AN EVALUATION OF THREE GROWTH NORMS

Thests for the Degree ofliEd. DL
MICHIGAN STATE UNIVERSITY
H. Weldon Frase
1958



THESIS

This is to certify that the

thesis entitled

AN EVALUATION OF THREE GROWTH NORMS

presented by

H. WELDON FRASE

has been accepted towards fulfillment
of the requirements for

Doctors degree in_Foundations
of Education

(M Dcdeans

Major professor

Date FEDTUATY 18, 1958

0-169




AN EVALUATION OF THREE GROWTH NORMS

by
H. WELDON FRASE

AN ABSTRACT OF A THESIS

Submitted to the School for Advanced Graduate Studies of
Michigan State Unlversity of Agriculture and
Applled Science in partial fulfillment of
the requirements for the degree of

DOCTOR OF EDUCATION

Department of Foundations of Education (Child Development)

1958



2

H. WELDON FRASE ABSTRACT

Introduction

In studies of chilld growth and development the sub-
Jects are measured in a varlety of ways. Such characteris-
tics as height, welght, bone development, abllity to read,
and mental abllity are checkecd. According to the organismic
point of view, each or any of the measures can serve as
manifestations of the unique growing pattern of the indivi-
dual child. Since the units for the different measures
appear as inches, pounds, polnts, 1t 1s difficult to discern
the underlylng unity.

To bring varled measures Into relationship with each
other, a common cdenomlnator 1s necessary. In some studles
all measures are translatecd Into months and are referred to
as helght ages, welght ages, dental ages, reading ages, and
mental ages. In other studies measures are translatecd 1Into
percentage of maturity. To arrive at a common unit of
measure, a standard 1s often necessary. An acceptable
standard must provide a consistent base for comparison.

The purpose of this study was to test three commonly
used standards or norms. The three norms tested were the
Olson-Hughes helght-age and weight-age norms, the Millard-
Rothney height and weilght norms, and the Mid-child in the

group as proposed by Stuart Courtis.
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The Cases Studiled

Three groups of children were selected for whom at
least five years of longltudlinal height and welght measures
were avallable. All of the cases in the study were measurec
in schools at mid-year from the first grade through the
fifth grade. Cases were taken from Holt, a small community
comprised largely of skilled and unskilled workers; from
East Lansing, a residential suburb comprised predominantly
of professional, and managerial personnel; and from the
Harvard data collected in three towns near Boston where the
populations were generally workers and trades people. The
Holt and East Lansing cases represented children currently
in school whereas the measures in the Harvard Study were

made between 1921 and 1926.

Techniques of Study

The height and weight measures of each of the
chlldren were compared to each of the norms for each yearly
age level. The hypothesls of the study was that the norm
which reflected the greatest consistency, or the least
variation would be considered as the most realistic in
terms of the growth patterns of boys and girls.

Comparisons between the cases and the norms were
made in two ways. First the increments of growth between
Yyearly measures were compared wlth the changes 1n each norm

during the same yearly intervals. Variations between the
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norm increments and the child's increments were totaled for
the five year perliod. Total variations, mean varlations,
and standard deviations were determlned for the comparisons
of the girls with each norm and for the boys as compared
with each norm.

The second comparison was made 1n terms of parallel-
ism of the child's individual pattern to the pattern of the
norm. Perfect parallelism would occur 1f each measure of
the child was one pound or one inch less or more than the
norm for each yearly interval. Varlatlon from the parallel
was totaled for each child as compared with each of the
norms. Results were totaled, means, and standard deviatilons

computed for each group of boys and each group of girls.

Summary

The results of the study may be summarized as follows.
Combining all of the comparisons of the childrens' helghts
with the norms, the smallest mean variation occurred for the
Mid-Chilé in nine of the twelve comparlisons. The Millard-
Rothney norm showed the smallest mean variation 1in two
comparisons. The Olson norm showed the smallest mean
varlation 1n one 1nstance.

The difference between means was significant in five
of the comparisons, four of these cases were those in which
the Mid-Child reflected the smallest variation and one where

the Millard-Rothney norm reflected the smallest variation.
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In the comparisons of the childrens' welghts to the
norms, the Olson norm reflected the smallest mean variation
in six of the twelve comparisons. The Millard-Rothney norm
reflected the smallest variatlion 1n five of the comparisons.
The M1d-Child standard reflected the smallest variation in
one comparison.

The differences between the means were significant 1n
three of the twelve comparisons. In two of the instances of
significance the Olson norm showed the smallest variation,
and 1n one instance of significance the Millard-Rothney norm

showed the smallest variation.

Conclusions

Since this study indicates that nelther the M1d-Child,
the Olson-Hughes growth ages, nor the Mlllard-Rothney norms
maintalined a superiority in reflecting the height and welght
changes in boys and girls, and since 1t can be seen by
Inspection that the differences between the three standards
at any single point can be as great as two inches or five
pounds, 1t must be concluded that comparisons to any of the
three norms are but very general estimates.

The norms tested did not meet the Important criteria
for an acceptable standard, that it must provide a consistent
base for comparison, therefore, for precise interpretations
of individual growth trends, better standards must be devel-

oped or other methods of analysis employed.
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CHAPTER 1T
INTRODUCTION

Competence 1in any line of endeavor is structured upon
a thorough understanding of the materials with which the
occupation ceals. The mechaniczl engineer must know well
his metals, how they react to being pulled, pushed, squeezed,
or twisted. He must also be able to determine precisely the
effects of the various forces acting upon the works which
are fabricated. The geologlist must understand the compo-
sition of the earth's surface, the meaning of 1ts contours,
and the varied combinations of rocks and soils comprising
the various strata.

Understanding 1s equally necessary for one who is
interested in the cdevelopment of the human being. In order
to deal adequately with the shaping of the lives of people
whether 1n the field of medicine, social work, child care,
guidance, or education, it is necessary to know about

1,2

patterns of growth. Olson states:

The changes that occur with age have always
facinated parents, teachers, and sclentists. An

lcecil v. Millard, Child Growth and Development
(Boston: D. C. Heath and Company, 19517, p. 10.

2Elizabeth B. Hurlock, Child Development (New York:
McGraw-H11ll Book Company, 1950), p. 133.




understanding of these changes and of the influences
that produce them has become an 1ndispensablg par%
of the preparation of all who work with children.

The way people grow may be ldentified 1In a number of
ways. By direct observatlion certaln stages may be seen such
as the progress 1in an infant's growth from turning, to
sitting, to crawling, to walking. Anc llkewise the pattern
of change 1n size may be observed. Notation of observations
may be recorded periodlcally, and from the notations general
patterns discovered. Notice may be taken of sounds, move-
ments, skillls, actions, and reactions. Each or all glve
clues to patterns of growth merely by employlng careful,
periodic observation.

Sequentlal observations often reveal much about the
patterns of growth. The physician not only recognizes the
symptoms of a fever by observatlion but employs a thermometer
for a more accurate check. The cilvll englneer can see a
rise 1n the terrain but uses a transit when accuracy 1s
needed. And so with patterns of growth, when greater
accuracy 1s needec more accurate measures must be recorded.

Varlous grovith of individuals can be measured.
Height, weight, length and number of bones, strength of
grip, and the abllity to perform a number of varied tasks,
all can be recorded as numerical dlmensions or scores. Each

growth may be expressed 1n somewhat different terms than the

3w111ar'd C. Olson, Child Development (Boston: D. C.
Heath and Company, 1949), p. 3.
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{
others, helight 1n inches, grip in pounds, but each 1In 1itself
reflects a single over-all deslign. It has been hypothesized
that there exists a basic growth pattern for the total

organism.u’B’O

Each of the various measures express some-
thing of a baslic underlying unity. When all measures are
viewed together unity becomes evident. However, this 1is
true only when the various dimensions are expressed in com-
mon unlts of measure. To deal with unllke parts, a common
denominator must be discovered. Likewlse, if inches, pounds,
months, and grade polints are to be related, a common denom-
inator or unit must be derilved.

To arrlve at a common unit, a standard 1s necessary.
Standards for the basic unlts of measurement are carefully
guarded in the major centers of government. A world stan-
dard for measuring the passage of time 1s maintalned at
Greenwich, Englancd. The surveyor makes his calculations
from a bench mark. All measures, then, are in terms of this
standard.

An acceptable standard must provide a consistent base
for comparison. Many standards remailn static such as the

length of an inch or a meter ané the welght of a pound or a

"Millard, op. cit., p. 18.

501son, op. cit., pp. L0, 177.

6Stuart A. Courtis, "Toward a Science of Education"
(unpublished mimeographed booklet, Detroit, Michigan, 1951),

p. 13.
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gram. Other standards such as height, mental age, achieve-
ment are continually in flux. Whether static or in flux,
the best standard 1s that one which most consistently and
most accurately serves its purpose.

In studies of human growth and development, a number
of norms have been estatllished and used. Olson and Hughes
have cderived norms for converting appropriate measures to
growth ages. By their utilization all data may be recorced
in months.7 Helignt age, welght age, carpal age, mental age,
reading age, or ecucational achlevement age, all may be
expressed 1in the same unit, the month. All may be graphed
on the same scale so that a more complete picture of the
total child may be seen.

"National" norms have been derived for most of the
commonly used mental and achlevement tests. Millarcd and
Rothney derived norms for the physical measures of helght
and weight based upon measures collected 1n many sections
of the nation.

Courtis has recently proposec a different method as

8 Since the

a base for comparison of growth measures.
averaging technique tencs to cancel out individual variations,

and mass measures conceal the uniqueness of the individual,

7Willar’d C. Olson and Byron O. Hughes, Manual for
the Description 92 Growth Age Units, Ann Arbor, Michlgan,
1950, p. 2.

8Stuard A. Courtis, "The Status Index as a Measure
of Individual Differences," The Twelfth Yearbook of the
National Council on Measurements Used in Education, Part
Two, 1955, pp. 61-67.
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he proposed basing the standard upon the pattern of a single
selected normal child. The indlvidual selected 1s the mid-
chilld iIn the group. According to hls reasoning there
normally are more children approximately like the mid-child
than any other child in the group.9

That the three standards Jjust mentlioned are different
from each other can be reacily determlned. At eighty-seven
months the Millard-Rothney norm for height 1s 49.2 inches,
the Olson norm for the same age 1s 48.3 inches, and the mid-
boy in the selected group of the Harvard data 1s found to
be 47.1 inches. The two inches difference between the ex-
tremes represent for many individuals two years of height
growth. Since the standards differ in both the 1ncrements
of increase from year to year as well as 1in total con-
figuration, 1t can be ussumed that the three are not equally
realistic in terms of the way the human organism grows and
develops.

To test the three norms the writer selected three
groups of children from different school settings for whom
at least five years of height and welght measurements were
available.lO In all instances measures were teken at mid-
year from the first through the fifth grade.

Thirteen girls and thirty boys comprised the cases

selected from the Holt schools. The olcdest boy was born

91bid., pp. 61-67.

10see Chapter T1II for detalled description of the
three groups.



May 12, 1943, the youngest boy was born December iu, 1944,
which 1s a span of nineteen months in ages. The oldest
girl was born March 12, 1943, and the youngest girl Decem-
ber 25, 1944, a span of twenty-one ané one-half months in
ages.

Holt 1s a small town under 10,000 residents. The
population 1s comprised precdominantly of industrial workers
who are employed 1n a nearby larger town. Generally the
homes range within the lower to the middle economic brackets.

The second group was taken from East Lansing, Michi-
gan, a community on the higher end of the economic scale.
East Lansing 1s the seat of a large State Unilversity and is
also a residential suburb where many of the professional
and managerial personnel from nearby Lansing have homes.
Flnanclally, the population ranges from the middle to upper
brackets. There were twenty-five boys born between June 9,
1944 and November 29, 1945, a span of about seventeen and
one-half months. There were seventeen girls born between
January 1, 1945 and November 23, 1945, a span of about
eleven months. The measurements for these children were
recorded between the first and fifth grades in school.

The third group was selected from the Harvard cases
where measurements were recorded for school chlildren of the
generation preceding the two previous groups. There were
nineteen boys and twenty-one girls in the group. The boys
were born between September 16, 1915, and November 15, 1915,

a span of two months. The girls' birth dates fell between



September 1, 1915 and November 31, 1915, a span of three
months. Here 1t was necessary to take a larger span of
months for girls than for the boys to 1nclude a suffilcient
number of cases. Since the Harvard study 1includes a larger
number of cases, 1t was considered desirable to select
children who were as nearly as possible to the same chrono-
logical age.

The data for the Harvard study were collected 1n
several small towns 1n the Boston area. Children were
generally from the lower economlc groups and from varied
ethnic backgrounds.

These groups were selected for the study because they
came from distilnctly different environments. Children were
chosen from low, middle and high economic families. A
portion of the cases were from the densely populated New
England seaboard in contrast to those from a small town
and a suburban mid-western community. Two of the groups
represent the recent, growing school population while the
third group 1s from a generation born thirty years earlier.
Due to the scarcity of longlitudinal data, 1t was not possible
to obtain samplings which could accurately represent the
growth of children throughout the United States. However,
the cases selected to meet the particular age, and sequence

11

requirements of this study were drawn from the most

llHeight and welght measures made yearly in January
on children from their sixth to eleventh year of age.



comprehensive longitudinal data which were available. By
choosing these groups from distinctly different environ-
mental settings, 1t was posslible to avoid the bilas which
might be suspected when a study is taken from a single
school or community.

