 149,8 150..810 years '77 266 141.8 9.25 0.65 129. 131.6 108.3 142.1 146.4 155.0 155.911 years 84 253 149 4 7.42 0.69 136. a149.3 144.5 148.4 154.8 160.4 161.7

NOTE: n sample size; /11.0 estimated number of children in population in thousandel mean;
- standard deviation; standard errorof the meal).

41'
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Table 3. Ponderal index of children by race, sex, and age at last birthday: sample size, mean,
standard deviation, standard error of the mean, and selected percentiles; United Stakes, 1963-65

Race, sex, and age'

.

n 2
.

$

.

si

Percentile

5th 10th 25th 50th 75th 90th 95th

WHITE ) Ponderal index 1.%

.

Boys .,

6 years 489 1,787 12.8 0.41 1 0.02 12.0 12.1 12.4 12.7 13.3 1.7 13,8
7 sears 551 1.,781 12.9 0.44 0.02 12.0 12.1 12.4 12.9 13.5 13.8 13.9
8 years 537 1,739 13.0 0.48 0.02 12.0 12.2 12.6 13.1 13.6 13.8 13.9
9 years - 525 1,730 13.1 0.40 0.05 11.9 12.1 12.6 13.2 13.6 13.9 13,9
10 years 509 1,692 13.2 0.53 4.02 12.1 12.2 12.8 13.3 1317 13.9 14.0
11 years - -- 542 1,662 13.1 0.66 0.03 12.0 12.2 12.7 13.3 13.6 413.9 14.0

Girls -

N,

6 years 461 1,722 12.8 0.45 0.02 12.0 12.1 12.4 12.8 .13.3 13.7 13.9
7 years 512 1,716 12.9 0.50 0.03, 12.0 12.1 12.4 12.9 13.5 13.8 13.9
8 years 498 1,674 13.0 0.55 0.03 12.0 12.1 12.5 13.1 13.6 13.8 13.9
9 years s 494 1,663 13.0 0.58 0.03 11.9 12.1 12,5 13.2 13.6 13.9 14.0
10 years 505 1,632 13.1 0.63 0.03 11.9 12.2 .12.6 13.2 13.6 13.9 14.0
11 yeais 477 1,605 13.1, 0.68 0.03 11.9 ,12.1 12.6 13.2 13.7 14.0 14.4

.

NEGRP , i 1 I.

Boys .
((

g . -

6 years 84 289 12.9 0.36 0.b3 '12.1 12.2 12.5 13.0 13.4 13.6 13.7
7 years 79 286 13.1 0.37 0.05 12.5 12.6 12.8 13.2 13.6 13.9 14.0
8 years:' 79 279 13.2 0.36 0.03 12.5 12.6 12.9. 13.3 15.7 13.9 14.0
9.years 74 269 13.3 0.50 0.07 12.2 12.4 13.0 13.4 13.7 13.9 14.1
10 years - -, 65 264 13.3 0.64 0.06 12.0 12.3 12.9 13.4 13.8 14.0 14.3
11 years - -- 83 255 13.3 0.65 0.06 12.1 12.4 13.0 13.4 13.8 14.0 14.2

/

Girl's

6 years - -e- \
72 281 13.0 0.34 0.05 12.3 12.4 12:6 13.0, 13.4 13q."6 .13.7

7 years 93 .284" 13.2 0.48, 0.04 12.1 12.2 12.8 13.3 13.6 13.8, 13.9
8 years 113 281 13.1 0.57 0.03 11.8 12.1' '12.6 13.2 13,6_ 13.9 ,14.0
9 years 84 265 13.3 0.60 0.06 12.1 12.4 13.0. 13.4 13.8 14.0 14.2
10 years 77 266 13.1 0:80 0.07 11.2 12.0 12.7 13.3 13.8 14.1 14.3
11 years 84 253 13.2 0.74 0.09 11.6 12.1' 12.8 13.4 13.8 14.1 14.3

NOTE; n = samplo.Firc; Y--zztimated number of children in Population in thousands; g- mean;
8 = standaL.1 deviation; Ss = standard error of the mean.

In computing this ratio height is expressed in inches and Weight in pounds;'whict produces a
different result than would the use of metrio^-mealtures.
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Table 4. Sitting heightof children by race, sex,, and age at last birthday: sample size, mean,
standard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Race, sex, and age n N X s

.

sX

Percentile

5th 10th 25th 50th 175th. 90th 95th

4,"

WHITE . .In centimeterf

Boys
.

,

6 years s 489 1,787 65,,0 1 2.681.0,13 60.4 61.4 63,2 65.1 66.7 68.5 69.7
7 years- 551 1,781 67.2 2.741 0.15 63.0 64.0 65.4 67., .9. 70.8- 71.8
8 years 537 1,739 69.5 2.94 0.12 65.1 657 67.6 69.6 71.5 73.3 74.3
9 years 525 1,730 71.6 3.15 0.19 66.4 67.4 69.6 71.6 73.7 75.6 76.7
10 years- 509 1,692 73.3 3.07 0.20 68.3 69.5 71.4 73.3 75.4 77.3 78.7
11 years -- 542 1,662 75.6 3:10 0.13 70.6 71.5 76.5 75.5 77.7 79.6 80.7

Girls °

,

6 years 461 1,722 64.2 3.00 0.18 59.2 60.4 62.3 64.3 66.1 68,2 69.1
7 years c 512 1,716 66.4 2.99 0.12 615 62.6 64.3 66.5 68.4 70.4 7104
8 years 498 1,674 68.8 2:89 0.13 63.7 64.8 671 '68.9 .70.8 72.4 73.3
9 years 494 1,663 ZIA 3.19 0.17 65.8 67.1 '68,9 71.1 73.4 75.3 76.3
10 years - -- 505 1,632 73.5 3.39 0.14., 68.2 '69.2 71.1 73.5 75.7 77.6 79.1
11 years- 477 1,605 76.5 3.96 0.15 70.4 72.0 74.2

,.
76.2

.

78.8 81;.6 83.7

NEGRO
.

Boys
.

6 years 84 289 63.2 2.48 0.35 59.2 59.7 61.4 63.2 64.8 66.5 68.1
7 years- 79 286 65.6 2.58 0.29 61.6 62.3 63.6 65.6 67.5 69,.1 70.1
8 years 79 279 67.8 2.81 0.29 63.5 64.3 66.2 67.5 69.4 71.8 72.7
9 years- 74 269 69.3 3.69 0.4P 63.7 64.5 66.7 68.6 71.7 74.5 75.$
10 years- 65 264 70.9 3.54 0.33 64.8 66.1 68.3 70.6 73.2 75.4 77.5
11 years- 83 255 73.4 3.36 0.37 67.8 68.7 71.4 73.6 74.8 77.5 79.3

Girls .

6 years. 72 281 62.3 2,78 0.35 '57.4 58:8 60.4 62.3 64.5 66.2 66.6
7 years 93 284 64.9 3.05 0.40 60.0 61.2 62.7 64.7 67.0 69.3 70.5
8 years 113 281 66.6 3.50 0.26 61.5 62.4 64.5 66.3 68.6 71.5 73.4
9 years 84 265 69.6 3.43 0.44 64.2 65.4 67.4 69.5 71,6 74.4 75.5
10 years- 77 266 71'.9 3.77 0.48 66.3 67.6 69.3 72.5 74.4 76.8 78.,9
11 years 84 2.13,75.1 4.08 0.38 68.3 69.3 72.5 75.3 78.4 80.3 -81:4

NOTE: 7L sample size; N estimated number of children in popilation in thousands; g= mean;
s standard deviation; Si standard error of the mean.
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T ble 5. Subischial length of children Eby race, sex, And age at, last birthday: sample size,'mean,
s andard deviation, standard error of the mean, and selected percentiles, United ,S.tatqs, 1961-65

itace,'sex, and age S 3-x

Percentile'

5th 10th 25th, 50th 5th 90th 95th

WHITE

Boys

6 years
7 years
8 years------- -
9 years -
1 years--- -
1 years

Girls

6 ears---- -
7 ars
8 -ars - - - - --

9 ears
10 ears
11 sears

NEGRO

Boys

6 ye rs
7 ye rs
8 ye rs
9 yea s
10 ye rs
11 years -

Girls

6 ---------
7 years
8 years-'--- -
9 years-
-10-years-
11 years-

489 1,787
551 r,781
537 1,739
525 1,730

%.509 1,692
542 1,662

461 1,722
_512 1,716
498 1,674
494 1,663
505 1,632
477 1,605

84
79
79
74
65
83

9,-3

113
84
7t
84

289
286
279
269
264
255

281
284
281
265
,266
253*

53.6
57.2
60.3
63.9
66.0
70.1

53.5
57.0
60.5
64.0
67.3
70.9

56.0
59.6
63.5
65.7
68.7
72.2

3.24
3.53
3.44
4.52
4.33
4.43

3.47
3.81
4.29
4.32
4.32
5.21

3.49
3.46
3.34
3.83
5.82
6.03

56.2 1.59
59.7 3.22
62.7 4.14
67.9 .5.16
67.9 7.06
'74.0 4.18

0.20
0.25
0.18
0.33
0.21
0.21

0.18
0.16
0.11
0.23
0.24
0.23

0.41
0.37
0.34
0.57
0.72
0.50

0.57
0.25
0.32
0.56
0.54
0.41

48.5
51.6
54.5
57,3
60.2
63.0

48.2
51.1
54.5
57.4
60.5
63.8

51.4
54.5
57.7
59.5
60.1
65.4

50.3
54.9
56.1.
60.1
62.4.
6r7.3

In centimete

49.6
53.1
55.9
59.1
61.6
64.8

49.3
52.4
56.0
59.0
61.7
65.6

52.1
55.3
59.,0

60.6
63.1
66.9

;51.5
55.0
58.2
61.3
64.3
67.5

51.1
54:8
58.2
61.4
64:2
68.3

53.3
56.8
60.7
63.6
66.4
70.1

51.4 53.5
.55.5 57.2
58.0w 60.0
62.0 64.5
65.2 67.2
68.5 71.1

rs

53.3
57.1
60.3
64.1
6740
70,1

53.5
56.9,
60.5
63.1
67.1
70.9

55.5'
59.3
64.0
65.7
69.5
72.4

56.5
59.5
62.8
6745
70.8
73.6

n.7
59.2
62.5
66.6
69.7
73.1

55.7
39.3
63.2
66.7
70.3
73.8

57.8 59.4
61.9 63.7
64.7 65.7
60.0 704
72.2 73.7
75.4 '77.0

57.7-
61.3
-65.6
70.1
73.1
76.6

58.2 60.5
61.8 63.8
65.9 67.7
68.3 71.0
72.1 75.3
75.3 78.3

59.0
62.1
65.3'
71.1
73.6
77.3

60.5
63.7
68.2
75.1
77.2
79.8

59.1
62.7
67.0 .

. 71.2
74.5
77,8

65.2
66.7
71.8
76.1

62.1
65.5
71:1
71.4
79.'1
81.3

NOTE: n - sample size; AT,P estimated number of children in population in thousands; X - mean;
+ standard deviation; SX = standard error' of the mean.



Table.6. Sitting height/stature ratio (time's 100) of children by race, sex, .and ags,st 1Sst,birth,
day: sample size, mean, standard deviation, standard error of the mean, and selected percent-
iles, United States, 1963:65

Rag, sex, and agcy

" WHITE

Boys

6 years-
7 yeiirS T
8 years
9 years
10 year
11 years

'Girls

6 years -
/ years - ,

8 years
9 yegri- -,- .

10 years-
11 years

6 years
7 years
8 ydars
9 years
10.years -
11 years

NEGRO,

Boys

....

',. .
# . - GIrls

1 s' i\
6 years7
7 years- t

,

8 years- --,

9 years- ,,..

10 years
21 years

48
351
537
525
509
542

461
512
498
494
505
477

1,781
1,781
1,739
1,730
1,692
1,662

1,722
1,716
1,674
1,663
1,632
1,605

84 289
79 286
79 279
74 269
65 264
83' 255

'12 281
93 284
113 281
84 265
77 266
84 253

S

Percentile

3th 10th 25th 50th 75th 90th 95th

Sitting height/stature ratio

54.8 1.33 4 0.06 53.11 53.6 54.4 55.3 56.2 56.7 57.2
'54.0 1.34 a.07 52.2 52.8 53.7 54.5 55.4 56.0 56.5
53.6 1..20 0.05 52.1 52.4 53.2 54.1 54.7 55.5 55.9
52.9 1.66 0.10 51.2 51.6. 52.4 53.3 54.2 54.8 55.4
52.3 1.41 0.96 50.8 51.2 .51.9 52.7 53.6 54:3 54.7
51.9 1.36 046 50.4 51.0 51.5 52.3 53.2 53.8 54.5

54.6 1.54 0.48 52.8 .3 54.2 55..1 55.9 56.8 57.3
53.8 1.51 0.08 52.1 52.6 53.4 54.4 55.2 55.8 56.5
53.2 1.79 0.12 51.4 52.1 52.8 53.6 54.5 55.4 55.8
52k7 1.45 0.08 51.1 51.4 52.2 53.2 54.1 54.7 55.2
52:2 1.28 0.06 50.5 51.1 51.8 52.6 53.5 54.3 54.7
52.0 1.92 0.10 50.2 50.6 51.4 52.4 53.3 53.9 54.6

51.0 1.39 0.10 51.2 51.7 52.6 53.6 54.5 55.0 ,55.0
52.4 1.19 0.14 51.0 51:3 52.1 52.8 53.7 54.5 54.8
51.6 1.24 0.10 50.0 50.4 51.3 52.2 52.8 53.7 54,4
51.4 1.51 0.27 49.7 50.2 50.9 '51.7 52.6 53.5 53.9
50.8 2.26 0.26 49.0 49.3 50.2 50.8 52.2 52.9 53.9
50.5 2.35, 0.29 48.8 49.3 50.1 50.7 51.5 52.2. 52.7

52.6 ' 1:23 0.17 51.2 51.6 52.2 52.8 53.8 54.8 55.5
52.1 1.18 0.10 50.7 51.2 51.7 52.5 53.4 54.1 54.6
51.6 1.52 0.10 49.6 50.2 51.0- 52.2 53.2 53.7 53.9
50.7 1.49 0.19 48.8 49.3 50.2 51.2 52.3 52.9 53.6
50.8 2.77 0.35 48.8 49.2 49.9 51.1 51.8 52.6 53.4
50.4 1.ti 0.14 49.0 49.3 50.1 50.7 51.6 52.6 53.3

NOTE; n = sample size; .11/..estlwgceli number of children in population in thousands; I.. mean;
8 standard 4eyiation; SX = standard error of the mean.
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Table 7. Buttock-knee length of children by race, sex, and age at last birthday: samplesize,
mean, standard deviation, standard error di the mean, and selected percentiles, United States,
1 3 -65

Race, sex, and age S

Percentile

5th 10th 25th 50th 75th 10th 9541

WHITE In centimeters

Boys

6 years 489 1,787 37.1 2.79 0.20 31.7 33.7 35.6 37.3,38:9 40.7 41.5'
7 years- 551 1,781 39.6 3.00 0.26 33.7 36:2 38.0 39.8 41:5 43.2 44.4
8 years 537 1;739 41.6 3.21 0.26 35.7 37.7 40.2 41.7 43.6 45.2 46.3
9 years- 525 1,730 44.0 3.46 0.27 37.8 40.0 41.9 44.1 46.1 47.8 49.5
10 years 509 1,692 45.1 3.48 0.25 40.0 41.4 .44.2 46.2 48.2 49.9 .50.9

11 years 542 1,662 48.2 3.45 0.24 42.2 44.1 46.2 48.3 50.5 52.5 53.7

Girls

,6 years 461 1,722 37.5 2.86 0.23 32.3 33.7 36.1 37.8 31.5' 40.8 41.7
7 years 512, 1,716 39.7 3.07 0.24 34.4 35.8 38.2 39.9 41.7 43.3 44.1
8 year*. '498' 1,674 42.3 3:09 0.19 37.2 38.7 40.5 42.5 44.4 46.1 47.4
9 yeari'Z 494 1,663 44.6 3.49 0.26 38.6 40.4 42.6 44.6 47.1 48.9 50.2

10 years 505 1,632 46.8 3%62 0.28 40.4 42.2 .44.4 47.2 49.4 51.1 52.5
ltyears 477 1,605 49.4 3.47 0.22 43.8 45.3 47.3 49.4 51.7 53.8 5516

-

NEGRO

Boys

6 years 84 289 37.7 3.38 0:72 30.6 31.8 36.2 38.2 40.3 41.5 41.9

,7 years 79 286 40.3 3.48 0.57 32.8 34.6 38.9 40.6 42.4 44:3 45.2
years 79 279 42.3 3.54 0.69 35.6 36.8 40.3 42.8 44.8 46.4 47.2

9 yRars 74 269 43.8 3.75 0.70 36.7 38.6 41.4 44.2 46.6 48.5 49.5
tO years 65 264 46.1 4.02 0.74 39.2 41.5 44.1 46.6 48.7 50.6 51.3

11 years 83 255 48.3 3.91 0.67 40.2 44.3 46.7 48.6 50.7 52.5 53.8

Girls

6 years 72 281 37.8 3.76 0.81 30.4 32.5 35.2 38. 1#1.0 42.2 42.7-

7 years 93 284 40.4 3.44 0.56 33.1 35.3 39.2 40.7 42.9 44.1 45.1

8,,,years

9 years
113
84

281
265

42.8
-45.9

3.78-
4.10

0.50
0.74

35.6
38.6

37.7
40.5

40.6
43.2

43.1
46.1

5.3
48.7

47.5
51.6

48.9
53.1

10 years,- . 77 266 48.4 3.96 X0.82 41.7 44.5 46.3 48,4 50.5 52.8 56.2

11. years-- 84 253- 51.0 4.67 0.78 41.8 ,44.6 48 1 51.1 54.4 57.4 57.9

NOTE: n - sample nice; 211.7 estimated number

S m standard deviation; SR - standard error of

A

2$

of children in population in thousands; X. mean;,
the mean.
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Table 8. Popliteal height of children by rice, sex, and age ap last birthday: sample size, mean,
standard deviation, standard error of the mean, and selected percentiles, Unjted States, 1963-65

Race, sex, and age

11WnITE

Boys

6 years
7 years
8 years
9 years
10 years
11 years

Girls

6 years
7 years
8 years
9 years
10 years
11 years

6 years
7 years
8 years
9 years
10 years
11 years

6 years
7 years
8 years

.9 years,
10 years
11 years

NEGRO

Boys'

Girls

4B9
5 1

3,7

.5525

542

461
512
498
-494
505
477

84
79
79
74
65
83

72
93
113
84
77
84

Percentile

5th 10th 25th 50th 75th 90th 95th

In centimeters,

1,787 29.1 1.77 0.08 26.3 28.8 27.8 29.2 30.3 31.4 32.1 -

1,781 30.9 1.93 0.13 27.9 28.5 29:6 30.9 32.2 33.5 34.3
1,739 32.4 4.94 0,13 29.1 29.9 31.2 -32.5 33,7 34.8 35.6
1,730 34.1 2.16 0.13 30.7 31.4 32.7 34.2 35.5 36.8 37.7
fL,692 35.7 2.20 0.12 32.1 32.8 34.3 35:7 37.3 38.8 39.6
'1,662 37.2 2.30 0.12 33.5 34.3 35.6 37.2 344 40.2 41.0-

1,722 28.8 1.75 0.07 25.8 26.5 27.6 28.8 30,1 31.0 31.7
1,716 f30.5 1.93 0.08 27.4 28.1 29.2 30.4 31.7 32.9 3,3.7

1,674 .32.3 2.01 0.13, 29.0 29.5 31.1 32.4 33.6 34.7 ,3.6
1,66a 34.0 2.26' 0.12 30.2 31.2 32.5 33.9 35.4 37.2 '37.9
1,632 35.5 .2.48 0.15 31.6* 32.5 34.0 35.4 37.1 38.8 39.7
1,605 37.4 2:58 0.14 33.2 34.1 35.7 37.4 39.1 40.5 41.4

289 30.2 1.92 0.31 27.1 28.1 28.8 30.1 31.4 33.2 33.8
286 32.1 1.98 0.29 29.1 29.7 30.6 31.9 33.6 34.7 35.5
279 33.9 1.95 0.18 31.0 31.4 32.5 33.9 35.3 36.7 37.5
269 35.4 2.12 0.22 32.0 33.0 34.0 35.2 36.9 38.4 38.8
264 36.8 2.26 0.28 33.1 34.1 35.3' 36.8 38.5 39.6 40.3
255 38.4 2.16 0.18 35,1 35.6 36.8 38.5 39.8 41.3 42.2

281 29.9 2.03 0.30 26.4 27.2 \28 . 7 29.7 31.5 32.7 33.4 t
284 31.8 1.96 0.19 29.2 29.9 30.4 31.7 33.2 34.4 35.2
281 33.2 2.35 0.25 29.7 30'.5 1.7 33.1 34.5 36.3 37.4
265 35.7 2.39 0.24 31.9 32.5 3 0 35.7 37.6 38.8 39.6
266 .36.9 2.37 0.35 33.1 33.7 35 3 36.9 38.4 3g.6 40.3
253 38.5 2.66 0.38 34.2 3541 36.t 38.4 40.4 41.7 43.3 "

NOTE: n - sample size, N- estimated number of children in poPulatioX in thousands; le-- mean;
S standard deviation; s standard error of the mean. ,
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Table 9. Foot length of children byrace,sex, and age at last birthday; sample size, mean, stand-
ard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Race, sex, and a§e n N N 1 i ''

"..,

s .1*

Percpntile

11

5th 10th 25th 50th 75th ,0th 95th

6 years
7 years
8 years,
9.years ,
ly years
11 years

6 years
7 years
8 years
9 years
10 years
11 years

-

6 years
7 years
8 years
9 years
TO years
11 years -'

6 Years
7 years
8 years
9 years
10 years
11 years

WHITE
.

