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GORDON EMIL HOLMGREN ABSTRACT

The purpose of this study was to determine the vali-
dity of height measures in detecting early and late maturing
boys In public schools. As some educators question the
value of collecting physical growth data on public school
cnildren this study has a practical Jjustification.

The data used were of a longitudinal nature and were
taken from the data of the Third Harvard Growth Study which
are now on file at Michigan State University.1

The study involved 308 boys who met the followlng
criteria:

1. eleven or more annual heigﬁt measurements;

2. first measurement before the age of seven.

From this group fifty early maturers and fifty-five late
maturers were selected to comprise two groups, an early
maturing and a late maturing one. These two groups were
then compared according to height, weight, dental, skeletal,
mental, reading, and arithmetic growth.

Steps 1in the classification of early and late maturers

Were as follows:

_

lThe third of four studies of physical and mental
growth of children sponsored by the Research Center of
Harvard. Reported in Society for Research In Child Develop-
ment Monographs, Vol. III, No. 1 (Washington, D. C.:
National Research Council, 1938).
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1. straight line growth was determined from the
annual serial height measures by the use of

the equation: Y =mx +b

me NEXy -£xgy

n€xe - g x2
bzixgay - £ x 3§ xy
n & x° - £ x

2. the actual height was then compared with the
computed straight line growth;

3. the difference between the actual height and
the computed heignht was termed a deviation;

4. an early maturer was so designated who experienced
a definite breakl in his height growth pattern at
or before 150 months of age, while a late maturer
was so deslgnated who experienced tnis same break

2
at 170 months or more of age.

—_—

) 1 definite break was defined as, whenever the de-
vlations, of a minus nature, went consistently from year to
JEar to a lesser value, within the tolerance of a plus or
2 minus one-tenth (.1) of an inch, there would the break be
revealed,

21f the actual measure was above the computed
peasure, the deviation was considered positive; if it was
below the straight line, it was considered negative.
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As groups, the early and late maturers were not alike.
They differed to a noticeable degree on every characteristic
in which they were compared. 1In a general way the early
maturing group was taller, heavier, had greater skeletal
maturation, advanced dentition, higher mental zage, and 7
greater reading and arithmetic development.

A definite cyclic pattern of growth was found in all
cases. By the direction of the groath curves there uas
reason to believe that the differences between early and
late maturers was largely in terms of time.

Late maturers had more difficulty with school work,
especially in early grades, and they were the victims of
more retentions. A comparison of the number of retentions
on the first grade level between the early and late maturers
resulted In a degree of significance on the nine per cent
level, Separate tables of height norms for early and late
maturers were created.

Operating on the hypothesis of the advantage of the
€arly maturer, the method of cataloging a child as an early

Or late maturer is valid.
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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TERMS USED

Most public schools have as a part of their pupil
evaluation programs the recording of such aspects of human
growth as height scores. The motivation or purpose in ac-
cunulating such data 1s to get some evidence of the child's
physical growth and also to assess the health status of the
child. However, accumulated height scores might possibly
have other values, specifically that of determining whether

or not a child is an early or a late maturer.
I. THE PROBLEM

Statement of the problem. It was the purpose of this

study to determine the relationship of certain developmental
measures to maturity of boys as indicated by measures of

neight.

Importance of the study. Teachers speak so often

of the "immature" or the "slow maturing" child. Almost
every explanation of poor achievement is followed with "this
child is maturing slowly." This study attempts to show how
longitudinal data on physical growth can be put to use in a
more effective way.

Further, this study attempts to show justification why
the educators should be concerned with the nature and charac-

ter of a child's physical development. John E. Anderson,
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director of the Child Welfare Institute at the University of

Minnesota, describes this thought when he says:

that as soon as one works with children
he becomes aware that behavior of the moment is
an end product determined by many factors, some
of which are clearly related to the physical make-
up and physiological state of the child, 1

Helen Thompson, writing in the Manuzl of Child Psy-

cnology, also emphasi:es the importance of knowledge of

pnysical growth. She suggests some interesting thougnts

wnen she says:

It may even te a fair prophecy that, In the in-
vestigation of individual physical and mental 1life
histories, studies of social behavior and personality
may find their fullest realization In the genetic
analysis of physical individuality.

The Encyclopediz of Educational Research in its sec-

tion "Child Development V. Physical Growth," suggests three

Issues of physical growth studies:

Studies in physical growth are concerned, in the
first place, with determining the averages, and
normal deviations from the average, of various
measurements of si._e and body proportions in children
at specific ages. Second, they are concerned with
learning the relative influence of the various fzctors
which operate in determining the course of growth.
And third, they are concerned with the evaluation and
prediction of the trends of growth in individual
children.

——————

15, E. Anderson, "The Contribution of Child Develop-
ment to Psychology," Journal Conslt. Psychology, Vol. ¢,
p. 129,

2Leonard Carmichael, editor, Manual of Child Psycho-
logy (New York: John Wiley and Sons, Inc. 1954), p. 293.

3Walter S. Monroe, editor, Encyclopedialgz Educational
Research (New York: The Macmillan Co., 1952), p. 153.




Courtis, for many years, a student of the child de-
velopment movement, has pleaded for longitudinal records on

children and he punctuates his thoughts with the following

comments:

. . . Will the time ever come when, out of her
knowledge of child development and study of that in-
dividual's growth curve, the teacher will not only
wisely overlook discrepancies that discipline will
only intensify, but also actually interpret the
child to himself; and by her faith and wise stimula-
tion launch the child successfully into the new cycle
and short circuit all the stress and strain of ado-
lescence? Wisdom, plus records and faiths, spells
inspiration and power; ignorance and 1inadequate
equipment generates conflicts, disaster, tragedy.
How great are the possibilities!