Comparison of the cases to the norm will be carried
out iIn two ways. First, the yearly increments from each
measurement to the next will be compared with the increases
of the norms during the same periods of time. For example,
the child grows in height from forty-six inches to forty-
eight 1nches from the first grade measurement to the second
grade measurement. The norm for those ages changes from
forty-eight inches to fifty-one inches. The chilld has in-
creased two inches while the norm has increased three
inches. The child's growth was one inch less than the
change in the norm.

The second comparison will be made to check the
degree of parallelism of the child to the norm. In other
words, how closely does the child's growth pattern follow
the pattern of the norm? If the child's helght (hypothetical
case No. One) measures were 49, 50, 51, 53, 55, and the norms
for the same time were 48, 49, 50, 52, 54, the chilld would
be growing in exactly the same pattern as the norm. Another
child (hypothetical case No. Two) whose measurements were
47, 48, 50, 53, 56, would be following a pattern of helght
growth which was different than that of the norm. Variations

from the point of mid-difference then result in a measure

Oof parallelism.
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The study shall compare the height and welght growth
patterns of the selected cases to three norms, Millard and
Rothney norms as derived from data complled by the United
States Department of Health, Welfare and Education, the
norms derived by Olson and Hughes, and the norm based upon
the measurements of the mid-boy and mid-girl 1n each group.
The hypothesis on which the study rests may be stated as
follows: The norm which reflects the greatest consistency,
or the least varlation will be considered as the most

realistic in terms of the growth patterns of boys and girls.



CHAPTER II
HISTORICAL BACKGROUND

Man has been interested in the measurement and rel-
ative size of the body as far back as the early histories
report man's progress. Goliath of Gath was described as

’

having a height of six cubits and a span. In an attempt
to find the right proportions for the human figure, Indian,
Egyptian, Greek, and Roman sculptors took numerous body
dimensions of many individuals in order to obtaln averages
or typical body proportions. Over perliods of time, concepts
of ideal proportions varied. The Greek spear thrower, a
fighter and an athlete was broad shouldered, thick set, and
square chested, as the perfect man. As the arts of civili-
zation became more gentle, however, grace more than rug-
gedness appealed to the Greeks; and the 1deal man became

3

slencer, graceful, and skilled. This Interest has con-
tinued through the years up to current times. Prior to 1900,
measurements were reported on the growth in slze of indivi-
dual children, but there was a lack of recorded data on

groups of children.

lSamuel 17. 29 feet, 9 inches

3H. Harrison Clark, The Application of Measurement
to Health and Physical Educatlon (New York: Prentice-Hall,
TneT, 719457, p. &,
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It was not until systematic collections of measure-
ments were made that "normal" or "average" could be deter-
mined other than by guess. Consequently, around the turn
of the century, 1lnvestlgators began to report measurements

on groups of children.u

From the early collections of
measurements, normal or average status in helght and weight
was determined by statlistical averaging techniques. A
number of tables were presented which incicated norms of
height and weight for chronological age.5’6

With usage of such tatles, 1t was discovered that
many apparently healthy, growing Indivicduals d1é not conform
to them. Eilther helght or welght or both fell below or
above the norm for the child's age, or the welght radically
differed from the normative figure for helght and age. Even
though, in some cases, the departure from the norm indicated
a disturbance in growth patterns which could be traced to
some deprivation, enough healthy individuals ceviated to

make the norms seem highly questionable.7

YBird T. Baldwin, "Physical Growth of Children from
Birth to Maturity," University of Iowa, Studies in Child

Welfare, Vol. I, No. I (1921), p. Li2.

5B. T. Baldwin, T. D. Wood, and R. M. Woodbury,
Welght-Height-Age Tables for Boys and Girls of School Age
(New York: American Child Health Assn., 1923), passim.

6Horace Gray, "Welght-Height-Age Tables for American
Adults and Children," The Cyclopedia of Medicine, Sec. Ed.,
Vol. XV (1940),pp. 1052-10%0C.

TCec1l V. Millard, Child Growth and Development
(Boston: D. C. Heath and Company, 1951), p. 2.
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In orcer to account for the cdeviations, investigators
followed a number of paths. It was readily seen that con-
sideration had to be glven to age and sex. Dearborn and
Rothney reported that early measurements were taken under a
great variety of conditions and that methods were completely
unstandardized. They proposed more rigid methods of measure-
ment employing several trained anthropometricians working
separately. When the measures made by three people falled
to agree within prescribed limits the process was repeated
until closer agreement was attained.

Dearborn and Rothney Indicate that measurement over
clothing was responsible for some variabllity. Clark made
a study of measurements mace with and without clothing and
concluded that variablility was only slightly greater in
clothed subjects. 1t was clearly indicated, however, that
measurements were not comparable when some measurements
were upon clothed subjects and others upon nude subjects,
or when one measurement was made clothed and a later

9

measure was made with the subject nude.

8Walter F. Dearborn and John W. Rothney, Predicting
the Child's Development (Cambridge, Massachusetts: Sclence

and Arts PublIcation, 1941), p. 61.

9Gr'ace Clark, "Differences 1n Measurement Made in
the Nude and Clothed Children Between 7-9 Years of Age,"
Child Development, I (1930), pp. 343-345.
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0 dealt

Another direction of study reported by McCloyl
with differences 1n body type. Early anthropometric stand-
ards were based upon averages of measurements taken on many
types and bullds. 1In order to allow for deviations from the
norm, attempts were made to define a number of characteris-
tic bodily categories. Classifications varied from two to
four bocdy types. Each investigator used somewhat different
terminology, however, in essence they ranged from "tall thin"
on one end of the scale to "short stocky" on the other end.
The intermediate types were termec "normal,'"athletic," or
"muscular." Kretschmer, for illustration, labeled his types

nll Others used differ-

"asthenlc," "athletic," anc "pyknic.
ent names with similar meanings.
Meredith contendec that the proper use of norms
depended upon a knowlecdge of where and how the norms were
derived. Such things as sex, geographic location, ancestral

background, socio-economic status, dlet, health care, and

general condition of the subjects were important variables

10c arles H. McCloy, "Appraising Physical Status the
Selectlion of Measurements," University of Iowa Studles,
XII, No. 2 (March 15, 1936), passim. -

g, Kretschmer, "Physique and Character: An Invest-
igation of the Nature of Constitution and of the Theory of
Temperment," translated from the rev. and enl. ed. by W. J.
gé Sﬁrott (New York: Harcourt Brace, 1926), pp. xiv, 266,

..3.
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to be consldered when norms were to be employed.lg’13

The 1dea of body type or bulld was further pursued by
Wetzel, who plotted height, welght, and age upon a grid. As
the individual child's measurements were plotted, radical
departures from the orlginal channel were to indicate nu-
tritional éifficulty.:

The search continued for other nutritional or bodily
indices for more accurate assessment of optimal bodily
dimensions. Bayer and Gray plotted helght against welght
and against bi-iliac cdilameter (hip width) to indicate
normal 1imits.15

Stuart and Meredith determined channels based upon
five different measures: helght, weight, chest circum-

ference, hip width, and leg girth.l6

12Howard V. Meredith, "Body Size Norms for Children
Four to Eight Years of Age," Journal of Pedlatrics, 37
(August, 1940), pp. 183-89. —

3Howard V. Meredlith, "Anthropometric Measurements
on Towa City White Males Rnglilng in Age Between Birth anc
Eighteen Years," University of Towa Studies, XI, No. 3
(February, 1935), passim.

1L‘Nor'man C. Wetzel, "Physical Fitness in Terms of
Physique, Development, and Basal Metabollism: With a Gulde
to Individual Progress from Infancy to Maturity: A New
Method for Evaluation," Journal of the American Medical
Association, 16 (1941), pp. 1365-13806.

151, M. Bayer and Horce Gray, "Plotting of a Graphic
Record of Growth for Children, Aged from One to Nineteen
Years," American Journal Diseases of Chlldren, 50 (1935),
pp. 1408-1017. T "

164, ¢. Stuart and H. V. Meredith, "Use of Body
Measurements in the School Program," American Journal Public
Health, 36 (1946), pp. 365-386.
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It seems that each of the evaluative techniques had
supporters and rejectors. Kallner contends that deviation
from the normal channel on a grid need not imply a health
disorder or permanent deviation from normal physique. He
clalmed that developmental deviations based upon the grid
methoé of analysis are not at all rare and can lead to
diagnostic error.17

Krogman belleves that the grid method might serve as
a useful tool in some situations. When used with under-
standing and care, the method provides a rapid screening
device for teachers, pecdlatriclians, or research persons.
By merely recording height and weight one-in-three of the
real or potential growth fallures can be identified, and in
these cases provides the therapist with a graphic, dynamic
standard of assessing degree and extent of recovery in
helght welght balance.lS

Earlier McCloy had used about the same measures to
form norm tables based upon multiple regression formulae.
With four variables it was necessary to read first from a
table comparing height and hip width, then take the figure

from the table comparing chest circumference and knee width.

17y, Kallner, "Growth Curves and Growth Types,"
Annals Pediatrics, 177 (August, 1951), pp. 83-102.

l8w11ton Marian Krogman, "A Handbook of the Measure-
ment and Interpretation of Helght and Weight in the Growing
Child," Monographs of Society for Research in Child Develop-
ment, XITI, No. I8 (19438), pp. bl-63.
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The two were combined to arrive at a single normal welght
figure.19
Massler and Suher discovered that normal weight could
be qulte accurately determined by using height and calf
girth, measurements which could be accurately and easily
macde. Norms were compiled as nomograms making possible the

determination of icdeal welght without mathematical compu-

tations.eo

During the search for accurate assessment and pre-
diction of status, interest was also generated in growth
trends. A number of research centers began collecting data
on the same children as they grew older. Some of the
notable studies were the Iowa Studles started by Baldwin
and continued by Meredith, the Harvard Growth Scudy by
Dearborn, and assoclates, the Brush Foundcdatlon Studies of
Cleveland Children started by T. W. Todé, studles at the
University of Californla Institute of Child Welfare by Nancy
Bayley.21 Acditlonal longitudinal growth studles have been

under way at the Unlversity of Mlichigan under Olson and

9¢charies H. McCloy, "Appralsing Physical Status:
Methods and Norms," University of Towa Studies, XV, No. 2

(1938), pp. 105-114,

2OMaury Massler and Theodore Suher, "Calculations of
'Normal' Weight in Children by Means of Nomograms Based on
Selected Anthropometric Measurements," Child Development,
22 (June, 1951), pp. 75-94.

21Nancy Bayley and Harold Carter, Section of Physical
Growth, Encyclopedia of Educational Research, edited by
Walter S. Monroe, (revised edition; New York: MacMillen Co.,

1950), pp. 153-156.
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and Hughes, and at Michigan State University, studies on
Dearborn and Lansing children under Millard ané the Holt
stucdy under Millard and Delong. These and others furnished
cdata for 1nvestigations for growth trends.

From these studies it was noted that growth 1s orderly
and follows well defined sequences of changing sizes and
proportions and physiological functions. 1In the area of
physical growth 1t was dlscovered that there was need to
know about the average growth trends to be expected with
age changes. A few years ago 1t was equally important to
know in what ways and to what extent normal individuals
might differ from these averages.22

The literature 1Indicates wide divergence of opinion
as to the place of norms 1n respect to indivicdual growths.

In tests of achlevement and intelligence, norms have
been provided to make scores comparable for varied age and
performance levels as well as to iIndicate typical perfor-

mance.23’ ok, 25,26 The assumptilons 1in the testing manuals

221pig.

—

23Calif‘or'nia Test of Mental Maturity, California Test
Bureau, 5916 Hollywood Boulevard, Los Angeles 28, California.

2anLnt:ner' General Abillity Test, World Book Company,
Yonkers on Hudson, New York.

25Stanf‘or'd Achievement Tests, World Book Company,
Yonkers on Hudson, New York.

26Kuhlman-Anderson Tests, Educational Test Bureau,
Minneapolis, Minnesota.
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is that the norm furnlishes an accurate pattern for assessing
intellectual or academlc growth of individual children.

In a summary regarding norms Herbert S. Conrad
upholds the importance of them 1in making dependable inter-
pretations of indlvidual and group measures. However, he
cautions that difficulties arise when 1t is assumed that
the characteristic or variable considered represents a pure
continuum, a continuum of quantitative differences exclu-
sively. With thils assumption, qualltative change 1s not

consider‘ed.27

A number of writers flatly state that norms based
upon the statlstical averages taken from measurements upon
a number of different organisms even though the number is
large may not be considered as characterlstic of any indi-

vidual organism.28’29’3o

Millard reports that norms have value 1n that they
reveal growth tendencles within groups, races, populations,

and either of the sexes. He suggests that mislnterpretation

27Herbert S. Conrad, Encyclopedla of Educational
Research, edited by Walter S, Monroe (revised edition; New
York: MacMlllan Company, 1950), pp. 795-801.

28

Ibig.

29Margaret Merrill, "The Relationship of Indivicdual
Growth to Average Growth," Human Biology, 3 (1931), pp. 37-
70.

30Reuben R. Rusch, "The Cyclic Pattern of Helght
Growth from Birth to Maturity" (unpublished PhD thesis,
Michigan State University, East Lansing, Michigan, 1956),

pp. 9-12.






often results when prediction and analysis of individual
growth rhythms are made based upon normative data.>?!

Olson adds:

Investigators 1n chlld development have become wary
of making statements concerning what 1s average or
normal. Even when great care 1s taken in the choilce
and range of children measured, there are so many
varliables that a true cross-section of the population
is unattainable. Very often the children reported
upon are those who are avallable as subjJects for study
wlthout extraordinary investments of time and money.32

Dearborn ané Rothney conclude that there 1s so much

overlappling of measurements for various age groups that
deviation from the average 1in any physical measurement is
unimportant for any given individual. They feel that Judg-

ment of physical status should be made 1n relation to a

20

child's physical status In the past rather than to arbitrary

group standards.33
Courtls suggests a reason why mass statlistics or

norms based upon cross-sectlional data often polnt to mis-

leading conclusions. He states that the 1lnnate differences

which made 1individuals 1In the population hetrogeneous are

chance and often are averaged out.34’35

31Milard, op. cit., p. 59.

