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CHAPTER I

INTRODUCTION

As far back as there are records, man has been shown

to have been aware of the size of things.

Probably one of the first needs of primitive man for

measurement was the sizing up of an Opponent's strength. A

rough estimation of height and weight were generally used to

achieve this purpose.

Even primitive man has appeared to be conscious of

the need for more refined measurement. Throughout history

a variety of different techniques has been used.

One of the units used everywhere in the ancient world

was the cubit.1 The cubit, like most ancient units of measure-

ment, was derived from the human body and defined as the dis—

tance from the elbow to the tip of the middle finger.2

However, no unit of measure based on anything as variable as

a part of the human body was exact enough for the needs of

commerce even at that time. Therefore, men undertook to

 

1"On Measurement is Founded the Whole Progress of

Man", Sangamo Electric Company, Springfield, Illinois, p. 2.

2"Cubit' comes from the Latin 'Cubitum“, which means

elbow.



 
 

establish standards. Measuring rods established the length

of these cubits. The Egyptian Cubit was 20.6 inches, the

Greek and Roman cubit was 26.6 inches, and the Persian cubit

was 19.2 inches.3

This search for objectivity led to our present

standardization of units of measurement. During the past

century, numerous data have been collected through the use

of such units, particularly with respect to the heights and

weights of children.n The use of children probably is the

result of at least a sub—conscious awareness of the importance

of dealing with the growth process.

Many ways have been used to interpret the meaning of

measurement results, but none of those which have been con-

cerned with the units as such, have led to contributions of

educational significance.

It was not until man began to look beyond the measure-

ment units, to what he was measuring and why he was measuring

it, that he became consciously aware of the growth process.

The next step in the refinement of measurement,

therefore, became the discovery of a method for converting

the specific man made units of measurement into the natural

3Sangamo Electric Company, 9p. gl£., p. 2.

LI.

Howard V. Meredith, "Physical Growth of White

Children," Society for Research in Child Deve10pment Mgnggraphs,

Vol. 1, No. 2.



units of growth. Such a refinement was made available to

education with the Courtis5 adaptation of the Gompertz

Function.

Statement of the Problem

If growth is a process of nature that is different

from the Specific units which man uses for measurement, and

if the same growth process affects all measureable aspects,

it would seem reasonable to expect to find a relationship

between such growths as height and weight. It is assumed

that the Courtis6 adaptation of the Gompertz Function is in

reality an accurate method for describing the natural growth

process.

The purpose of this study, therefore, is to determine

if a relationship can be discovered between height and weight

through the use of this technique. The study is limited to

girls in the preadolescent and adolescent cycles.

Importance of the Study

A great variety of material has been written supposed—

ly dealing with the growth and deveIOpment of children and a

58. A. Courtis, Maturation Units and How to Use Them,

Ann Arbor, Michigan, (Litho-printedl: Edwards Bros., 1950.

6.12.1.4.-
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number of views and theories have been postulated to explain

growth - many of which are conflicting. The most recent of

the theories or schools of thought which purports to inter-

pret human behavior is the organisimic concept.7’8 This con-

cept holds that all aspects of development, in respect to a

life pattern, are related.9 The recent works of Nallylo and

Kowitz11 have demonstrated the validity of this aspect of the

organismic concept through the use of the Courtis12 Techn1que,

Many have tried to eXplain the relationship between height

and weight and other dimensions of growth through mass

statistical technique without success.13

 

7C. V. Millard, Child Growth and Development in the

Elementary School Years, Boston: D. C. Heath and Co., 1951, p,h,

8W. C. Olson, Child Growth and Development, Boston:

D. 0. Heath, 1949, p. 16.

9Millard, op. cit., p. M,

10Thomas Pomphert Francis Nally, ”The Relationship

Between Achieved Growth in Height and The Beginning of Growth

in Reading." Unpublished Ph. D. thesis, Department of

Education, Michigan State College, 1953.

11Gerald Thomas Kowitz, “An Exploration Into the Re-

lationship of Physical Growth Pattern and Classroom Behavior

in Elementary School Children.“ Unpublished Ph. D. thesis,

Department of Education, Michigan State College, l95h,

1ecourtis, op. cit.

13Meredith, gpg_git.



 

 

 

Increments have been used by some to show physical

growth patterns with similar result.1u’15’16

Although mathematical equations have been used to

describe many aspects of growth, they have not yet been used

to describe the relationship of height and weight.

Because of the success of Nelly17 and Kowitz,18 in

clearly showing other growth relationships with the Courtis

approaCh, it will be used in this study to determine precisely

the relationship between height and weight.

The Harvard Data19 has been generally accepted as

having valid measurements and since it has been analyzed by

other measures it has been selected for use in this study.