Millard in his writing and lectures emphasizes the
importance of adequate longitudinal physical, mental, and
educational records on public school children. In his book

Child Growth and Development2 he describes the need for data

on children and then brings into focus the principles of
growth and the need for theilr proper interpretation.
Quotations and statements give support to the idea of
collectlon of physical data on children, and because of the
importance that child development investigators have put

upon the collection of longitudinal data, many public schools

have developed quite adequate records.

1s. A. Courtis, "Discipline Under the Growth Conflict,"

Child Growth in an Era of Conflict, ed. C. V. Millard,
FiTteenth Yearbook, Dept. of Elementary School Principals
(Lansing, Michigan: Mich. Education Association, 1944), p. 4.

2C. V. Millard, Child Growth and Development in the
Elementary School (Boston: D. C. Heath and Co., 19517, passim.
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The problem of this study becomes one of application.
Otner than using height scores to determine a child's health
condition, in a very general wzy, and to describe his rela-
tive position when compared to height norms, this study
attempts to use height scores to determine whether or not a
chiild 1s an ezarly or a late maturer as determined by his
adolescent height growth. By a comparison of two groups,
en early maturing and a late maturing one, the question is
ralsed: How do these two groups compare in six other de-
velopmental characteristics--welgnt, dental, skeletal, mental,

rezding, and aritnmetic.
II. DEFINITION OF TERMS USED
The following terms are used to describe this study.

Adlosecence growth spurt. As this study deals witn

neight, reference to the zbove phrase means that it 1s the
time in an individual's growth pattern when height growtn
is marked by a decided and very noticeable increase from

tne previous pattern.

Growth versus development. Millard's concept of

growth and development will be used:

Development will be used to describe general organ-
lzation and organismic change, whereas growfh will be
considered as a phase of total development.

Ibid., p. 10.
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Growth znalysis. The consolidation of growth data

in a sequence or bringing it into a longitudinal perspective

so that it can be studied and analy:zed.

Growth curve. Describes a design formed by cumulative

movements.

Growth cycle. A curve of growth which is charucter-

ized by a phase of acceleration followed by ceceleration.
A new cycle begins where the deviations from straight line

growtnh depart from a decelerating to an accelerating phase.

{

Cyclic nature of growth, Growth 1s not of a straight

line description but rather i1s better described by a series
of undulating waves each having a pnhase of acceleration und

Geceleration.

Maturation. The process by whicn an individual pro-

gresses in his development.

Stages of maturity. Perlods or times in the matura-

tional process which are quite definable, i.e.: prenatal,

infanthood, childhood, adolescence, adulthood.

Immaturity. A word that characterizes an individual
Wno has not reached the stage of development that one would

normally expect at a given time.

Skeletal growth. Description of carpal maturation,

union of bone Jjoints by calcification, as measured by x-ray



pictures. Thils growtn 1s given in gquantitative aspect by

an interpretation of x-ray pictures in terms of skeletzl age.

Longitudinal study. This can best be described by

comparison to a status study. A status study involves
single testings on a large number of cases while a longitud-
inzl study requires many testings on fewer cases. Time 1is

the fundamental factor in longitudinal studies.l

Pnysical data. Quantitative measurements in height,

weight, tooth eruption, and bone calcification.

Harvard Growth Study. The third of four longitudinal

growth studies on children of school age carried on by

Harvard Univer'sity.2

Developmental period. That time in an individual's

life in which he 1s growing and full maturity has not been

reacned.

1C. V. Millard, Child Growth and Development (Boston:
D. C. Heath and Company, 1951), pp. 5(-tO.

‘ dWalter F. Dearborn, John W. M. Rothney, Frank K; "
Shuttleworth, "Data on the Growth of Public School Children,
Society for Research in Child Development Monographs (W?;?‘
ingfon, D. ¢T: Natlonal Researcn Council, 1938), Vol. ’
No. 1, passim.




Time. Time 1in tnis study has a very significant

meaning and place. Time means explicitly that period in

an individual's life development when a specific measure is
tzken. Time and the measure tnen become greatly dependent

on each otner.



CHAPTER 11
REVIEW OF PREVIOUS RELATED STUDIES

Child growth and development, chilg bsychology, chilg

behavior, or just chilg development have essentially many

different meanings. The simple Word growth is used to coverp

2 great variety of di.erse pnenomena of complex nafure. Be-

cause of the great number or sciences which are interesteg

in this field, and because of growth's complexity, the litep-

ature on this subject 1is voluminous. Further, to make the

Whole matter more complex growth can be Studied on many

levels (prenatal, bostnatal, adolescent, Senility) ang 1t
also can be studled by different methogs (cross-sectional,
longitudinal, group-and individual-wise).

Kai Jensen, writing on thne topic orf physical growth

in the Review Of Educational literature described wel] the

topic orf growth in this Statement:

It connotes all ang any of these reproduction,
changes in dimension, linear increase, gain in
welght, gain 1in organic mass, cell multiplication,_

mitos%s, cell migration, protein Synthesis, ang
more,

For purposes or this study child growth and develop-

ment will have g definite ang Specific meaning; one that

relategs directly Wwith the school and education,
—_—

R ka1 Jensen, "Physical Growth," Review of Educational
FS&EEEQ, Vol. 22 Wwashington, D.C.: American Educationar —
‘Searcn Association, 1952), p. 391.

In other
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words a study of the literature will include only that which
is directed to educators, is relzted to the school and its
objectives, and is appropo and practical to modern day edu-
cation.

As a field of study, cnhild development in the schools
is concerned with mental ancé pnysical growth as it moves
from one level of maturity to a higher, more structurzl level
of maturity.