324111ard Olson, Child Development (Boston: D. C.
Heath Company, 1949), p. I4.

33pearborn and Rothney, op. cit., p. 343.

3L‘St:u::u’*t A. Courtis, "Personalized Statistics in
Ecucation," School and Soclety, May 1955, p. 171.

35Cec11 V. Millard, School and Child (East Lansing,

Mich.: Michigan State College Press, 1954), p. 178.
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In a graphlic representation, Shuttleworth observed
that when height measures from cross-sectional norms were
charted, they resulted 1n smoothly rounded curves. When
graphs were made based upon measures of individual children
who were simlilar 1n age, sex, and background, curves
followed paths qulite different from the norm cur‘ves.36

Shuttleworth conclucdes: "Indivicdual variations which
might be significant when relatec to other measures or ob-
servations are averaged out In the formation of norms." 3/

When Delong comparec groups of children using both
cross-sectional and longitudinal methods, he discovered
that the mean described only a very small portion of the
cross-sectional group.38 He found that no children were
precisely described by the helight mean. Reasoning that this
requirement was qulte rigid, he expanded the measurement
above and below the mean score. It was only when he in-

- clucded measurements one inch above the mean and one inch

below the mean that up to twenty-five per cent of the group

could be described. Two 1inches difference at third grade

36Frank K. Shuttleworth, "The Physical and Mental
Growth of Girls and Boys Age Six to Nilneteen 1n Relation to
Age at Maximum Growth," Monographs for Research in Child
Development, IV, No. 3, Washington, D. C., 1939, passim.

371bi1d.

38Arthur R. DeLong, "The Relative Usefulness of
Longitudinal and Cross-sectional Data" (from a mimeographed
copy of a paper presented to the Michigan Academy of Science
Arts, and Letters, March 26, 1955), 10 pages.
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level represented fourteen months of height growth for boys
according to the Olson-Hughes growth ages. Delong also dis-
covered that when longltudinal data were regroupec according

to sex and age, that the mean and ranges of scores were

quite different from those based upon the total group. The

data clearly indicated to DeLong that: "The cross-sectional

method can be used only when gross comparisons are desired.
Longitudinal methods are necessary for descriptive purposes."39
DelLong's investigation of longitudinal and cross-

sectional data can be considered only a survey or pilot

stucdy of the question, first, because the data were drawn

because the intent
40

from but a single situation and seconcly,
was merely to test the feasability of such a study.

Hurlock refers to the question of relative usefulness

of standards based upon cross-sectional as opposed to longi-

tudinal data when she writes: '"Whether norms based upon

cross-sectlonal cdata are more realistic than norms based

upon longitudinal data has not been subjected to scilentific

investigation."4l

Courtils proposec a third type of norm or standarc for

use with measurements upon growlng children.uE In order to

escape the danger of the indivicdual becoming submerged in

40

39Ibid. Ibid.

"1E11zabeth B. Hurlock, Child Development (New York:
McGraw Hill Book Company, 1950), p. 27.
b2stuart A. Courtis, "The Status Index as a Measure

of Individual Differences," The Twelfth Yearbook of the
National Council on Measurement Used in Education, Part II

(I955), pPp. O1-67.
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the mass, he suggests that a single normal child be selected
as a standard.u3 The standard then 1s real followlng a real

Ll The

pattern not one which was mathematically derived.
norm in this case always describes at least one growing
chlld, whereas DelLong dlscovered that frequently a cross-
sectional norm actually described no child in a group.u5

To arrive at the norm the mid-child in a group of
children similar 1n age, sex, and grade 1s picked. All
other chlldren in the group are thus compared to the scores
or measurement of the mid-child.“® courtis claims that this
procedure provides a simple, direct, and accurate method cf
assessing individual differences 1n growing children.

The literature 1ndicates the sustained Interest in
the measurement of the human body and with the interest, the
need for a norm or standarc for examining indivicdual status
as well as progress. There seems to be conslicderable differ-
ence of opinilon as to the type of norm which most realls-
tically reflects the growth patterns of real boys and girls.
The literature 1indicates no stucdy which has been conducted

to compare the growth patterns of real groups of children

with several types of norms.

4
3Ibid.

PR

qubid.

Y5peLong, loc. cit.

Courtis, loc. cit.



CHAPTER III
A DESCRIPTION OF THE DATA AND NORMS EMPLOYED

In order to test the hypothesis presented in Chapter
I, [The norm which reflects the greatest consistency, or the

least varlation will be consldered as the most realistic in

terms of the growth patterns of boys and girls.] it was nec-

essary to use accurate measurements, and norms or standards
of a type commonly chosen by those studying andbworking in
the field of child growth and development. A careful de-

scription of the cases and norms employed 1n this study

follows.

The Holt Cases

One of the most recent and comprehensive collectlons

of longitudinal Information was gathered in the Holt public

schools. The Child Development Laboratory of Michigan State

Unlversity sponsored and concducted the study.1 The study

was begun in 1950 and continued through the 1956 school
year. Observations and measurements were recorded according
to schedule on approximately three hundred elementary school

children.

lHo1t Study directed by C. V. Millard and A. R.
Delong.
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Aspects of the study included; physical health status,
height and welght, grip, motor skill, mental growth, peer
status, scholastic achlievement, and general personallty.
Helght and weight checks were made three times a year in
October, January, and May. The January measures were used
for this study. These data were taken under the close super-
vision of tralned graduate assistants in child growth and
development. Measures of the children at Holt were carefully
recorced and malntained in files at the Michlgan State
University Child Development Laboratory.

All heights and welghts obtalned were upon children
clothed 1n school apparel appropriate for the season. Shoes
were removed and heavy obJjects which were not consldered a
part of normal attire were set aside during the weighing
procedure. Helght measures were read to the closest one-
elghth inch and weights to the closest one-elghth pound.

Of the seventy-seven children who were enrolled in
the first grade 1In 1950 at the beginning of the study, com-
plete helght and welight records for the five year perilod
were avallable for thirteen girls and thirty boys.

The birth dates of the boys fell between May 12, 1943
and December 14, 1944, a span of approximately nineteen
months. The girls' birth dates were between March 12, 1943
and December 25, 1944, a period of approximately twenty-one
and one-half months.

The ethnic backgrounds of the children at Holt were

much the same. All of the famllles 1In the study except two
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were of Northern European extractlon. One of the two cases
was from Southern European stock and the other of Jewlsh

descent. There were no Negroes 1n the group studled.

East Lansling Cases

The data for the East Lansing cases were taken from
the permanent record files of the Central Elementary School 2
The cases selected were from the class which began first
grade 1n the fall of 1950 and continued in the school for
the flve years which followed.

All measures were taken 1n January by classroom
teachers with the help of parents from the district. Shoes
were removed, otherwise the subjects were clothed 1n garments
appropriate for the season. All measures were taken to the
nearest one-fourth inch and one-fourth pound. There were
complete, five year measures for sixteen girls and twenty-
six boys.

The birth dates of the boys ranged from December 21,
1944 to November 29, 1945, a perlod of approximately eleven
months. The oldest girl was born January 1, 1945, and the
youngest girl was born November 23, 1945, a range of nearly
eleven months.

Information about ethnic origin was not in the East

Lansing school filles. However, 1t can be safely assumed

2Data obtained under the guidance of Gordon Holmgren,
Director of Elementary Education.
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that a very hign percentage of the school population was of
Northern European descent. An examination of the surnames
of the chilldren indicates that all of the forty-two were
names associated with Northern European countries. Needless
to say 1t 1s possible that a few mothers or grandmothers
could be Southern European or Jewlish. There were no Negroes

in the group.

Harvard Cases

The Harvard Study was based upon measurements on ap-
proximately three thousand flve hundred chlldren who entered
first grade in three cities 1n the metropolitan Boston area
during the year 1922.3 Physical, mental, and scholastic
tests were administered at regular intervals over a period
of twelve years.u Particular care was taken to assure
accuracy 1In the anthropometric measures. Chlildren were
clothed, but shoes and bulky sweaters or Jackets were
removed. The Harvard data were recorded in metric units,
hence the height appeared in centimeters and the welight in

grams.5 All measures were performed three times by three

3Medfor‘d, Revere, and Beverly, Massachusetts.

MWalter F. Dearborn, John W. Rothney, and Frank K.
Shuttleworth, "Data on the Mental and Physical Growth of
Public School Children," Monographs of the Soclety for
Research in Child Development, 111, No. 1 (I938), passim.

51t was necessary to this study to convert the
Harvard data to inches and pounds in order that measures
for the three groups could be in comparable units.
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¢ifferent persons. Where measures differec by more than 1.1
grams or centimeters, the chlld was sent back for remeasuring.
When the three measures were within the 1.1 range, they were
averaged to determine the final recorded figures.6

The birth dates of the nineteen boys were from
September 16, 1315, to November 15, 1915, a span of two
months. The birth dates of the twenty-one girls fell
between September 1, 1915 and November 31, 1915, a span of
three months.

The ethnilc groups represented 1In the areas surrounding
Boston were of a greater variety and number than 1in elther
of the other groups. The total, original population of the
Harvard study was distributed in the following manner:
North European 63.2 per cent, Italian 24.4 per cent, Negro
and mixed 18 per cent, South European 4.2 per cent, and
Jewish 7.4 per cent.7 Twenty-nine of the cases selected for
this study were of Northern European stock, elight were of
Italian descent, two were Jewlsh, and one was Negro.

The three groups studled had several characterlstics
In common. All children were measured regularly while in
the first through fifth grades. All children were in public
Schools. The measures selected were those taken at mid-

winter time. Subjects wore clothing appropriate for the

6Walter F. Dearborn and John W. Rothney, Predicting
the Child's Development (Cambridge: Science Art Publishers,
1 lj’ pn 83.

"Ibid., p. 76.
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season, and shoes or any other unusually heavy sweaters or
jackets were removed. The data were considered 1in separate
sex groups. All measures were Interpreted 1n units of
inches and pounds to maintaln over-all comparability.

Differences also are to be noted. The East Lansing
and Holt groups were comprised predominantly of children
of Northern European extraction while the Harvard group
contained a mixture of ethnic backgrounds, although 1t too
was predominately of the Northern European groups. The
Harvard study represents the generation of children born in
the year 1915, while both Holt and East Lansing cases were
of the generation born in 1944 and 1945. The Harvard
children were all within three months of the same chrono-
logical age while children in the other two groups differed
by as much as twenty-one months in age. Chlldren from East
Lansing were from homes considered relatively high on the
soclo-economlic scale. The Holt cases were from the middle
and lower end of the socio-economic scale as were the Harvard
cases. World and national economic conditions were not quite
as prosperous during the early lives of the children of this
Preceding generation. It may be noted that all three groups

were war bables even though of two different wars.

Millard-Rothney Norms

In thelr work with longitudinal studies of chlldren
Millard and Rothney became dissatisfled wlth the existing

Cross-sectional height and weight tables. They decided to
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combine the best from the available studles to derive new
norms which would better reflect height and weight growth
patterns.

The Millard and Rothney norms were computed from data
complled by the United States Department of Health, Edu-
cation, and Welfare. Edgar Martin organized measures taken
from twelve studies made between 1922 and 1942. The orig-
inal studies envolved 300,198 children 1living in sixteen of
the forty-eight states and the District of Columbia. The
data were organlzed cross-sectionally into norms to be
employed by school officials, archltects, and design engil-
neers, for the purpose of planning school buildings, furni-
ture, and equipment.8 Mean stature and welghts were gilven
for boys and girls at yearly 1intervals from age four years
to sixteen years.

Millard and Rothney found 1t necessary to adjust the
mean figures to more closely represent longitudinal growth
patterns. It was llkewise necessary for the authors to
extrapolate mathematlically to obtain norms for monthly
intervals. Tables were organized into height ages for boys
and for girls and welght ages for boys and for girls. The
norms were first used in mimeographed form by Cecil V.

Millard in his work with students 1n child growth and

8w. Edgar Martin, Basic Body Measurement of School
Age Children (Washington, D.C.: United States Office of
Health, Education, and Welfare, 1953), pp. 1-12.
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development at Michigan State Universlity. Recently they
were presented 1In printed form for wilder distribution and

use.9

Olson-Hughes Norms

A second set of norms utilized 1n this study'were
derived by Olson and Hughes. They too became dissatisfled
with the exlsting standards, and declded to develop norms
better sulted to growing chilédren. The Olson-Hughes height
age and welght age tables were developed over a period of
several years experimentation. At the time of the early
studies of growing children, there were few avallable, long-
term, collections of longltudinal measurements. It was,
therefore, necessary to use cross-sectlonal data to serve
as a starting place. Since cross-sectional norms did not
completely satisfy the requirements of the lnvestigators,
they were revised to better represent the growth patterns
observed in the studies of children 1n the Unlversity of
Michligan Elementary School.lO

During the year 1938, B. 0. Hughes made an exhaustive
study of all of the avallable growth studles complled during

the preceding fifty years. Means and standard deviations

were complled for the total mass of data. The resulting

9Cecil V. Millard and John W. Rothney, The Elemen-
tary School Child, A Book of Cases (New York: Dryden Press
1957), appendix. -

10Information obtained by direct communication with
B. 0. Hughes, August 8, 1956.
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means were then used as the original Olson-Hughes growth
ages. The authors 1mmeclately suspected that the selected
norms were hlgh for the general population. A gradual
revision of the norms began which eventually resulted 1n
those presently used. 1l

The most recently publlshed Olson-Hughes height-age
and welght-age tables appear 1n a paper-bound manual which
was wrltten by the authors to help students iIn the study of

12,13 The height-age and welght-

growth through age units.
age filgures from these tables served as the Olson-Hughes

norms for thils study.