 

1“Walter F. Dearborn and John W.M. Rothney, Predicting

Ebe Child's Deve10pment, Cambridge, Mass.: Sci-Art, 1931,

15Wilton Marion, ”A Handbook of the Measurement and

Interpretation of Height and Weight in the Growing Child,“

Monggraphs g; the Society for Research in Child Deve10pmepp,

Vol. XIII, Serial No. us: igus, p. 33.

16Frank K. Shuttleworth, “The Adolescent Period:

Graphic Atlas”, Monographs of the Society for Repeprch_ip

Child Deve10pmenp, Vol. XIV, Serial No. #9, No. 1, l9fl9,

Fig. 3E and 38.

17

 

Nally, op. cit.

18Kowitz, op, cit.

19

Dearborn and Rothney, Predicting the Child's

Heismant . .o_2.-._.._..c1 t -



Definition of Terms

1. Deve10pment: “The progress towards maturity

brought about in an immature organism by the action of

apprOpriate environmental forces under constant conditions."20

In actual practice, growth, deve10pment and maturation are

lused interchangeable depending upon the emphasis desired."21

2. Growth Cycle: Progress toward a specific state

of condition made by an immature organism, other things being

equal.22

eat
3. The Gompertz function: y : keC or y = kirt where:

y : achieved deveIOpment at time ”t!

. K a maximum towards which development is progressing.

e0 = incipiency (i) or the degree of develOpment

at the beginning of the period of growth.

ea 3 rate (r) of growth expressed in isochrons.

4. Growth Constants: Maximum, rate, and incipiency.

5. Maximum: The ultimate state or condition within

a specific cycle.

 

zoStuart A. Courtis, Towards a Science of Education,

Ann Arbor: Edwards Bros., 1951, p. 9.

21$tuart A. Courtis, Maturation Units and How to Use
“1

Them, Ann Arbor: Edwards Brow., 1950, p. 22.

22

Nelly, pp. cit.
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6. Rate: Constant progress toward a maximum expressed

in isochrons.

7. Incipiency: Magnitude at the beginning of a

period of maturation and is constant throughout the growth

cycle.

8. Isochron: One percent of the total time required

for a growth curve to change from a deve10pment of 0.000000189

percent to a deve10pment of 99.90917 percent.



 

CHAPTER II

REVIEW OF THE LITERATURE

Much has been written about the relationship of

height and weight. Therefore, only a brief overview of the

literature will be attempted.

Some of the earlier work dealt with the correlation

of height with weight. A positive correlation was usually

the result.23 Such work showed that peeple who were taller

were also usually heavier. This aspect of the correlations

studies proved of little educational value.

However, the attempts of these investigators to

describe body size contributed to our knowledge of measurement.

The difficulty of measurement was traced, among other factors,

to the variation in height and weight due to time of day,

human factors related to individual patterns and techniques,

and inaccurate instruments. A great deal has been done to

eliminate such problems, but even in the measurement of height

and weight there is still much that needs attention.

Several investigators have succeeded in developing

generalized categories identified by the term, body build,

 

23J. A. Harris, C.M. Jackson, D. G. Paterson, R. E.

Scammon, The Measurement of Man, Minneapolis: University of

Minnesota Press, 1930, p. El-S .



through setting up a relationship between height and weight

measurements.2)+'25'26"?7

Kretschmer was one of the first to classify body

build}8 He divided all peeple into three types which he

called picnic, athletic, and asthenic. Much controversy was

caused; first, only over his choice of words; but later, over

his criteria for classifying.

Sheldon,29 using #000 subjects, then elaborated on

the work of Kretschmer, setting up more objective criteria

for classification. He named the three types endomorphs,

mesomorphs, and ectomorphs, but allowed for sub-classifications

within these categories.

 

21}Ibid., p. 107.

25Frank K. Shuttleworth, "The Adolescent Period: A

Pictoral Atlas", Monogpaphs of the Society for Research in

Child Development, Inc., Vol. XIV, Serial No. 2, l9h9, pp.h3-53,

26W. H. Sheldon, 2pc Varieties of Human Physique,

New York: Harper a Bros., 19u0.

2

7Norman C. Wetzel, The Treatment of Growth Failure

Ip Ch;ldren, Cleveland: NEA Service Inc., 19h8.

28K. Retschmer, E. Korperbau and Charakter. Berlin:

Springer, 1921. Translated from the second German edition

into English as Phypiqpe and Character, by W. J. H. Sprott,

London; Kegan Paul, Trench, Trubner, 1925.

 

29

Sheldon, pp. cit.
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This method of classification became quite pOpular

and is still followed by many of the writers today. Some of

them are now trying to relate social and mental behavior to

these categories. These writers have even characterized cer-

tain personality traits as typical of specific body builds.