Olsonl, who has tried to put principles of growth and
development to practice, emphasi-es the importunce of bteing
femiliar with the laws of growtn znd tnen using these prin-
ciples as guldes in curriculum plunning, as guide lines for
programs of evaluation, and for helps in creating the school
environment .

In a publication by Millarde, the principles of
growth and development are brought into focus so that they
Play upon the educational scerne pointing up many possible
applications. He begins hils book with the thought that
educators, by borrowing knowledges and methods from the many
related sciences, can now make education a more precise and
€Xxact science. He also describes tihe limitation of earlier

Studies and then suggests as an answer the organismic view,

—_—

Willard c. Olson, Child Development (Boston: D. C.
Heath ang Co., 1949), passim.

aMillar‘d, op. cit., passim.
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He describes this view as one which interprets all aspects

of development in respect to a life pattern. He then pro-

phecies with:
Teachers with this viewpoint recognize the child
&8s a dynamic organism that furnishes as much data
as the observer 1is ingenious enougi to measure and

recoréd. They realice tnat such data are relzted,
if different, aspects of tne totzl orgunismic pattern.l

Child development, as a field of research, is then,

concerned with physical and mental development. Educators

are interested in the entlire period from conception to

mzturity (adultnood) but due to the fact that they are gir-

ectly involved witn ciiildren In the childhood, adolescence
and young adulthood they arc more interested in these periogs
Resezarch in tne field ol chlld development can be
dated as veginning at the tum of the century. Prior to
this the research was sketchy, wiorganized, and isolated.
The first seriatim study of fumun growth was described vy
2

Scammon© in the American Journul of Physical Anthropology.

The author begins nis article by describing the two methods

by wnich the growth of the living body 1s studied; the mass

or cross-section method, or the individuzl, seriatim, or

longi-section method. Of the first he says:
The mass method has been used more extensively

than the Individuzl method. TIts application ap-
parently began witn the work of Roederer (1753),

“big., p. 4.

°R
Growth,"
33, 192/

. E. Scammon, "The First Seriatim Study of Human
American Journal of Physical Anthropology, X: 329-




11
Dietz (1757), and Joseph Clarke (1786) on the
welght and physical proportions of the new born,
although it was not extended to the detailed study

of later development untll the early part of thne
19th century.1

Scammon then describes some of the early seriatim
method researcnh. He gives such names and dates as Wiener
('90), Gottman ('15), Camerer ('82, '93, ''01), Haehner ('80,
'84), and also the more contemporary Baldwin (University of
Towz Studies) as examples of the first men who pursed such
research along the longitudinal lines. However, Scammon
spends considerable time describing a pioneer investigation
by the individual method wnhich took pluce in the eighteentn
century. This is perhaps the first such kind of research.

The following paragrapn taken from this article describes

it well:

The observations in question were made by Gueneau
de Montbillard and consist of measurements on the
growth in height of his son (a first chilé), begun
at birth (April 11, 1759) and continued for nearly
eighteen years (until November 11, 1776, with a
final check on January 30, 1777). The measurements
were made at approximately semiannual Iintervals,
there being but two observations in the series which
are separated by an interval of over six months. 1In
the latter part of the period, when growth in stature
was less noticeable, the observations were made more
frequently.<

The scientist Montblllard must have been a very keen
and observant student for he also discovered some principles
of growth which have been thought of as quite recent dis-

Coveries. Apparently he had graphed his data, for the curve

oid., p. 329. °Ip1d., p. 330.



of growth which he descrictes has four phnases: period of
rezpld growtn during infancy and early childhood; a middle
period of slower but constant growth from three to nearly
tnirteen years; from about thirteen and one-half to fifteen
a marked period of prepuberal, and finally a period of slow
growth. Further, he commented on the effect which the daily
cycle of rest and activitity has on height. He 1is crecdited
with recognition of tne seasonal effect on height.

1

Boaz*, writing in Science in 1892, mzde a strong plea

for more studies that are longitudinal in nature and more
carefully done. He completes his article by stating that:

In order to carry out such a plan, 1t would be
necessary to organize a bureau with sufficlent
clerical help to carry on the work. The questlons
underlying physical and mental growth are of fun-
damental importance for nygiene and ecducation, and
we hope the time may not be far distant when a work
of this character can be under taken.<

A contemporary of Boaz was Bowditch3. Reporting 1in

the Eighth Annual Report of the State Board of Health of

Massachusetts he compared children of the same percentile

rank from year to year. This, too, 1is an existing practice,

Yrrank Boaz, "Growth of Children," Science, XX:516:

351-352, 1892.

°Ibid., p. 352.

3H. P. Bowditch, "Growth of Children," Eighth Annual
Feport, Massachusetts Board of Health (Boston:™ 1875)]

quoted in Walter S. Monroe, ed., Encyclopedia of Ed. Research
New York: The Macmillan Co., 1952), p. 139.
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end many people believe as Bowdlitch did that the same child-
ren on the average will remain in the same percentile rank.

Behavioral records, children's logs or diaries, or
anecdotal records had their beginnings in Germany. The

Encyclopedia of Educational Research lists Pruyerl as a

pioneer in the type of work which Arnold Gesell made famous.

Sullyg, working at the University of London at the turn of

the twentieth century, promoted a style or method of child

study which could easily have been the vanguard for further,

later work in child observation. Some excerpts from his
section on "Child-psychology: Conditions of the Study" will

show the reader that his orientation was quite as it is

today.

N If we can only declpher the mystic charac-
ters of a child's external behavior, we may be able
to approach at least the desired beginning and to
supplement our introspection with a genetic psychology.

Now this work of child-study 1s not an easy one
which anybody can rashly take up. It requires, for
one thing, special personal aptitudes and tastes,.