Mid-Chilc

The third type of norm employed 1n this study 1s the
Courtis Mid-Child Norm. Stuart Courtls advocated the mid-
chilcé as the standard to which others 1n a group might be
realistically compared. Courtls maintains that although
Statistical procedures are mathematically correct, con-
clusions are of no value when based upon a false assumption.

Mass statistics (upon which norms are generally based) have

1l1p14.

12Willard C. Olson and Byron O. Hughes, Manual for
the Description of Growth in Age Unlts (Ann Arbor, Michigan:
The Edwards Letter Shop, 19507, pp. 21-26.

13
Appendix B.
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been employed as if the measurements were made upon homo-
genlous groups.la

The false assumption which mass statistics always

makes when deallng with measurements of 1living creatures
1s that the factors which make the individuals in the
population hetrogeneous are chance and may be averaged
out. The fact_ 1s that 1ndividuals, all individuals,

are different.!

In orcder to escape the inherent errors of the
averaging process, Courtis suggests the use of the score or
measurement of the mid-child in a group macde as homogeneous
as possible in regard to age, grade, and sex. The measure-
ments of thls chlld may serve as a reallstic norm for the
particular group from which the child has been selected.
There are no false assumptlons since the standard 1s based
upon a real chlld not upon a mathematical central ten-
dency.l6’l7’18

For this study the mid-child was carefully selected
for the boys of each group and for the girls of each group.

The followlng procecdure was used to make certain that the

luStuart A. Courtis, "Personalized Statistics in
Education," School and Society, May 28, 1955, pp. 170-171.

151p14. 161p14,

1 personal communication from Stuart Courtis, April 18,

1956.

18Stuar't A. Courtis, "Marking Experiment Bulletin
No. 5, The Status Index" (Mimeographed paper, November 23,
1953).
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mid-child was the one who remained nearest to the middle of
the group over the five year perlod. The mid-boy 1in terms
of helght was determined at first grade level. Then each
child's measurement was recorded in points above or below the
mid-measurement. For example, Harvard Case 123M was the mid-
boy 1n the group with a height of 46.4 inches. Case 930M
had a first grade height of 46.3 and was recorded as -.l1 in
terms of the mid-heilght. Case 1863M with a height of 47.1
was recorced as +.7 1n terms of the mid-helght at first
grade. After all cases were recorded in terms of the mid-
child at each grade level, the amounts of varilation were
totaled to determlne the variation of each child from the
middle of the group over the five year period. The child
showing the least variation was selected as the standard or
mid-child. This process was repeated for the weights and
heights of each sex for each of the three groups studiled.

The three norms to be tested then are: the Mlillard-
Rothney norms based upon a wide compilation of studies and
organized by the United States Department of Health, Edu-
cation, and Welfare; the Olson-Hughes height and welght age
norms which largely reflect the growth trends of the children
eénrolled in the University of Michigan Elementary School; and
the miG-ch11ld in each group as proposed by Stuart A. Courtis.
The next step shall be to compare the heights and welghts
of children from the three selected longltudinal studles

Wlth each of the three standards.






CHAPTER IV

TECHNIQUES OF COMPARISON

In orcder to determine which of the norms was most
realistic in terms of the data, two methods of comparison
were devised. TFirst the 1Increment of change in each child
from one year's measurement to the next was compared to the
increment of change in the norm from one year to the next.
Secondly, the degree of parallelism of pattern between the
norm and each of the cases was determined. Even though the
results of the two methodés might be 1n close agreement, it
seems Judliclious to examine the relationship of the cases to

the norms from both points of view.

Increment Relationship

To determine the growth increments, each yearly
measure was subtracted from the measure of the following
year. This was done for each case. The 1increments of change
for the norm was determined by the same process. The dif-
ference between the actual child's yearly growth increment
and the increment of change in the norm was determined at
each grade level. Yearly differences were totaled for each
child over the five year period. This relationship can best
be comprehended by examining a single case represented 1n

graphical form. Notice Figure 2 where case H-0-114F has
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been compared to the Olson norm. The height norm, shown as
points on the solid line, for seventy-seven months of age
is 44.9 and for eighty-nine months the norm is 48.2. The
change for the twelve month period of time was 3.3 inches.
Case H-0-144F represented by polnts on the dotted line was
46.2 Inches at seventy-seven months and 49. inches at
eighty-nine months a growth of 2.8 inches over the year.

The difference between the increments of increase for the
year was 3.3 - £.8 or .5. The increase for the norm between
elghty-nine and one hundred and one months was 1.2 inches
and the increase for the case was 2.5 inches. The differ-
ence between the yearly increase of the norm and the case
was 2.5 - 1.2 or 1.3 1inches. From 101 months to 113 months
the increase for the norm was 2.3 and for the case the in-
crease was 3.6 with a difference between the two of 1.3
inches. Between 113 months and 125 months the norm 1ncreased
2.2 inches and the case increased 3.3 inches, with a differ-
ence between the two of 1.1 1inches. Over the five year
perliod, the difference tetween increments of increase in
height was .5 + 1.3 + 1.3 + 1.1 a total of 4.2 inches. The
4.2 inches represents in numerical terms the relationship

of increments of growth of the child to the Olson norms.
Similar computations were made to compare each of the

cases to each of the norms in respect to increments of

change.



Degree of Parallelism

To cdetermine the degree of parallelism between the

norm and the cases, the difference between the norm and the

case was determinec for each measurement. The mid-point of

difference was selected, and variation from this point

served as the measure of parallelism. Notice Figure 3, the

graphlic representation of a single case with 1ts variation

from the Olson norm. At seventy-seven months the difference

between the norm and case H-0-144F was 1.3 inches. At

.8

At

elghty-nine months the difference between the two was

inches. At 101 months the difference was 1.7 inches.

113 months the difference was 3.0 inches, and at 125 months

the difference was 4.1 inches. The mid-point was determined

by counting to the third measure starting with the smallest

amount of variation which was .8. The next larger amount

was 1.3, and the third iIn line from small to large was 1.7

or the mid-point. Perfect parallelism then may be repre-

sented by a lilne drawn parallel to the norm passing through

this mid-point. The shaded portion of the diagram (Figure 3)

represents the helght variation from the Olson norm for

case H-0-144F. The numerical amount of variation was deter-

mined by computing the difference between 1.7, the mid-

varlation and 1.3, the variation at seventy-five months

which was .4 inches. Next the difference was obtained

between 1.7 and .8 the variation at eighty-seven months,

which was .9 inches. Then the difference between 1.7 and

3.0 at 113 months was determined to be 1.3. And finally,
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the difference between 1.7 and 4.1 the variation at 125

months was found to be 2.4. The total variations from the

point of mid-difference was .4 + .9 + 1.3 + 2.4 or 5 inches.
Similar computations were made for each case in terms of
each of the three norms.

The computations explalned in the preceding para-
graphs translate the relationships of children's growth
patterns anc norms into numerical quantities. These
numerical quantitles lend themselves to statlistical inter-
pretation which in turn should give a clear measure of the

relative realism of each of the norms when compared to the

heights and weights of real boys and girls.



CHAPTER V

THE RESULTS OF THE COMPARISONS

Helght Varliations in Increment

East Lansing girls. The helight increments of the

sixteen East Lansing girls were compared to the increments

of increase of the three standards. When the mid-childé was

used as the standard the total five year difference between
the girls and the standarcd was 50.5 inches. The mean dif-

ference was 2.66 inches with a standard deviation of 1.23

inches.
Compared to the Olson-Hughes height norms as a stan-

dard, the total difference between the increments of change

in the norms and the increments of change from year to year

of the East Lansing girls was 57.4 inches. The mean incre-

ment difference was 3.00 inches and the standard deviation

was 1.25 inches.
When the East Lansing girls were comparec to the

Millard-Rothney norms in terms of helight increments, the

total difference between the 1lncrements over the five year

period was 61.4 inches. The mean difference was 3.26

inches with a standard deviation of 1.38 inches.

The smallest total difference and mean difference

as well as the smallest standard deviation occurred when
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the East Lansing glirls vere comparec to the mld-child. To
ascertalin the significance of the difference between the
means, the "t" test was used.l the mean difference derived
from the comparison of the cases to the mid-child was
checked with the similar mean derived from the cases when
compared to the Olson norm. The check revealed that the
¢ifference between the means vere not signiflicant. When
the micd-child mean was compared to the Millarc-Rothney mean
the result also was consicerecd not significant. The ciffer-

ence between the Olson and Millard means was not significant.

Harvard girls. The yearly helight increments of the

twenty-one girls from the Hurvard study were compared to

the yearly 1ncrement of increase of the three standards.

The cifference between the mld-child increments and the
helght increments of the girls totaled 29.00 inches over the
five year period. The mean difference was 1.38 inches with
a standard deviation of .77 inches,

When the heights of the Harvard girls were compared
to the Olson-Hughes norms, the total increment dilfference
was 38.9 inches. The mean difference was 1.85 with a
stancdard deviation of .71 1nches.

The comparison of the Harvard girls to the Millard-

Rothney norms in terms of helght increment resulted in a

lOliver' L. Lacy, Statistical Methods in Experl-
mentation (New York: MacMillan Company, 1953), p. 113.
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total difference of 26.5 inches. The mean difference was

1.26 inches with a standard deviation of .66 inches.

The smallest total difference as well as the smallest

mean difference occurred with the comparison to the Millard-

Rothney norms. The largest total difference and mean dif-

ference occurred with the Olson norms, while the mid-child

norm fell between the two.

The differences between the means were tested with

the "t" f‘or’mula.2 The difference between the means of the

Millard-Rothney and the mid-child were found to be not sig-
The difference btetween the Millard-Rothney and

.05

nificant.

the Olson means were found to be significant at the

The difference between the mid-chlld mean and the
.10 level.

level.

Olson mean wvere computed to be significant at the

Holt girls. Thirteen girls from the Holt study were

compared to the three norms iIn terms of height increments.

The total difference between the glirls and the mid-child

was 23.9 inches with a mean difference of 1.84 inches and

with a standarcé deviation of 1.11 inches.
When the helght 1ncrements of the girls were com-

pared to the Olson norm increments the total difference

between them was 33.1 inches. The mean difference was 2.55

inches with a standard deviation of 1.46 inches.

The total difference between the Millard-Rothney

norm increments and the helight increments taken between

21bid.

——
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yearly measures of the Holt glrls was 25.7 inches. The

mean difference was 1.98 inches with a standard deviation

of 1.04 inches.
Of the three comparisons the smallest total differ-

ence occurred when the Holt girls were compared to the mid-

child. The Millard-Rothney comparison showed a slightly
larger total difference. The Olson-Hughes showed the

largest total difference. The mean cdifferences of course

reflected the same relatlonship as the totals.

When the significance of the means were tested by
the "t" method, the differences between the means were not
significant in any of the cases.3 The difference between
the mid-child mean and the Olson mean was not significant.

The difference between the mid-chlld and Millarcd-Rothney

means was not significant. And, the difference between

the Olson and the Millard-Rothney means was not significant.

Summary. It could be reacdily seen that the mean dif-

ferences between the height increments of the girls when

compared to the increments of 1ncrease of the three norms,

showed a slightly smaller variatlion when cases were con-

However, when the dif-

it

trasted to the mid-child standard.

ferences between the means were tested for significance,

was discovered that in the majority of the comparisons the

differences were not significant.

31b14.
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East Lansing boys. The twenty-flve East Lansing boys

were compared to the standards with the following results.
The total difference between the East Lansing boys and the
mid-chilé was 78.6 inches. The mean difference was 3.14
inches with a standard deviation of 1.54 inches.

The total increment difference between the boys and
the Olson-Hughes norms was 76.9 inches with a mean differ-
ence of 2.96 1nches with a standard deviation of 1.12 inches.

The difference occurring with the Olson norm as stan-
dard was the smallest. When tested by the "t" method the
difference between the micd-child and the Olson means was

not significant. The cdifference between the mid-child and

the Millard-Rothney means was not significant, and the dif-

ference between the Olson and Millard-Rothney norms was

also not significant.u

Harvard boys. The nineteen Harvard study boys when

contrasted with the mid-child showed a total 1ncrement
variation of 21.8 inches. The mean variation was 1.15 with
a standard deviation of .58 inches.

In the comparison to the Olson-Hughes standard the
total difference was 21.7 inches. The mean difference was
1.67 inches with a standard deviation of .64 inches.

The total difference between the heights of the
Harvarg boys and the Millard-Rothney standard was nearly
the same as in the Olson comparison, 31.6 with a mean dif-

ference of 1.66 and a standard deviation of .54,

41b1g.
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When the significance of the differences was tested,

the difference between the mid-child mean and the 0Olson

mean was significant at the .05 level. The difference be-

tween the mid-child and the Millard-Rothney norm was also

significant at the .05 level. The difference between the

Olson mean ancd the Millard-Rothney mean was not significant5

Holt boys. When the comparison was made of the

thirty Holt boys to the mld-child the total difference

was 43,1 inches. The mean variation was 1.44 inches with a

stancard deviation of .72 inches.

Compared to the Olson norm the total increment dif-
ference was 50.0 inches. The mean difference was 1.67

inches wilth a standard deviation of .62 inches.