This study might have as one of its eventual aims

the deve10pment of a continuous rather than a discrete class—

ification for body build.

Another type of technique for utilizing the relation-

ship between height and weight was the development of the

Grid by Wetzel.30 Children's growth in height and weight,

which is charted from month to month, falls into one of

seven categories or channels representing build. When an

irregular pattern of growth occurs, that is, movement out

of a channel, growth failure is suspected. Many times these

changes in channels occur even before other symptoms are

noticed by the teachers or parents. Seeing, according to

Wetzel,31 irregularities on the grid, enables one to get the

child to a physician before disease has gotten sufficiently

under way for the typical symptoms to be observed.

m---—--.--—-- .7 v.

30Wetzel, pp:_pi£., p. 11.

31Wetzel, ppggp;§., p.97‘98.



11

Most of the original investigators of body build

admit the difficulty in classification by height and weight

groupings and find a great many exceptions to the rules

which they devised.

Sheldon says:

Though many physiques showed a strongly

predominant trend toward one of the polar extremes,

we could find no single individual who did not some-

where in his body also exhibit minor local character-

istics belonging to one of the other two polar types.

Wetzel33 tells how certain children have changed

channels or have lagged within their channels when growth

failure did not occur.

Shuttleworth3u gives us a pictoral illustration of

a person changing body build.

From this evidence we have good reason to believe

that there is no average or typical build, nor is there any

natural grouping within which body builds will logically fall.

Instead it appears that build, like other aspects of human

deve10pment, is individual and thus must be described in an

35
individual manner.

*— —-—-—.—--—-—-.——'——~.—-.—.—.o h--.—-.—_.— "*v‘..—n—--o—-—~—'—

328heldon, 924.9%” p. #7.

33Wetzel, pp*_pi£., p. 97.

u

3 Shuttleworth, "The Adolescent Period: A Pictoral

Atlas“, Op, cit., pp. 52-53.

35A. R. Delong, "An Overview of Child Growth and

Deve10pment." Phamplet by Child Dev. Lab., Department of

Elementary Education, Michigan State College, East Lansing,

Michigan.
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A technique that represents graphically, individual

deve10pments, was deve10ped by W. C. Olson and B. 0. Hughes

at the University of Michigan.36 Several measures of specific

growths, such as height, weight, cutting of teeth, and stand—

ardized test scores are changed into comparable units through

the use of conversion tables in a manner similar to the way

in which mental test scores are changed into mental ages.37

A graph is then constructed in which converted scores are

placed on the Y or vertical axis and the chronological ages

of the child at the times the measurers were taken are placed

on the X or horizontal axis. This process makes the scores

relatively comparable and relationships among the various

aspects of development can be seen.

Another technique, which not only shows these same

relationships among individual growth more exactly, but also

enables one to predict the course of each growth, has been

developed by S. A. Courtis.38 The Courtis Technique, which

 ----—--.— fl "-u—rv—V __ v

36A. R. DeLong, "A Child Development Concept,”

Michigan_0ptome§rist, May, 1952.

37Willard C. Olson and Byron 0. Hughes, “Growth of

the Child as a Whole, ' ChildBehaviorand_Deve102ment, ed.

by Barker, Kounin, and Wright,NewYork: McGraw-Hill Book

Co. Inc., 19h}, Chapter XII.

38

22s_£$£-

 

S. A. Courtis, Matppgpion_ynits and How t9 Use IDES:
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is considerably more involved, assumes a ”Law of Growth.“39’u0

The raw measures are first converted into precent of develop-

ment by dividing the specific measures by the maximum at

maturity of each growth, within its cycle. These percentages

are then converted into growth units, called isochrons, by

means of a table. Then a mathematical equation is written

that describes not only achieved growth, but also future

growth at any point in the cycle if conditions remain some-

what constant.

Since this latest technique promises a solution to

the difficulties of other investigators, it was the one chosen

to show the relationship of height and weight in this study.

398. A. Courtis, "Growth and Deve10pment in Children,"

Advance in Health Education, Proceedings of Seventh Health

E§§§§jion Conferggge,rlngfigrbor,_!ighi an I i}, New;Y5rET

American Child Health Association, 193 , pp. 180-206.

”08. A. Courtis, ”Prediction of Growth,“ gournal_of

Egucatignal_B§§eargg, Vol. XXVI (March 19, 1933), pp.—E81- 92.
 

 



CHAPTER III

PROCEDURE

Data

The data used in this study were taken from the

Original Harvard Study. They are summarized in ggnggrgphg

g: the eggiggy For Research _1_g gpgg Mgpmgnt, entitled

“Data On The Growth Of Public School Children” by Walter F.