But what needs to be emphasized here is that
these personal gifts are not everything, that they
need to be accompanied and guarded by the caution
bred of scientific reflection.

» W. Pruyer, Die Siele des Kindes, The Soul of the
Chila (Leipzig: Greiben, 1882), LU28 pp., quoted in Walter
S-Monroe, ed., Encyclopedia of Educational Research (New
York: The MacmiIlan Co., 1952), p. 130.

2
( James Sully, The Teacher's Handbook of Psychology
New York: D. Appleton and Company, 1914), passim.

3Ib1d., p. 7.

L
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It was also with the turn of the century that the
study of mental growth received impetus. Binet! was not
only Interested in mental measurement but he also became
interested in mental and pnysical relationships, their
integrations and correlations. He was concerned with head
and face measurements, and attempted to find in them an
index of mentality. His failure to find a close relation-
ship resulted in attempts by others, Porter (1892) and
Gilbert (1895, 1897) to seek some knowledge of this phenome-
non. From these investigators we received such concepts as:
dull children tended to be smaller for thnelr age; bright
chlldren tended to be larger.

Apparently unforgotten was some important researcn
carried on by Cr'ampton2 in 1902. He was challenged by the
unexplained variability of boys of high school age.

There were undoubtedly reasons wny one boy of

fourteen years of age was small and another large;
one tall and thin, another short; one weak, another
strong; one brilliant, another dull.

He then challenged the existing "age of Puberty" concept

wnich was the chronologiczl age of thirteen and fourteen.

—_—

lelen Thompson, "Physical Growth," Manuzl of Chilg
&&Eﬂg&g&g (New York: Jonn Wiley and Sons, Inc., 1954),
Pp. 292-334,

2
b C.HWard Crampton, "Physiological Age--A Fundamental
Pinciple," American Physical Educaftion Review, XIII: 3:
lll~151, 1903.

3
Ibid., p. 141.
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In a redefinition of puberty he writes:

"Puberty" from "pubertas-tatis" (age of manhood)
refers to that point of time when the asexual 1life
is changed to the sexual, and the ability to pro-
create 1s established. It is not a stage or period
of time, but a division Tine between two periods
having no more durztion tnan the Givision Letween
one year and the next.l

Crampton sumarizes this study by emphasizing the
point that it 1is impossible to predicate from the mere fact
of zge (those usual known ages of puberty twelve to seven-
teen) that an individual 1s mature or immature.

Anotner stuc’yZ of this piloneer following the one de-
scribed above was thé study of scholarshlip and pubescence.
Scholarship to Crampton was defined as:

Success in school 1ife means the zbillity to get

marks', and satisfy the teacher in dally recitation
and upon examinations that the subjects studies are
relatively mastered.

Crampton then summariies by emphasizing that post-
pubescents are different from prepubescents mentally, that
the immature group is less fitted for the strain of high
School work, and that educators must recognize and under-
Stand the facts of puberal growth.

During the following decade little was done regarding
the correlations and relationships between mental and physi-

cal traits or relationships between other physical measure-

ments. The systematic collection of physical data on

-_—

1
. Ibid., p. 142. [The underscoring was done by the
“riter of tnis thesis. )

“Ibid., pp. 214-227. 31bid., p. 2u4.




children was notlceably for improving tne child's health,
improving physical concditions of schools, and getting cer-
tain health facts.

Ter’man1

published a took at this time that was speci-
fically pointed toward the hygiene of the school child.
However, his first six chapters brought the results of the
research up-to-date and put 1t into practice. An itemization

of these chapters will give the reader an overview of thre

topics he was attempting to explore.

They are:

1. Introduction: The Brozder Relations of Educational
Hygiene

2. The Physical Basis of Education

3. The General Laws of Growtn

4, The Factors Influencing Growth

5. Some Pnysiological Differences Between Children ang
Adults

£. The Educational Significance of "Physiological

Age" =
His later stucdies such as the Genetic Studies of
Genius brought into focus some interesting pnysical-mental
correlations.3
Following the First World War there was a definite

dpuard surge of interest In securing accurate information,

Yewts M. Terman, The Hygliene of the School Child
(Boston: Houghton MifflIn Co., 19147, passim.

“Ipid., Table of Contents.

L. M. Terman, et al, "Genetic Studles of Genius,"
Mental and Physical Trails of a Thousand Gifted Children,
ol. T {StanTord, California: Stanford University Press,
19¢5), passim.

. —
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toth physical and mental, about children. Bird T. Baldwin,l
director of the Iowa Child Welfare Research Station at the
University of Iowa, was one of the first to make systemuatic
studies of physical and mental growth of children and then
to show the dependencies and interrelationsnips of them.
Baldwin accumulated a number of anthropometric measurements.
From these measurements he drew individual growth curves.
These curves brought fto him facts regarding the great vari-
ability in physical maturation of children. Baldwin's
height-weignt norms for giris and boys are featured in much
of the literature. Baldwin also brought into use the method
of measuring maturity by noting ossification of carpal bones
as seen in x-rays.

The Harvard Growth Study came into prominence in the
early 1920's. This, however, was the third of a series of
four such studies of a longitudinal nafture. Dearborn and

Rothney2 in their book Predicting the Child's Development

glve the history of these studies. 1In a chronological order
they were: First Study under the leadership of H. P.
Bowditch, Professor of Physiology in the Harvard Medical
School in the year 1872; Second Study took place between the

years 1910-1920 with W. T. Porter another Harvard Medical

1B. T. Bzldwin, "Physical Growth of Children from
Birth to Maturity," University of Iowa Studies in Chilg
Welfare (Towa City: Univ. of Iowa, 1921), Vol. I, No. 1
Passim.