The difference between the Millard-Rothney norms

and the Holt boys totaled 52.7 inches over the five year

period. The mean éifference was 1.76 inches with a stan-

dard deviation of .68 inches.
The mic-child reflected the smallest variation from

the heights of the Holt boys. The "t" test of significance

was agaln used to evaluate the difference between means.6

The difference between the mid-child mean and the Olson

mean was not significant. The difference between the mid-

chilld mean and the Millarcd-Rothney mean was significant at

the .10 level. The cdifference between the 0Olson mean and

the Millard-Rothney mean was not significant.

SIbig. Ibid.
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Summary. Summarizing the boys' height increment re-

lationshlp the least variation occurred between the boys and

the mid-child in the Harvard and Holt comparisons. 1In these

comparisons the differences between the mid-chlild and the
Millard-Rothney means were significant in both cases.

Although the mean of the mid-child comparison was the smaller

in both comparison to the Olson mean, the difference was

significant with the Harvard cases but not signiflicant when

compared to the Holt cases. 1In the comparison with the East

Lansing boys, the 0Olson norm reflected the least variation

and smallest mean variation. However, the differences

between the Olson, mid-child, and Millard-Rothney means were

not slignificant.

Variations in Helght from Parallelism

East Lansing girls. As the heights of the sixteen

East Lansing girls were compared to perfect parallelism

there was a total variation of 55.2 inches when the mid-

child was used as the standard. The mean varliation was

2.51 1inches with a standard cdeviation of 1.18 inches.

In the comparison of the East Lansing girls to the

Olson norm the total variation was 61.7 inches. The mean

variation was 2.74 inches with a standard deviation of
1.40 1inches.

When the Millaréd-Rothney norms were used as a stan-
dard the total varlation from parallelism was 62.0 inches.

The mean variation was 2.75 lInches with a standard deviatlon

of 1.25 1nches.
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The mic-child reflectecd less mean variation from
parallel than did the Olson norm and the Millard-Rothney,
however, when the "t" test of significance was applied, the

differences between the means were not significant.7

Harvard girls. When the twenty-one girls selected

from the Harvard cases were tested for parallelism to the
mid-child the resulting total difference was 31.9 inches.

The mean difference was 1.52 inches with a standard devi-

ation of 1.13 inches.

Using the Olson norm as the standard, the total

deviation from parallelism was 37.6 inches. The mean

variation was 1.89 inches with a standardé devliation of

1.41 1inches.
When compared to the Millard-Rothney norms the total

difference between the girls' patterns and parallelism was

29.2 inches. The mean varlatlon was 1.44 inches wilth a

standard deviation of 1.10 inches.

The Millard-Rothney norm showed the smallest mean
devliation from the parallel. Both the Olson norm and the

mid-child showed more total variatlon and hence greater

mean varliation. When the "t" test was appllied the differ-

ence between all three of the means were tested to be not

significant.8

" lbig.

8Ibid.
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Holt girls. The thirteen Holt girls were compared

o each of the norms in terms of parallelism. Compared to
he mid-chil1l1ld the total difference between the heights and

rerfect parallelism was 23.5 inches. The mean difference
vcetween the heilghts and parallelism was 1.73 inches with a
standard deviation of 1.42 inches.

When the Holt girls were contrasted to the Olson
norm the total varilation was 28.2 inches. The mean vari-
abtlon was 2.17 1nches with a standarcé deviation of 1.35

inches.

Compared to the Millard-Rothney norms the total
variation was 24.9 inches. The mean varlation was 1.92
Inches wilth a standard devlation of 1.27 inches.

The mid-child comparison ylelded the smallest mean

varlation, but when the test for signiflicance was applied,

there was no significant difference between the means.9

Summary. The mid-child standurd ylelded the smallest
mean deviation in the East Lansing and Holt comparison.
However, the differences between the means were not signi-
flcant. In the Harvard comparison the Millard-Rothney norm
showed the smallest mean deviuation, but, again the differ-

ences between means were not significant.

\ East Lansing boys. The boys were next compared to

the three standards in relationship to the parallelism of
\‘ the helght growth patterns. When the height measures of

———————

ITotd.



P AT A iy e

1

ey

4



50

the twenty-five East Lansing boys were contrasted to the

measures of the mid-child the difference over filve years

of measurement was 66.5 inches. The mean difference was

2.56 inches with a standard deviation of 1.30 inches.

When the Olson-Hughes norms served as the standard
there was a total difference of 86.2 inches over the five

years. The mean difference was 3.04 inches with a stan-

cdard deviation of 1.21.

Compared to the Millard-Rothney norms the total cif-

ference was 77.6 inches. The mean difference was 2.98

inches with a standard deviation of 1.17 inches.

The mid-child standard ylelcded the smallest total and

mean difference of the three comparisons. ‘then the "t"

test of significance was used the differences between the

means proved to be not significant.lo

Harvard boys. When the nineteen boys of the Harvard

study were related to the mid-child in terms of parallelism

of height growth patterns the total difference between them

over five years was 23.8 1nches. The mean difference was

1.25 inches with a standard deviation of .74 inches.
Comparec to the Olson norm the total difference in
parallellsm between the boys and the norms was 33.0 inches.

The mean difference was 1.74 inches with a standard devi-

ation of .91 1inches.
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The Mlllard-Rothney norms reflected a total differ-
ence of 32.8 inches. The mean difference was 1.73 inches
with a standard deviation of .80 inches.

Agaln the mid-child ylelded the smallest mean
variation from parallelism. When the "t" test was applied
the difference between the mid-child mean and the 0Olson
mean was slignificant at the .10 level. The difference
between the mid-chlld mean and the Millard-Rothney mean
also proved to be significant at the .10 level. The cdiffer-
ence between the Olson mean and the Millard-Rothney mean

showed no significance.ll

Holt boys. When the thirty Holt males were checked
against the mid-child 1n terms of parallelism the total
five year cdifference was 402.2 inches. The mean difference
was 1.34 inches with a standard deviation of .65 inches.

Comparecd to the Olson norms in terms of parallelism
the difference between the boys and the norms totaled 59.0
Inches. The mean cédifference was 1.97 inches with a stan-
dard deviation of .86 inches.

When the Millarc-Rothney norms served as the standard,
the difference in parallelism was 53.0 inches. The mean
difference was 1.77 inches and the stancard ceviation was
.63 inches.

The "t" test of significance indicated that the dif-

ference between the mid-child mean and the Olson mean was

Mrpig,




significant at the .01 level. The dilfference between the

mid-child and the Millard-Rothney means was significant

at the .05 level. The difference between the 0Olson and

Millard-Rothney means was not significant.12

Summary. Summarizling the relationship between the
three groups of boys as compared to three standards in
terms of parallelism we find the most conslstent pattern

of the study. With each of the three groups the Mid-Child

52

reflected the least devliatlon, the Millard-Rothney the next

smallest deviation and the Olson-Hughes the largest devi-

atlion. The differences between means were significant in

two of the three comparisons.

Summary of Height Comparisons

Combinling all of the comparisons of the children's

helghts with the norms, the smallest mean variation occurred

for the Mid-Child in nine of the twelve comparisons. The
Millard-Rothney norm showed the smallest mean variation in
two places. The Olson norm showed the smallest mean

variation 1n one 1nstance.

The difference between means was significant in five

of the comparisons, four of these cases were where the Mid-

Child reflected the smallest variation and one where the

Millard-Rothney norm reflected the smallest variation.l3

12Ibid.

13See Chapter V| for tables.
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Weight Varlations iIn "ncrement

East Lansling girls. The sixteen East Lansing glirls'

welght increments of increase between the yearly measures

were compared to the 1lncrements of increase of the standards

from year to year. When the East Lansing girls were com-

pared to the mid-chlld standard the total difference between

the cases and the standard was 36.5 pounds over the five

year period. The mean difference was 22.59 pounds with a

standard deviation of 7.07 poundcs.

When the East Lansing girls were compared to the

Olson norms the total difference was 270.4 pounds. The

mean difference was 16.90 pounds with a standard deviation

of 8.24 pounds.

In the comparison to the Mlllard-Rothney standard
the variation between the welght increments of the girls

and of the standard totaled 256.1 pouncés. The mean differ-

ence was 16.01 pounds with a standard deviation of 8.10

pounds.

The Millard-Rothney norm reflected the smallest
mean variation and the mid-child reflected the largest

variation with the Olson mean falling between the two.

When the "t" test of significance was computed, the differ-

ence between the micd-child mean and the 0Olson mean was

significant at the .10 level. The difference between the

mid-child mean and the Millard-Rothney mean was significant

at the 0.5 level. The difference between the 0Olson mean and

the Millard-Rothney mean was not significant.
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Harvard girls. When the twenty-one girls from the

Harvard study were compared to the welghts of the mid-child
the total increment variation was 247.9 pounds. The mean
variation was 11.80 pounds with a standard deviation of
12.94 pounds.

Compared to the Olson norms in terms of increment
varlation, the total variation was 227.2 pounds. The mean
variation was 10.82 pounds with a standard deviation of
8.65 pounds.

When the Millarcd-Rothney norm was used as the stan-
cdard the total variation in increment between the standard
ané the girls was 237.5 pounds. The mean variation was
11.31 pounds with a standard deviation of 5.64 pounds.

The Olson norm reflected a slightly smaller mean
deviation than the other two norms. When the significance
of the difference between the means was checked by the

"t" method, there was no significant difference between

14
the means.

Holt girls. The weights of the thirteen Holt girls

were compared to the three standards in terms of the yearly
increments. When compared to the mid-child standard the
total difference between the girls' weight increments and
the standard was 179.7 pounés. The mean cdifference was

13.82 pounds with a standard deviation of 5.52 pounds.

4
Lacey, loc. cit.
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When comparec to the Olson norm the total difference
between the girls' welght Increments and the increments of
increase in the standard was 178.7 pounds. The mean dif-
ference was 13.75 pounés with a standard deviation of 6.17
pounds.

Compared to the Millard-Rothney norm the total differ-
ence was 158.0 pounds. The mean difference was 12.15
pounds with a standard deviation of 6.13 pounds.

The Mlllard-Rothney norm reflected the smallest
total and mean difference. The Olson ancd mid-chlld means
were slightly larger. When the "t" test was used the ¢if-

15

ferences between the means proved to be not significant.

Summary. The Millard-Rothney mean showed the smallest

mean cifference when compared to the East Lansing girls and
to the Holt girls. The difference between the Millard-

Rothney and the mid-child mean was significant in the East
Lansing comparison. In the relationshlp to the Olson check

as well as in the comparisons with the Holt cases the dif-

ferences between means were not slgniflcant.

East Lansing toys. The increments of weight between

the yearly measures of the boys were compared to the incre-
ments of welght between the yearly welght figures of the
standards. When the twenty-five East Lansing boys' welghts

were comparec 1in this manner to the mid-child as the

151p14.

————
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standard, the total cdifference was 399.5 pounds. The mean

difference was 15.37 pouncs with a standard deviation of

of 8.90 pounds.
When the Olson norms were used as the standard the

total difference between the Olson increments and the boys'

increments was 444.8 pounds. The mean difference was 17.11

pounds with a standard deviation of 9.80 pounds.

Compared to the increments of the Millard-Rothney
norms the total difference was 402.7 pounds. The mean dif-

ference was 15.49 pounds with a standardé cdeviation of 9.01

pounds.
The smallest total and mean dilifference occurreéd with

however, when checked for

the mid-child as the standard,

significance by the "t" method, none of the differences
between means were Jucged to be significant.16

When the Harvard boys were compared

Harvard boys.
the

to the mid-child in terms of the welght 1increments,
total difference between the mid-chlld and the cases was

242 .4 pounds. The mean difference was 12.76 pounds with a

standard deviation of 4.27 pounds.
When the 0Olson norms were usec as the standard the

total difference between the cases and the standard was

107.3 pounds. The mean difference was 5.65 poundés with a

standard deviation of 2.77 pounds.

161p1a.
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When the Harvard boys were compared to the Millard-

Rothney norms the total difference between' the 1ncrements
was 129.2 pounds. The mean difference was 6.80 pounds with
a standaré deviation of 3.20 pounds.

The Olson norm reflected the smallest total and mean
variation from the cases with the Millard-Rothney norm
showing a slightly greater total and mean variation. The
mid-child comparison reflected a distinctly larger differ-
ence. When the means were subjected to the "t" test the
difference between the mlid-chlld mean and the Olson mean

was significant at the .01 level. The cifference between
the mid-chlld mean and the Millard-Rothney mean was signil-
ficant at the .01 level. The difference between the Olson

mean and the Millard-Rothney mean was not signif‘icant.17

Holt boys. The thirty Holt boys were compared to
the standards in terms of welight 1lncrements. When the mild-
child was used as the standard the resulting total differ-
ence between the increments of the standards and the incre-

ments of the boys was 455.5 pounds. The mean difference
was 15.18 pounds wilth a standard deviation of 6.95 pounds.
When the Holt males were compared to the Olson norms

the increment difference over the five year period was

395.6 pounds. The mean difference was 13.19 pounds with a

stancdard deviation of 9.47 pounds.

171v14.



53

Compared to the Mlllard-Rothney norms the total dif-
ference was 398.7 pounds. The mean difference was 13.29

pounds with a standard deviation of 9.03 pounds.
In the comparisons between the Holt cases and the

standards, the Olson norms reflected the smallest total and

mean cdifference. The Millard-Rothney norm showed but a
slightly larger difference while the mid-chilé reflected

a conslderably larger total and mean difference. When the

"t" test of significance was appllied, the differences

between the three means proved to be not significant.