. ,

_ _

1

551
537
525
509
542

441
512
498
494
505
477

1.

54
79

74

05
83

-

72
93

113'

84
77
84

1,787
1,781
1,739
1,730
1,692
1,662
.

1,722
1,716
1,674
1,663
1,632
1,605

rt

289
286
,279
269
64'

,

2

2

81
- 65

266.
253

5
...

1
4

.

17.9
18.8
19.6
20.7
21.4
22.3

17.7
18.5
19.4
20.3
21.1
22.0

.

18.5
19.5
20.4
21.2
22.0
22.9

.

18.4
19.3
20.0
21.2
22.2
22. 7.---1-:52-

1.01
1.05
1:20
1.23
1.30
1.34

1.07
1.06
1.14
1.20
1.33
]..27

1.07
1.02
1.06
1.30
1;22
1.20

_

1.10
0.97
1.26
1.40-
1.20

.

0.06
0.06
0.07
0.07
0.06
0.07

0.08
0.04
0.06
0.06
0.06
0.06

(),..17

.14
,0.12
10.15
0.12

,

0.14
0.10
0.10
0.18

_0.18
0.20

In

16.2
17.1
17.7
18.5
19.2
20.1

15.7
16:6
17.4
18.2
19.1
20.0

16.7
17,5
18.8
18.9
20.1
20.7

. .

16.4
17.6
18.2

-I .

20.1
20.1

- --

centimeters

,

16.5
17.4
18.1
19.1
20.0
20.4

16.2
17.1
18.1
18.6
19.4
20.3

17.1
18.0
19.1
19.4
20.3
21.2

17.1
11.8
-f.
19.2
20.5
20.6

,

17.2
18.1
18.7
19.9
20.4
21.3

17.1
17.7
18.5
19.5
20.3
21.1

.

17.7
18.7
19.6
20.3
20.9
22.1

17.6

19.0
20.2
21.3
21.5

17.8
18.8
19.6
20.6
21.4
22.3

17.7
18.5
19.5
20.4
21.2
21.9

1815
19.5
Q0.4
21.2
22.1
23.1

9.4
20.1
21.0
22.2
22.7

18.6
19.6
20.5
21.5
22.4
23.2

18.5
19.3
20.3
21.1
22.1
22.9

19.2
20,2
21.2
21.9
22.9
23.6

.3
20.1
21.0
22.4
23.1
23.8

19.4
20.4
21.3
22.4
23.2
24.1

19.2
19.9
21.0
21.9
22.8
23.7

"

19.9
20.8
22.0
22.8
23.6
24.3

.

19.8
20.8
21.7
22.8
23.7
24.7

------

19.6
20.5
21.5
22.5
23.3
24.2

1

20.5
- 21.3
22.4
24.1
23.9
24.8

Boys

,

Girls

,.

NEGRO

Boys

Girls

..4

'

19.8
20.7
,21.8
23,2
23.8
24.9

21).2'

21.0
22.4
23.7

'24.4
25.3

NOTE: n - sample size;,217 - estimated number of children in population in thousands; X - mean,
- stanaald deviation; Si - standard errez.....:0the mean.
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Table 10. Acromion-olecranon length, of children by race, sex, and age at last birthday: sample
size, mean, standard deviation, standard error of the mean, and selected percentiles, United
States, 1963-65

Race, sex, and age I f .

Percentile

5th 10th 25th 50th 75th 96th
t

95th

WHITE .

In centimeters
,

Boys . .

6 years .. 489 1,787,, 23.7 1,31 0.08 21.5 22.1 22.7 23.6 24.6' 25.6 25.97years 551 1,781 25.0 1,37 0.08 22.6 23.2 24.1 25.1 25.9 26.7 27.4
8 years - -- -.. 537 1,739 26.2-T.39 0.08 23.9 24,4 25.3 26.3 27.2 28.1 28.7
9 years 525 1,730 27.6 1.60 0.11 25. 25.5 26.4 27.5 28.6 29.8 30.5
10 years 509 1,692 28.6 1.66 0.07 25 26.4 27.6 28.7 29.8 30.8 31.4
11 years 542 1,662 30.0 1.85 0.08 27.2 27.7 28.8 30.1 31.2 32.3 33.0

Girls .
.

6 years 461 1,722 23.4 1.41 0.09 21.2 21.5 22.5 23.5 24.5 25.3 25.8
7 years 512 1,716 24.6 1.41 0,.04 22.3 22.8 23.6 24.6 25.7' 26.5 .26.8
8 years .1498 1,674 26.1 1.57 0.08 23.5 24.2 25.2 26.2 27.2 28.3 29.0
9 years-, - - -s 494 1,663 27.5 1.61 0.09 25.1 25.4 26.4 27.5 28.6 29.7 0.4
10 years , 1,632 28.8 1.88 0.09 25.9 26.5 27.5 28.8 30.1 31.3 31.8
11 years '

.505
1477 1,605 30.4 1.88 0.08 27.4 28.2 29.2 30.4 31.8 32.9 33.6

-

NEGRO
.

Boys

.

6 years 84 289 24.1 1.32 0.16 22.2 22.4 23.2 24.1 25.1 25.0 26.6
7 years . 79. 286 25.2 1.58 0.15 22.7 23.1 24.0 25.3 26.3 77.6 28.2
8 years . 79 279 26.9 1.16 0.15 24.9 25.3 26.2 27.0 27.6 28.4 28.8
9 years

r
74 269 27.6 1.52 0,24 24.7 25.4 26.6 27.6 28.6 29.6 29.9

10 years 65 264 28.2 1.88 0.22 25.2 26.2 27.3 28.3 29.7 30.6 30.8
11 yedts .83 255 30.2 1.64 0.15 27.8 28.? 29.0 30.1 31.3 32.7 33.5

Girls
,

6 years = 72 281 23.9- 1.44 0.16 21.3 22.0 23.1 24.1 24.9 25.7 ' 26.2
7 years 93 284 25.4 1.35 0.14 23.3 24.0 24.4 25.2 26.4 27.4 27.8
8 years- -t. 113 281 26.4 1.68 0.15 23.8 24.3 25.2 26.2 27.5 28.8 29.6
9 years 84 265 28.2 1.74 0.16 24.7 26.1 27.1 28.1 29.4 30.6 31.1
10 years- . 77 266 29.7 1.85 0.22 26.6 27.3 28.4 29.6 30.9 32.2 32.8
11 years 84 253 31.1 2.0Q 0.24 27.7 28.3 30.0 31.0 32.6 33.8 34.3

N37E: n - sample size; 111 ... estimated number of children in population in 'thousands, AT mean;
standard deviation; s2 standard error of the mean.

4

, ,

3v
31



Table 11. Elbow-wrist length of children by race, sex, and age at last birthday: sample size, -
mean, standard deviation, standard error of the mean, and selected percentiles, United States,
1963-65

Race, sex, and age
.

N
,, 0

S Si

Percentile

5th 10th 25th 50th 75th 90th 95th,

WHITE
..... .

In centimeters '

Boys

6 years 489. 1,787 18.2 0.47 0.05 16.5 17.0 17.4 18.2 18;8 19.6 19.9
7 years 551 1,781 19.2 1.11 0.07 17.4 17.8 18.4 19.2 19.8 20.7 21.1
8 years .,.. ....,... 537 .1,739 20.0 1.15 0.Q8 18.1 18.5 19.3 20.1 20.8 21.6 21.9
9 years -525 1,730 21.1 1.22 0.08 -19.1 19.4 20.2 21.1 21.8 22.7 23.3
10 years 509 1,692 21.8 1.24 0.07 19.7 20.2 21.1 21.8 22.8 23.6 23.9
11 years 542 1,662 22.8 1.40 0.05 20.5 21.1 22.0 22.8 23.7 24.7 25.3

Girls : .

S .

6 years '1- 461 1,722 17.7 1.02 0.06 16.0 16.3 17.1 17.7 18.5 19.1 19.6
7 years

.
512 1,716 .1.8.7 1.16 0.05 17.0 17.3 18.0 18,6 19.5 20. 20.7

8 years 498 1,674 19.7 1.25 0.05 17.7 1862 18.8 19.7 20.6 21 21.7
9 years -a- 494 1,663 20.7 1.21 0.07 18.8 19.2 1.8 20.6 21.6 2 .5 22.9
10 years 505 1,632 21.7 1.35 0.05 19.5 20.1 20.7 21.7 22.7 2 .6 24.0
11 years 477 1,605 22.9. 1.44 0.06 20.5 21.1 21.9 22.8 23.8 24.8 25.4

. -

NEGRO

Boys
. ,

6 years 84 289 19.0 1.05 0.16 17.1 17.6 18.3 18.8 19.7 20.5 20.8
7 years 79 286 20.1. 1.16 0.12 18.'3 18.6 19.2 19.9 20.8 21.8 22.4
8 years 79 -279- 21.0 1.13 0:13 19.2 19.5 20.2 21.0 21.8 22.7 23.1
9 years r 74 269. 21.9 1.43 0.14 20.1 20.3 20.9 21.7 22.7 23.7 24.5
-10-years 65 264 22.6 123 0.20 20.6 21.2 21.8 22.6 23.5 24.4 24.8
11 years 83 255 23.8 1.23 0.11 21.7 22.2 23.1 23.8 24.6 25.3 25.8

Girls
.

..

6 years 72 281 18.6 1.11 0.17 16.4 .17.1 18.1 18.7 19.5 20.0 20.5
7 years- 93 284 19.6 1.10 0.10 18.0 18.2 18.8 19.6 20.5 21.0 21.6
8 years 113 281 20.6 1.34 0.11 18.6 19.1 19.6 20.5 21.4 22.4 23.1
9 years 84 265 22.0 1.42 0.13 '19.6 20.1 21.1 21.9 23.1- 23.9 24.5
10 years 77 266 23.1 1.42 0.18 21.1 21.3 22.1 22.9 24.1 25.2 25.9
11 years 84 253 24.3 1.59 '0.22 21.7 22.2 22.9 "24.3 25.4 26.5 26.9

.
,_

NOTE: n = sample size, N= estimated number of children in population in thousands; X = mean;
S = standard deviation; SR o standard error of the mean.
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Table 12. Hand length .of children by.race,- sex, and age at ast birthday: sample size, mean,
standard deviation, standard error of the mean, and selected rcentiles, United States, 1963-65

MSS,

ZY.r.i-

Race, sex, a4c-r;ge n N X S .Si

. -Percentile

5th 10th. 25th
.

50th 75th 90th 95th

WHITE In centimeters

. .

1
.

6.y n 489 1,787 12.9 0.68 0.04 11.7 12.1 1.2.4 13.1 13.6 13.9 16.5
7-years- 551 1,781 13.5 0.71 0.04 12.2 L2.4,./14.1 13.5 14.0 14.6 14.3
8 years 537 1,739 14.1 0.81 0104 12.5 3.,1' 13.5 14.2 14.7 15.3 14.8
9 years 525 1,730 14.6 0.78 0.04 13.2 1 :5 14.2 14.6 15.2 15.7 15.6
10 years 509 1,692 15.1 0.82 0.04 13.7 '24.1 14.5 15.1 15.7 16.3 15.9
11 years 542 1,662 15.'7 0.87 0.03. 14.2 114.4 15.1 15.6' 16.3 16.8 17.3

. Girls

6 years 461 1,722 12.8 0.70 0.04 11.4 1148 12.2 12.7 13.4 13.8 14.2
7 years 512 1,716 13.3 0.76 0.03 12.1 12.3 12.8 13.4 13.8 14.4 14.7
8 years 498 1,674 13.9 0.76 -0.05 12.4 13.0 13.3 13.8 14.5 14.9 15.4
9 years - - -r 494 1,663 14.6 0.77 0.04 13.2 1344 14.1 14.5 15.1 15.7 16.0
10 years 505 1,632 15.1 0.86 0.04 13.5 14.0 14.4 15.2 15.7 16.4 16.7
11 years- 477 1,605 15.9 0.91 0.04 14.3 14.6 15.2 15.8 16.6 17.2 17.6

NEGRO ,

i
Boys

'.,

.

6 years 84 289 13.6 0.66 0.09 12.3 12.6. 13.1 13.6 14.1 14.6 14.8
7 years 79 286 14.2 0.71 0.09 13.1 13.2 13.6 14.2 A.4.7 15.3 15.7
8 years 79 279 14.7 0.73. 0.10 13.5 13.7 14.2 14.7 15.4 15.7 15.8
9 years - - - -.- 74 269 15.2 0.83 0.07 13.8 14.1 14.5 15.2 15.7 16.5 16.9
10 years.-c 65 264 15.7 0.84 0.11 14:2 14.4 15.1 15.7 16.4 16.8 17.0
11 years 83 255 16.3 0.76 0.07 14.9 15.2 15.8 16.4 16.8 17.4 17.7

Girls

4(years " '-- n 72 281 13.6 0.85 0.09 -12-J,-12.3 13.0 13.6 14.3 14.7 14.8
years-, 93 284 14.1 0.72 0.09 13.0 13.1 U.S 14.21 14.6 15.2 15.5

8 years_ 113 281 14.6 0789 0.08 13.1 13.3" 13.8 14.5 15.3 15.9 16.4
9 years 84 265 15.5 1.01 0.08 13.9 14.2 14.6- 15.4 16.2 16.8 17.3
10 ygar 77 266 16.0 1.00 0.08 14.3 15.0 15.3 15.8 16.6 17.3 17.8
11 ye s--- --------- --- 84 253 16.6 1.06 0.12 15.0 15.2 15.8 16.6 17.5 18.3 18.5

A

OTE: n- sample size; 21T-- estimated number of children in population 1,44 thousands,I = mean;
S tandard deviation; si = standard error of the mean.
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Table,13. Biacromial breadth of childien by race, sex, and age at last birthday: sample size, 1....._
mean, standard deviation, standard error of the mean, and selected percentiles, United States,

'

1963-65 .

n N X

.

s s2

o .

Percentile

...

Race, sex, 4nd age

5th

4
10th 25th 50th 75th 90th .95th

WHITE .- In centimeters

Boys .--
. -

6 years 489 1,787 26.0 1.54' 0.09 23.4 24.1 125.1 26.1 27.2 26.1 28.8
7 Oars 551, 1,781 27.3 1.57 0.09 24.74 25.3 26.3 27.3 28.4 29.5 30.1
8 years

, 537 1,739 28.4 1.76 0,10 25.4 26.2 27.3 28.4 29.6 30.7 31.4
9 years - 525 1,730 29.6 1.92 0.11 27.0 27.4 28.4 29.5 30.8 32.2 32.9
10 years. 509 1,69;,30.4 1.97 0.12 27.3 26.2 29.4 30.5 31.7 32.7 33.6
1.1 years 542 28.6, 29.4 30.5 31.8 33.1 34.5 35.3

(

Girls

6 years 461 1,722 25.8 1.53 0.09 23.3 24.0 24:7 25.7 26.7 27.7 28.5
7 years . 512 1,716 27A 1.54 0.06 24.5, 25.1 26.0 27.0 27.8 28.8 29.6
8 years 498 1,674 28 1 1.62 0.09 25.4 26.2 27.1 28.1 29.4 30.5 30.8
9 years
10 years r

494
505

1,663
1,632

29.2
30.4

1.87
1.93

0.09
0.09

26.3
27.4

27.1
28.1

28.1
29.1

29.3
30.4

30.5
31.7

31.6
33.1

32.3
33.7

11 years 477 1,605 31.8 2.23 0.10 28.6 29.3 30.5 31.7 33.3 34.6 35.5

NEGRO .

Boys

6 years-,..r _. ... 84 289 ^26.3 1.95 0.27 23.7 .24.2 25.0 262 27.4 29.0 29.5
7 yeats ' 79 286 27.4 1.58 0.17 24.5 25.3 26.4 27.3 28.4 29.5 30.0
8 years 79 279 28.9 1.61 0.22-25.7 26.9 27.7 29.1 30:1 30.9 31.6
9 years 74 269 29.6 2.00 0.25 26.3 27.0 28.3 29.5 31.1 31.9 33.0
10 years u 65 264 30.8 1.57 0.27 28.4 29.1 29.6 30.8 32.1 33.1 33.6
11 years 83 255 32.0 1.90 0.16 28.9 30.0 30.8 32.1 33.0 34.3 35.6

Girls .