,

2Walter‘ F. Dearborn and John W. M. Rothney, Predicting
the Child's Development (Cambridge, Mass.: Sci-Art Publishers,
901, passim.
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School physiologist as the leader; Tnird Study was carried
on by the above authors in the Psycho-Educational Clinic of
the Harvard Graduate School of Education; Fourth Study began
in the early thirties by the Public School of Health with
Harold C. Stuart as the director.

The Third Study because of its extent, planned struc-
ture, and accuracy and carefulness received international
recognition. Many papers and further research has been done
using the originzl data. Shuttleworth1 used these data for
his studies.

Studies regarding the collecting of physical data now
began on an international level. Most of these were ab-

stracted in the Child Development Abstracts Vol. 1 to 3.<»3,%

Most of these studies were carried on by anthropologists or

1p. K. Shuttleworth, "Sexual Maturation and Physical
Growth of Girls Age Six to Nineteen," Monograpns of the Society
for Research in Child Development (Washington, D.C.: 1937)
Vol. 2, No. 5, and "The Pnhysical and Mental Growth of Girls
and Boys Age Six to Nineteen in Relation to Age at Maximum
Growth," (.ashington, D.C.: 1939), Vol. 4, No. 3.

“W. D. Newsdorf, "Physische Entwicklung der russischen
Kinder Johre 1925 Nach den anthropometrischen Untersuchungen,"
(Physical Development of Russian Children in 1925), Zulsehr
Konstitution-slehre, 13 (1) 60-82, 1927. (As abstracted in
thild Dev. Abstracts and Bibliography, Washington, D.C.: Com-
Mittee on Child Dev., 1928, Vol. IV, no. 2, p. 205.)

3Morris Steggerda, "Physical Development of Negro-White
Hybrids in Jamaica, British West Indies," American Jour. Phys.
Anthrop., Vol. 12, No. 1, 121-138, 1929.

4Paul Godin, "Remarque a propis de la mesure de la
ltaille assi' an cours de la corissance" (Measurement of the
sltting Height During Growth), Revue Anthrop.,36 (1/3):68-09,
1920, (As abstracted in Child DeV. Abstracts and Bioliography
Washington,D.C.: Committee on Child Dev.,1928, 2:¢:LL8.)
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people in public health. Thelr objectives were to collect
data for purposes of racial and national comparison, assessing
the health of children, and evaluating the effect of war or
other crises upon children. One piece of research of inter-
est that was done along longitudinal lines, with recognition
of the organismic viewpoint, and of a cyclic orientation was
done in Montevideo, South America, public schools. A quo-
tation from an abstract of this article delineates a thought
provoking fact regarding the growth cycle.

The type of growth is peculiar in its uniformly

ascending character, with a gradual yearly ilncrease
in the periods of greater growth, but never shows
the sudden ascents that are noticed in children of
other countries.!

The child development movement was now given an added
Impetus by the National Research Council which was able to
get the Third White House Conf‘erence2 to deal with the topic
of growth and development. Section I--Committee A centered

on this topic.3 Apparently the committee became greatly

5 . . .. Y
motivated for its work is recorded in two volumes. These

g, Schiaffino, "School Anthropometry,'" Bolivia Insti-
tute internac. Am. ce Protic. Inf., April, 1929, Vol. 2,No.k,
(As abstracted in Child Dev. Abstracts and Bibllography,
Washington, D. C., 1940, Vol. &, No. 3, p. 337.)

. 2White House Conference on Child Health and Protection,
Addresses and Abstracts of Committee Reports (New York: The
Century Company, 1930), passim.

31b1s., pp. 51-66.

MWhite House Conference on Child Health and Protection,
Growth and Development of the Child, Part I: General Consid-
¢ration; Part 11, Anatomy and Physiology (New York: The
Century Company, 1932 ana 1933), Pp. 377 and 629.
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volumes are concerned with the more technical aspects of
child growth and development but Volume I} the parts on pre-
maturity and hyman types, are definitely helpful for the
educator, and Volume I12 has sections devoted to growth and
development of the skelton, development of the face, and
dentition, and eruption of fne fteeth.

Somewhat prior to this work many Institutes of Chilc
Welfare sprang up. Mention has been made of the work at
Harvard and the University of Towa. Simllar institutes had
also begun at the University of Minnesota, the University of
California in Berkley, the University of Chicago, Columbia
University, the Merrill-Palmer School in Detroit, and Yale.
Some of these institutes like the institutes at Iowa and
Minnesota received direct financial aid from the Laura
Spelman Rockefeller Memorial. The Yule Clinic of Childg
Development was able to carry on much of 1ts studies of be-
havior development in infants, the preschool child, and
later the school child because of the generous support of
funéds from the Laura Spelman Rockefeller Memorial, General

Education Board, and the Rockefeller Foundation. Gesell's

1
Ibid., Vol. I, pp. 53-120.

“Ibid., Vol. II, pp. 26-155.



work at this clinic and his writingsl’z’g’a’5 brought childg
growth and development to the layman.

Gesell's work with infants and their developmental
growth initiated other studies of a Similar nature. McGraw6
carried on a study which attempted to evaluate neural matura-
tion as exemplied in the changing reactions of the infant to
a pin prick. Her study had btoth ¢cross-sectional ang long-
itudinal data. She gather group data by getting 2,008
observations on infants from tirth to four years and then
she supported these findings by longitudinal studies of four
individual infants during the first elgnteen andg twenty-four
months of 1ife.

Under the leadership of John E. Anderson, Director,

Institute of Child Welfare at the University or Minnesota, ga

lArnold Gesell, The Mental Growtn of the Preschool
Child (New York: The Mzomillan Co., 19257, passim. -

2Arnold Gesell, Helen Thompson, The Psychology of
Early Growth (New York: The MacMillan Co., 1938), passSin.