Summary. The Olson norms and the Mlillard-Rothney

norms appeared to better reflect the weight patterns of the

boys in the Harvard ancd Holt comparisons. In the East

Lansing comparison the mid-child showed a slightly smaller

varlation. The differences between means were significant

only in the Harvard comparison where the Olson norm and the
Millard-Rothney norm both reflected smaller variations than

did the mid-child, however, the difference between the

Millaré-Rothney and Olson means was not significant.

Weight Varlatlion from the Parallel

East Lansing girls. The East Lansing girls were com-

pared to the three standards 1n respect to their deviation

from parallelism. When compared to the mid-child as stan-

dard the total difference over the five year period was

367.7 pounds. The mean difference was 22.98 pounds with a

standard deviation of 11.79 pounds.
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When the Olson norm was usecd as the standard the
total difference was 294.4 pounds. The mean cifference was
18.4 pounds with a standard cdeviation of 10.4 pounds.

Compared to the Millard-Rothney norm the total dif-
ference was 294.4 pounds. The mean difference was 18.4
pounds with a standard deviation of 10.4 pounds.

Compared to the Millard-Rothney norm the total dif-
ference between the glirls' welghts and perfect parallelism
was 283.0 pounds. The mean difference was 17.69 pounds with
a standard ceviation of 10.53 pouncs.

The Millard-Rothney norm reflected the smallest total
and mean ceviation in the comparisons, however, when the

three means were subject to the "t" test of significance the

c¢ifferences between them were not considerecd significant.

Harvard girls. When the comparison was made between

the welights of the twenty-one Harvard girls and the mid-
child in terms of parallelism, the total c¢ifference over
the five years was 308.3 pounds. The mean difference was
14.7 pounds with a stancard cdeviation of 13.12 pounds.
Compared to the Olson norm the total cifference was
267.3 pouncés. The mean céifference was 12.73 pounds with a
standaréd deviation of 8.06 pounds.
When the Mlllard-Rothney norms served as the standard
the total varlation from parallelism was 270.4 pounés. The
mean variation or difference was 12.88 pounds with a stan-

dard deviation of 9.40.
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The Olson norms showed the smallest variation by a very
small margin. When the "t" test of significance was applied
the differences between the means proved to be not signi-

ficant.

Holt girls. In the welght comparison of the Holt
girls to the mid-child 1n terms of parallelism the total
difference over the five year perlod was 230.8 pounds. The
mean éifference was 17.75 with a standard deviatlion of 11.05
poundcs.

When the Olson norms served as the standard, the
total difference over the filve years was 193.0 pounds. The

mean difference was 14.85 pounds with a standard deviation
of 9.88.

Compared to the Millard-Rothney norm the total cdif-
ference was 210.0 pounds. The mean éifference was 16.15

pounds with a standard deviation of 12.03 pounds.

The Olson norms reflected the smallest total and
mean variation from parallelism, however, when the "t"
test was applied the differences between the means were

found to be not significant.

Summary. When the three groups of girls were com-
pared to the three norms in terms of parallelism, the
Millard-Rothney reflected the smallest variation in the
East Lansing comparison while the Olson norm reflected the

smallest variation in the Harvard and Holt comparisons.
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In the comparisons the differences between the means were

not consicdered signiflicant in any instance.

East Lansing boys. The welghts of the East Lansing

boys were comparec to the standards in terms of parallelism.
The total five year difference betvieen parallelism and the
cases when the mid-chilld served as the standard was 469.6

pounds. The mean difference was 18.06 pounds with a stan-

dard deviation of 14.17 pounds.
Compared to the Olson norm the total difference

over the five years was 513.2 pounds. The mean difference

was 19.24 pounds wlth a standard deviation of 16.21 pounds.
When compared to the Millard-Rothney norm the total

variation was 45/.1 pounds. The mean variation was 17.58

pounds with a stundaré deviation of 13.96 pounds.
The Millard-Rothney norm showed the smallest mean

and total variatlion, however, when the three means were

subjected to the "t" test of significance the differences

were determined to be not significant.

Harvarcd boys. The weights of the Harvard boys were

compared to the mid-child standard in terms of parallelism.

The resulting total varilation from parallelism was 179.0

pounds. The mean variation was 9.42 pounds with a standard

deviation of 3.39 pounds.

When the Harvard boys were compared to the Olson norm

In terms of parallelism the total variation was 114.5 pounds.
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The mean variation was 6.03 pounds with a standard deviation
of 3.36 pounds.

When the Millard-Rothney norm served as the standard
the variation over the five years totaled 162.8 pounds. The
mean variation was 8.57 pounds with a standard deviation of
4,49 pounds.

The Olson norm reflected the smallest total and mean
variation. The Millard-Rothney norm reflected a somewhat
greater varlation and the micd-child reflected the largest
variation. When the "t" test was used to determine the
significance of the difference between the means, the dif-
ference between the mid-child anéd Olson means proved to be
significant at the .0l level. The difference between the
Olson mean and the Millard-Rothney mean was significant
at the .10 level. The difference between the mid-chilld

mean ancd the Millard-Rothney mean was not significant.

Holt boys. When the Holt boys' weights were compared
to the mid-child in terms of variation from parallelism the
total variation was 485.6 pounés. The mean variation was
16.19 pounds and the standard deviation 7.81 pounds.

Comparec to the Olson norm the total variation for
the five years was 472.1 pounds. The mean variation was
15.74 pounds with a standard deviation of 11.62 pounds.

When the Millard-Rothney norm was used as the stan-
dard, the total variation was 436.5 pounds. The mean
variation was 14.55 pounds with a standard deviation of

11.57 pounds.



The Millaréd-Rothney norm reflected the smallest

total and mean variation. When the "t" test of signifi-

cance was used, the differences between the three means

were not significant.

Summary. The Millard-Rothney norm reflected the

smallest variatlion in the comparisons of the East Lansing

boys and Holt boys. In these comparisons, however, the

differences between the means were not found to be signi-

ficant. 1In the Harvard comparison the Olson norm reflected

the smallest variation and the difference btetween the Olson

and mid-child proved to be significant at the .01 level.

The difference between the Olson and Millard-Rothney means

also proved to be significant at the .10 level in the

Harvard comparison.

Summary of Welght Comparisons
In the comparisons of the children's weights to the

norms the 0lson norms reflected the smallest mean variation

in six of the twelve comparisons. The Millard-Rothney norm

reflected the smallest variation in five of the comparisons

Anéd the M1d-Chilld standard reflected the smallest varlation

in one comparison.
The differences between the means were significant 1n

three of the twelve comparisons. In two of the 1nstances of

significance the 0Olson norm showed the smallest variation,

and 1n one 1nstance of significance, the Millard-Rothney

norm showed the smallest var*iat.‘[on.l8

18see Chapter Vifor tables.



CHAPTER VI

SUMMARY AND CONCLUSIONS

The helghts and weights of three groups of children,
East Lansing, Holt, and Harvard, have been compared to
three standards, the Mid-Child, the Olson-Hughes growth
ages, and the Mlllard-Rothney norms. The hypotheslis to be
tested was that the norm which reflected the greatest con-
sistency, or the least varlatlion would be considered as the
most reallstic In terms of the growth patterns of boys and
girls. A clear cut superiority would be indicated by a
significantly lower mean variatlon 1In terms of one of the
selected standards when compared to the three groups of

children.

Girls' Helght

Table I shows the relationship between the girls'
height measures and the three norms. Total variation
represents differences between the measures and the norm
over a five year period. The mean variation from the
parallel was slightly less for the mid-child standard in
both the East Lansing and the Holt cases. The Millard-
Rothney variation appeared smaller than the Mid-Child or

Olson norm when compared to the Harvard cases. Using the
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"t" test of slgnificance,! the differences between the means
were not significant in any of the comparisons of the girls
helght measures to the three norms in terms of varilation
from the parallel.

In the comparison of height increments to the norms,
the relationshlp was similar to that in the preceding
paragraph. The variation was smallest for the Mid-Chilld
when comparison were made to the East Lansing and to the
Holt groups. When the data was compared to the Harvard
cases, the Millard-Rothney norm showed the least varlation,
with the M1d-Child showing only a slightly greater vari-
ation than the Millard-Rothney norm. The differences
between means were not slgnificant in the East Lansing and
Holt compar-isons.2 However, the Millard-Rothney mean
variation was slgnificantly different than the Olson mean
variation at the .05 level. The difference between the

Mid-Chiléd and Olson was slgnificant at the .10 1eve1.3

Girls' Welght

Table II shows the relationshlps between the girls'
welght measures and the three selected standards. The test
for variation from parallellism to the norm indicated 1in the

Harvard and Holt comparisons that the least variation

lo1iver L. Lacey, Statlistical Methods in Experi-
mentation (New York: MacMillan Company, 1953), p. L13.

2Ibid. 31b14.
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occurred with the Olson norm. With the East Lansing data,
the Millard-Rothney norm showed the smallest variation
figure, however, the differences between the means were not
significant in any of the comparisons. The "t" test of

slgnlflcance was used.u

When comparisons were made by welght 1ncrements, the
Millaré-Rothney norm reflected the least variation with the
East Lansing and Holt cases. The Olson norm showed the
smallest increment variation with the Harvard cases. The
"t" test showed significance 1n the relationships between
the means 1in the East Lansling comparlisons, while the Harvard
and Holt relatlonships were not significant. With the East
Lansing cases the difference between the Mlllard-Rothney
mean devlatlion and the Mid-Child mean deviatlion was
significant at the .05 level. The relationship of the

Olson norm to the Mid-Child was significant at the .10
level.?

Boys' Helght

Table III represents the summary of the relatlon-
ships between the helghts of the boys 1n the three studies
and the three selected standards. In the test for variation
from the parallel the Mi1d-Child showed the least variation

with all three groups. The difference between the means

“Ioid. 5Tbid.
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for the East Lansing comparisons were not significant. The
difference 1n the Harvard cases between the Mid-Child and
Millard-Rothney norms was significant at the .10 level, and
between the Mid-Child and the Olson norms the difference
was significant at the .10 level. For the Holt cases the
difference between the M1d-Child and the Olson mean variation
was slgnificant at the .01 level. The differences between
the Mid-Chlld and Millard-Rothney was significant at the
.05 level.

The heilght increment test gave a simllar picture.
The differences between means 1in the East Lansing compari-
sons were not significant. The Mid-Child showed the least
increment variations in the Harvard and Holt comparison.
In the Harvard test the relationshlp between the Mid-Child
and the Olson means was Judged significant at the .05 level.
The relationship between the Mid-Child and the Millard-

Rothney means was also significant at the .05 level.6

Boys' Weight

Table IV represents the summary of the relationships
between the boys' welght measures and the three norms. In
terms of variation from parallelism, the Mlllard-Rothney
norm showed the least variation when compared to the East
Lansing and Holt cases. However, the differences were not
significant. With the Harvard cases the Olson norm showed

the least variation. The difference between the 0Olson and

6Ibid.

————
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Mid-Child norms was significant at the .01 level, and the
difference between the Olson and Milllard-Rothney norms was
significant at the .10 level.

When comparisons were made 1n terms of the weight
increments the differences between the means were not signi-
ficant in the East Lansing or Holt comparisons. In respect
to the Harvard cases the difference between the 0Olson norms
ancé the Mid-Child were significant at the .01 level and the
difference between the Millard-Rothney norms and the Mid-
Chilé was also significant at the .01 level. The differ-

ence between the Olson and Millard-Rothney norms was not

significant.7

Conclusion for Helght

The evidence indicates that the M1ld-Child reflects
best the helght characteristics of the boys. With both the
Harvard and Holt data where there were significant differ-
ences, the Mid-Child technique had the least varlation.
The East Lansling data also showed the Mid-Child to be
slightly superior although the differences between means
were not deemed significant.8

The relationshlp of the girls' helghts to the norms

also 1ndicated that somewhat less variation occurred when

the Mid-Chilld was used as the standard. In no case,

7Ibid. 8Ibid.
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however, were the differences between mean varlations
significant.

Although there 1s some 1ndication that the Mid-Child
standard serves better to reflect the helght growth of boys
and girls, in nine out of the twelve height comparisons
the smallest varlatlon occurred when the M1d-Child was used
as the standard. In four of these nine comparisons the dif-
ferences between the means was considered significant. The
evidence, however, 1s by no means clear-cut.

Failure to show significant differences between the
mean devlations for the girls in all three comparisons as
well as the fallure to show slgnificant differences in the
comparisons wlith the East Lansing boys 1Indicates that none
of the three norms consistently and significantly show
superlority. Therefore, the concluslon must bte that when
the three norms were comparec to three groups of children
none of them maintalned sufficient consistency or sufficlent
superiority to be consldered the most realistic in terms

of the height patterns of boys and girls.

Conclusion for Welght

The comparisons of the welght measures of the three
groups of children to the three standards showed conslid-
erably less consistency than did the helght measures. The
Olson norms showed a slightly smaller deviation when the
norm was compared to the Harvard and Holt girls using the

test for parallellism. The Millard-Rothney norm showed



T4
slightly less variation when compared to the East Lansing
girls. None of the differences between means were consid-

ered significant according to the "t" test.1?

In the increment test for girls the Millard-Rothney
norm showed the least deviation when compared to the East
Lansing girls and the Holt girls. The Olson norm showed
the least deviation when compared to the Harvard cases.

The difference between the Millard-Rothney mean and the Mid-
Child was significant at the .05 level in the East Lansing
comparison. All other differences were not significant.

When the three groups of boys were compared to the
welght standards, lack of consistency was agaln evident.

In terms of parallelism, the deviations were smallest for
the Millard-Rothney norm when compared to the East Lansing
and Harvard cases. The Olson norm showed the least
deviation when compared to the Harvard boys. The difference
between means was not significant 1In the East Lanslng and
Holt tests. But 1n the Harvard check the difference between
Olson and the Mid-Child was significant at the .01 level,
and between Olson and Millard at the .10 level.