6 years 72 281 26.0 1.73, 0.23 23.2 23.7 24.8. 25.Y 27.3 28.5 28.9
7 years 93 284 27.2 1.52 0.18 25.1 25.3 26.1 27.2 28.10 29.1 30.1
8 years- 113 281 28.1 2.01 0.25 25.5 26.1 26.7 27.8 29.6 30.7 31.5
9 years 84 265 29.8 2.00 0.22 26.6 27.3 28.3 29.6 31.2 32.5 53.4
10 years 77 266 31.1 2.14 0.28 27.1 28.4 29.7 31.2 32.6 33.6 34.1
1). years 84-. 253 32.3 2.47 0.29' 28.8 29.4 30.5 32.2 34.4 35.6 35.9

NOTE: n - sample size; N. estimated number of children in population in thousOnds, X mean,
8 standard deviation; 82 standard errcor of the mean.
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Table 14. Bicristal breadth of children by race, sex, and age at last birthday: sample size,
mean, standard deviation, standard error of the mean, and selected percentiles, United States,
1963-65

Race, sex, and.age S Si

Perpentile

5th 10th 25th 50th 75th 90th 95th

WHITE
Iti centimeters

Boys

6 years
7 ycars .r

489
551

1,787
1,781

18.2
'19.0

1.28
1.36

0.08
0.07-

16.1
16.8

16.5
17.3

17.3
_

id.
18.22
19.1

19.2
19.8

19.8
20.7

20.4
21.28 years 537 1,739 19.8 1.61 0.07 17.3 17.9 18.7 19.7 20.6 21.6 22.49 years 525 1,730 20.7 1.90 0.11 18.2 18.7 19.6 20.6 21.6 22.7 23.910 years- 509 1,692 21.3 2.02 0.09 18.4 19.2 20,2 21.2 22.3 23.4 24.411 years 542 1,662 22.3 2.16 0.08 19.5 20.2 21.1 22.2 23.4 -24.8 25.9

Girls

6 years6 . 461 1,722 18.2 1.44 0.08 16.1 16.5 17.3 18.2 19.2 20.1 20.77 years 512 1,716 19.0 1.47 0.06 16.5"17.1 18.1 19.1 20.0 20.9 21,68 years 498 1,674 20.0 1.86 0.11 17.2 18.0 18.8 20.1 21.1 22.4 23.09 years - 494 1,663 21.0 2.01 0.12 18.1 18.7 19.7 20:8 22.3 23.8 24.810 years 505 1,632 21.9 2.13 0.12 18.7 19.4 20.5 21.7 23.1 25.0 26.2
11 years 477 1,605 23.3 2.46 0.11 20.1 '20.5 21.6 23.2- 24.7 26.6 -27.7

, NEGRO

Boys

6 yeark 84 289 17.1 1.05 0.19 X15.3 15.6 16.3 17.0 17.7 18.5 19.11 years 79 .286 17.8 1.07 0.14 16.1 16.3 17.0 17.7 18.5, 19.3 20.08 years 79 279 18.8 1.21 0.17 16.5 17.0 18.0 19.0 19.6 20.2 20.79 yeiss 74 269 19.1 1.60 0.37 16.4 17.1 18.1 18.8 20.3 21.3 21.910 years 65 264 19.6 1.66 0.31 17.2 17.6 18.5 19.5 20.6 21.8 22.7
11 years 83 255 :20.9 1.56 0.19 18.6 19.2 20.1 20.7 21.8 22.8 23.5

Girls

6 years 72 281 17.0 1.27 0.14 14.9 15.4 16.2 17.0 17.8 18.7 19.17 years. 93 284 17.7 1.43 0.22 15.7 16.2 17.0 17.7 18.6 19.5 20.3:8 years- 113 281 18.6 1.81 0.18 16.2 16.6, 17.3 18.3 19.7 21.3 22.69 years 84 265 19.7 1.78 0.27 .17.1 17.5 18.4 19.5 20.8 21.9 22.810 years 77 266 21.3 2.39 0.25 17.8 18.6 19.6 21.1 22.8 24.5 25.1
11 years 84 253 22.4 2.65 0.33 19.0 19.4 20.5 21.7 23.9 26.3 27.6

NOTE: n ... sample size; 11r, estimated number of children in population in thousands; X. mean;
\s\ S - standard deviation; Si a standard error of the mean.,

r
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Table 15. Biacromial breadth/bicrlstal breadth ratio (times 100) of children by race, sex, and
age at last birthday: sample size, mean, standard deviation, standard error of the mean, and
select-Pd perceptiles, United 'States4 1963-65

Race, sex, and
age

n 4jv X
s

. Percentile

5th 10th '25th 50th 75th 90th
.

95th

, ,ox

WHITE Biacromial breadth/hicristal breadth ratio

Boys . .

...

6 years ----- r-- 489 1,787 143.6 8.65. 0.41 131.4 13.1 1381.4 143.9 149.1 154.1 158.3
7 years--.--.-.- 551 1,781 144.0 8.26 0.41 131.6 134.2 138.9 144.7 149.5 154.6 157.4
'8 years-, 537, 1,739 144.2 9.98 0.48 ,131.1 134.3 139.5 144.8 149.7 155.9 158.8
9 years 525 1,730 143.6 9.39 0.41 130.6 134.2. 138.8 144.0 148.9 154.3 157.7
10 years 509 1,692 144.1 12.64 0.86 129.5 133.3 '138.5 144.2 150.2 155.7 159.8
11 years 542 1,662 144.1 11.12 6..,60 126.8 131.3 137.2 *4.2 149.8 155.0 158.8

......" -
Girls. .

.'
.

6 years . ,,, 461 1,722 141.9 9.02 0.53 128.2 131.7 136.7 141.8 147.7 .153.2 157.2
7 years 512 1,716 142.1 8.64 0.41 128.6 131.9 137.1 142.1 147.8 152.9' 156.6
8.years 498 4t,674 141.4 10.19 0.57 126.7 130.3 135.7 '141.3 '147.2 155.2 159.5
9 years 494 1,663 139.5 10.72 0.47 123.4 128.1 133.3 140.2 146.1 151.8 156.6
10 years 505 1,632 139.5 9.69 0'.68 123.4 128.2 133.7 140.1 146.5 152.4 155.1

11 years 477 1,605 137.7 12.62 0.52 120.5 125.6 131.7 137.8 1434 156.6 155.3

NEGRO -

.

Boys
' ,

.

.

6 years 84 289 154.7 11.27 1.79 140.3 144.2 149.3 155.3 159.4 164.4 166.0

7 years 79 286 154.5 8.94 0.74 140.6 144.4 148.9 154.3 160.7 167.2 170.4

8 years ,79 279 153.9 7.91 0.88 142.0 1460 148.2 153.3 160:4 164.8 167.5

9 years 74 269 15A.7 9.19 1.98 142.1 144.5 150/8 156.3 162.1 166.5 174.0

10 years 65 264 157.9 11.85 1.49 143.8 145.6 150.8 '156.4 162.4 182.1 1p9.0

-11 years 83 255 153.2 9.23 1.29 136.8 140.4 47.2 153.8 161.2 165.2 166.4
. . .

Girls r

72 '281 153.2 9.41 0.65 141.4
,

142:5 145.7 153.6
....,

158.2 166.6 168.6
--14-

_......eta-

6 ye =x -
7 years 93 284 153.8 10.54 1.68 139.4 140.6 146.1 154.4 160.4. 168.4 175.S

8 years 113 281 151.6 11.11 1.38 133.8 .138.9 145.2 152.9 159.6 165.5 169.5

9 years 84 265. 152.0 8.80 1.69 134
89

141.5 147,1 151.6. 158.4 164.7 168.9

10 years 77 266 146.9 12.10 1.19 12 134,3 137.9 145.8 156.7 162.7 166.E

11 years 84 253 145.2 11.03 1.33 127.6 112.6 139;.2 147.0 154.1 r 158.3 162.2

" NOTE: n. sample size; AT= estimated number of childr44 in population in thousands; X= mean;
3 =stanrddevi,ation;&.=standard error of the thean.

4i
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Table 16. Chest breadth of children by race, sex, and age at last birthday: sample size, mean,
standard deviation, standard error of the mean, and selected percentiles, United Statet, 1963-65

Race, sex, and age n ,N cx

Percentile

5th I 10th 25th 50th 75th 90th 95th

WHITE

a

In centimeters

Bkys,

6 years 489 1,787 18.4 1.16 0.09 16.4 17.0 17.6 18.4 19.2 19.9 20.5
7 years 551 1,781 19.0 1.17 0.08 17.1 17.5 18.3 19.1 19.8 20.6 21.1
8 years 537 1,739 19.8 1.36 0.11 18.0 18.2 r8.9 19.7 20.7 21.6 22.1
9 years 525 1,730 20.6 1.60 0.L0 18.3 18.8 19.6 20.5 21.6 22.6 23.3
10 years 509 21.0 1.41 0.07 19.0 19.3 20.2 21.0 21.9 22.8 23.6
11 years 542

_1,692
1,662 22.1 1.60 0.10 19.9 20.3 21.1 21.9 23.1 24.4 24.9

Girls

6 years 461 1,722 17.9 1.23 0.08 16.1 16.3, 17.1 17.8 18.6 19.5 19.9
7 years 512 1,716 .18.6 1.29 0.09 16.6 17.1 17.8 18.5 19.4 20.0 20.7
8 years 498 1,674 19.2 1.22 0.07 17.3 17.7 18.4 19.3 20.1 20.9 21.6
9 years 494 1,663 20.0 1.59 0.08 18.0 18.2 18.9 19.8 20.8 21.9 22.9
10 years 505 1,632 20.8 1.82 0.11 18.3 18.7 19.6 20.7 21.8 23.2. 24.3
11 years 477 1,,s(15 21.7 1177 0.07 19.1 19.6 20.5 21.6 22.8 24.1. 25.2

NEGRO/...

Boys '

6 years- 84 289 18.3 1.11 0.18 16.3 16.8 17.4 18.3 19.0 19.9 20.5 '

7 years 79 286 18.7 1.31 0417 17.2 17.4 19.4 20.1 21.2
years 79 -279 19.6 1.01 0.13 18.1 18.4 19.1 19.6 20.3 20.8 21.2,8

8 years 74' 269 20.2 1.30 0.13 18.1 18.4 19.2 20.3 21.3 22.1 22.6
10 years 65 264 20.7 1.24 0.19 19.1 19.2 19.7 20.6 21.6 22.8 23.3
11 years 4 83 255 21.7 1.42- 0118 19.4 20.0 20.6 21.6 22.6 23.5 24.0

Girls

6 years 72 281 17.7 1.05 -0.14 16.0 16.2 16.8 17.7 18.5 19.1 19.6
7 years 93 284 18.2 1.58 0.21 16.3 16.8 17.3 18.1 19.1 19.7 20.1
8 years . 113 281 19.1 1.66 0.21 17.1 17.3 183 18.9 19.9 21.2 21.7
9 years 84 265 19.7 1.43 0.16 17.7 18.2 18.8 19.6 20.6 21.7 22.6
10 years 77 266 20.5 1.48 0.17 18.2 8.6 19.6 20.6 21.5 22.5 22.8
11 years 3 84 253 21.6 2.05 0.25 19.0 19.4 20.3 21.3 22.9 24.4 26.7

NOTE': n - sample size, AT- estimated number of children'in population in thousands; h'- mean;
S standard.deviation; k standard error pf the mean.

A ;)
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Table 17. Chest depth of children by race, sex, and age at last birthday: sample sizes mean,
standard deviation, standard error: of the mean, and selected percentiles, United States, 1963-65

Race, sex, and age

Percentile

5th 10th 25th 50th 75th 90th' 95th

6 years
7 years
8 4years
9 years
10 years
11 years-

WHITE

ears .

WHITE

Boys

Girls

6 years - - - -+
7 years
8 years
9 years
10 years
11 years

6 years
7 years
8 years ,

9 years
10 years
11 years

NEGRO

Boys

6 yearg
7 years
8 years
9 years-l
10 years
11 years

48T
551
537
525
509
542

461
512
488
494
505
477

1,787
1,781
1,739
1,730
1,692
1,662

1,722
1,716
1,674
1,663
k,632
1,605

.13.3
13.7
14.2
14.7
15.0
15.7

12.8
13.3
13.7
14.2
14.7
15.4

84 289 13.5
79 286 13.5
79 279 14.1
74 269 1...,1
65 264 14.5
83 255 15-2

72 281 13.1
93 284 13.1

113 281 13.5
84 265 13.9
77 266 14.7
84 253 15.1

1.19
.1.29
1.43
1.52
1.43
1.58

1.08
1.30
1.31
1.63
1.70
1.81

1.13
1.12
1c18
1.44
1.42
1.30

1.43
1.14
1.26
1.38
1.64
1.96

0.11
0.12
0.10
0.08
0.12
0.10

0.07
0.09
0.07
0.09
0.12
0.10

.0.30

0.i7
0.16
0
1
31

0.23
0.18

0.21
0.20
0.18
-0.14
0.16
0.26

In centimeters

11.5
11.8
12.2
12.6
13.0
13.4

11.2
11.4
11.8
12.1
12.3
13.1

11.7
12.1
12.2
12.3
13.1
13.2

11.4
11.1
11.6
12.1
12.5
12.3

12.0
I2.2
12.5
13.1
11.3
14.0

11.5
12.0
12.2
12.4
12.8
13.3

12.1
12.2
12.6
12.9
13.2
13.6

11.8
11.5
12.1
12.3
12.8
12.7

12.4
13.0
13.3
13.7
14.1
14.7

12.2
12.4
12.7
13.2
13.5
i4.2

12:6
12.8

,13.4
13.6
13.7
14.4

13.2 144
13.6 14:5
14.2 14.8
14.6 1).5.6
14.9 15.8
15.6, 16.7

12.7
13.3
13.7
14.1
14.5
15.3

13.5
13.5
14.2
14.5'
14.4
15.3

12.3 12.8
12.3 13.1
12.3 13.4
13.0 13.8
13.6 14.5
14.1 14.8

13.6
14.0
14.6
15.2
15.7
16.7

14.4
14.4
14.9
15.5
15.2
16.3

13.6
13.8
14.4
14.8
15.6
16.3

14.8
15.4
15.8
16.6
16.8
1718

14.8
15.6
16.5
16.9
17.8

14.9
15.3
15.7
16.5
16.2
16.8

14.4
14.7
14.9
15.7
16.8
17.7

15.3
15.9
16.7
17.6
17.6
18.,.

14.8
.15.5
16.3
17.4
17.9
18.6

15.7
15.7
16.0
16.8
16.6
17.4

14.8
15.2
16.3
16,3
18.3
20.0

.
. -

NOTE: n w sample size; 21r estimated number of children in population in thousands; X... mean;
'8= standard-deviation; `Si..) standard error of the mean.
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Table 18. Bicondylar breadth of the femur of children py race, sex, and age at last birthday: .
sample size, mean, standard deviation, standard error of the mean, and selected percentiles,
United States, 1963-65

Race, sex, and age

,

n N ft 8 si
, Percentile

5th 10th 25th 50th 75th 90th 95th

WHITE
In centimeters

Boys ,

6 years .

489 1,787 7.6 1.14 0.06 6.60 6.90 7.20 7.54 7.88 8.56 8.767 years 551 1,781 7.9 0.58 0.05 7.04 7.12 7.37 7.78 8.41 -8.76 8.87'8 years 537 1,739 8.2 0.64 005 7.09 7.23 7.62 8.24 8.65 9.00 9.519 years 525 1,730 8.5 0.73 7.20 7.44 8.09 8.48 8.87 9.63 9.8810 years 509 1,692 8.7 0.;e-
.0.04
0.05 '-7.36 7.77 8.22 8.62 9.25 9.75 10.0911 years 542 1,662 9.1 0.80 0.06 7.84 8.10 8.43 9.07 9.64 10.31 10.71

Girls

6 years 461 1,722 7.3 0.53 0.05 6.17 6.34 6.84 7.34 7.70 8.13 '8.53'7 years 512 1,716 7.6 0.58 0.04 6.40 6.80 7.19 7.54 7.88 8.57 8.788 years . 498, 1,674 7.9 0.63 0,04 7.01 '7.09 7.35 7.78 8.45 8.82 9.239 years 494 1,663 8.2 0.74 0.05 7.08 7.19 7.53 8.18 8.'71 9.40. 9,7310 years 505 1,632 8.5 0.77 0.06 7.17 7.38 8.05 8.49 9.07 9.69 9.89
11 years 477 1,605. 8.8 0.79 0.04 7.40 7.83 8.25 8.6B 9.59 9487 10.44

.,
NEGRO

Boys .
. .

6 years 84 289 7.7 0.54 0.16 6,65 6,81 7,10. 7.62 8.20 8.56' 8.68
7 ',ears 79 286 7.8 0:51 0.10 6.87 7,06 7.28 7:65 8.13 8.65 . 8.79
8 years 79 279 8.1 0.60 740 7.30, 7.59 8.16' 8.60 8.86 . 9.50
9 years 74 269 8.5 0.66

_0.09
0.09 7.24 7.48 -8.09 8.47 8.85 9.51, 9.74

10 years 65 264 8.6 0.62 0.09 7.76 7.83 8.13 8.49 8.84 .9.54 9..78
11 years 83 255 8.9 0.63 0.0 8.01(...a.09 8.36 8.81 9.50 9.88 10.36

Girls

-;.. . .

6 years 72' 281 7.2 0.43 IX:07 6.'41 6.52 6.85 7.30 7.64 7.84 8.,017 years - 284 7.5'. 0.60 '0.10. 6.41 6.62 7.12 7.47 7.82 :8.49 8,75
8 years 113 281 7.9. 0.78 1).10 6.82' 7.07 7.34 7.79 8.52 9.10 9579 years 84 265 8.2 0.78 0.10 6.86J 7.12 7.54 8.23 48.69 9.32 9:71
10 years 77 266 8.6 .89 0.09. 7.20 7.40 8.04 8.49 9.09 9.82. 10.59
11 years 84 253 8.9 0.,5 0.13,:7.65 8.pp 8.25. 8.65 9.48 10.51 J1,02

,,

6.... .
.

NOTE: n - sample size; /17. estimated number of ChildrelOn population in thousan4;,/ 7 mean;
S standard deviation; Si - stan'Oard error of the mean.

...,,,7
.

.

Oa

.; 39,



Table 19. Upper arm girth of children by race, sex, and age at latt birthday: sample size, mean,
standard deviation, standard error of the mean, and selected percentiles, United States, 1063-65

Race, sex, ana:age S Si
Perceniile

5th 10th 25th 50th 75th :90th 95th

WHITE
In centimeters

Boys

6 years 489 1,787 17.6 1.61 0.0 15.3 15.8 16.5 17.5 18.5 19.7 20.6
7 years-
yearst..

551'
537

1,781,
1,739

18.3
19.0

1.90
2.24

0.12
0.12

15.7
16.2

16.2
16.7

17.1
17.6,

18.2
18.7

19.3

20.3
20.7
21,8

21.7
'.23.5

9 ears- 525 1,730 19.9 2,66 0.16 16.5 17.2 18.3 19.5 21.1 23.4 25:8:
3.0years 509 1,652 20.4 2,46 0.13 17.3 18.0 18.8 20.1 21.7 23.9 25.5
11,years 542 1,662 21.6 2,85 0:14 18.2 18.8 19.7 21.2 23.3 25.'6 27.3

Girls .

6 years=:. L -461 1,722 17.7 1,86 15 15.1 15.6 16.4 17.5, 18.8 0.9 20.9
7 years -312", 1,716 18.3 2.04 0 0 15.7 16.2 17.0 18,2 19.5 21.2 22.1
8 years- .498 L,674 19.3 2.32 0. 2 16.2 16.8 17.7 19.0 20.8 22.4 23..8

9 yews. , 494 1,663 20.2 2,70 0, 5 16.6 17.3 18.4 19.7 21.8 24:1. 25.7
10 years -. .2--. - 505 1,632 20.9 2.93 0.20 16.9 17.5 18.8 20.6 22.8 24.9 26.5
11 yeats,*:.. '.. 477' 1,605 21, 2.99 0.17 17.6 18.3 19.6 21.5. 23.6 6.1 27.4

Ntdia
.

...

Boys
6

6 y ear.s.: 84 ., 289 17.4 65 tin 28 15.1 15.4 16.3 ii.3 18.5- ,
7 years- -4 79 '286 17.7 1.28 0.18 15.6 16.1' 16.9 17. 18.5 19.4 39.9
$ years ,,... ..79 279.. 18.,5 1.53 .0.16 16.1 17.0 ,17.5 18.5 19.6 20.5 21.2

.1 years
1.0 years, ... .

74
65,

269,

264
19.1.

19.8
2.21
2.'07

0.28
0.27

16,3
16.6

17.1
17.5

17,6
18.5'

18.7,
'19.5

20.3
20.9

22.8
22.2

23:8
24.2

11 year's - -r '83 255 20.6 2.27 0,26 17.2 18.1 19.3 20.4 22.3 24.'7.
,

Ginls:
.