3Ar’nold Gesell, Catharine S, Amatrude, Burton M.
Castner and Helen Thompson, Biographies of Chilg Development

New York: Paul B. Hoeber, Inc., 19397, pasSsinm.

uArnold Gesell, and others, The First Five Years of
Life (New York: Harper and Bros., 19407, passim, —

5Arnold Gesell, Infant Development (New York: Harper
#nd Bros., 1952), passim.

6Myrtle B. McGraw, "Neural Maturation as Exemplifieg
In the Changing Reactions of the Infant to Pin Prick," Chilg
Development, XIT:31-42, March, 19u1. —
\-—“



two year longitudinal study on twenty-five infunts was ef-
fected. Mary Shirley,l reported on this study in tnree
volumes.

Ohioc State University also attempted some work in the
study of infant behavior. Pratt, Nelson, and Sun descrite
the experimental method,used in their work, as follows:

This method stresses the control or accurate

meazsurement of the stimulating conditions, and a
careful recording of tne actual movements that
are made.

The study was longitudinal in that the same children
were "stimulated" znd ovserved from time to time. At times
fifty infants were involved.

In the eurly "forties" many growtn studies began which
emphasized the child of school age. There were also some

definite "trends" among the cnild cdevelopment researchers.

KPOgman3 reported on these in a Child Development periodical.

These are significant enough to be listed as such:

1Mary M. Shirley, Postural and Locomotor Development,
YQL-.L; Intellectual Development, Vol. II; Personality Mani-
festation, Vol. I1I (Minneapolis, Minnescota: 1The University
of Minnesota Press, 1931, 1932, 1933), pp. 227, 513, 28,

“Karl Pratt, Amalie Kranshaar Nelson, and Kuo Hua Sun,
The Behavior of the Newborn Infant (Columbus: The Ohio State
University Press, 1930), p. 7.

3Wil’con M. Krogman, "Trend in the Study of Physical
?gigth in Children," Child Development, XI: I1I, 279-284,




The first trend 1s that of standarci:zation.

The second frend is based upon the interpretaztion
of anthropometry from a tiological viewpoint.

The third trend 1s that of the study of *erecitary
transmission of pnysical characters.

A fourth trend in the study of phySlCal growth 1s
to depend somewhat less upon cdimensions and a bit
more upon maturation. .

A fifth trend, . . . , 1s a closer tie-up betueen
physiczal growtn and mental progress. ..

I turn, finally, to a sixth trend, namely, the
utilization of growth d=z ta as the basis of tne assess-
ment of well-being. . . i

An example of zn attempt at standardization was Todd'sg
work on skeletal maturation. After completing his work he
published an atlas of skeletal maturation which contained
seventy-five roentgenograms selected as typical of the suc-
cesslve stages in ossification in the hand of boys and girls
from three months of age until the date 1in adolescence when
all epiphyses are united. Todd was the director of the
Brush Foundation Studies at Cleveland wnich later was placed
under the leadership of Simmons.3

In the later years, emphasis appears to be on growth

trends or curves. Further, there have been attempts to seek

l1vig., pp. 279-284.

°T. W. Todd, et al, An Atlzs of Skeletal Maturation,
The Hand (St. LouiS: C. V. M.sby Company, 1937/,

art

I
assim

——

el

3Katherine Simmons, "The Brush Foundation Study of
Child Growtn and Development: II Physical Growth and De-
velopment," Society for Pesearch in Child Development
MOnOEPdphS (Washington, D.C. National Research Council,
1985)VoI. IX, No. 1, passim.
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relationships and common denominators that will descrite andg
predict growtn.

o]

Courtisl""3 in his many writings nolds that growth
is cyclic in nature and takes the matnematical form of the
Gompertz formula. Also, that all phases of growth are
related, each having an incipiency, a rate, and a maximum
and moving In a cyclic nature.

Courtis, 1n zn article publisned in Growth, descriktes
tne cyclic nature of growth when he writes:

. Therefore, it really 1s appropriate to

couple growth and cycles to mean a succession of
periods, or pulses, or waves of growth. 1In growth
cycles, it should be notead, tlhe phenomena that are
"recurrent" are not phases of development in the
organisg, but the phases in the process of growth
itself.

O.son and Hughes5 have attempted to discover some of

the principles of growth and relate them to the total

1Stuart A. Courtis, "Maturation Units for the Measure-
ment of Growth," School and Society, 30: ¢83-090, 19£9.

“Stuart A. Courtis, "Maturation as a Factor in Dia-
gnosis," The 34th Yearbook of the Nztional Society for the
Study of Education (Bloomington: Public School Puk. Co.,

19357, Chap. X.

3Stuar*t A. Courtis, The Measurement of Growth (Ann
Arbor: Brumfield and Brumfield, 1932], passim.

uStuart A. Courtis, "What 1is a Growth Cycle?,"
Growth, Vol. 1, No. 2, 1937, p. 156.

5W. C. Olson and B. 0. Hughes, "Growth of the Child
a8 a Whole," cited in R. G. Barker and J. S. Kounin, and H.
H. Wright, Child Behavior and Development (New York: McGrau-
H11l Book 0., 19%43), passim.
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organism, the growing child. Prescott1 pleads for discovery
of normal behavior ranges in descriptive rather than in
mathematical terms.

Millard, a student of Courtis and a strong defender
of the longitudinal method of collecting data, has carried
on three studiese that are unigque in themselves for their
completeness of data and quality and kind of data collected.
These studies have collected data over three periods using
the same measuring instruments from one festing period to
anoéher. Further, the subjects, are average public scrool
children. Millard's recently published book Sghool and
Qﬁil§3 has the Everett Study as its source.