Using the increment method of comparison the Mid-
Child showed slightly less deviatlon than Olson and Mlllard
in the East Lansing comparison but the differences were not
significant. Compared to the Harvard cases both the

Millard-Rothney norms and the Olson norm showed less

101p14. 1l1p14.

———
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varlation than the Mid-Chlld. The differences were signi-
ficant at the .01 level. The difference between the 0Olson
and Rothney norms was sllight and not significant. 1In the
Holt comparison the Olson norm showed slightly less vari-
atlon than the other two but the difference was not
significant.

The evidence from the welght comparisons indicated
that the Millard-Rothney and the Olson-Hughes norms both
reflected the growth patterns of boys and girls better
than did the Mid-Child, however, none of the norms showed
consistent and significant superiority. Under those cir-
cumstances the only possible conclusion must be that there

is no significant difference between the three welght norms.

Final Concluslon

Since this study 1ndicates that nelther the Mid-
Child, the Olson-Hughes growth ages, nor the Millard-Rothney
norms malintained a superlority 1n reflecting the height and
welght changes 1in boys and girls, and since 1t can be seen
by inspection that the differences between the three stan-
darcs at any single polnt can be as great as two inches or
five pounds,12 it must also be concluded that comparisons
to any of the three norms are but very general estimates.

The norms tested in thils study did not meet the

important crilterla for an acceptable standard, that 1t must

12Cf‘. ante, p. 5.
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provide a consistent base for comparison, therefore, for
precise Interpretations of individual growth trends better

standards must be developed or other methods of analysis

employed.
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APPENDIX A

MILLARD-ROTHNEY NORMS*

Child Development Laboratory--Michlgan State Unliversity

GIRLS - WEIGHT AGE SCALE

—

Weight Wt. Weight Wt. Welght Wt.
Pounds Age Pounds Age Pounds Age
10. 1 32.6 37 46,3 73
11.5 2 33.2 38 L6, 6 Th
13.0 3 33.7 39 47.0 75
14,2 4 4.0 40 47.6 76
15.5 5 34,3 41 48.0 T
16.3 6 34.8 4 48 .4 78
17.0 7 35.2 43 48.8 79
18.0 8 35.7 Ly 49.5 80
19.0 9 36.0 L5 50.0 81
20.0 10 36.3 46 50.3 82
20.5 11 37.0 L7 50.6 83
20.8 12 37.3 48 51.0 84
22.0 13 37.8 49 51.5 85
22.4 14 38.2 50 52.0 86
23.0 15 38.5 51 52.4 87
23.8 16 38.8 52 52.8 88
24,2 17 39.0 53 53.2 89
25.0 18 39.3 54 53.8 90
25.5 19 39.8 55 54.1 91
26.0 20 39.0 56 54,3 g2
26.4 21 39.3 57 54.6 93
27.0 22 40,2 58 55.3 oL
27.5 23 40.7 59 55.8 95
27.6 24 41.2 60 56.0 96
28.2 25 41.8 61 56.5 97
28.4 26 42.1 62 57.0 98
28.8 27 4o, 3 63 58.0 99
29.2 28 42,6 64 58.3 100
29.7 29 42.9 65 58.6 101
30.2 30 43,4 66 59.0 102
30.5 31 43.8 67 59.4 103
30.9 32 Li, 2 68 60.0 104
31.4 33 44 .6 69 60.3 105
32.0 34 45,2 70 60.6 106
32.3 35 5.7 71 61.0 107
32.4 36 46.0 72 61.5 108

*Computed with the assistance of data from the United

States Department of Health, Educatlion, and Welfare, June,
1953, Washington, D. C.



Girls - Welght Age Scale --(Continued)

84

Welght Wt. Welght Wt. Welght Wt.
Pounds Age Pouncs Age Pounds Age
2.2 109 90.6 145 115.0 181
63.0 110 91.6 146 115.5 182
63.5 111 92.4 147 115.8 183
64.0 112 93.0 148 116.0 184
64.5 113 94 .0 149 116.2 145
65.0 114 95.0 150 116.4 186
65.5 115 96.0 151 116.5 187
66.0 116 97.0 152 116.6 188
66.5 117 38.0 153 116.7 189
67.2 118 99.0 154 116.8 190
68.0 119 99.8 155 116.9 191
68.6 120 100.4 156 117.0 192
69.4 121 101.0 157 117.1 193
70.2 122 102.0 158 117.2 194
71.0 123 102.7 159 117.3 195
71.8 124 103.5 160 117.4 196
72.4 125 104.2 161 117.5 197
73.0 126 105.0 162 117.6 198
74.0 127 106.0 163 117.7 199
75.0 128 106.5 164 117.8 200
76.0 129 107.0 165 117.9 201
77.0 130 107.5 166 118.0 202
78.0 131 108.0 167 118.1 203
79.0 132 108.5 168 118.2 204
80.0 133 109.0 169 118.3 205
81.0 134 109.5 170 118.4 206
81.6 135 110.0 171 118.5 207
82.0 136 110.5 172 118.6 208
82.8 137 111.0 173 118.7 209
83.8 138 111.5 174 118.8 210
84.4 139 112.0 175 118.9 211
85.8 140 112.5 176 119.0 212
87.0 141 113.0 177 119.0 213
88.0 142 113.5 178 119.0 214
89.0 143 114.0 179 119.0 215
90.0 144 114.5 180 119.0 216

I

—e




GIRLS - HEIGHT AGE SCALE*

Helght Ht. Helght Ht. Height Ht.
Inches Age Inches Age Inches Age
21.5 1 38.0 37 46.0 73
22.5 2 38.3 38 46,2 Th
23.2 3 38.6 39 46.3 75
24.0 4 38.9 40 46.5 76
24.6 5 39.2 41 L6.7 77
25.5 6 39.4 Lp 46.9 78
26.0 7 39.7 43 47.1 79
26.8 8 39.9 Ly 47.3 80
27.3 9 LO.1 L5 L7 .4 81
28.0 10 L0 .3 46 47.5 82
28.5 11 40.5 47 47.6 83
29.2 12 L4O.7 48 Ur.7 84
29.4 13 41.0 4g 47.8 85
29.8 14 41,2 50 4.9 86
30.2 15 41 .4 51 48.0 87
30.4 16 L1.7 52 48,1 88
30.6 17 42,0 53 48.3 89
30.8 18 Lo, 2 54 48.5 90
31.4 19 L. 4 55 48 .7 91
31.8 20 L2.6 56 48.9 92
32.2 21 42.8 57 49.1 93
32.7 22 43.0 58 49.3 94
33.0 23 43,2 59 L9 .5 95
33.5 24 43.5 60 49,7 96
33.8 25 L3.7 61 49.9 97
34,2 26 43.9 62 50.1 98
34.5 27 44 .1 63 50.3 99
34.8 28 44,3 64 50.5 100
35.2 29 Ly 5 65 50.7 101
35.7 30 uy 7 66 50.9 102
36.0 31 L4 .9 67 51.1 103
36.3 32 45.1 68 51.3 104
36.6 33 s, 2 69 51.5 105
37.0 34 45 .3 70 51.7 106
37.3 35 45.5 71 51.9 107
37.7 36 45.8 72 52.0 108

States Department of Health, Education,

1953,

*¥Computed with the asslistance of data from the United

Washington, D. C.

and Welfare, June



Girls - Helght Age Scale (Continued)

Helght Ht. Height Ht. Helght Ht.
Inches Age Inches Age Inches Age
52.1 109 59. 145 63.3 181
52.2 110 59.2 146 63.3 182
52.3 111 59.4 147 63.4 183
52.5 112 59.6 148 63.4 184
52.7 113 59.8 149 63.4 185
52.9 114 60.0 150 63.5 186
53.1 115 60.2 151 63.5 187
53.3 116 60. 4 152 63.6 188
53.5 117 0.6 153 63.6 189
53.7 118 60.8 154 63.6 190
53.9 119 60.9 155 63.7 191
54.1 120 61.0 156 63.7 192
54.3 121 61.1 157 63.8 193
54,5 122 6l.2 158 63.8 194
54.7 123 61.3 159 63.8 195
54.9 124 61.4 160 63.8 196
55.1 125 61.5 161 63.8 197
55.2 126 61.6 162 63.8 198
55.4 127 61.7 163 63.8 199
55.6 128 61.8 164 63.8 200
55.8 129 62.0 165 63.8 201
56.0 130 62.1 166 63.8 202
56.2 131 62.3 167 63.8 203
56.4 132 62.5 168 63.9 204
56.6 133 62.6 169 63.9 205
56.8 134 62.7 170 63.9 206
57.0 135 62.8 171 63.9 207
57.2 136 62.9 172 63.9 208
57.4 137 63.0 173 63.9 209
57.6 138 63.1 174 63.9 210
57.8 139 63.1 175 63.9 211
58.0 140 63.2 176 63.9 212
58.2 141 63.2 177 63.9 213
58.4 142 63.2 178 63.9 214
58.6 143 63.3 179 63.9 215
58.8 144 63.3 180 63.9 216




BOYS - WEIGHT AGE SCALE
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Welght Wt. Weight Wt. Weight Wt.
Pounds Age Pounds Age Pounds Age
13.2 1 34,2 37 47.0 73
14,2 2 34,5 38 7.4 T4
15.0 3 35.0 39 48,0 75
16.1 4 35.2 4O L8 .4 76
17.0 5 35.6 41 48.7 77
17.9 6 35.8 Up 49,2 78
19.0 7 36.0 43 49.8 79
19.2 8 36.2 L4 50.2 80
20.5 9 36.5 45 50.5 81
21.4 10 36, 46 50.8 82
22.0 11 37.2 u7 51.2 83
23.0 12 7.4 48 51.7 84
23.8 13 37.8 49 52.2 85
24,2 14 38.0 50 52.5 86
25.0 15 38.2 51 52.8 87
25.5 16 38.4 52 53.2 88
26.0 17 38.8 53 53.8 89
26.3 18 39.2 54 54,4 90
27.0 19 39.5 55 54.8 91
27.5 20 39.8 56 55.2 92
28.0 21 40.2 57 55.8 93
28.4 22 L0.5 58 56.4 94
29.0 23 41.0 59 57.0 95
29.4 24 41 .4 60 57.8 96
30.0 25 41.8 6l 58.4 97
30.2 26 L4o,2 62 59.0 98
30.5 27 4o, 4 63 59.8 99
31.0 28 L2 .8 oU 60.4 100
31.4 29 43,2 65 61.0 101
31.8 30 43.8 66 61.8 102
32.2 31 4y, 2 67 62.2 103
32.5 32 L4 .8 68 62.5 104
33.0 33 45,2 69 62.9 105
33.4 34 45.8 70 63.2 106
33.8 35 46,2 71 64.0 107
.34.0 36 46.8 72 64,4 108




Boys - Weight Age Scale (Continued)
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Welght Wt. Weight Wt. Weight Wt.
Pounds Age Pounds Age Pounds Age
64.8 109 85.2 145 122.8 181
65.6 110 85.8 146 124.0 182
66.2 111 86.4 147 125.0 183
67.0 112 87.0 148 126.0 184
67.6 113 88.0 149 127.0 185
68.2 114 89.2 150 128.0 186
68.6 115 90.0 151 129.0 187
69.4 116 91.0 152 130.0 188
69.8 117 g2.0 153 130.5 189
70.2 118 92.8 154 131.0 190
70.4 119 93.8 155 131.5 191
71.0 120 94.0 156 132.0 192
71.4 121 95.5 157 132.5 193
71.8 122 96.8 158 133.0 194
72.2 123 98.0 159 133.8 195
72.5 124 99.4 160 134.4 196
73.0 125 100.2 161 135.0 197
73.6 126 101.4 162 136.0 198
Th.2 127 102.4 163 137.0 199
T4.6 128 103.6 164 137.5 200
75.2 129 104, 6 165 138.0 201
75.8 130 106.0 166 138.5 202
76.2 131 107.0 167 139.0 203
76.8 132 108.2 168 139.5 204
77.2 133 109.0 169 140.0 205
77.6 134 110.0 170 140.5 206
78.2 135 111.0 171 141.0 207
78.6 136 112.2 172 141.5 208
79.2 137 113.4 173 142.0 209
80.0 138 114.8 174 142.5 210
80.8 139 116.0 175 143.0 211
81.6 140 117.4 176 143.4 212
82.6 141 118.2 177 143.7 213
83.2 142 119.8 178 144.0 214
84.0 143 120.4 179 144 .5 215
84.8 144 121.6 180 145.0 216




39

BOYS - HEIGHT AGE SCALE*

Height Ht. Helght Ht. Helght Ht.
Inches Age Inches Age Inches Age
22.5 1 38.5 37 46,2 73
23 2 38.8 38 46,4 an
24 3 39.0 39 46.7 75
24.5 4 39.2 L0 46.9 76
25 5 39.4 41 47.0 77
26 6 39.6 Lo 4r.3 78
26.5 7 39.7 43 47.5 79
27 8 39.9 44 7.7 80
27.5 9 40,1 45 48.0 81
25.2 10 40.2 46 48,2 82
29 11 40,4 47 48.4 83
29.4 12 L40.6 48 48.6 84
30. 13 4¢ .8 49 48.8 85
30.2 14 L0.9 50 49.0 86
30.8 15 41.0 51 49,2 87
31.2 16 41.1 52 49.5 838
31.8 17 41.3 53 49,7 89
32.4 18 41.8 54 49.9 90
32.8 19 Lp.0 55 50.1 91
33 20 42,3 56 50.3 92
33.5 21 k2.5 57 50.5 93
3L 22 42.9 58 50.7 oL
34.5 23 43.1 59 50.9 95
34.8 24 43.4 60 51.0 96
35 25 43,5 61 51.1 97
35.4 26 43.8 62 51.3 98
35.5 27 44,1 63 51.4 99
35.8 28 L4 3 o4 51.5 100
36.2 29 L4 .5 65 51.7 101
36.5 30 L4 .8 66 52.0 102
36.8 31 L4 .9 67 52.2 103
37 32 45,1 68 52.3 104
37.4 33 45.5 69 52.4 105
37.6 34 45,7 70 52.5 106
38 35 45.8 71 52.7 107
38.2 36 46.0 72 52.8 108

*Computed with the assistance of data from the United
States Department of Health, Educatlion, and Welfare, June
1953, Washington, D. C.