6 '.years. ..72, 281 17.1 4-41 6.20 14,7 15.2 16.0 17.2 17-.9 18.7 20.1
7 years-..,. °03. 284 17.9 2.26' .0.25 15,3 15.:6 16.5 17.5 18.8 20.7 21.8
$ years- 113 281; 18,8 2.70 '0.17 15.3 15.7 16.8, 18.3 20.7 .22.3 23.7
9 years --,., 84 265 19,5 2.65 0.24 15.9' '17:0 17,7, 19,3 .20.8 22.8 24.8
10 years , 77 266 20,6 3.22 0.47. 16'.6 17.2 18.4' 20.1 22.1 24.8 27.5
'11 years ` ;84 253 21,5 3: 54 0.51. 17.2 17.7 19.3 20.8 23.2 27.0 27.9

.4 4 4... '
Om: n - siMple.aize; 2V = estimated dumber of children'in population .in thoutandsj = mean;
= stzodard deviatiamSi = standatd error-of the mean, ,

. .

e: ., .

ti ,
V.
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')T4ble 2Q. Lower arm girt'. of children by race, sex, and age at last birthday: sample size, mean,
standard, deviation, standard error of the mean, and selected percentiles, -United States, 1963-65

a

Race, sex, and age

...

n 1 $

'

8i

- ..

Percentile

ti

5th 10th 25th 50th 75th 9uth 95th

.

6 Years
7 years
8.years -
9 years
10 years
11 years

6 years
7 years
8 years - --
9 years
10 years
11 years

J

.

6 years
7 years
8 years
9 yeats -------
10 years
11 years

/

6 years
7 years
8 years
9 years
10 years
11 years

t'
WHITE

489
551
537
525

^509
542

461
512
498
494
505.
477

84
79
79
74
65
S3

72
93

113
84
77
84

1,787
1,781
1,739
1,730
1,692
1,662

1,722
1,716
1,674
1,663
1,632
1,605

289
286
279
269
264
255

281
284
281

, 265
266

'253

17.4
18.0
18.7
19,4
19.9
20.8

17.1
17.5
18.3
19.0
19.7
20.5

.

17.2
17.7
18.4
19.01-1.59
19.6
20.4

16.6
17.4
18.0
19.0
19.7
20.7

1.32
1.40
1.59
1.74
1.61.
1.83

1.30
1.42
1.47
1.78
1.91
1.90

.

1.30
1.09

-1.26

1.50
1.70

1.11
1.78
1.70
1.82
2.02
2.47

0.08
0.08
0.09
0.11
0.08
0.09

0.10
0.07
0.07
0.10
0.12
0.10

.

0.26
0.14
0.17
0.20
0:20
0.20

0--t 14

0.18
0.14
0.20
0.24
0.37

In

15.4
16.0
16.3
16.9
17.4
18.2

15.1
15.5
16.1
16.4
17.1
17.5

.

15.2
15.8
16.3
17.0
17.4
17.6

14.9
15.2
15.3
15.9
16.6
17.4

centimeters

16.0
16.3
16.9
17.3
18.0
18.7

15.5
16.1
16.5
17.1
17.4
18.2

15.5
16.2
16.7
17.2
18.0
18.3

15.2
15.6
15.7
17.1
17.3
17.9

16.6
17.2
17.6
18.3
18.7
19.6

16.3
16.6
17.4
17.9
18.4
.19.1

16.3
17.1
17.5
17.9
18.6
19.3

'15.9
16.4
16.8
17.7
18.4
18.8

,

1/.4
18.0
18.6
19.3
19.7
20.6

17.1
17.5
18.3
18.8
19.7
20.4

17.3
17.6
18.4
18.8
190
20.3

16.6.
17.4
17.8
18.8
19.7
20.4

3

18.24
18.8
-19.6
20.4
20,9
21.8
v

17.8
18.5
19.3
20.2
20.9
21.8

'4'

18.2
18.6
19.2.
20.2-
20.6
21.7

17.4
18.3
19.2
20.1
20.8
22.0

18.. 9

19.8
20.8
21.7
22.1
23.5

18.8
19.5
20.4
21.5
22.1
23.1

19.3
19.4
20.2
21.3
21.9
22.7

18.0
19.0
20.4
21.5
23.0
24.3

.

19.8
20.6
21.6
22.8

- 22.9
24:3

19.6
20.1
21.2
22.4
22.9
23.9

t,

19.7
19.7
20.8
21.8
22.5
23.3

18.6
20.2
21.3

'22.7
.23.8
25.6

Boys

''

.

Gills

T

NEGRO

Boys

-,--..A.---

-------- .----p

Girls

NOTE: n = sample size;jV = estimated number of children in population in thousands; X. mean;
8 = standard deviation; 8i = standard error of the mean.
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Table 21. Calf girth of children by race, btX, and age at last birthday: sample size, meap, stand-
ard deviation, standard error of the mean, and selected percentiles, United States, 1963r65

.

Race, sex, and age n N
.

It S si

Percentile

5th 10th 25th 50th 75th 90th 95th

WHITE
In centimeters

Boys

6 years= 489 1,787 23.6 1.87 0.12' 20.8 21.3 22.3 23.5 24.7 26.1 27.1
7 years 551 1,781 24.7 2.14/ 0.12 21.6 22.3 23.3 24.6 25.8 27.3 28.4
8 years 537 1,739 25.7 2.35 0.14 22.3 23.1 24.3 125.6 27.0 28.7 29.9
9 years. 525 1,730 26.8 2.65 0.16 23.4 24.1 25.1 26.5 28.2 30.4 31.8
10 years- 509 1,692 27,6 2.49 0.14 24.1 24.7 26.0 27:5 29.3 30.7 32.1
11 years- 542 1,662 29.0 2.82 0.16 25.2 26.0 27.2 28.6 304 32.8 34.6

Girls .

6 years- 461 1,722 23.7 1.93 0.14 20.6 21.3 22.4 23.6 24.9 26.3 27.3
7 pars ----------------- 512t 1,716.24.6 1.98 0.11 21.7 22.3 23.3 24.5 25.9 27.4 28.2
8 years- 498 1,674 25.8 2.21 0.11 22.6 23.3 24.3 25.6 27.3 28.8 30.0
9 years- 494 1,663 27.0 2.53 0.14 23.4 24.1 25.2. 26.7 28.6 30.5 31.7
10 years 505 1,632 27.9 2.70 0.17 24.0 24.5 26.1 27,9 29.8 31.5 32.7
11 years 477 1,605 29.2 2.87 0.16 25.1 25.6 27.3 28.9 31.3 33.3 34.3

NEGRO t

Boys

6 years . 84 289 23.2 1.78 0.30 20.3 20.7 22.1 23.3 24.3 27.8 26.6
7 years 79 286 24.2 2.13 0.32 21.3 22.0. 22.7 24.2 2i.4 26.6 27.4
8 years 79 279 25.5 1.80 0.21 22.9 23.3 24.2 25.5 26.8 28.1 28.9
9 years - -- -s- 74 269 26.2 2.62 0.30 22.7 23.4 24.5 25.7 27.7 29.6 30.7
10 years 65 ,264 27.2 2.30 0.30 23.7 24.3 25.6 26.8 28.5 30.3 31.7
11 years 83 -255 28.3 2.42 0.27 24.5 25.2 26.8 27.9 29.9 31.7 32.5

Girls
..."

.

r
-I

.......

6 years 72 281 23.2 1.49 0.17 21.0 21.3 22.2 23.1 24.3 25.3 26.1
7 years 93 284 24.2 .1.86 0.24 21.5 22.1 22.8 24.3 25.2 26.3 26.7
8 years - -- 113 281 25.4 2.71 0.21 21.5 22.2 23.5 24.9 27.1 30.4
9 years 84 265 26.4 2.54 0.25 22.5 23.2 24.8 26.2 28.1

,29.3
30.4 .31.2

10 years, 77 266 27.8 3.24 0.28 23.6 24.2 25.4 27.6 30:1 31.8 33.9
11 years 84 253 29.1 3.55 0.38 24.3 '24.9 26.5 28.6 31.3 34.8 35.9

NOTE: ri sample size; N- estimated number of children in population in thousands; It.. mean;
$ standard deviation; $1 standard error of the mean.
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Table 22. Estimated mid-arm muscle circumference of children by race, sex, and age At last birth-
day: sample size, mean, standard deviation, standard error of,the mean, and selected percentiles,
United States, 1963-65

Race, sex, and age

4

n N x $

Percentile

5th 10th 25th 50th 75th 90th 1 95th

6 years
7 years
8 years
9 years
10 years
11 years

WHITE

Boys

ni

6 years
,7 years
8 years
9 years
10 years
11 yeap,

Girls

NEGRO

' Boys

6 years
7 years
8 years
9 years
10 years
11 years

Girls

6 years
7 years
8 yea_
9 years
10 years
11 years

4i9
551
537
525
509
542

46.1

512
498
494
505
477

84
79
79
74
65
83

72
93
113
84
77,

84

1,787
1,781
1,739
1,730
L,692
1,662

1,722
1,716
1,674
1,663
1,632
1,605

289
286
279
269
64

255

A
281
284
28j.

265
266
253

1540
15.6
16.1
16.6
17.1
18.0

14.5
14.9
15.6
16.2
16.8
17.7

1.21 0.06
1.30 0.09
1.49 0.07
1.57 0.08
1.54 0.08
1.73 0.09

1.20 0.10
1.38 0.06
1.51 0.07
1.62 0.09
1.85 0.12
2.01 0.14

15.2 4.34
15.7 1.18
16.2 1.19
16.8 1.58
17.4 1.43
18.1 1.61

14.6 1.25
15.3 1.73
15.8 1.74
16.3 1.61
17.4 2.16
18.1 2.34

0.31
0.17
0.12
0.19
0.22
0.17

In cent

13.1
13.4
14.0
14.1
15.0
15.5

12.5
13.0
13.4
13.7
14.1
14.8,

13.1
13.5
14.3
14.6
15.0
15.13

0.17 12.5
0.24 13.0
0.16 13.2
0.14. 14.0
0.29 14.2
0.35 15.1

13.3
13.9
14.3
14.7
15.3
16.1

13.0
13.3
13.8
14.2
14.6
15.2

/meter

14.0
14.6
15.1
15.6
16.1
16.0

13.7
14.1
14.5
15.1
15.6
16.2

13.4-"-14.1
14.1 .14.9
14.7 15.4
15.1 15.6'
15.6 16.5
15.9 17.2

12.8
13,3
13.5
14.3
1$.0
15.6

13.6
14.2

14;4.
15.2
15.8
16.6

14.8
15.5
16.0
16.6
17.0
17.9

14.5
14.8
15.5
16.0
16.6
17.4

15.8
16.4
16.9
17.6
18.0
19.0

15.3
15.7
16.$
17.1
17.9
18.8

15.2 16.2
15.7 16.5
16.2 16.9
16.6 1$.1
17.4 18.3
18.1' 19.1

14.7
15.2
15.6
16.3
17.0
17.7

15.6
16.2
16.8
17.2
18.7
19.2

16.7
N17.3
17.9
18,6
18.9
20:3

16.2
16.7
17.5
18.2
19.1
20.3

17.1
17.1
17.9
18.8
19.3
20.4

16.3
17.2
18.2
18.6.
20.3
20.8

172
17.8
18.7
19.3
19.8
21.1

16.8
17.3
18.2
19.1
19.9
21.5

17.7
17.8
18.5
19.7
19.8
20.9

16.7
17.7
18.8
19.3
21.5
23.1

NOTB: N = sample size; N = estimated number of children in populatiot in thousands 14.. mean;
6' = standard deviation; s2 = standard error of the mean.
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Table 23. Chest girth of children by race, sex, and age at last birthday: sample size, mean,
standard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

-.. .

Race, sex, and age n N X s ' si

,
Percentile

5th 10th 25th 50th 75th
,
90th 95th.

1

WHITE In centimeters

Boys
'

6 years 489 1,787 58.7 3.50 .17 54.2 54.9 56.4 58.4 60.6 63.1 64.4
7 years 551 1,781 60.9 4.08 .23 55.5 56.5 58.3 60.5 62.9 65.8 68.2
8 years 537 1,739 63.3 4.90 .29 57.3 58.4 60.1 62.5 65.7 68.8 71.8
9 years 525 1,730 66.3 5.92 .41 59.3 60.4 62.5 65.4 68.6 72.8 78.1
10 years 509 1,692 67.6 5.33 .29 60.4 61.8 64.3 67.2 70.1 73.9 76.E

11 years 542 1,662 71.3 6.23 .26 63.8 65.2 67.3 70.1 74.2 80.3 83.3

Girls .

6 years 461 1,722 57.0 3.94 0.20 51.8 52.8 54.5 56.7 59.1 61.3 63.E
7 years ------- J 512 1,716 59.0 4.21 0.23 53.3 54.4 56.3 58.5 61.4 64.6 67.2

8 years 49$ r,674 61.9 5.16. 0.20 55.5 56.5 58.3 .61.4 64.4 68.1 71.E

9 years 494 1,663 64.6 5.93 0.33 57.3 58.3 60.6 63.5 68.0 72.7 76.5

10 years .- 505 1;02, 67.2 6.67 0.37 58.6 ,60.0 .62.5__66 -4 71.0 76.6 80.0

11 years 477 1,60-§ 70.6 7.12 0.33 60.4 62.6 65.6 69.5 75.5 80.3 83.2

NEGRO .

Boys .

6 years 84 289 58.0 3.22 0.61 53.4 54.7 55.5' 57.8 60.3 62.6 63.7

7 years 79 286 59.8 2,75 0.38 55.9 56.5 57.9 59.7 61.6 63.5 64.5

8 years .. 79 279 62.4 2.89 0.38 58.0 59.2 60.4 62.2 64.2 65.7 67.!

9 years 74 269 64.1 4.48 0.46 57.5 58.7 60.4 64.0 67.2 70.8 71.7

10 years 65 264 66.0 4.17 0.46 60.8 61.4 63.2 65.5 68.2 72.4. 74.1

11 years 83 255 68.3 4.77 0.46 61.4 63.0 65.7 67.5 70.1 73.7 79.4

Girls

6 years 72 281 55.9 2.91 0.38 51.2 52.2 54.1 55.8 58.3 59.7 61.:

7 years 93 284 57.8 3.88 0.53 53.3 53.8 55.0 57.1 60.3 62.3 63.7

8 years 113 281 60.3 5:01 0.42 53.8 54.9 56.6 59.2 63.4 66.9 68.(

9 years 84 265 63.2 5.61 0.53 56.5 57.3 58.9 63.1 64.9 70.9 75.(

10 years 77 266 66.2 6.64 0.73 56.6 60.2 61.8 65.4 69.0 73.2 81.(

11 years 84 253 69.7 7.09 0.97 60.5 61.6 64.3 69.1 74.2 80.7 83.E

44

NOTE: n - sample size; N. estimated numbkr of'children in population in thousands; mean;
= standard deviation; Si - standard error df the mean.
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Tab.1.6 24. Waist girth of children by race, sex,, and age at last birthday: sdmple size, mean,
standard deviation, standard error of the mean, and selected perdentiles, United States, 1963-65

T

Race, sex, and age S

Percentile

5th iOth 1 25th =50th 75t11 90th 95th

WHITE
In centimeters

Boys

6 years 489 1,787 53.0 4.20 0.20 47.4 48.4 50.3 52.5 54.9 58.3 60.2
7 years- 551 1,781 54.5 4.64 0.26 47.9 49.6 51.7 54.1 56.7, 59.7 61.7
8 years 537 1,739 56.4 5.64 0.30 49.5 50.7 53.0 55.8 58.7 62.5 66.1
9 years 525 1,730 58.3 6.33 0.43 51.3 52.3 54.4 57.3 60.5 66.3 71.5
10 years - 509 1,692 59.5 6.08 0.29 52.3 53.4 55.3 58.4 62.3 67.2 72.3
11 years 542 1,662 62.4 7.27 0.30 54.2 55.5 57.7 60.6 65.5 71.6 77.5

Girls

6 years 461 1,722 51.8 4.58 0.24 45.4 46.8 49.1 51.6 53.9 56.9 59.2
7 years 512 1,716 53.1 4.54 0.29 47.2 48.3 50.2 52.5 55.5 59.0 61.5
8 years 498 1,674 54.9 5.34 0.24 47.7 49.4 51.6 54.0 57.4 61.7 66.1
9 years 494 1,663 57.1 5.87 0.34 50-1 50.9 53.3 56.1 59.9 65.3 68.4
10 years 505 1,632 58.2 6.38 0.42 50.4 51.5 54.1 57.3 61.3 65.8 71.4
11 years 477 1,605 60.1 6.45 0.31 52.1 53.1 55.5 59.3 63.6 69.0 72.5

(

NEGRO

Boys

6 years 84 289 52.4 4.28 0.63 46.9 48.3 49.7 51.7 54.7 57.8 60.6
7 years 79 286 53.4 3.15 0.58 47.9 49.4 51.8 53.6 55.2 57.4 59..0
8 years 79 279 55.3 3.85 0.45 49.7 50.6 52.9 54.9 57.8 61.1 (63.0
9 years 74 269 58.2 4.71 0.58 49.3 50.8 53.1 57.8- 58.8 61.6 64.3
10 years 65 264 57.7 4.29 0.44 52.3 52.6 55.2 57.4 59.6 63.9 67.4
11 years - 83 255 60.0 5'.25 0.44 53.1 55.1 57.1 59.5 62.3 65.3 72.5

Girli , .

6 years 72 281 51.5. 3.28 0.38 45.5 46.7 49.6 51.8 53.9 55.2 56.4
7 years-7.4.- ------- 93 284 52.6 4.11 0.55 47.5 48.4 49.6 52.2 54.6 57.6 61.7
8 years- 113 281 54.8 5.47 0.36 47.8 49.1 50.8- 53.7 58.3 61.7 b3.9
9 years 84 265 56.8 5.27 0.52 51.0 51.6 53.4 56.7 58.5 64.2 67.8
10 years 77 266 58.3 .5.57 0.59 51.1 52.7 54.7 56.8 60:9 64.7 71.5
11 years 84 253 6p.9 8.80. 1.22 53.0 53.5 56.2 58.8 63.1 68.6 78.4

NOTE: n - sample size. 21T. estimated number of children in population in thousands; mean;
S m standard deviation; Si standard error of the mean.

45



.

Table 25. Hip girth of children by race, sex, and age at last birthday: sample size, mean, stand-
ard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Race, sex, andfage

WHITE

489
551
537
525
509
542

1,787
1,781
1,739
1,730
1,692
1,662

Boys

6 years
7 years
8 years
9 years -
10 years
11 years

Girls

6 years 461 1,722
7 years 512 1,716

.
8 years 498 1,674
9 years 494 1,663
10 years 505 1,632
11 years 477 1,605

NEGRO

Boys

6 years 84 289
7 years 79 286
8 years 79 279
9 years 74 269
10 years 65 264
11 years 83 255

Girls

6- yearip

7 years
72
93

281
284

'8 years 113 281
9 years 84 265
10 years 77 266
11 years 84 253

58.3
61.1
64.2
67.3
69.4
73.5

59.1
62.3
65.7
68.9
74.4
76.6

56.2
58.4
62.8
64.9
67.4
70.9

S

Percentile

5th 10th 25th 50th 75th 90th 95th

4.82
5.24
5.93
7.23
6.54
7.49

5.21
5.55
6.14
7.17
7.89
6.25

In centimeters

I.