There have been relatively few attempts to relate

longitudinal data on physical growth with longitudinal data

on mental achievement. The work of Cramptona as was

p. a. Prescott, Emotion and Educatlve Process (Wash-
ington, D. C.: American Council on Education, 1938), passim.

2ln the Child Development Laboratory of Michigan State
University these studies are known by the titles--The Dear-
born Study, the Everett Study, and the Holt Study. (1) Dear-
born--Data, longitudinal measures on approximately three hun-
dred cnildren, covering academic, mental, and physical
measurements over a ten year period. (2) Everett Studies--Com-
Plete individual case studies including anecdotzl and observ-
ation records on sixty children over a seven year span. (3)
Current Studies [Holt Dzata] comprehensive objective and
anecdotal records on three hundred children currently under
Observation.

3c. V. Millard, School and Child, A Case History (East
Lansing, Michigan: MichIgan State College Press, 1954),passim.

Crampton, op. cit., passim.



previously mentioned 1s the only study found in the litera-
1
ture until the Harvard Growth Study of 1922.
Millard® and his students have made a specific and

definite attempt to relate physical and mental growth by
Interpreting longitudinal data using the Courtis Technique.3

5

Studies in this area have been made by Millardu, Nally~-,

Kowitz®, and Martin.'

1
Dearborn and Rothney, op. cit., Chap. V, pp. 238-288.

2C. V. Millard, Michigan State University, East
Lansing, Micnigan.

35. a. Courtis, "Maturation Units and How to Use
Them," A Manual ot Directions for Research Workers in
Biological Sciense. (inn Arbor: Edwards Brothers, 1950),
passim.

MC. V. Mill:rd, "The Nature and Character of Pre-
Adolescent Growth in Reading Achievement," Chilld Development,
I1:2:71-114, 19LO.

5

T. P. F. Nally, "The Relationship Between Achleved
Growth in Height und the Beginning Growth in Reading" (un-
published Ph. D. thesis, Michigan State University, 1953).

0. T. Kowitz, "An Exploration into the Relationship
Of Physical Growth Pattern and Classroom Behavior in Ele-
mentary School Children" (unpublished Ph. D. thesis, Michigan
State University, 1954).

7

R. E. Martin, "The Educational Implications of an
Ipdividual Longitudinal Case Inventory" (unpublished Ph. D.
thesis, Michigan State University, 1956).
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Dearborn and Rothney studled the relationsnips

"maximum

between mental and physical growth. They used
growth age" during a two year period as a criterion for
selecting their early and late maturers. Their conclusions
were;
No consistently significant differences in achieve-
ment were discovered in comparisons of groups of 100
cases each at the extremes of growth in heignt and
welight during the two-year period.
Another study tnat attempts to categorize early and

3

late maturing boys is thzt of Stolz and Stolz. They used
"rate of growth" as a basis for znalysis. "Rate of growth"
was calculated from the galin an individual made per tenth cf
a year. "Early" and "late" growers were comparedé only in

physical characteristics with no attempt at a mental or

scholastic comparison.

-—

1Dearbor*n and Rotnney, op. cit., passim.

°Ioid., p. 253.

3H. R. Stolz and Lois Meek Stolz, Somatic Development
of Adolescent Boys (New York: Tne Macmillan Co., 1951J,
bassim,
2=solim.




CHAPTER III
DATA AND METHOD

A. The source of data. The cdata used for this study

1

were taken from the Third™ Harvard Growth Study. The orig-

inzl data are now in the custody of Michigan State University.
These records nave been used by many students for papers,
master's thesis, and doctorate dissertations. Two extensive
monograpins by Shuttlewortn? were written from these data.
At the time of his first publication, 1937, Dr. Shuttleworth
had this to say about this material:
It 1s the considered Jjucdgment of the writer that

the materials of the Harvard Growth Study represent

easlily the finest collection of longitudinal records

avallable for the study of physical growth during

the acolescent period. Better data, in the sense of
more cases and longer records, will probably never

l"Approximately 3500 children who were entering tne
first grade of three cities of the metropolitan area of
Boston were examined. In addition to twelve annually re-
Peated physical measurements, a battery of mental and scho-
lastic tests were administered annually to these same child-
ren for as long a time as they remained in school., . . ."
W. H. Dearborn and J. W. Rothney, Predicting the Child's De-
velopment (Cambridge, Mass.: Aci-ATrt Publisners, 1941), p.34.

°F. K. Shuttleworth, "Sexual Maturation and the Phys-

ical Growth of Girls Age Six to Nineteen," Monographs of the
fgg Research in Child Development (Washington, D.C.: National
Research Council, 1937), Vol. II, No. 5, p. 247; F. K. Shuttle-
worth, "The Physical and Mental Growth of Girls and Boys Age
SiX to Nineteen in Relation to Age at Maximum Growth," Mono-

raphs of the Soclety for Research in Child Development
Washington, D. C.: National Research Council, 1939), Vol.

V, No. 3, p. 291.
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be available. Better data, in the sense of half as
many cases followed over as long a period together
vwith either more measurements or more accurate
measurements or more supplementary data, will not
be available on analysis within a period of at
least 15 years.

The original Harvard Growth Study had approximately
3500 cases. However, there vere many casualities because
of family movements, illnesses, and even deaths. As a
result the number of causes was reduced in the Deartorn,
Rothney, Shuttlewortn report to 1553 school children of wnich
74T were boys and 806 girls. For the purposes of this study
data on height for 3¢8 boys of the T47 were exaumined. The
cases were selected for examination on the basis of maximum

number of measurements.

B. Selection of czses. A complete perusal of the

data of the 747 boys in the Harvard Report revealed that a
considerable number had been measured annually for eleven

or twelve years. It was discovered that 70 boys nacd been
measured annually for twelve years with the initial measure-
ment between the ages of 5.0 to 5.99 years. From this group

fourteen early maturers and ten late maturers were discovered

by the criterion used.