Dearborn, John W. M. Rothney and Frank K. Shuttleworth.‘u

The original data on these children can be found in the Child

Deve10pment Laboratory, Michigan State College, East Lansing,

Michigan.

The Harvard Research Study, from which these data

were obtained, was begun in 1922‘}2 Physical measurements were

repeated annually for twelve years.

AnthrOpometers, calibrated in millimeters, were used

for the height measurements.

Weight was measured to the nearest hectogram and was

taken with indoor clothing on.

 “—- w... _. -

1””Walter F. Dearborn, John W. M. Rothney, and Frank

K. Shuttleworth, "Data on The Growth of Public School Children,"

Monographs of the Society for Resegrch in_Child Develgpment

Vol, III, No. I, Serial No. 1E: 1938.

 

uzDearborn and Rothney, Predictigg the Child's Develop-

ment, op, cit. p. 34.
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Each of the measurements was taken three times by

three different peOple. Not one of the people measuring saw

the results obtained by the others. Therefore, each pupil

had nine measurements each time that they were measured. Each

measurement of height and weight had to come to within 1.1

units of the other two. When this did not occur, the child

was remeasured. The results of the three measurers were

averaged according to the following directions:

1. Use all measurements that are within

1.1 of others, or when the average of two

measures by the same measurer is within 1.1.

2. In all cases of more than three meas-

urements which are.within 1.1 of each other,

weight all single measurements by taking them

twice and divide by 6.

3. If there are only 3 measurements which

are within 1.1, average them. If not proceed

as follows:

(a) If two can be found with 0.6

average them

(b) Circle any which vary by more

than 2.2 and average all the

remaining by weighting. 3

In order to get as broad a sampling as possible with

a limited number of subjects, the cases were selected from

the three groupings within which most of the Harvard Girls

 

u

3Dearborn and Rothney Predicting the Child's

QEVGIODment, op. cit. pp. 83-8 .
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were reported in the Monograph.Lm The individual case numbers

are grouped or classified by periods of maximum growth.

Three classifications within which the majority of

the girls were placed are: (1) one year of maximum growth

ending at age 11.50 to l2.h9; (2) one year of maximum growth

ending at age 12.50 to l3.u9; and (3) one year maximum growth

ending at age 13.50 to lu.u9.

Seven cases were selected from the 11.50 to l2.h9

groups; eleven cases from the 12.50 to l3.u9 groups; and

seven cases from the 13.50 to 1h.h9 group, making twenty-five

cases in all.

Since further study with these data are anticipated,

the following were the requirements that were used in select-

ing the cases:

1. The subjects were chosen in the order

they were listed in their groups. Those that

did not meet the subsequent requirements, how-

ever, were eliminated.

2. A total of ten or more height and

weight measures must be available.

 

an

Dearborn, Bothney, and Shuttleworth, "Data on the

Growth of Public School Children," op. sl£-, pp. 14—15.
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3. These ten measurements must not have

been labeled in the monograph as probably in-

accurate.

“. Other measures for these subjects

must be reasonably complete.

Method

Since the organismic concept embodies the individual,

longitudinal approachfl's’u’6 and since a method is available

which describes the individual growth curves, mathematically,

according to the ”Law of Growth",n7'n8 this method was selected

to show the relationship between height and weight.

Using the Courtis method, the correct portion of the

Gompertz curve was fitted to the individual height and weight

data. In doing this the following procedure was followed

closely:

1. The data were plotted on logarithmic paper.

2. Those points obviously out of the pattern

were discarded for purposes of determining the

maximum. These points were included when determin-

ing the error of the equation.

“guillard, Child Growth and Development in the EleWEBEEEY

School Years, op. cit.

#6

In

Olson, Child Growth and Development, gp,cit., p. 16

Courtis, “Growth and Development in Children,"og,cit.

8

Courtis, I'Prediction of Growth,“ op, c t.
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3. Each measurement was divided by the

estimated maximum, and the percentage of de-

ve10pment Was calculated.

A. The results were plotted on isochronic

paper. The correct maximum was assumed when the

plotted percent of development resulted in a

straight line. A positively accelerated curve

indicated that the assumed maximum was too low,

and a negatively accelerated line indicated that

the assumed maximum was too high. An attempt was

made to achieve both a positively and a negatively

accelerated curve on the isochronic paper before

a maximum was accepted as correct. The equation.

was written from the trial maximum that produced

the nearest approximation to a straight line.

This maximum was then varied mathematically to

more closely approximate the true maximum. The

method of least squares was employed to find the

maximum when an absurd maximum was needed to

produce a negatively accelerated curve or when

the curve could not be negatively accelerated.