0.37 51.4 52.5 55.1 58.0 61.1 64.5 66.6
0:35 53.7 55.4 57.8 60.5 63;8 67.7 69.8
0.42 56.5 57.7 60.4 63.7 67.2 71.6 75.1
0.53 58.3 59.6 62.6 66.1 70.6 76.2 81.7
0.47 60.6 62.4 65.0 68.5 73.4 78.4 80.9
0.43 63.0 65.6 68.3 72.4, 77.5 83.8 88.1

0.34 51.1 53.1 55.6 58.8 62.3 65.6 67.6
0.32 54.6 56.1 58.3 61.6 65.8 69.6 72.5
0.36 56.2 57.7 61.7 65.4 69.3 73.5 76.7
0.49 59.1 61.0 63.7 68.0 71.7 79.2 81.6
0.57 61.2 63.2 66.7 71.8 76.9 82.7 86.3
0.46 64.6 66.5 71.40 75.7 82.2 87.4 92.0

3.86 0.39
3.34_ -0.42
4.74 0.76
6.14 1.04
5.79 0.84
6.32 0.88'

57.2
60.0 5.67
64.3 6.90

8 7.53
7272 4 8.55
77 1 10.56

1464
0.71
0.53
0.85
0.88
1.64

51.1 51.5
52.8 54.1
55.2 56.5
57.3 58.1
58.8 59.9
61.1 62.0

49.7 51.1
53.3 54.2
54.5 55.9
58.1 59.6
60.1 61.9
63.4 64.9

59'.4

56.2
60.1
60.3
64.3
66.8,

54.4
56.4
59.3

.62.6
66.9
70.4

56.3 58.4 61.3
58.5 61.4 62.5
62.8 65.8 68.6
64.7 67.6 72.5
66.7 70.1 75.3
70.8' 74.7 78.0

57.3 60.3 63.5
59.4 62.4 66.6
63.6 .69.0 73.4
66.7 71.4 77.6
71.5 76.8 83.8
74.9 81.8 91.5

63.1
63.1
71.0
77.9
78.9
80.2

64.5
70.5
76.9
79.8
86.7
100.7

NOTE: n - sample size; N. estimated number of children in populatiOn in thousands; 5;- mean;
S - standard d.yiation; SR - standard etxpr of the.mean.
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Table 26. Normal deviates of differences between measurements of various components of
the extremities of white and Negro children and ranking of normal deviates within sex
and age groups A%

Sex and age

Lower extremity Upper extremity

Foot
length

Pop-
liteal
height

Buttock-
knee
length

Hand
length

Elbow-
wrist
length

Acromion-
olecranon
length

Boys "-Normal deviate

years ,3:13 -3.52 -0.81 -6.14 -4.80 -2.61
7 years-4 -4.64 -3.65 -1.12 -7.45 -6.47 -1.42

...woe years -5.14 -6 -0.98 -6.24 -6:64 -4.08 .

9 years- -3.66 -4. 7 +0.17 -7.61 =5.42
10 years -3.57 -3. -0.22 -5.01 -3.61 43-S93
11 years -4.50 -5. -0..20 -8.77 -7.96

Girls

6 years- -4.44 -3.66 -0.31 -8.23 -4.98 -2.50
7 years - -7.12 -6.18 -1.15 -8.41 -8.38 -5.37
8 years- -5.14 -3.35 -0.97 -6.96 -7.17 -1.49
9 years -4.58 -6.46 -1.58 -10.57 -8.78 -3.75
10 years -5.37 -3.54 -1.92 -9.79 -7.41 -3.86
11 years -3.59 -2.74 -1.98 -6.48

Boys . Rank of normal deviate'

6 years 21 3 2

7 years
8 years-

3

2
2

3 1

"3
2

2
3 1

9,years 2 3 3 2 1
10 years
11 years

3
2

2

3

1

1

3 2
2

1
1

Girls

6 years
.7 years

3

3

2

2, 1

3
3

2
2

1
1

8 years 3 2 1 2 3 1
9 years 2 3 1 3 2 1
10 years. 3 2 1 3 2 1
3.1 years 3 2 1 3 2 1

4
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APPENDIX I,

STATISTICAL NOTES -

`The Survey Design

The sampling plan of the second cycle of the HES
followed a highly stratified, multistage probability de-
sign in which a sample of theU.S. pop&lation (including
Alaska and Hawaii) from Te ages of 6 through 11
years inclusive was selected. Excluded vvere"..those
children Confined to an institution or residing upon any
of the reservation lands set up for tbe American Indian s.

In the first stage of this design, the nearly 2,000
primaryg units (PSU'a), geographic units into
which the United States was divided, were grouped into
35' strata for the use, of the 'Health Interview Survey
and the Current Population Survey of the U.S. Bureau
of the Census and were then further grouped into 40
superstrata for use in Cycle II of the HES.

The average size of each Cycle II stratum was 4.5
million persons, and all strata fell between the limits
of 3.5 and 5:5 million. Grouping into 40 strata was
done in a way that ma;cfrnized hurnugeneity of the PSU's
intluded in each stratuffi, particularly with regard to
the degree of urbanization, geographic proximity, and
degree of industrialization. The 40 strata were classi-
fied into four broad geographic. regions (each with 10
strata) of approximately equal populatiun and cross-
classified into four broad population density groups
(each having 10 strata). Each of the resultant 16 cells
contained either two ur three strata. A single stratum
might include only.one PSU (ur only part of a PSU as,
for example, New York City, which represented two
strata) or several score PSU's.

To take account of the posbible effect that the rate
of population change between the 1950 and the 1960
Census might have had on health, the 10 strata within
each region were further ,classified into four clabses
ranging from those with rio increase to those with the
greatest relative increase. Each such class contained
two or three strata.

One PSU was then selected from each of the 40
strata. A controlled selection technique was used in
which the probability of selection of a particular PSU
was proportional to its 1960 population. In the con-
trolled selection an attempt was also made to maximize
the spread of the PSU's among the States. While not
every one of the 64 cells in the 4x4x4 grid contributes

sJ
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'a PSU to the sample of 40. PSU's, the controlled selec-
tion technique ensured the sample's matching the
marginal distribution, in all three dimensions and being
closely representative of all cross-classifications.

.,Generally, within a particular PSU, 20 ED's (con-
sus .enumeration districts) were selected with the
probability of selectiun.of a particular ED proportional
wits population in the age,groups 5-9 years in the 1960
Census, ohich by 1963 roughly approximated the pop-
ulation in the target age group for Cycle II. A similar
method W41b. used fur selecting one segment kcluster
of houbeholds; in each ED, Each of the resultant 20
segments was either a bounded area or a cluster of
househplds for addresses). All ,of the children in. the
age range properly resident at the address visited
were EC's (eligitai:. children). Operational considera-
tions made it necessary to reduce the number of pro-

,spective examidees at any one location to a maximum
of 200. The EC's to be excluded for this reason from
the SC k sample child) group were determined by system -
`atic subsiMpling. If one of the sample children had a
twin who was not a sample child, this other twin was
brought In for examination, and while the results were
recorded for use in a special substudy of twins, this
twin was not included in the 7,119 children under the
present analysis.

The total Aample-included .7,417 children 6-11
years of age of whom 96 percent were finally examined.
These ",119.examined children represented the roughly
24 milliou chilciten the United Stutes who met the
general criteria for inclusion in the rAmpling universe
as of mid-1964. , - .

All data presented in this publication are based on
"weighted" observations. That is, data recorded for
each sample child are inflated in the estitriation process
to characterize the larger unidlilise of which the sample
child is representative., The weights used in this in-
flation process are a product of the reciprocal of the
probability of selecting the_ child, an adjustment 4for
nonresponse cases, and a poststralifiedratio adjustment
which increases precision by bringing eurvey results
into closer alignment with known U.S. population
by color and sex for single years of age 6-11

In the second cycle of the 1-1ES th ple was the
result of three stages of sel the single ,PSU .
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from each stratum, the 20 segments from each sample
PSU, and the sample children from theeligible children.
Thh probability of selecting an individual child is the
product Of the probabilities of selection at each stage..

Since the strata are roughly equal in population
size and a nearly equal number of sample children were
examined in each of the sample PSU's, the sample
design is essentially self-'weighting with respect to the
target population; that is, each child 6-11 years old had
about the same probability of being drawn into the*,
sample.

The adjustment upward for nonresponseisintencred
to minimize the impact of nonresponse on final esti-
mates by imputing to nonrespondents thecharacteriatica
of "similar" respondents. Here "similar" respoildenis
were judged to be examined children in a ,samplei3SU
having the same age (in years) and sex as Children not

.examined in that sample PSU._ -
The poststratified ,ratio ,adjustment used ,in the.,

second cycle achieved most .of the gains in"precislon
which would have been attained if the sample had been

adrawn from population, stratified by age, color; and
sex and made the final sarh'plestiniate 'of population
agree exactlywith independent controls` Pr epare,d by the:,
U.S. Buceau of the Census for die noViinstitytiOnal
ulation of'the UnitpdStates as of August I, 1964 (approx-
irnate midsurvey point) 6y color and sex for each
single year of age 6-11. The weights of every responding
sample' child in each 434, the, 24 age,: ,color, and sex.
classes are, adjusted upward or downward so' that.the
Weighted total within' the Class. equals the independent
population control.

A 'more 'detailed' description' of the sampling,plan
and estimation procedures is included ir1, earlier re-
ports of the Vital anc111i.alth Statistics series.'7' Se-
ries 11 No. 1,6 describes the techniques used in Cycle
I. which are similar to those of Cycle III.

,

Noles
..4 . .

on Response kites
,.'

There were 7,417:children aged `6 -11 Years se-
lected. for examination. Of these, 7,119 were actually
examined, which made an overall response rate of just
under 96 percent. The .response rate by sex and 1 :ysar
age group id shown below, .- a to 19S7 and has at times been given limited use in the .

/

. * estimation, of the reliability of results from theaurrent
Boys, a irls Population Survey. This halt-sample replication tech-,

,,.- niques is particularly well suited to the HES because
,,

6 .P 44. the samplealthOugh coMplex in design, is relatively
7 95.5 small (7.119 canes) ands based on but 40 strata. This '

, ..,8 97.0
94.8, feature permitted the development of a variance 'esti-
95 ,,1 , !nation computer prograra,whicW producestables con-;
oc Ae.-:.- twining' desired' estimates of aggregates, means, or.

cifstribuilons, together With 'ii, table identical In forinat. 96. 5 95.5.. but with the 'estimated variances instead ig the estl-
mated statistics. 'The computations required by the-
method

),"

are simple, and 'the internal storage require-
, t, . - .

It can be seen that only
rate for girls better

A similar ana
sex as shown be w:

a

age 8 years was the response
an that for, boys,

sis can be lone by age, race, and

t

Boys girls

Negro White Negro, White

6'

TOtatat

7.7
97.
97.5
98.7'
98.5

-98.8

96.3
96.3
95.0
9Z.4-
96.8
95.8,

97.3
98.9
99.1

100.0
97.5
98.8

94, 8
96.5
93.9
94.7
95.0

98.1,
.

96,.2 98.7 9:

A striking difference in response is readily seen. Ne-
gro children responded better than their white counter-
parts at every age group,, and 9-year-old Negro girls
had an extraordinary 100-percent response rate. -

" . ;
Parameter and Variance Estimation

As each of the 7,119 sample children had' an
assigned statistical weight, all estimates of population
parameters presented in HES publications are computed
taking this weight into consideration. Thus,X the esti-

mate of a population-mean, As, is_computed as follqws;

ErXiA wi, where Xi is the observation or1-

imeasuremen't taken on the ith person and Wi is
the statistical weight assigned to that person.

The HE$ has an extremely complex sampling plan,
and obviously the estimation procedure is, by the very
nature Of the sample, complex as Well. A method is rem

. gutted for estimating the reliability of findings which '
'''reflects both the losses from clustering sample cases
at two stages and the gains 'from strafificatioq, ratio
estimation, and poststratification.""

The method,for estimating variance's, in the HES
is the half-sample replication technique:The method
was developed at the U.S. Bureau of the Census prior

;Ow

Total

§.g
96.5
95.2
97.6
97.0
96.2

N(YrE The list of references follows the text.

. '1-
t)

e
.
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ments ware well within the limitation of the IBM 360-50
computer system utilized at the National Center for
Health Statistics.

Variance estimates computed for this report were
based on 20 balanced half-sample replications. A half
sample was formed by cilwsiag one sample PSU from
each of 20 pairs of sample PSU's. The composition of
the 20 half samples was determined by an orthogonal,
plan. To compute the variance of any statistic, this
statistic is computed for each of the 20 half samples.
Using the. mean as an example, this is denoted 74.
Then. 'the weighted mean of the ejitire, undivided sample
(X)is computed, The variance of, the mean is the mean
square deviation rof each of the .20 half-sample means
about he overall mean.Symhelicallr,

20
-X)

20
and the gtandard error of ,the mean is,the square root
of this. In a similar manner, the standard error of
any statistic may be computed.

A detailed description of this replicatibn process
by Philip J. McCarthy, Ph.D., has been published 35

Standards of Raliabilitynd Precision

All means, variances, and percentages' appearing
IA this report met

cise and reliable.
d standards before they were

considered acceptably p
The rule for reporting means and percentiieston-

sisted of two basic criteria. The first criterion was
that a sample size of at least five was required. If this
/first criterion was met, then the second criterion,
that the coe t of variation the standard
error of the me n divided by the mean(sSIC)) was to
be less than 25 p nt, must have been demonstrated.

pus, if either the sample size was too small, or the
variation with respect to the mean was too large; the
estimate was ...onsidered neither precise _nor reliable
enough to meet the standards estahliehed for publi-
cation.

50
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Hypothasis Tasting

Classically; to test the- difference between two
means (or, put differently, to test whether two samples
could have been drawn from the same population), one
could, set up a test statistic which wou1 utilize the
means and standard errors of the means as computed
from the samples. The statistic

22 .=
3?,

1 2

J
would then be compared to a table of norrnal,deviates.
to detejmine the probability of obtaining values of the

Aest statistic as extreme or more extreme than,that,
computed, if in fact the two population me4a Were
equal.

Because of the rrhny breakdowns of the HES sam-
ple, innumerable tests of this nature could be. per-
formed. With each new test, thiprobabiliti of reject-
ing a hypothesis incorrectly may be .05; but if 10 such
tests are performed, the probability of Making at least
one mistake somewhere ,in those 10 tests is closer to
0.60. This _last "overall error rate" will gepncreas-
ingly large- as the number of such tests increaties.
Therefore, while the _data necessary to do z tests are
provided in *ttle- tables of this report, no such tests
were performed by the authors.

It was decided to place the greatest emphasis on
a relationship remaining coM3istent over both sexes
and all ages under consideratimi.--In-other words, to
say, for instance, that "girls have buttock-knee lengths
greater than boys for all ages between 6-11 years' has
far mut e meaning and interpretability than to say the
mean buttock-knee length for 6-year-old girls is sig-
nificantly greater than the corresponding mean for 6-
year -old ;Joys," as determined by a normal deviate,
In these analyses consistency, rather than a statement
about a succession df individual probability levels, is
the factor considered most important in demonstrating
relationship. '

000
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APPEN4 II

TECHNIQUES OF MEASUREMENT AND QUALITY CONTROL

Techniques of Measurement'

Trained observers made 41 measurements, reading
theth to the nearest millimeter (tenth of a centimeter).
All measurements were read aloud to a recorder, who
repeated aloud each number back to the observer as it
was recorded in the proper space on the record form.

This repetition served both as a doublecheck. on the
measurement and to reduce recording errors.

Measurements were performed in a regular se-
quence to minimize the number of position changes the
child was required to make. The sequenceis illustrated
on the measurement recording form (figure I). It
should be noted that not all the measurements taken in

HEALTH EXAMINATION SURVEYII

BODY MEASUREMENTS St 114.01 111474I0711

ORISCRVIER OM RECORDER

*CARO OS
COL NO SITTING:! CARO 17

C04 NO. STANDING (FLOOR)* ,

....,

IMO ROT 1.1241114 II411 INACROSSIAL =AI&.........
.

......... ... ......... ........
.

1141 ROOT ORCAOTH 11.47 ACROMION TO OLICCRA74041
........

1444 KRICK HEIGHT 144 CS4C1T ORSAOTH 471I ICS ...._...................
I

IS-1 POrLITIAL 14CNINT . 1716 CINIST 71,711 4TH ICS
....... ..............

WIC THIGH =ARAN= 7111-41 11CRISTAL DIAS&
....... ................

WIC SCAT BREADTH .--. ...*. Lk' Duerr GIRTH . .
a-Il 13.110WCLI1OW MIICAOTI4 7111-41 WAIST GIRTH ......., ..........:.

7111411 SITTING 111101T CRICT . 4041 HIP OIRTI4........ ....... ...............
. ....... ........../..

CMS OUT7OCII.POPLIT LENGTH ROW R UPPLR ARM GIRTH t .

75.41 Nrrrocsc.NNai LENGTH .1*-V R. LOWC71 ARM GIRTH ....... .-
4,- -..

...44 SLSOWWRIST LCNOTM .......... SKIN FOLDS

RAM NANO LENGTH .......
II

........ ....... 7.4.111 R. UPPER ARM (MM)
....... ........4,..^

WOO NANO BREADTH 41.41 IC INPRASCAPULAR (MM)
III

,.

StANDING (ON STEP) 4154 N. LAT. WALL (M114)

SI -IS R ICONDYLAR DIAll
...... .............

114-94 I CALl ORTM

117-60 STANDING HEIGHT
. ....

.

ANTHRO. NO. . 47-* WEIGHT (ASS)

CHIA COLL 1 11,111
..

...... ....... TN* CND SAND IS '
144 OOLS. WS e ' .

75.40 ENO CAM OS

:ID cm

MEASUREMENTS NOT GONE OR SIDE VARIEDscdy winch end goys reason ............ ...... ..........

<

1317.4511.3
REV. 7 {4

SAMPLE NO (1.1)

Figure I, Body measurement recording form.

0 0,
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the survey are repohed in thopresent report. The three
skinfolds, for examplq, have been analyzed and repZirted
already, while other specific eeports are still in prep-
aration.

All of the technicians were experienced X-ray tech-
nicians who had been trained in anatomy and the identi-
fication of speCific body landmarks. In addition' X-ray
technicians, both by disposition and training, tendto
work well with people-and are skilled in giving the ex-
aminee verbal orders along with the necessary handling
to achieve proper positioning.

Each technician received more than a mctith of
intensive training before being considered minimally
proficient in making body .measurements. In this train-
ing...he became skilled with the equipment, the prtcise
location; of the body at which the measurements were
to be taken, and the technique of measurement itself.
The major sources of measurement error are improper
positioning of subject's body, improper selection of
specific body landmarks, and improper application of in-
strument for instance, not perpendicular when meas-
uring diameter or circumference, or improperly
compresSing the soft tissue. over bony landmarks).

,Incorrect reading of the instrument (usually trans-
position of numbers) also occurs with djscouraging
frequencx. When these errors were mostly overcome,
the new technician's data were carefully compared with
those of the other three 'technicians and the two super-
visors before they were officially accepted as recorded
data.

As was emphatic ally stated by Hertzberg when sum-
marizing theConference on Standardization of Anthropo-
metric Techniques and Terminolog3 in 1%8.'6 every
effort must be made to insure accuracy of measurement
aft standardization of procedure if the data are to be
useful. The preceding drscussjon sketches the chief
procedures used to reduce both systematic and variable
measurement error. As discussed in the lengthy sub-
sequent section, "Quality Control and t_stimation of

bteasuremen tha absolute amount of
systematic error can never truly be known unless one
agrees on the "perfect measurpr with perfect equip-
ment perfectly hpplied, etc." A good estimate of the
residual variable measuremenrerror can, however, ho.
achieved by replicate examinations for both inter- and
intra-observer variability.

In the subsequent pages. the equipment, measure-
ments. and specific procedures used in the survey are
described and illustrated. Next the quality control pro-
cedures which were used to monitor the 1)ody measure-
ments are discussed extensively.

Equipment

ho measuring equipment conistodt4 several
antliropomotvrs, .ma II steel tapes, and
a moasuring table with an iotrest.

52
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Figure II. Anthropornetric instruments tired in Health Erwin-
ation Survey, United States, I963-65; A: anthrppcmeter; B:
sliding cal iperl C: sttiel tape.