1 )
Shuttleworth, op. cit., Vol. II, No. 5, p. 6.

2
See page 39 for description of criterion. .
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In order to obtain a larger number of cases, the
remaining cases of the original T47 were catalogued on tne
basis of eleven annual measurements with the initial measure-
ment taken between the ages of £€.0 to ¢.99 years. The re-
sulting selection was 298 cases from which thirty-six early
maturers and forty-five late maturers were found.

The two groups totalled fifty early maturers and
fifty-five late maturers. The cases chosen are shown in

Taeble I and Table IT.

C. Secondary problem znd data used. Considerable

evidence is available which points out the superiority of
the early maturing child over the late maturing one.l The
question of the validity of the method used for cataloglng
children on the basis of maturity will be determined by the
significance of differences of means of the two groups‘so
designated on the basis of certain other growths and achieve-
ments. Growths and achievements so selected were:

1. Weignt

2. Dental Age

3. Skeletal Age

4. Mental Age®

1Douglas M. Moore, "Developmental Concordance and
Discordance During Puberty and Early Adolescence," Society
For Research In Chilé Development, Vol. XVIII, No. 56, 1653,
passim. -

“Mental ages were averaged when two or more were
recorded for a single year.
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TABLE I

SCRIPTION OF EACH OF THE EARLY MATURERS
IN TERMS OF NUMBER OF MEASUREMENTS AND
TIME OF THE INITIAL MEASUREMENT!

are numbered as follows:

case number
number of annual measurements
age in months at initial measurement

W+
wnu



Y/



o TABLE II

A DESCRIPTION OF EACH OF THE LATE MATURERS
IN TERMS OF NUMBER OF MEASUREMENTS %ND
TIME OF THE INITIAL MEASUREMENT

are numbered as follows:

case number
number of annual measurements
age in months of initial measurement
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5. Reading Achievementl

6. Arithmetic Achievement®

The mental ages were measured by many different in-
telligent tests. All the children received at least one
Iindividual Stanford Binet and some received as many as seven.
The following group tests were given to all, and every child
had a mental age measurement every year: Dearborn, Form A.
and C.; Otls Primary, Form A; Otls Self-Administering Test
of Mental Ability, Form A and B; Haggerty Intelligence Tests;
Terman Group Test, Form A and B; Detroit Advanced Intelli-
gence Test, Form V and W; Kunlman-Anderson Intelligence Test;
Revised Army Alpha Examination, Form V and VII.

Reading achlievement was measured 1n the early grades
by use of the Haggerty Reading Examination, Sigma 1l; Ayers
Measurement of Silent Reading-Scale 1, 2, 3; Chapman-Cook
Speed of Reading Tests; Chapman Unspeeded Reading-Comprehen-
slon Test. To measure reading achievement in junior and
senior high the Stanford Achilevement Tests--Forms A, V, W;
Towa Silent Reading Test--Forms A and B; and the Shank Tests
of Reading Comprehension were given.

The Progress Tests in Arithmetic--Primary, Intermedi-
ate, and for Grades Six, Seven, and Elght were given to

measure longitudinal growth 1In arithmetic. 1In later years

lReading ané arithmetic scores were not 1included in
ghe Dearborn Volume III so were taken from the original case
iles.

2Ibid.
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the New Stanford Arithmetic Test--Form A and Y; New Stanford
Achievement Test--Form V and W; and the Schorling-Clark-
Potter Arithmetic Test was given to measure growth.

The data regarding mental development is not as com-
plete as one would cdesire of longitudinal data. As was pre-
viously mentioned, group mental tests were glven every year
but different instruments were used. No attempt was made to
standardize the scores on these ftests but instead they were
averaged per year with the thought that the quantity of
scores used would smooth out curves and give a quite accurate
measurement of mental growth.

As scores for the Stanford-Binet Individual Test,
reading tests, and arithmetic tests were not collected every
year, Tables III and IV summarize the number of scores which
were avallable on these children, per every year of a

thirteen year periog.

D. Method. Growth in height appears to follow
closely to a straight slant but deviating abruptly on a new
rate at approximately the age of adolescence.l Because of
this phenomenon it was decided to compute a line of best
fit for the pre-adolescent years in order to determine the
age at which the data eventually departed and thereby to

differentizte the cases into early and late growers.

lstolz and Stolz, op. cit., p. 7.
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The equations used for determining the constants in
the equation (commonly known as the regression equation)

Yy =mxX + b were as follows:

n $XY - X £V
n £ X2 - £X2

$x° £Y -s$X £X¢Y
n £x° - %x°

The gruph of this rational and integral equation of
the first degree having two variables 1s always a stralght
line.l’2

This method was efficlent in that 1t depicted mathe-
matically the time of zn abrupt deviation in the pattern of
growthn.

Appendices A and B contains all the data whilch were
used to describe the growth patterns of the 105 cases on
Seven different characteristics.

To describe this method reference is made to Figure 1.

The solid, stralght line represents Case 2668's helght

growth 1if this individual hadé grown .19257 of an inch every

month. However, that is not his real pattern of growth.

lRaymond W. Brink, A First Year of College Mathematics
(New York: b. Appleton Century Co., Inc., 1937), passim.

A Handbook of Mathematical Taubles
Handbook Publishing, Inc.,

. 2R. S. Burlington, A
and Formulas (Sandusky, Ohio:
19807, passim.
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His true growth can better be described as cuvilinear. An
analysis now of Table V, column four (height deviation) will
show that the deviations of the true scores from the computed
scores gives the same "picture" only this is described 1i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>