5. The residuals of the first cycle were

used as the data for the second cycle. The

same method for determining the maximum was used

in writing the second cycle equation.
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6. Height and weight cycles were written

independently.

The preadolescent and adolescent cycle equations were

then written for both height and weight. The means of the

three parameters were then determined for each of the three

groups for both height and weight. Next, the means of the

parameters for all three groups, taken together, were found.

Using these means, a curve of constants“9 was drawn

to demonstrate graphically the relationship of height and

weight in the preadolescent and adolescent cycle. See Figure 1.

For the purpose of showing a relationship, the per-

cents 20, 50, and 90, were selected. These percentages were

arbitrarily chosen in the belief that they would represent

an adequate cross section of the total development of a

particular cycle.

The individual height and weight equations were then

solved to determine the chronological age at 20, 50, and 90

percent of development in both the preadolescent and adolescent

cycle. The mean time, or mean chronological age for all girls

was then calculated for each of these percents.

“9 Millard, Child Growth and Development, pp. cit.
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In order to show the relationship in terms of percent

of deve10pment, the time at which weight was at 20, 50, and

90 percent of development, for each cycle of each weight

equation, was substituted into the corresponding height equa—

tion. By this method the percent of height development was

found when weight was at 20, 50, and 90 percent of development

in the two cycles.

The same procedure was used to determine the percent

of weight deve10pment when height was at 20, 50, and 90 percent

of deve10pment in each cycle.

By these methods, the relationships that existed be—

tween height and weight could be shown.

The means of the three percentages were next determined,

for each of the three groups, first, for height when weight

was at the selected percents of development, and then for

weight when height was at these percents of deve10pment. Then,

the means of the individual percents of heights and weights

for all three groups, taken together, were found.



CHAPTER IV

ANALYSIS OF THE DATA

The method of collecting the data used in the Harvard

Study was undoubtedly one of the most systematic and accurate

of any yet published.50 However, it was discovered that, for

the purpose of writing equations using the Courtis technique,

more measurements would have resulted in greater accuracy.

A minimum of three measurements is necessary when using the

Gompertz Function.51 Some cycles were about four years or

less in length. Hence, if there are only three or four

measurements, one or more of which may be inaccurate, the

measures may not have been a good representation of growth.

At least three measures per year would eliminate this

inadequacy.

The individual height equations showing the differ-

ences in rates, incipiencies, and maxima are found according

to groups in Appendices A, B, and C. At the end of each of

the Appendicies, each of which contain the data on height for

50Dearborn and Rothney, Predicting the Child's

ngelopment,gp. cit., pp. 33-99.

 

1 _

5 Courtis, ggturation Units and Hog_to Use Them,

op. cit.
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the groups as categorized by Dearborn, Rothney, and

Shuttleworth,52 is found the mean rates, incipiencies, and

maxima for that group. Appendix D contains the mean rates,

incipiencies, and maxima of all of the girls considered as

one group.

For the height growth of the three groups, the rate

ranges from 3.17929 to 7.53659 isochrons in the first cycle

and from 5.88306 to 11.43709 isochrons in the second cycle.

The mean rate for all the girls is 4.68776 in the first and

8.82931 isochrons in the second cycles of height growth.

The height maximum for all groups ranges from 1275

to 1525 millimeters in the first cycle with a mean of 1392.

In the second cycle, the range is from 135 to 330 millimeters

with a mean of 229.

The range of height incipiencies for the three groups

was from ‘5.81882 to 421.29520 isochrons in the first cycle

with a mean of 413.207n7 and from «110.94126 to -3s.u5302 in

the second cycle with a mean of -84.68593 isochrons.

The mean maxima, incipiencies, and rates, of the

height equations, among the three groups, do not differ

noticeably except for the incipiencies in the group which

reaches their maximum year of growth at some time ending

52Dearborn, Rothney, and Shuttleworth, op, cit.
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between 13.50 and lu.h9. With this group, the first cycle

incipiency is lower positively than is the first cycle

incipiency of the other two groups, and the second cycle in—

cipiency is higher negatively than the second cycle incipiency

of the other two groups.

Using the data presented in Appendix D, it was found

that having an average of 10.5 measurements for each person

and covering an age span of over 9.63 years53 (including deo

ve10pment during two cycles of growth), the average deviation

of the description of height growth at all points was ih.19

millimeters or less than .2 of an inch.

The individual weight equations showing the differ—

ences in rates, incipiencies, and maxima are found according

to each of the three groups in Appendices E. F, and G. At

the end of each of these Appendices is found the mean maxima,

rates, and incipiencies for each individual group. Appendix

H contains the mean rates, incipiencies, and maxima of all of

the girls considered as one group.