The anthropometer (figure II) was used tomeasure
varkras body lengths, heights, and breadths. It is a rod
consisting of four sections and two crossbars, or meas-
uring arms. One of the crossbars is fixed, while the.
other is movable. The anthropometer is calibrated in
centimeters amd millimeters. It has two scaI4, One
reading from the top down and the other from the bottom
up. In this survey, a section of ore anthropi2mter was
fitted with a btse.for stabilizirk purposes (to avoid
tilting when making various height measurencents), while
another was fitted into the sliding baCkboard of the
measuring table.

The,smail sliding caliper (figure II) was used to
measure hand length and breadth. It consists of a flat
metal bar upon which a slide moves. One of the cross-
bars is fixed, while the other is rvyable. The small
sliding calipers are calibrated in centimeters and
millimeters.

-1 he steel tape (figure II) was used to measure
various body circumferences It is a flexible tape with
a spring rewind and is is scaled in centimeters and
millimeters on one 'e, in inches on the other.

The measuring table was such that it could ac-
commodate children of varying sizes and nrotxirtions.
It was equipped with an adkafitable footrest in order to
maintain a standardized position of the lower ext rem-



ities during ke measurement process. The surface
of the table was also equipped with a measurement
scale in centimeters and millimeters and with a sliding
.backboard et right angles to the scale.

Measuring Procedures and Definitions

Weight was ,measured on a Toledo self-balancing
weight.,scale which mechanically printed the body weight
directly onto a permanent record. It was recorded to
the nearest 0.5 pounds.'

Height was measured as the distance from the stand-
ing surface to the top of the head. The child was in stock-
ing feet with feet together, back and heels against the
upright bar of the height scale, had in the Frankfort
plane (boxing directly forward), 4rid standing erectly
("standing up tal1').1

General position for sitting, measurements. The
child sat on the measuring table with the popliteal
fossae atilhe front edge of the table. The footrest was
adjusted so that the child sat with his knees and feet
together, heels against the heel rests, feet at right
angles to the lower legs, and lower legs at right angles
to the thighs. Elbows were held at the sides with fore-
arms at right angles, hands open, and palms facing
each other, or with hands resting on knees. Arm
positions, were adjusted when necessary to meet the
requirements of specific measurements.

General position for standing meuourements. The
child stood erectly with the head oriented in the Frank-
fort plane, i.e., looking directly ahead and feet to-
gether. Arms were held relaxed at the sides. Postural
adjustments were made to meet the reciairements of
specific measurements.

Sitting height was measured as the vertical distance
front the sitting surface to the top of the head. With the
subject seated as described above, thle backboard on the
measuring table was brought up firmly against the but-
tocks, The movable arm of the anthropometer (which
was inserted into the backboard) was brought down
firmly to the midline of the top of the head.

Auttock -knee length was measured as tht distance
from me rearmost projection of the buttock to the front
of, 'the right kneecap. With the subject seated as pre-
viously described, thq fixed crossbar of the anthropom-
eter was placed in light contact with the rearmost
projection of the buttock, and the movable crossbar
was brought into light contact with the front surface of
the right kneecap (patella).

Popliteal height was Measured as the distance from
the surface of the footrest to the underside of the right
knee. With the subject seatedas pry. wusly described,
the anthropometer with its attathtd, base was placed
on the footrest adjacent to the right fuot and the Inds
able arm Vas brought to the level bf the table surfact
on which air. child was stared. this is the level at which

NOTE. The list of references follows tho'text.

0

the under side of the right knee (tendon of,tht, bk.qs
femoris must-le) conies Into contact with the table sur-
face.

Foot length was measured as the distance from the
back of the right heel to the:tip of the longest toe. With
the child seated,as previously Ziesc ri bed. the fixed arm
of the anthropometer was lightly applied behind the
heel with the rod parallel to the long axis of the foot.
The movable bar of the anthropometer was then brought
into light contact with the tip of the longest toe.

Acromion-olecranon length was measured as the,
distance from the acromial process of the right scapula
touter point of the shoulder) to the olecranon process of
the ulna (elbow). With the subject standing, right arm at
his side, and elbow bent at a 90-degree angle, the fixed
crossbar of the anthropometer was placedfirmly at the
right acromial plocess and the movable crossbar was
biought into firm contact with the olecranon process
(tip of the elbow).

Elbow-wrist length was measured as the distance
from ,the olecranon process 'bow) to the distal end of
the styloid Process of the ulna. With the subject seated
as previously described but with palm facing downward,
the fixed arm of the anthropometer was firmly placed
at the olecranon process (tip of the elbow)and the mov-
able arm was firmly placed at the distal end of the styloid
process of the ulna.

Hand length was measured as the distance from the
wrist (midpoint of most distal crease or groove) to the
tip of the middle finger. With the right hand fully ex-
tended, palm ,up,and thumb straight, but relaxed, the
fixed end of the sliding caliper was placed at the mid-
point of the distal crease at the wrist(located by having
the child flex the hand at the wrist), and the movable

krossbar of the caliper was placed in light contact with
the distal tip of the middle finger.

Biacromial breadth was measured as the -
m4xiNmum distance between the right and left acromial proc-

esses of the scapula. With the subject standing and
the obsery et standing behind-him, the fixed arm of the
anthropometer was placed at the must lateral point of
the left acromial process and the movable bar brought
to the most lateral point of the right acromial protess.
The measurement was made with firm contaet.

Bicristal breadth was measured as the distance
between the most lateral points of the iliac crests.
With the subject standing and the observer standing
behind him, the crossbars of the upper segment of the
anthropometer were brought into firm contact with the
edges of the iliac crests on each bide. This measure-
ment was made with firm pressure.

Chest breadth was measured as the breadth of the
rib cage under firm pressure. With the subject stand-
ing and breathing normally, the fixed crossbar of the
anthropometer was applied firmly at one side of the

-rib cage and the movable crossbar was applied firmly
to the other side at the level of the nipples. The cross='
bars were angled slightly downward to avoid slipping
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Figure-III. Schematic illustration of anthropometric dimensions takerroTaildren aged 6-11 years in the Health

Examination Survey, United States, 1063-66.,
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Figure III. Schematic illustratiOn of anthropometrjc dimensions taken on children aged 6.11 years in the Health
. ,

Examination Survey; United States, 196345Con.
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intu the,spaces between the ribs. At all times the rod
of the anthrupometer was parallel to the floor,,,In older
girls who had a noticeable degree of breast develop-
ment, the level of it junction of the fourth rib with the
sternum was used as the measurement landmark.

Chest depth was measured as the distance or
depth from the. front to the back of the rib cage under
firm pressure during normal breathing. With the sub-
jett in the same position as for the chest breadth meas-
urement and with the observer approaching the child
from the right side, the fixed arm of the anthropometer
was applied firmly to the backof the chest and the mov-
able arm was applied firmly to the sternum at the level
of the nipples. At all times the measuring instrument
was parallel to the floor.ln older girls who had a notice-
able degree of breast development, the level of the junc-
tion of the fourth rib with the sternum was used as the
measurement level.

Brcundylar breadth of the femur as measured as
tht maximum width between the cu dyles °Ube right
femu-. With the subject standing, t .sed bar of the
arthrupoineter was placed firmly on the medial condylt
and the movable bar brought to the lateral condole with
firm pressure.

Upper arm girth was measured at the level min
way between the atrumial and oletranon processes of
the right arm. The midlevel was located while the sub-
ject held the forearm at a right angle to the upper arm.

he measurement was made while the right arm hung
loosely, tith the tape horizontal and in contact with., the
skin without deforming the skin contours, i.e., with-
out compressing the underlying tissues. Note that this
measurement was made at the same level as the tri-
ceps skinfold measurement.

Lower arm girth was measured as the maximum
circumference of the right forearm Just below the el-
bow joint. the girth was measured just below the elbow
at the widest part of the forearm while the arm hung
loosely. The tapt. was applied horizontally in ,..00luct
with the skin without deforming the skin contours.

Calf girth was measured as the maximum Lir-
cumference of the right calf at right angles to the lung
axis of the leg. With the subject standing, legs several
inches apart and weight equally distributed on both
feet, the girth was measured at the level.of maximum
circumference. The tape was placed in contact with the
skin without depressing the skin contours.

Chest girth was measured as the circumfetence
of the chest during normal breathing at the level of the
fourth intercostal space. With the subject standing as
for the measurement of chest breadth and depth, the
steel tape was 'applied firmly but without depressing
the skin. 'Special care was taken to make certain that
the tape was horizontal.

Waist girth was measured as the circumference
of the waist, abdomen relaxed, at the level midway
between the lower edge of the ribs and the iliac crests.
With the subject standing and breathing normally, the
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steel tape was applied firmly but withoutdepfressing the
skin. Special care was taken to make certain the tape

'was horizontal.
Hip girth was measured as the circumference of

the hips at the level of the greater trochanters (the
widest bony part-of the hips). With the child standing,
feet together, the steel tape was applied firmly to
compensate for clothing (this girth was measured over
shorts). Special car elwas taken to make certain the
tape was horizontal.

Each dimension measured if chematicall) illus-
trated in figure Ill.

Derived Measurements

Subischial length was Obtained by subtracting sit-
ting height from standing height. It provides an esti-
mate of the length of the lower extremities.

Estimated mid-arm muscle circumference was
derived from the upper arm circumference and the tri-
ceps skinfold, both of Which were measured at the same
level of the arm midway between theacromial and olec-
ranon processes. The arm in cross sectioec'consists
of skin, subcutaneous fat, muscle, and bone. The skin-
fold mea
lying suk
arm is d

urement is a double fold of skin and under-
utaneous fat. If it is assumed that the upper

linder and the principles of circle geometry
are applied, the arm circumference can be corrected
for the thickness of the triceps skinfold, leaving an es-
timated mid-arm muscle-bone circumference or, for
the sake of simplicity, estimated mid-arm muscle
circumference. Thus,

EMC AC - iSt

where EMC is the estimated mid-arm muscle circum-
ference in cm, AC is the_upptr arm circumference in
cm.. and St is the triceps skit fold in cm. Since the
estimated mid-arm muscle circumference for large
numbers of children is generally calculated via com-
puters and skinfold thicknesses are usually measured
in MilliMeters, the following formula was used

EMC (cm) )

Indexes and Ratios

[AC (cm )_ St (rnm]
LL io

Ponderal index provides an approximation of phy-
sique or body build on a linearity -laterality untinuum.
It was obtained as follows. standing height in inches
divided by the cube root of body weight in pounds
(height/ 3 vtrreiTi).

Sitting height/stature ratio Indicates the, relative
contribution of sitting height heed norl, and
trunk) to total stature. It was obtained as follows. sit-
ting_ height divided. by standing height times 100. 1 his
ratio is expressed as a percentage.
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Ettacromtal breadth/bicnstal breadth ratio indi-
cates the relative propurtiun of shoulder width to hip
width. It wan obtained a. follow.. biacromial breadth
divided by bicrigtal breadth time. 1U0. I hi. r4tiu 10
expressed as a percentage...

Quality Control and Estimation of Residual
Measurement Error g

Monitoring Systems

Despite effort§ to reduce measurement errors,
residual errors of a magnitude large enough towarrant
concern occur with some regularity, in any anthropo-
metric survey. There is, therefore, a real Id urgent
need to have a system whereby these residual error::
can be monitored. The Concept of quality control is

redquality. Thus, one of the main purposes of a
on the desire to obtain end products of a speci-

-
monitoring system is to indicate whether the meas-
urements produced by a certain measurement proc-
ess have attained the desired quality. A second major
purpose is to make possible quantitative 'summary
descriptions of residual measurement errors to aid
in the interpretation of survey data.

Perhaps the most direct monitoring system used
in the Health Examination .Survey was observation of
the measurement process as it was being applied to
an examinee. Medical, dental, and 'psychological ad-
visors from HES and other advisors and consultants
regularly visited the examination center to observe
examination procedures and to retrain examiners if
necessary. A good example of how routine observation
was used as a monitoring system can be found in the
taking of body measurements. One.member of the ex-
amining .team, a trained anthropometrist, acted as a
recorder and aided in positioning of the examinees,
while he was additionally responsible for observing
and correcting any errors in measurement technique.

As a careful and thoughtful quality control pro-
gram tends to be an evolving process, the most ex-
tensive systematic monitoring of body measurements
performed in an o- f the cycles of the Health Exam-
ination Survey was 'achieved in Cycle III (youths 12-17
years, data collection' 1966-70). The formal system of
replicate examinations which was finajly instituted in
Cycle Ill is described later in this appendix along with
a discussion of its applicability to Cycle II.

Replicate measurements are useful for a variety'
of reasons, e.g., as a means of increasing precision
of individual measurement estimates, as a training
technique, and as a monitoring system which includes
the objective of final evaluation of measurement errors.
These three objectives are compatible, and replicate

glins secuon is in pact based upon Schaible's bun] and systematic
discusston of quality control and error estimation in the HES. Series 2.
Number 44.37

data collected primarily for one of them often indirectly,
if not directly, accomplish one or both of the remaining
two. For this reason replicate data are most often
collected with a combination of these objectives in mind.
The single most important source of replicate data in
Cycle III was the replicate examination procedure, in
which approximately 5 percent of the regular examinees
were returned to the examination center for a second
complete examination (except for drawing blood and
taking X-rays).

Biases and Controls in Replicate Measurements

A major source of uncertainty in estimates de-
rived from replicate measurements is inability to make
the replicate measurement under precisely the same
conditions and in the same manner as the original
measurement. This uncertainty is difficult to evaluate,
anmost attempts to do so are restricted to sub-
jectiVe statements concerning the direction and/or
size of the bias and the need for concern in the analysis
of data. ,1101

Several policies regarding Cycle III replicate ex-
aminations were designed specifically to obtain meas-
urements under the same conditions and in the same
manner as the initial (original) exam. Replicate ex.:
aminations were not conducted at a specific time.When-
ever possible, they were interspersed among the regular
exam inations:An original examination was given prior-
ity over a replicate examination in that none would be
scheduled if ii-occupied time needed for a regular ex-
amination. There was often space to interjetm replicate
examinations in the schedule without interfering with
regular examinations, but this priority, plus the fact
that replicates were drawn from-those previously ex-
amined, increased the likelihood that a replicate exam-
ination would be scheduled toward the end of The exami-
nation period. Nevertheless, the attempt to space rep-
licate examinations throughout the regular schedule Was
a valuable policy in that the interspacing of replicate and
original examinations created an atmosphere morecon-
ducive to both examinations being conducted in essen-
tially the same Manner.

The examiners were informed of the purpose and
importance. of the reexaminations. It was emphasized
that they should not vary their procedures on a rep-
licate examination or in any way try tocollect "better"
data than they would normally. Thereafter. instructions
on the conduct of replicate examinations were not giver'
greater emphasis than any other instruction because
overemphasizing ':sameness" might have created more
bias than it would have eliminated.

At the time of the original examination neitherkthe
observer nor the examinee knew whether or not\the
examinee would be returned for a replicate examina-
tion. During the replicateexaminationbobservers were
not specifically informed that an examinee was a rep-
licate, although no attempt was made to conceal this
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fact since in an examination as lengthy as that gimen
in HES the examinee would undoubtedly be remembered
by several,-Wnot all, examiners. Even though an ex-
aminee might be remembered, it was extremely un-
likely that an examiner would remember a specific
measurement" after a time lapse of 2 or 3 weeks. Some
bias might be introduced_by the examiner's knowledge
of the replicate status of an examinee, but generally

.. this bias would seem quite small when eompared to tilt.
measurement error and in some c.ases to the biases as-
sociated with the knowledge and familiarity gained by the
e minee during the original examinatiow Examineea

as can be important, especially when a response is
elicited or when the true value of the measurement has
changed because of a time lapse. Since the time lapse
was usually 2 or 3 weeks, some appreciable changes
might occur in certain measurements such as weight.

'However, for most of the data collected, the actual
changeover this short period of time can only be very
small and this effect may usually be neglected. Pre-
vious experience is much more likely to affect the true
replicability. of psychological tests and those physic. -
logic rests requiring high levels of subject participation
(ouch as the treadmill and spirometry), with procedures
in which the subject is passive and very little learning
ih involved, such as EKG and body measurements, the
effect of previous experience is almost zero.

4 'In Cycle Ill replicate data were obtained on ap-
'proximately ,-0 percent of those selected for such
examination.. One explanation for this low rate is that
persuagion and followup efforts were not as intensive
as for regular examinees. This is partially because
regular, examinees were given priority if interviewer
or examination time was limited. There also appeared
tu\be an increased frequency of objection to returning
fur' second examination, as demonstrated in the most
freq nt reasons for refusal. "One time is enough"
and "I 't miss school again."

detection of_ Replicate Examinees.;

The selection of Cycle III youths for replicate
examinations was randbm within certain restrictions
imposed by practical considerations. One restfiction
was that replicates were selected only from those
examined during the first week and a half of the ap-
proximately 3tf weeks of exanflnations at any one lo-
cation. This time period was chosen to facilitate the
interspersing of replicate examinations withoriginals
in the examining schedule without interfering with the
time allotted for original examinations and without

jcheduling additional time to accommodate replicsres.
In a voluntary survey it is obviously impossible to

follow a statistically random process in scheduling
subjects, so those sched?1,4 during the first week and
a half are not, in the strict sense, a random sample
of all thOse scheduled, though they may be randomly
distributed for those features which are significant.
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Evidence that replicates ;might be considered "rep-
resentative" is found in the fact that youths of certain
ages, locations, incomes, etc., were not routinely
more likely to be scheduled during any particular
segment of _the examination schedule. However, the
availability and desires of the subjects do influence
the composition of the replicate sample. For in-
stance, an examinee whOse participation in an original
examination was achieved only after repeated contacts
by survey personnel was less lik-erc."0 have,been in-
cluded in a replicate examination since it is unlikely
that he would have received an'original examination
during the first week and a half. The schedule of lo-
cations, time -of year, sequence of examinations, and
other related factors which might make subjects mote
or less readily available show no qbvious discrimina-
tory effect in the selection of replicate examinees.
After examining these and other relatively, minor con-
siderations, there appears to be no reason to believe
that subjects scheduled and examined during the first
part of a stand differed from those scheduled and ex--
amined during the latter portion with respect to the
data gathered.

Another restriction on complete randomness in the
selection of youths for replicate examinations was the
exclusion of those examinees living somewime "geo-
graphically inconvenient" to the examination center.
"Geographically inconvenient" was arbitrarily defined
as a diStance of 30 miles or more although exceptions
were sometimes allowed if conditions diciaLed. A pri-
mary in choosing a site for the exami-
nation enter was the centrality of the location in re-
lation to the sample segments (a segment is a cluster
of households). Since segments were drawn with prob-
ability proportional to population, most segments were
in relatively populated areas, so the examination enttr

was also in or adjacent to a relatively populated area.
Therefore, the subjects deleted' by this 30-mile te-
striction usually resided in 'relatively less popula ed
areas. Thus this restriction may create a bias in r p-
licate data if, in fact, characteristics differed with
population density. Even if differences did exist, the
total effect of this 'restraint would not be great since
it excluded only approximately 10 percent of theseli-
gible examinees. There were other minor restriuions
of a medical and operational nature imposed on the
complete randomness of the replicate sample&They
were not, however, readily associated with farge
differences since at most only 1-2 percent of the
eligible examinees were deleted for these reasons.