Boys - Helght Age Scale (Continued)
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Helight Ht. Height Ht. Helght Ht.
Inches Age Inches Age Inches Age
52.9 109 58.2 145 65.8 181
53.0 110 58.4 146 66.0 182
53.2 111 58.6 147 66.1 183
53.4 112 59.0 148 66.3 184
53.6 113 59.1 149 66.4 185
53.8 114 59.3 150 66.6 186
54,0 115 59.6 151 66.8 187
54,1 116 59.8 152 66.9 188
54,2 117 60 .0 153 €7 .0 189
54,3 118 60.2 154 67.1 190
54,4 119 60.4 155 67.2 191
54.5 120 60.5 156 or. U 192
54,7 121 0.7 157 67.5 193
54.9 122 60.9 158 67.6 194
55.0 123 61.0 159 67.7 195
55.1 124 61.2 160 67.8 196
55.2 125 61.4 161 67.9 197
55.3 126 61.5 162 68.0 198
55.5 127 62.0 163 68.1 199
55.6 128 62.1 164 68.2 200
55.7 129 2.2 165 68.3 201
55.8 130 62.5 166 68.4 202
55.9 131 62.8 167 68.5 203
56.0 132 63.0 168 68.6 204
56.1 133 63.5 169 68.7 205
56.2 134 63.6 170 68.8 206
56.3 135 63.8 171 68.9 207
56.4 136 64.0 172 69.0 208
56.6 137 64,2 173 69.05 209
56.8 138 64,4 174 69.1 210
57.0 139 64.6 175 69.15 211
57.2 140 64.8 176 69.2 212
57.4 141 65.0 177 69.25 213
57.6 142 65.2 178 69.50 214
57.8 143 65.5 179 69.55 215
58.0 144 65.7 180 69.6 216




APPENDIX B

OLSON-HUGHES NORMS
WEIGHT AGES FOR BOYS*

. 1In Wt. 1in Wt. in Wt. 1in

Lbs, Age Lbs. Age Lbs. Age Lbs. Age
3 24 41.0 69 63.3 114 90.7 159
.6 25 41.6 70 63.8 115 91.5 160
.9 26 42,3 71 oh.2 116 92.3 161
.2 27 42,9 72 64.6 117 93.1 162
.6 28 43.5 73 65.0 118 94,0 163
.0 29 44,1 T4 65.4 119 94.8 164
g 30 L4 .8 75 65.9 120 95.6 165
.8 31 45 .5 76 66.4 121 96.4 166
.2 32 46.1 77 66.9 122 97.2 167
.6 33 46,7 78 67.3 123 98.1 168
.0 34 47,3 79 67.8 124 99.0 169
LU £ 48.0 80 68.3 125 100.0 170
.8 36 48.6 81 68. 126 101.0 171
.1 37 49 .2 82 69.3 127 102.0 172
4 38 49.8 83 69.8 128 103.0 173
.6 39 50.4 84 70.3 129 104,0 174
.0 40 50.8 85 70.8 130 105.0 175
U 41 51.1 86 71.4 131 106.0 176
.9 4o 51.4 87 71.9 132 107.0 177
.2 43 51.7 88 72.5 133 108.0 178
.6 Ly 52.1 89 73.0 134 109.0 179
.0 L5 52.4 90 73.5 135 110.0 180
3 L6 52.7 91 74.0 136 111.0 181
.6 47 53.0 g2 4.6 137 112.0 182
.9 48 53.4 93 75.1 138 112.8 183
.0 49 53.7 94 75.6 139 113.6 184
.1 50 54,1 95 76.1 140 114.4 185
.2 51 544 96 76.7 141 115.2 186
AU 52 54,9 97 7.3 142 116.2 187
.6 53 55.4 98 77.8 143 117.2 188
.8 54 55.9 99 78.3 144 118.2 189
.2 55 56.5 100 79.1 145 119.2 190
T 56 57.0 101 80.0 146 120.2 191
.1 57 57.5 102 80.8 147 121.2 192
4 58 58.0 103 81.7 148 122.0 193
T 59 58.5 104 82.5 149 122.8 194
.9 60 59.0 105 83.3 150 123.6 195
.0 61 59.5 106 84.1 151 124.4 196
.0 62 60.1 107 84,9 152 125.2 197
.1 63 60.6 108 85.8 153 126.0 198
.8 64 61.0 109 86.6 154 126.8 199
.5 65 61.5 110 87.5 155 127.6 200
.2 66 62.0 111 88.3 156 128.4 201
.5 67 62.4 112 89.1 157 129.2 202
T 68 62.8 113 89.9 158 130.0 203

130.5 204
¥From "Manual for the Description of Growth i1n Age Units,"

Arbor; University Elementary School, 1950.



WEIGHT AGES FOR GIRLS
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Wt. 1in Wt. 1n Wt. in Wt.
Lbs. Age Lbs. Age Lbs. Age Lbs Age
24.6 24 37.1 [ 58.8 104 83.7 144
25.0 25 37.3 65 59.4 105 84,7 145
25.4 26 37.6 66 60.0 106 85.8 146
25.8 27 38.0 67 60.6 107 86.8 147
260.1 28 38.5 68 6l1.2 108 87.9 148
26.5 29 38.9 69 61.8 109 88.9 149
26.9 30 39.4 70 62.5 110 90.0 150
7.2 31 39.8 71 63.1 111 91.0 151
27.6 32 L40.3 72 63.8 112 92.1 152
27.9 33 41.2 73 64,4 113 93.1 153
28.2 34 42.0 74 65.1 114 9L .2 154
28.5 35 4L2.8 75 65.7 115 95.2 155
28.8 36 43.6 76 66.4 116 96.3 156
29.3 37 L4 5 77 67.1 117 97.1 157
29.7 38, 45.3 78. 67.8 118 97.9 158
30.2 39 Le. 1 79 63.5 119 98.7 159
30.5 40 46.9 80 69.2 120 99.5 160
30.8 L1 L7.7 81 69.7 121 100.3 161
31.0 Lp 48.5 82 70.3 122 101.1 162
31.2 43 49.3 83 70.8 123 101.9 163
31.3 Ly 50.2 84 71.4 124 102.7 164
31.5 L5 50.5 85 71.9 125 103.5 165
31.7 46 50.8 86 72.5 126 104.3 166
32.0 47 51.1 87 73.0 127 105.1 167
32.2 48 51.4 88 73.6 128 106.0 168
32.6 49 51.7 89 74,1 129 107.0 169
33.1 50 52.0 90 T4 7T 130 108.0 170
33.6 51 52.3 91 75.2 131 109.0 171
33.7 52 52.6 92 75.8 132 110.0 172
33.9 53 52.9 93 76.5 133 111.0 173
34.0 54 53.2 94 77.1 134 112.0 174
34.5 55 53.5 95 77.8 135 113.0 175
35.0 56 53.8 96 78.4 136 114.0 176
35.4 57 54.5 97 79.0 137 115.0 177
35.6 58 55.1 98 79.6 138 116.0 178
35.8 59 55.7 99 80.3 139 117.0 179
36.1 60 56.3 100 81.0 140 118.0 180
36.3 61 56.9 101 81.7 141 119.5 183
36.6 62 57.6 102 82.4 142 121.0 186
36.8 63 58.2 103 83.0 143 122.0 189
123.0 192
124.0 204

n




HEIGHT AGES FOR BOYS
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Ht. in  Ht. Ht. in Ht. Ht. in Ht. Ht. in  Ht.
Inches Age Inches Age Inches Age Inches Age
33.8 24 L4 .0 69 52.4 114 60.1 159
34,1 25 L 5 70 52.6 115 60.3 160
34,4 26 45.0 71 52.8 116 60.5 161
34.6 27 45,4 72 52.9 117 6C.7 162
34.8 28 45 .6 73 53.1 118 60.9 163
35.0 29 L5 .8 T4 53.3 119 61.1 164
35.2 30 46.0 75 53.5 120 61.3 165
35.5 31 46,2 76 53.6 121 61.5 166
35.9 32 L6, L 77 53.8 122 61.7 167
36.2 33 46.6 78 53.9 123 61.9 168
36.4 34 46.8 79 54,1 124 62.1 169
36.6 35 47,0 80 54,2 125 62.3 170
36.9 36 Lr.2 81 54.3 126 62.5 171
37.2 37 47.4 82 54,4 127 62.7 172
37.4 38 47.6 83 54,5 128 62.9 173
37.6 39 47.9 84 54.7 129 63.1 174
37.9 40 48.0 85 54.8 130 63.5 175
38.2 41 48,2 86 55.0 131 63.7 176
38.4 Lo 48.3 87 55.2 132 63.9 177
38.6 43 48.5 88 55.3 133 64.1 178
38.9 Ly 48.06 89 55.4 134 64,2 179
39.1 45 48.8 90 55.6 135 64.3 180
39.2 46 48.9 91 55.7 136 64.5 181
39.2 L7 49,1 92 55.9 137 64.7 182
39.3 48 49,2 93 56.1 138 64.9 183
39.5 49 L9 4 Q4 56.3 139 65.1 184
39.8 50 49.5 95 56.4 140 65.3 185
40.1 51 L9 .7 96 56.5 141 65.5 186
40.3 52 49.8 97 56.6 142 65.7 187
40.5 53 L9 .9 98 56.8 143 65.9 188
LO.7 54 50.1 99 57.0 144 66.1 189
41.0 55 50.2 100 57.2 145 66.3 190
41.3 56 50.73 101 57.4 146 66.5 191
41.6 57 50.5 102 57.6 147 66.8 192
4.7 58 50.6 103 57.8 148 66.9 193
41.8 59 50.7 104 58.0 149 67.0 194
42.0 60 50.9 105 58.3 150 67.1 195
42,1 61 51.0 106 58.5 151 67.2 196
42,1 62 51.2 107 58.7 152 67.3 197
4o,2 63 51.3 108 58.9 153 67 .U 198
4o, 6 6l 51.4 109 59.2 154 67.5 199
43.0 65 51.6 110 59.4 155 67.6 200
43,3 66 51.8 111 59.6 156 67.7 201
43,5 67 52.0 112 59.8 157 67.8 202
43,7 68 52.2 113 £0.0 158 67.9 203
68.0 204




HEIGHT AGES FOR GIRLS
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Ht. in  Ht. Ht. in Ht. Ht. in Ht. Ht. in  Ht.
Inches ~ Age Inches Age Inches Age Inches Age
33.0 24 42.3 64 50.3 104 57.5 144
33.3 25 42.3 €5 50.5 105 57.6 145
33.7 26 Lp 4 66 50.6 106 57.8 146
34,1 27 L42.6 6 50.8 107 58.0 147
34,4 28 L2 .8 68 51.0 108 58.2 148
34.6 29 42.9 69 51.3 109 58.4 149
34.9 30 43,2 70 51.5 110 58.6 150
35.2 31 43,4 71 51.7 111 58.8 151
35.5 32 43,7 72 51.9 112 59.0 152
35.7 33 43.9 73 52.1 113 59.2 - 153
35.9 34 4y 1 T4 52.3 114 59.4 154
36.2 35 44 .3 75 52.5 115 59.6 155
36. 4 36 L 6 76 52.7 116 59.8 156
36.7 37 44 .9 77 52.9 117 60.0 157
36.9 38 45,3 73 53.1 118 60.1 158
37.1 39 45.7 79 53.3 119 60.3 159
37.3 L0 46.0 80 53.6 120 60.4 160
37.5 4] L6, 4 81 53.8 121 60.6 161
37.8 4p Lo, 7 82 53.9 122 60.7 162
38.0 43 *47.0 83 54,1 123 60.9 163
38.3 Lh 47.4 84 54.2 124 61.0 164
38.5 45 47.6 85 54,3 125 6l.2 165
38.7 46 4.7 86 54.5 126 61.4 166
39.0 47 47.9 87 54,7 127 61.6 167
39.3 48 48.0 88 54.9 128 61.8 168
39.5 49 48,2 89 55.0 129 61.9 169
39.6 50 48.3 90 55.2 130 62.0 170
39.8 51 48.5 91 55.3 131 62.1 171
40.0 52 48,6 92 55.5 132 62.3 172
L4o.2 53 48.7 93 55.6 133 62.4 173
Lo.4 54 48.8 94 55.8 134 62.5 174
L4o.7 55 49,0 95 56.0 135 62.6 175
41.0 56 49.1 96 56.1 136 62.7 176
41 .2 57 49,2 97 56.3 137 62.8 177
41.3 58 49 .4 98 56.4 138 62.9 178
41.5 59 49.5 99 56.6 139 63.0 179
41.7 60 49,7 100 56.8 140 63.1 180
41.9 61 49.8 101 57.0 141 63.3 183
42,0 62 50.0 102 57.2 142 63.4 186
4o, 2 63 50.1 103 57.3 143 63.6 189
63.7 192
63.8 204
64.0
65
66
67
68
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