The weight rate for the three groups ranges from

3.193h4 to 9.6u677 isochrons in the first cycle and from

“.50000 to 16.6119h isochrons in the second cycle, with a

mean of 5.50069 isochrons in the first cycle and a mean of

7.3737“ isochrons in the second cycle.

53From the first measurement in the first cycle to the

last measurement in the second cycle.
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The weight maximum for all groups ranges from 230

to #50 hectograms with a mean of 306 in the first cycle, and

from 10“ to 385 hectograms with a mean of 220 in the second

cycle.

The range of weight incipiencies of the three groups

was from -3n.uu705 to 418.57897 isochrons in the first cycle

with a mean of -.95209 and from -205.33880 to -2n.65500

isochrons in the second cycle with a mean of -76.76065.

The mean maxima, incipiencies, and rates, of the

weight equations, among the three groups, do not differ

noticeably, although the difference among the constants is

somewhat greater than was the difference of the constants

of the height equations.

The data in Appendix H shows that the weight equa-

tions, having an average of 10.“ measures, over an average

period of 9.57 yeargfilincluding deve10pment during two cycles

of growth) describe growth at all points with an average

deviation of 5.50 hectograms or slightly over 18 ounces.

The Curve of constants, Figure 1, shows graphically

the relationship of height and weight in the preadolescent

and adolescent cycle. In the preadolescent cycle it can be

noticed that height growth begins before weight growth and

continues ahead until the very end of the cycle, at which

time the two curves are quite close together. In the second

cycle, the two growths begin at the same time, but the

—A — -'~ ”a-

5“From the first measurement in the first cycle to the

last measurement in the second cycle.
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height rate is greater than the weight rate so that height.

is again ahead of weight and remains so until the end of

the cycle.

The individual chronological ages when height was at

20, 50, and 90 percent of development, in the preadolescent

and adolescent cycle, is presented according to groups in

Appendicies I, J, and K. Appendix L, shows the mean

chronological ages of all the subjects, taken together.

Twenty, 50, and 90 percent of growth in height in the first

cycle, occur at a mean age of 2.u0, 4.28, and 8.u2 years

respectively. In the second cycle, 20 percent of height

growth occurs at a mean age of 11.39 years, 50 percent at a

mean age of l2.h2 years, and 90 percent at a mean of 1h.63 years.

The individual chronological ages when weight was at

20, 50, and 90 percent of deve10pment, in the preadolescent

and adolescent cycle, is presented according to groups in

Appendicies M, N, and 0. Appendix P shows the mean chronolog-

ical age when weight is at the above percents of development.

In the first cycle 20 percent of weight growth occurs at a

mean chronological age of h.h9 years, 50 percent of weight

growth occurs at a mean age of 6.21 years, and 90 percent of

weight growth occurs at a mean age of 9.9? Years. In the

second cycle 20, 50, and 90 percent of growth in weight occur

at 11.83, 13.09, and 15.86 years respectively.
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CURVES OF CONSTANTS

The 2nd cycle is begun at 92.6 % of the first cycle to show

continuous growth.
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Table I shows the individual percent of development

of height When weight is at 20, 50, and 90 percent of develop-

ment in the preadolescent and adolescent cycle, for seven

girls who achieve one year of maximum growth ending at 11.50

to 12.u9. The mean percent of height deve10pment for this

group when weight is at 20, 50, and 90, percent of develop-

ment in the two cycles is 52.2, 74.9, and 94.9 for the first

cycle and 26.5, 58.6, and 92.1 for the second cycle.

Table II shows the individual percent of deve10pment

of height when weight is at 20, 50, and 90 percent of deve10p—

ment in the preadolescent and adolescent cycle for eleven

girls who achieve one year of maximum growth ending at 12.50

to 13.h9. The mean percent of height deve10pment for this

group when weight is at 20, 50, and 90, percent of deve10p-

ment in the two cycles is 50.5, 72.1, and 93.3 for the first

cycle and 33.0, 73.6, and 95.u, for the second cycle.

Table III shows the individual percent of development

of height when weight is at 20, 50, and 90 percent of develop-

ment in the preadolescent and adolescent cycle for seven

girls who achieve one year of maximum growth ending at 13.50

to 14.49. The mean percent of height development for this

group when weight is at 20,50, and 90 percent of development

in the two cycles is 52.9, 75.1, and 95.0 for the first cycle

and 31.9, 69.6,and 95.7 for the second cycle.



28

Table IV shows the mean percent of deve10pment of

height for all cases when weight is at 20, 50, and 90 percent

of deve10pment in the preadolescent and adolescent cycle.