Since the purpose of replicate examinations is t
give information about errors, the matter of 4.. one n
between chose excluded and those eligible for eels non
is not possible differen,es in measurement values but
possible differences in the errors associated w ith meas-
urements as shown by the discrepancy between two
measurements on the same subject. For example, meas-
urements may vary markedly by some demographic
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classification, but this is not as relevant asthe question
of whether or not the measurement errors vary by this
classification. A' similar differential in the active and
Passive participation of subjects (e.g., spirometry
versus body measurements) is assumed tu operate here
also, but in a different way. That is, it, must be assumed
that the most cooperative subjects, by and large, self.
select themselves, and that their scores are truer esti-
mates of the variable being tested. It is thus likely that
their test-retest difference would be smaller. On the
other hand, although subjects 'did influence measure-
ment errors, it should also be noted that the environ-
ment, procedures, and examiners were also highly in-
fluential in the final measurement. Consideration of
these additional influences causes a completely random
selection of subjects to be of somewhat less euneerri.

The Analysis of Replicate Data on Body
Measurements

Although a variety of monitoring systems for body
measurements were in effect in HES from the beginning
of Cycle I, it was not until Cycle Ill that a formal
system was instituted of recalling approximately 5per-
cent of the subjects already examined for a replicate
examination. However, during Cycle II, which is the
concern of the present report, several "in-field" at-
tempts at assessing replicate body measurements were
made. These included the following:

( 41) Several formal training sessions were held in
which the examining technicians performed du-
plicate sets of measurements on a small group
of subjects producing data for immediate exam-
ination of int ra- and ,inter-examiner differ-
ences. r- .

The two Cycle Ilexaminingcaravans converged
.. from the east and west for a measurement

stand in the Greater Chicagoarea. After sched-
uled examinations were completed in the normal
manner, one of the caravans (Caravan l) re-
examined (for our purposes, remeasured) ap-
proximately 50 children who had been initially
examined by the staff of the other caravan
(Caravan II), and vice versa. This operation
permitted the technicians an "in-field" exam-
ination and discussion of the replicate measure-
ments.

(3) Finally. a total of five, intenAke 2-day .e;...ions
were conducted by the bupervisurs in the fie
examination centers.

No formal, detailed analysis of the data in the statistical
sense was carried out, primarily because the above at-
tempts were more training han evaluation sessions.

In Cycle Ill, on the other harcl, a systematic attempt
at analysis of replicate body measurements was made.

s' ',A total of 301 replicate examinet.ons from t:ycle III

were collected and subjected to an Cxtensiveanalysisof

intra- and ricer- examiner variation in body measure-
ments, i.e , variation within the same observer and var-
iation bet een different observers. Since the condttions
under w ich the body measurements were made were
essentra ly Identical in Cycles II and ill, there is reason
to belie that the results of the quantitative assessment
Of replic e measurements of data collected in Cycle III
can be of ctively applied to Cycle II. In other words,
should the an: ysis indicate a reasonably good degree ot
accuracy wit m and between examiners in Cycle ill, a
can be safely ssumedthat a similar degree of measu re-
menace was pparent in Cycle II.

Alth the thropometry in Cycles H and Ill was
very similar, there were four relatively minor differ-
ences. First, the children in Cycle II were younger and
smaller in size. (There is, however, no reason to assume
that the relative measurement' error is ,different for
younger and smaller individuals.) Second, four of the
human engineering measurements take); in Cycle II we
not measured in Cycle III; they were replaced by se ral

_segmental length measurements of greater bi logical
significance and interest. Third, atotalof 11.tchnicians
made measurements during Cycle III,zbUt in Cycle II,
the same four technicians pareicipated'in equal degrees
throughout the entire cycle. Fourth; a more elaborate,
systematic collection of 'replicate data with greater
,numbers of subjects was utilized in Cycle III. Other
factorsthe instruments and their calibration;tech-
niques of measurement, f, ethods of training, selection
of technicians, examination environment, and the chief
medical examiner and he ph) sical anthropologic con-
sultantwere the same. It should be noted further that
two of the four techni ians who participated in Cy ck
ll of the ILLS continued f r several years into Cycle III.
In summary, the only significant differences in quality
control considerationS for body measurements between
Cycles II and III, were the addition of the systematic
collection of ryplicate data and the use of a greatei
number of technicians in Cycle III. The authors have

11 concluded that these two differences approximately
. counterbalance one another, resulting in equivalent de-

, grees of/rritasurement variation

Cy71. Ill Systematic Replicate Procedure

.,j / Body measurements were taken on6,768 youths and
-,^theme data comprise the HES findings. Replicate body

.
ekerements were obtained on 301 youths at 30 of the

40 locations (or stands) visited throughout the United
-5-- States. That is, an average of 10 youths were 'reexamined'

at each stand. Of the 301 youths, 224 wereeelcatnined
by a technician other than, the one initially meat :0g
the youth, while the remaining 77 w9rg reexaminetrby
the same technician. Altogether during the 4 years, 11
technicians participated in replicate measurements fur
this phase of the quality control program.

It is of interest toasceztainwhether each of the ex-
aminers had a representative number of replicate meas.-
urement sessions with respect to the number of exam ina-

-N
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Table I. Percentage of regular and replicate examinations performed by each technician

Technician number
.

Percentage of regular
Cycle III examinations

Replicate e xaminations

Percentage of intra-
examinations

Percentage of japer-
examinatiori0110.

1 0.8' 1.3 0.9
2 13.4 2.7 10.2
3 22.8 21.3 21.4
4 6.1 4.0 2.7
5 13.5 10.7 16.7
6 6.1 5.3. 6.5
7 3.7 5.3 4.9
8 15.1 24.0 16.4
9 .

10,
11.3 16.0 -

2.7
13.3
3.6

11 4,1 6.7 3.6

eons he perfor died during the survey. It should be care-
fully noted' that it was not possible to insure that each
technician grad equal chances to measure replicate ex-
aminees since the length of time tec.hnicans w ere associ-
aced with the survey team varied. Table I presents the
percentages of total examinations, intra - examiner
replicates, and inter-examiner replicaes participated
in by each of the 11 technicians.

Table I clearly indicates some possible sources
of bias which may ,affect the analysis of replicate
data. For example, assume technician No. 9 was
able to replicate his own measurements well but his
ieadings were very different from theother examiners.
Obviously, his results would be overrepresented in the
replicate analysis since he examined only 11.3 percent of
all. youths in the actual survey but did 16 percent of the
intra-examiner replicate examinations and 13.3percent
of the inter-examiner replicate examinations. Because
of this technician's over representation.the distribution
of Intia-examiner differenees would cluster closer to
zero than it really should hav e since this examiner self-
replicated well. On the other hand, the inter-examiner
distribution of differences would be considerably more
skewed than it should have been since this technician
did not agree well with the other technicians' measure-
ments. Similar disereparkies are obvious for other
technicians. .1n example of an opp,osite effect to that
cited above is technician No. 2, who did only 2.7 percent
of the intra-examiner replicate measurements and 10.2
percent of the inter-examiner replicate measurements,
but did 13.4 pereeht of all examinations in Cyt.le III.

Thus, the various combinations of observers for the
inter - examiner sepheates and the proportions of intra-
examiner replicates were not condoned so as to be
balanced among the observers. In thi survey proper the
examinations were similarly not proportionately dis-
tributed among the observers, since the length of time

NOTE. The list of references follows the text
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the various technicians were associated with the survey
varied.

The foregoing indicates that the diatr4bution of
numbers of replicate examinations done by each tech-
nician is not the same as the distributirOn of the total num-
ber of survehexaminations done by each in Cycle III.
This represenMone of the inherent problems Cif the pfes-
ent retslicate data and limits to some extent implOtions
to the survey as a whole. Nevertheless, the reader
should be swore t,f the many problems confronting thdse
who coquet large-scale health surveys, and in this
context, the present systematic approach to the col-
lection of replicate body measurement data isadepuate.

Results of the Replicate Analysis

Tht absolute differences between the first and sec-
ond measurements of the same child were comput d for
each dimension measured during Cycle Ill. Th pres-
ent analysis concerns itself with all body measu ment4
except skinfold thicknesses, which have been reported
separately with the results of the analysis ,of skinfold
data.3

11 distribution of &Solute differences was com-
piled for each body measurement for the intra- and
inter-exam Inc' groups st. pa rately. The median and mode
for each body measurement were extracted from the di s-
tributioo of absolute differences. Ile mean absolute
difference C1'',0 was computed by summing the differ-
ences and dividing by either 77 or 224, depending on
which group (intro- and intet-examAer, respectively)
was being considered.

A widely used measure of replicability is the statis-
tic 0., the "technical error of measurement." It isde-
fined as o = Le.,/1177; the square root of the sum of the
squared clIffcrenece4 of replicates divided by Nike the
number of pairs. I his statistic assumes that the dis-
tribution of replicate differences is normal and that
errors of all pairs can be pooled.

Since squaring a technical error of measurement



yields a variance, and since the ratio of two variances
has the F distribution, a very simple, test exists for
comparing intra- and inter-examiner replitability. In
table II the,c.inal column gives, for each variable, tlie44"
ratio (i.e., the ratio of the squares of the inter-ex,
thniner (1, to the intra-examiner ). As will be noted
later, in three instances the variance for the intra-tx-
aminer group was larger and in these cases the ratios
were reversed. A significant F statistic indicates the
presence of a "technician-effect" or some characteris-
tic which makes a particular measurement more easily
replicated by the same technician than by another.

The coefficient of variation (C.V),41./X , the technical
error of measurement divided by the overall mean (the
mean of all subjects) for the particular variable under
study, was also calculated..The coefficient of variation
is a of relative variability, i.e., variation in

Table II. Results of ictra-examiner and

replicability relative to the overall magnitude of the
measure.

In the context of the present analysis, great cafe
must be used in dealing with this statistic. It is not a
coefficient of variation in the traditional sense bince
the .numerator contains a measure of dispersion, of
differences tbetween replicates) whereas the denom-
inator contains a mean-not a mean difference but a
mean magnitude of the measurement taken.

The value of this statistic lies in its adjustment of
the technical error by the magnitude Of the original
measurement. It attempts to answer the argument that
replicability is likely to be much better for a variable
of small magnitude than foi one of great magnitudc.. As
will be expanded later, dividing by the mean measure-
ment may overadjust for such biases.

In the presentation of results of the replicate ob-

inter-examiner replicate analysis

Measuring device and
dimension measured

Intra-examiner results Inter-examiner results
.. ,

,

F
value

Median Hode so CV Ild Hedian
,

Mode e. CV

Automated recording
Height 0.549 0.5 0.1 0.494 0.302 0.563' 0.4 0.1 0.681 0.417 1.90

Weight 1.325 1.0 1.0 1.173 2.119 1.335 r1.0 1.0 1.228 2.218 1.10

- .

Anthropometer--height measurement
Standing

. ,^

Cervicale height 0.714 0.6 0.1 0.692 0.500 1.054 0.9 0.5 0.953 0.689 1.90

Acromial height 0.752 0.6 0.2 0.795 0.601 0.875 0.75 0.1 0.891 0.673 1.26

Radial height 0.890 0..7 0.1 1.063 1.044 0.016 0.7 0.2 0.949 0.932 1.25

0.1

Stylion height 1.114 0.7 0.1 1.424 1.819 1.032 0.8 0.5 1.010 1.290 1.99

0.

Iliac crest height 0.700 0.6 0.3 0.646 0.644 1.134 0.9 0.3 1.059 1.055 2.69

Trochanteric height 1.413 1.0 0.6 1.466 1.672 1.600 ' 1.3 0.1 1.510 1.722 1.06

Tibial height 0.613 0.5 0.1 0.565' 1.229 0.769. 0.6 0.3 0.719 0.564 1.62

Sphyrion height, 0.266 -0.2 0.1 0.247 3.815 0.380 0.3 0.1 0.343 5.298 1.93

Sitting .*

Sitting height-----.1 ------------- 0.578 0.4 0.2 0.535 00.631 0.767 0.7 0.2 0.705 0.832 1.74

Th clearance 0.495 0.4 0.2 0.439 2.853 0.595 0.5 .0.2 0,544 3.535 1.54

e .

op eter--length and breadth
measur ent , -

,

Foot asurements
Fo t length 0.238 0.2 ' 0.1 0.264 1.087 0.296 0.2 0.2 0.524 2.158 3.94

F t breadth - - -- 0.138 0.1 0.1 0.122 1.329 0.226 0.2 0.1 0.202 2.200 2.74

Acr ss bony landmarks on torso ,

Biacromial breadth 0.553 0.4 lig 0.544 1.529 P.807 0.5 0.1 0.915 2.571 2.54

Bicristal b.eadth 0.775 0.6 0.1 0.711 2.926 1.590 1.1 ' 0.1 1.545 6.358 4.72

Bitrochanteric breadth 0.552 0.4 0.1 0.523 1.778 1.760 0.5 -0.1 0.836 '2,043 2.56
Across torso
Seat breath 0.610 0.4 0.3 0.921 2.835 0.909 0.7 0.8 0.903 3.057 1.16
Elbow -elbow breadth 1.104 0.8 0.8 1.131 3.415 1115 1.2 0.3 1.346 4.065 1.42

Sliding caliper . .

.

Knee breadth akt 0.112 0.1 0.1 0.106 1.165 0.183 a.f '0.1 0.244 2.683 $.30
Elbow breadth . 0.105 0.1 0.1 0.117 1.799 0.152 0.1 0.1 ,0.154 2.368 1.73
Ankle breadth 0.097 0.1 0.1 0.092 1.367 0.186 0.7 0.1 '0.171 2.540 3.45

Wrist breadth .7 0.108 0.1 0.1 0.115 2.208 0.150 0.1\ 0.1 0.139 2.669 1.46

Spreading caliper
flizygomatic breadth \ 0.075 0.1 0.0 0.0/6..06589 0.158 0.1 0.1 0.162 1.255 4.54
Bigonial breadth 0.143 42 0.272 2.746 3.04

Steel tape ,

Torso girths
Chest girth 1.297 1.1 0.8 1.096 1.362 1.970 1.6 0.6 1.816 2.256 2.75
Waist girth S.

.,
1.470 1.2 .1 1.308 1.927 1.621 1.3 0.6 1.561 2.300 1.42

, Hip 84th 1.168 0.9 1.234 1: 398 1.514 1.3 1. 7 1.375 1.558 1.24
Extremitl circumfetence
aoUpper,arm girth 0.339

I a,
0.3

.0.,
0.1

N
0:347 1.3'58 0.458 0.4

e
0.3 0.425 1.664 . 1.50

' Forearm girth 0.319 0.2 ' 0.2 0.304 1.281 0.404 0.3 0.2 0.582 2.453 3.67
Calf girth 0.491 0.3 0.2 0.872 2.588 0.353 0.3 0.2 0.340 1.009 6.58

INOTE: For defiqtion of symbols, see above.
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servation analysis, data were grouped according to the
measuring instrument used in order to facilitate cob-
parison since there is the possibility that, differences
between or within certain examiners might be peculiar
to the particular measuring crevice used. First, height
and weight were treated as a single group because`they
were machine-recorded. 'Note, however, that height
measurement can be affected by variations in position-
ing. The second group was comprised of various height
measurements which include the distance from the
standing br sitting surface to the specific landmark, In
most instances, the anthropometer was used to its
full extent; nevertheless, as the landmarks approached
the leg and ankle, the measuring distance was shorter,
The third group of measurements included those made
with the upper portion of the anthropometer. These meat-
urements were made with the fixed arm of the anthro-
pometer at one landmark while the free end was moved
to the other landmark, which defined the measurement.
This gro4r included two foot measurements, three bony
breadth measurements across the torso which required
firm pressure, human engineering measurements which
required light surface contact of the,anthropometer. The
fourth group included those made with a small sliding
caliper. As a group these measurements represent the
distance across a single bone or two bones at specific
extremity joints. Compared to the height measurements
mentioned above, the distance traversed by these meaS-
urements is rather small. The fifth gro41,comprised

monly two facial breadths made with a spreading calipd.
The sixth group consisted of measurements made witif
a bteel tape and included six circumferences, three on
,the torso and three on the extremities.

Clearly' body weight differs from all other values
here since it was measured to the nearest half pound,
while all others were measured to the rest tenth o
a centimeter, i.e., the nearest millimete Body weight
is the only variable in which ftiee is no chance of
either intra- or inter-observer error. All weights
were taken on a Toledo self-balancing scale which
mechanically printed the child's weight directly onto
the perm-anent record,' It was not even important that
the technician positicr: the examinee rigidly, which was
a significant factor in other measurements, for example,
height. Any varlahility evident in replicate readings
would thus be due to a gain or loss of bi:idy weiet by
the subject ,between' examination sessions. Note that
the F ratio for body Weight was not significant, thus
underlining the lack of technician effect in obtaining
this measurement.

There were a total of 77 intra-examiner repli-
cations, i.e.; the same technician re- examining the sub-

' \ ject on two different occasions, and 224 inter-examiner
replications, ix., two different technicians doing the
initial examinatlun and replicate examination respec-
tively, performed during Cycle 111. Ira/a-examiner and
inter-examiner results are presented separately In

table II, and all.anaiyses were done within the group
.under consideration.

ing the data in table Has a whole, the technical
err° measurement was, with three exceptions, con-
sist less withiri examiners than between examiner
This Was not entirely unexpected, for experlernce in-
dicated greater intra-examiner cons' cy, i.e., there
was greater consistency e same technician than
between differen rucians. The three exceptions were
radial hetg t, sit height, and calf circumference.
Since each value was squared In calculating the tech-
nical error of measurement, this statistic can begreatly
distorted by one or two highly divergent replicate values.
That seems to be the case with these three divergent
values.

Results of the variance ahalyses indicated that-25
of 31 F ratios were significant at tlie..05 level (Or'
conversely, only 6 of 31 F ratios were not significant
at the .05 letel). Thus, in 25 measurements, intra -ex-
aminer differences were significantly smaller than
inter-examiner differences. On the surfce, such a
tendency in the results might appear discouraging, How-
ever, such, a tendency might function to eliminate or
reduce systematic bias in rarge-s*chle surveys by elim-
inating or reducing the effects of individual idio-
syncrasies (biases) of individual examiners.

Fog 29 oat' of 31 measurentents, the mean differ-
ences for intra-examiner observations were less than
those for inter-examiner observations. These results
were in the same general.direction as those reported
above for the technical error of-meaaurement. The two ,

measurements in which intra-examiner mean differ- ,

ences were the greater of the two Were stylion height
and calf circumference, both of which, as indicated

r-ilive, had discrepant replicate readings which func-
boned to inflate the intra-examiner mean differences.

'The median represents the midpoint of the distri-
bution, i.e., 50 percent of the cases in the distribution
are abOve and 50 percent are-below this point. As such,
it is not affected by the extremes of isolated discrepant
values, as is the tec ical error of measurement. An
examination of th me ah differences between repirr
Late readings on an intra- and inter-examiner basis
militated eight instances in which the median differ-
ences between replicate measurements were identical
within and between examiners. In 22 instances, median
,tifferences were less within examiners than between
examiners, while in one instance the median difference
was less between examiners than within examiners, In
th is last mentioned case, the difference between medians,
was only 0.1 cm. Thus, these observations are in general
agreement with those indicated by comparison of a.
and X, .

The magnitude of the, differences' between medians
of replicate readings within and betweenexaminers was
only 0.1 cm. for 13. measurements, 0.1S rm. for dne
measurement, 0.3 cm. for five measurements, 0.4 cm.
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for two Measurements, and 0.5 cm. for two measure-,
merits.

,
Incorporating the eight measurements in which

median differences for replicate readingSwere identical
within and between examiners isith the above distribution
indicated., that in 22 of the 31 measurements the differ-
ence in median differences of replicate readings within
and between examiners was0.15 cm. or less.,Thls,in-;.
dicates a reasonable degree of consistency in the rep-
licate measurements. It does not, however, consider
the magnitude of the actual differences between repli-
cate reading by the same observer,and by different
observers.