The mean percent of height development for all cases When

weight is at 20, 50, and 90 percent of deve10pment in the

two cycles is 51.6, 73.8, and 9n.2 for the first cycle and

30.9, 67.6 and 9u.6 for the second cycle. From the illustrated

standard error of the mean, confidence limits can be set up

to show that at 20 percent of weight development in the first

cycle, the mean height development of the population (all

girls of this age), is between #1.o7 and 62.13 almost 100

percent of the time. At 50 percent of weight development in

the first cycle, the mean height development of the pepulation

will be between 68.61 and 78.99 almost 100 percent of the

time. The mean height development of the pOpulation at 90

percent of development in the first cycle will be between

91.83 and 96.57 almost 100 percent of the time. For the

second cycle, the mean height deve10pment of the pepulation

at 20, 50, and 90 percent of weight development will be be-

tween 23.31 and 38.49, between 61.54 and 73.66, and between

91.36 and 97.84 respectively almost 100 percent of the time.
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PERCENT or DEVELOPMENT or HEIGHT WHEN

WEIGHT IS AT 20, 50, AND 90 PERCENT OF DEVELOPMENT
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Case f 20 50 90 20 50 90

  

62F z‘fit.n.v. 53.9 ‘8o:0 797.7 21.u 66.u 197.9

93? % Ht.Dev. 67.7 77.5 ‘90.8 28.3 59.9 93.‘L

Mile 5 Ht.Dev. 56.1 78.9 96.8 30.6 68.0 |96.9 
near 8 Ht.Dev.i #7.0 68.6 |L92.1; 8.6 28.8 ‘77.2

5031» fame-3v. mm 71.9 .95,7 36.3 59.5 88.9

693E % Ht.Dev. 59.3 I76.6 99.2 , 2h.5 60.1 19#.9

889E % Ht.Dev. 37.3 [71.0 96.8 35.7 67.5 95.6
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29F

52F
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PERCENT OF DEVELOPMENT OF HEIGHT WHEN

WEIGHT IS AT 20, 50, AND 90 PERCENT OF DEVELOPMENT
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Development Development

lst Cycle 7 2nd Cycle

L “"*26" f50rrjfi9o ‘ 20 7 50 90 “h

% Ht.Dev.L hh,7 i65.7 82.7 27.6 69.5 97.9

% Ht.Dev. 55.7 70.9 [90.1 21.7 73.1 99.0

% Ht.DeV.} 72.“ 179.9 90.6 23.9 77.1 99.”

% Ht.Dev. 66.8 75.7 88.6 19.2 76.5 99.5

% Ht.Dev.l 35.7 ,73.I ,97.6 33.7 61.7 92.9

% Ht.Dev. 20.1 ‘43.“ 39“.? “3.1 71.2 90.“

% Ht.Dev.l 34.9 l71.5 97.5 . 7.0 62.5 99.0

% Han".t 32.9 {71.3 97.7 51.7 78.1 97.3

s Ht.Dev. 79.1 89.9 98.2 59.7 78.9 97.1

‘% Ht.Dev. 77.7 :85.1 93.6 99.1 65.3 67.9

8 Ht.Dev.: 37.0 67.1 99.9 E31.6 ‘77.1 . 90.1

nean 50.5 72.1 93.3 l33.0 73.6-1.3éli
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PERCENT OF DEVELOPMENT OF HEIGHT WHEN

WEIGHT IS AT 20, 50, AND 90 PERCENT OF DEVELOPMENT
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Girls One Year Maximum Growth Ending at 13.50-19.99
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{I {Percent of Weight Percent of Weight

1 Development Deve10pment

, lst Cycle 2nd Cycle

Case 20 50 90 7 20 f 50 I 90

_ .|L____. ..__

5MP z Ht.Dev. 63.0 82.1 97.1 , 26.0 I66.6 97.3

275F % Ht.Dev. 72.1 82.6 99.4 38.6 l71.0 .96.6

3202 {x Ht.Dev. 38.7 68.2 T 95.1 28.“ 69.3 95.8

329F x Ht.Dev. 13.2 57.6 97.0 22.1 .77.? t98.5

612R % Ht.Dev. 53.3 78.6 97.3 31.6 {72.5 98.1

776F % Ht.Dev.‘ 66.7 79.9 86.6 7 19.9 67.2 98.“

10502 3 Ht.Dev. 61.1 81.8 97.4 56.5 68.2 3 5.5

1

Mean 7 52.9 75.1 95.0 31.9 69.6 395.7
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l 1 2..-     
 

 

 



TABLE IV

32

MEAN PERCENT OF DEVELOPMENT OF HEIGHT WHEN

WEIGHT IS AT 20, 50, AND 90 PERCENT OF DEVELOPMENT

Development Development

1st Cycle 2nd Cycle

20 50 90 20 i 50 90

All Cases % Ht.