Before going into a discussion of specificg roUps of
measurements; the limitations of the technical error of
measurement and the coefficient of variation should
again,,.be.noted. As indicated curlier, the a. is gen-
erally an important 'and rzcaling statistic. By itself,
however, it can be somewhat Misleading at times. Con
sitter, for example, the varial?,les of standihg height and
knee breadth in table 11 for the intro- examiner group of
data. Just considering a, would lead one to believe that
knee breadth is a much fetter replicated measurement
than isr standing height since the variation for knee
breadth is markedly* smaller. It should be carefully
noted, however, that the mag4itude of standing height is
far greater than that of knee breadth, and the margin of
error is.fat greater for the greaterliwasuremeni.
adjust for this factor, the coefficient of variation (a',A 'can be used. Examination of the coefficients of vas
ation for these two variables indicates that ,aanding
height is,more closely duplicated by thesarneexminer
than is knee breadth.

On the other hand, coefficients of varia-tiorrmusi be
used with great cauiiolet °divide a. for standing beight.
by the entire mean for standing height is a bit drastic: ,

For example, if an individual is 172 cm. tall, repeated
measurements cannot vary by the whole 172cm. Even
if a technician' makes a markedly discrepant replicate
measurement of 10 cm., for example, this represents
only 5.8 percent of the total height measurement.pn the
other hand, an error of 1.0 cm. for keee,breadth,.which
.for.thesake of example is assumed to be 12.0 cm., rep-
.reseuts f. , ilex cent of the measurement. What is being
suggested .here is that there is noway errors suffi-
ciently lirge magnitude can be made for large mO.'asure-

,rnents (of the order, say, of 170 cm: for height). Thug,
to divide a, by the full mean for /he particular meas-
urement distorts the reality of inesituation. This is why
it is best to compare coeffy..lents of variation within
variables measured by tht/game instrument and within
variables of about equal magnitudes.

Rc.3ults of the repf, icAte analysis for Specific meas.,
urements and/or gioupt of measurements are.now con-
Sidered. As noted earlier, the dataviere grouped accord-
ing,to measurement instiumenLused.

Although body weight showed some variatibn within
and between Observers, the F ratio was not significant,
indicating that all observers did comparable ibs in

L. d
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measuring this variable. It should be poted,-however,, ,..
that there was no chance fox individual idiosyncrasies
of a in observer to affect the body weight measure-
ment. All se-10,s were taken on a Toledo-self-balanCing
scale which mechanically printed the 'weight directly
unto the h Idi s permanent record. Hence the variation
between observation .sessionsis due to the weight gain
or lusg occurring during the uma lapse-. Mean differ:-
enecs fur body weight within and between examiners are-
,well within the range of variationassociatedwithellurnal
changes in body weight.

As a group, measurements made with the sliding
caliper had a high degreb'of replicabtlity. This category
included two measurements across single bones, i.e.,
knee breadth across the condylesof the femur and elbow
brc add, across 'die epicontlylesof th'e hurnerus;"and.two
measurements across two bones, i.e., ankle breadth
across die distal aspects of the tibia and fibula and
awrisi breadth across the distal aspects of the radius.
and ulna. As a group the mean, median, and modal
differences for the fuur exttemity Areadth measure-
ments, were ,,the lowest relative tp Other variables
measured during Cycle 111. The technical "errors of
measurement were 'also lowest, incliZ:ating that these
four measurements were quite accurately replicated.
Fox example, ,these measurements averaged about 0.1

trn, difference for antra; examiner replications and about
0.16 cnt. fox latex-observer replications. Comparinglhe'
.average differences for these four extremity breadth

e
measurements to values for .other body measuretrient
in table II' clearly indicates that.precision was greater
in these than in any other group of measurements cone
sidered in this report,

Attempting to*ompare coefficients of variation of
these measurements with any others is misleading, as
discussed earlier. Thus,- the coefficient of variation
statistics should be tieg only within the groups of
measurements considered, For antra - examiner' dif-
ferences, kneebreadth.wasbest replicated, followedby**

.ankle, elbow, and wrist breadths. For inter-e5taminer
differences, elbow breadth had the smaliest coefficient
of valuation, followed by ankle, wrist, and knee breadths.
Tessin; 2,t. the .05 level, dieF ratios indicated that it all
IFIStapLeS iptra-exarnmer differences we re significantly
smaller than inter-examiner differences.

The two measurements made with the spreading
caliper, bizysomatic breadth and bigoniatbreadth, were
likewise well replicated. The mean, moclian,, and modal
difference for these two facial breadth measurements`
were of approximately the same magnitude as those for
the extremity breadth measuretientst In fact, bizygo-
,mati,, breadth had* the smallest intra-ewniner dif-
ference of all measuremtets considered, anav eraga dif-
ference of 0.035 cm. and al of 0.076. Chian and
inter - examiner basis}, bizygomatii 'breadth had a
smaller coefficient of variation thansbigonial breadth.'
tlic! greater variability in replicating the fatter might

be 1,1ated, to variations In pressure in applying the
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sin% acting caliimbr (slight variations producing an error
of 0,1 cm.) and to variations in palpating.the measuring
landmark, the gonial angles of the mandible, Fxperience
indicates that some observers allow the calipers to
"slip" off the landmark. Similarly, if a child tenses his
to rq- jaw, this also alter measurement to some
extent. In contrast to th measurement of bigohiali
breadth, bizygomatic brea th is a maximum measure-1
ment, in whieh 9 tech ician moves the spreading
calipers until he notes t maximum reading. FA/ both
facial breadth measur ents, the intra-examiner dif-
ferences were significantly smaller %fin the inter-ex-
aini i r differences at the.05 level yif11

The group of dimensions measured with the upper
segment of the anthropometer included two foot meas-
urements (length and breadth), three bony breadth
tr:.asurements (biacromial, bicristal, and bitrochan-
teric breadths), and two human engineering breadth
measurementow-elbow and seat breadths). In

making these measurement's, the fixed arm of the an-
thropometer is set at one landmark, while tAe free
arm is mol,ed to the other landmark defining the par-
ticular measurement.

The two foot' dimensions shOwed a high degree of
replitability:Mean, median, and modal differences for
foot breaqh were less than or equal to those for foot
length and Were of the same magnitude as those for
Measurements made with the spreading and sliding.
calipers. This might be a function of he overall size
of the dimensions being measured. The tachnical er rors
of measurement for both faot dimensions were smaller
within than between examiners, andtbe intrilexarniner
differences were significantly sipAller than the Inter-
e rrOker differences. The twoloot measurements had
con ,stently smaller techniCal errors of measurement
and c fficients of variation than the other measure-
ments nude with the upper segment of the anthropom-
eter.

The bony breadth measurements across the
shoulders_ (bincromial breadth) and across the hips
(bisristal and bitrochanteric breadths) also appeared to
be teasonably well replicable measurements. Bia-
cromial breadth and bitrochltfric breadth had es-
sentia0 identical mean diffeA,nces in the intra-ex-
aminer coMparisons .0.553 ancb.552 cm., respectively.
Bicristal breadth, on the other 'hand, hada larger aver-
age error in the intra- examiner comparisons, 0.775 cm.
On an inter-examiner basis; biacromial breadth had the
smallest average difference .(0.807 cm ), while bitro-
linteric breadth had the largest (1.76 cm.), with bi-
cristal breadth very similar to it (J.590 cm.). These
averaz differences are misleading and are rhaps
influenced by extreme readings, Median'differelkes in
the inter-examiner comparisons are identiCal for both
biacromial and bitrochanteric breadths (0.5 cm.), while
that for bicristal breadth is much greater.(1.1 cm.). All
mean, median, and modal differences, as well as the
technical errors of measurement for the three bony
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breadth measurements, were smaller for intra7ex-
Alier comparisons than for inter-examiner compd. k..,
sons, The intra-examiner differences were alsosignifi- .

cantly smaller than she inter-examiner differences.
Within this group of three bony breadth measuremtTs,
biacromial breadth had the least relative variation,
as indicated by the lower coefficients of variation on
both an intra- and inter-examiner basis. Bitrochanteric
breadth was close to biacromiai breadth but larger.ln
relative variation in both intra- and inter- examiner com-
parisons. Bicristal breadth had the largest coefficients.
of variation. The relative variability forthe inter-ex-,
aminer licates was more than twice that noted for
the intr aminer replicates, indicating that different
observers had difficulty in replicating this measure-
ment with accuracy. These observat ions might be related
to the nature and location of the boriy landmarks involved
in making these three measurements. The acromial
processes are relatively close to the surface and easily
located. The same applies in gefienTitilh, e &eater tro-
chanters of the femur. The iliac crests, though rather
easiWdent Hied, are perhaps difficult to accurately rep-
licate 'because of theist irrigulaf shape. Contributing

'to the overall variation in bony breadth measurements
is the need for firm pressure in applying the arms of
the anthropometer to the bony landmarks.Any inadvert-
ent alteration of pressu re applied can increase the error
of measurement. .

...
The two human engineering breadth measurements,

elbow-elbow and seat breadths, appeared to be only
mocNately replicable when compared to other measure-
ments made with the upper segment(s) of the anthropom-
eter. Of the two measurements, elbow -elbow breadth

KIPdrar

ger mean, median, and modal differences' well
ger technical errors of measurement in both the

intra- and Inter-examiner comparisons than did seat
breadth. Elbow-elboW breadth also had a largerscoef-
ficient of variation than seat breladth, All statistics were
smaller for the intra-examiner replications than for the
inter-examiner replications. These two breadth meas-
urements also had the lowest P ratios, the ratio far
seat breadth being insignificant and that for elbow-elbow
breadth barely significant at the .05 level, which would
seem to suggest that in both measurements the indiv idual
idiosyncrasies of specific examiners had small effects.
This interpretation is offset, however, by the fact that
the magnitude of the differences between replicate
readings in both the intra- and inter-examiner com-
parisons was rather large. This is perhaps a function
of the specific measurements, since both require only
light surface contact (the slightest pressure might dis-
tort replicate readings). Also, in measuring elbow-
elbow breadth rather rigid positioning is required, and
inadvertent alterations in positioning by the subject
from one measurerhent session to the next might affect
the replicate readings.

The six circumference measurements taken in
Cycle III can be divided into those made on the torso
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and those made on the exiremities. The three torso
girthschest, waist, and linfgirthsare- essentially
human engineersng-type measurements, and the repli-
cate analysis is similar to that noted fur the two human
eineering breadth measurements above. Chest, waist,
and hip girths appeared only moderately replicable.
festin at the .05 lev e.1, the F ratios indicated nu signifi-
cant ifferences for hip girth, just barely significant dif-
ferences fur waist girth cF .. I.42), and significant dif-
ferences for chest girth kF- 2.75? between intra- and
inter-examiper.. replicates. These observations suggest
that in such girth measurements individual idiosyn-
crasies of specific examiners had small effects. This
interpretation is offset, ho*ever, by the magnitude of
the differences between replicate examinations in both
the intra- and inter-examiner comparisons, which were
among the largest for the entire series of 31 measure- ,
ments. Clearly, the same observer as well as differen
observers had diffieulty replicating. these three cir-
cumference measurements. . .

lbe three extremity circumferences hadconside
.ably smaller average differences between replicate
readings, both within and between examiners, than did
the three torso circumferences. This is perhaps afunc-
tion of the magnitude of the. circumferences measured.
All but calf circumference appeared ,to be highly rep-
li ble measurements. Mean, median, and modal dif-.

e
ences as well as the technical errors of measure-
nt were slightly smaller for the intra-examiner than

for the inter-examiner analysis. Observations for calf
circumference were in the opposite direction, the aver-
age difference and the technical error of measurement
were brger for the intra - examiner than fox the inter-
examiner analysis. However, the Median and modal dif-
ferences were identical on an intra- and inter- examiner
basis. The effects of two or three discrepant replicate
readings were responsible for inflating the intra-exam-
'trier mean difference value and the technical error of
measurement. This is contrary to general measure-
ment experience, for calf circumference is generally
a highly replicable measurement. The present obser-
vations are probably a chance occurrence.

Although standing height was grouped with body
weight on the basis of the automated measuring pro-
cedures used, the repliqkte observations for height will
be considered here with other height measurements. Of
all the height measurements, including standing height,
sitting height, and segmental height measurements, it
appeared that, both within and between examiners,
standing height was best replicated. While sphyrion
height and thigh clearance (really height above the sit-
ting surface) had smaller technical errors of measure-
ment, this can be attributed to the smaller margin of
error in taking themeasurement.Problems'encountered
in radial and sty lion heights have been discussed earlier.
In these two measurements, the technical error of meas-
urement was larger for the intra-examiner replicates
than for the inter-examiner replicates. This was en-

i' 1
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urely a function. of one or two discrepant replicate
readings, which distorted-the technical error of meas-
urement. Median differences between intra- and inter-
examiner replicates were negligible for radial and
stylion heights.

Examination of the E. ratios for the various height
measurements indicated that for all measurements ex-
cept acromial height, radial height, and trochanteric
height, there were significantly larger differences when
two different observers made the measurements than
when a single one did them. It should be noted in table
11 that the three height measurements for which the F
ratio was not significant had among the largest mean
differences both within and between examiners, For ex-
ample, truehanteric height, which had the stnalleA F
ratio (F 106, had the largest mean differences on
both intra - examiner replicates (1.413 cm.) and inter-
examiner replicates (1.600 cm.). These,observatiolis
perhaps -dupend-on-t-he--measurements involved-an dfac-
tors affecting the taking of these measurements. In ad-
dition to the location of landmarks, acromial and radial
height are greatly affected by slight. changes in the pos-
ture and attitude of the subjects while in the,tase of
trochanteric height, location of the trochanteric land-
mark can be difficult in individuals with a lot of soft
tissue over this area.

Discussion and Summary of Replicate Analysis

The preceding discussion of results of the repli-
cate analysis of Cycle III body measurements was not
aimed at determining which measurements were easiest
or most difficult to perform but at evaluating the use of
single and multiple examiners In a larga- scale survey.
Reports of large - scale surveys generally "clonot include
discussions of replicate analyses of multiple exam-
iner effects. One general impression derived from-the
analysis of the present data is that there is an obvious
need to publish replicate stddies in anthropanietric sur-
veys. This would insure better comiparability of sur-
veys and would aid in establishing unerance limits for
various body dimensions.

It should be emphasized that many of the measure-
ments comprising the Cy61e 111,(12-1' years) replicate
analysis were taken in Cycle 11 (6-11 years/. 1 or ex-
ample, six of the dimensions utilized in this report of
Cycle II data and 11 of the 21 dimensionS described In
the previous report (Series 11,'No. 123) are included
among the measurements diScussed in the replicate
analysis. /fence, of the 31 measurements used in the
replicate analysis, U' were also taken in Cycle II. The
primary difference is In the replacement of traditional
human engineering dimensions in--Cycle 11.(huttockd
knee length, buttock-popliteal length, popliteal height,
knee height) and specific segment41 lengths (acrumion-
ulecr anon length, elbow - wrist length, hand length) by
eight segmental heights in Cycle 111. Specific segmental
lengths are estimated in the Cycle 111 data by Jubtr a -
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tion. T.; tivaMpie, acromial height minuslicrrranon
height provides an estimate of upper arm length sim-
ilar to that ifilovided by direct measurement of dc-

\romion-olecr anon length.
In addition,!conchatms under which the various an-

thropometric dimensions were measured were essen-
tially identical in Cycles 11 and 111, although several of
the measurements were different, instrumentation, in-
struction, and measurement technique were likewise
basically the same in ficycles. Hence, the observa-
tions derived from Me Cycle IIIreplIcate analysis are
generally applicable to the Cycle II data.

Measurement of vart,ous NA, dimensions presents
a unique situation. There are a large number of vari-
ables sources of error) that must be controlled in the
Measurement environment in general andat the moment
of measurement in particular. General sources of error
can be _grouped-IMO categories. the subject, the
instrument, and the observer. Subject position, though
carefully standardized, is *difficult to control precisely.
Postural attitude, phase of the breathing cycle, degree

r- of tension and, or relaxation, and soon are factors which
make it almost impossible to Sul4 control the examinee,
so as to permit identical conditions during each of. two
measurement sessions that comprise replicate studies.
In, for example, measurement of segmental heights, an
inadvertent shifting oftody weight from one leg to anoth-,
er can alter the height of a specific landmark from the
standing surface, or tensing of the shoulders might make
accurate location of acromiale difficult to replicate.

Instruments are. carefully calibrated and checked
out during the course of the survey. Hence, instrument
variability is reasonably cont oiled. It isdifficult, how-
ever , to contro144.ampletely t ubsery ers' use and appli-
cation of instruments to spec' c body landmarks imaddi-
'dun to the problem of consist, ntly locating these land-
marks. Differences between observers ale inevitable, as
the present replicate analysis indicates. Training.
both prior to and in the field, helps reduce differences
between observers, but it will not eliminate them com-
pletely. In light of this reality, there is anobvious need
to establish tolerance lirgits within,which two or re
observers are permitte
measurement. Similar
some extent within h

to vary in making a partic lar
the same observer varies to

own replicate measurements,
although intra-observer variation, as expected, is con-
sistently less than v ariation between obsery ers. Perhaps
the results of the Cycle III replicate analysis can be
used to establish tolerance limits within which a single
observer is permitted to vary in an inrra-examiner
replication and within which two or more observers are._
permitted to vary in an inter-examiner replication.

Since variation between observers is inevitable,
What can be concluded from this analysis? In general,
measurements made viith the sliding and spreading
calipers are highly replicable. These instruments are
used in making bone-to-bone measurements requiring
firm pressure and traversing relatively small distances.
Further, the landmarks for these measurements are
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rather easily located. Measurements made with the
upper segmentksj of the anthropometer appear to vary
with "the specific measurement. The two foot measure-
ments, breadth and length, are highly replicable. The
three bony breadth measurements across the torso
biacrumial, bitristar, and bitrochanteric breadthsare
reasonably replicable. The apparent problem with these
measurements relates to the consistent location of the
landmarks, especially the iliac crests, and the appli-
cation of firm pressure to compress .underlying soft -
tissues, especially in the case of bitrochanterie breadth.
It. would be interesting to see a replicate analysis of the
two hip breadth measurements by sex, since adolescent
girls tend to accumulate adipose tissue over these sites';'"
The two human engineering breadth measurements,
elbow -elbow breadth and seat breadth, which are made
with the upper segment of theanthropometer, are some-
what difficult to replicate, perhaps because light sur-
face contact is required in making these measurements.
Girth measurements .on the torso are, also difficult to
replicate, Like the two human engineering breadth
measurements, these dimensions require light surface
contact with no soft tissue compression. Girth meas-
urements on the extremities are, in general, well
replicated. The discrepancy noted fox calf circumfer-
ence in the present analysis is somewhat of a surprise
and is probably a chance occurrence. Calf circum-
ference is generally a well-replicated girth measure-
ment; and the result of the present*analysis can be
overlooked to some extent.

Height measurements, standing or sitting, are
reasonably well replicated, ,there-is, however, 'Con-
sidefable variation in the replicability of the series
of measurements evaluated, This variation is prob-
ably related to both subject and observer variation.
Although the subJect'd position is standardized, inad-
vertent change ih his postural attitude Can alter the
height of the segment landmark from the standing sur-
face. It is almost impossible to control for this. Inter-
observer variation is present for all measurements.
Interestingly, it was least for standing height.

As indicated earlier, differences between exam-
iners are inevitable in a large-scale anthropometric
survey. This is true regardless of efforts at control
and,or elimination. The extent of variation between ob-
servers should, howeirer, be noted and reported! Error
introduced by multiple observers, i.e., differences be-
tween examiners, have two apparent effects: first, they
intrease variable error, but second, they reduce the
probability of a systematic error. being introduced into
the measuring process by idiosyncrasies of individual
observers. An increase in the variable error must be
tolerated to achieve a reduction of probable systematic
et ror. Although variation is apparent in the present
analysis of replicate measurements, the general im-
pression is one of reasonable consistency in the.meas-
urement process utilizing multiple examiners. Com-
parativet data from other large -scale anthropometric
.surveys of children are apparently... not available.
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