Dev. 51.6 73.8 9M.2 30.9 67.6 91.6

Stan. Dev. 17.2 8.5 3.9 12.9 9.9 5.3

Stan. Error of

Mean 3.51 1.73 .79 2.53 2.02 1.08
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Tables V, VI, and VII show the individual percent of

deve10pment of weight, for each Of the three groups, when

height is at 20, 50, and 90 percent of development in the

preadolescent and adolescent cycle.

Table VIII presents the mean percent of development

of weight for all cases when height is at 20, 50, and 90

percent of deve10pment in the two cycles.

These tables were done as a check on the other work,

to show more clearly the relationship of height to weight and

to weight and to discover if any other relationships could

be shown by this process.

 

 



TABLE V

PERCENT OF DEVELOPMENT OF WEIGHT wHEN

HEIGHT Is AT 20, 50, AND 90 PERCENT OF DEVELOPMENT

3N

 W—w

Girls One Year Maximum Growth Ending at 11.50-12.h9

 

 

 

 

 

Pefiiié‘foéiefliigh‘ “5233.33.38“
lst Cycle 2nd Cycle

Case 20 5o 90 _,.i 20 50 90’—”—-

62? % Wt.Dev. 2.9 17.0 68.8 4.“ 38.1 7".8

98? z Wt.Dev. ___* .8 88.1 13.3. no.0 85.4

#112 x wt.Dev. 1.1 Iu.9 72.6 13.1 31.0 76.8

#29? 1 Wt.Dev. 1.8 23.3 86.2 38.8 70.8 96.5

503? % Wt.Dev. 1.8 25.1 78.8 5.9 36.9 91.2

693? z Wt.Dev. .1 10.0 80.6 16.5 80.7 8n.1

889F % Wt.Dev. 9.3 39.7 76.2 9.2 31.8 80.3

Mean 2.5 17.3 78.8 17.8 38.3 89.2

L      
 

*A dash indicates that a minus number of isochrons was

gotten and therefore, weight was at a point before the beginn-

ing of the preadolescent cycle.



TABLE VI

PERCENT OF DEVELOPMENT OF WEIGHT WHEN

HEIGHT IS AT 20, 50, AND 90 PERCENT OF DEVELOPMENT

 

Girls One Year Maximum Growth Ending at 12.50-13.49
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Percent of Height

I

Percent of Weight

 

 

Development Deve10pment

' 1st Cycle 2nd Cycle

Case 20 50 J‘ 90 20 50 i 90

6F 3 Wt.Dev. 1.9 26.6 90.1 15.4 3h.5 73.9

29F % Wt.Dev. 0.0 15.0 89.9 19.1 34.7 68.0

52? x wt.Dev. ___ 0.0 88.u 18.2 32.5 61.2

6111' :6 Wt.Dev. __ .M 92.5 20.11 311.2 611.1

95F % Wt.Dev. 11.0 29.7 72.7 8.8 36.5 86.7

1052 3 Wt.Dev. 33.1 51.5 85.9 2.5 28.5 69.9

111R 3 wt.Dev. 11.1 30.8 78.3 28.5 43.3 71.6

129E z Wt.Dev. 12.7 31.9 61.2 3.2 18.8 71.6

1522 % Wt.Dev. .0 .6 50.“ 2.0 15.9 71.7

158F z Wt.Dev. 0. 75.2 .1 21.3 93.2

191F % Wt.Dev. 8.1 31.6 81.7 15.3 30.0 65.9

Mean L 9.8 20.1 78.3 12.05 30.0 71.9       
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TABLE VII

PERCENT OF DEVELOPMENT OF WEIGHT WHEN

HEIGHT IS AT 20, 50, AND 90 PERCENT OF DEVELOPMENT

Girls One Year Maximum Growth Ending at 13.50-14.99

 

 

 

 

Percent of Height Percent of Weight

Development Development

1st Cycle 2nd Cycle

|

Case 20 50 9O 2O 50 90

51.11 %Wt.Dev. .u i 9.0 69.0 16.1 36.1 76.11

275E % Wt.Dev. 0 I .5 73.1 8.4 29.1 77.0

320E % Wt.Dev. 7.2 30.1 81.1 19.1 37.1 80.7

329R % Wt.Dev. 25.0 95.8 78.9 16.6 38.6 76.5

6122 3 Wt.Dev. 2.7 17.5 71.9 13.9 31.8 72.2

776F 3 Wt.Dev. ___, .1 95.5 20.1 37.6 72.5

1050F % Wt.Dev. .8 11.0 68.“ 0 8.7 95.7

Mean 6.0 16.1 76.8 . 13.0 31.3 78.7       
 



TABLE VIII

MEAN PERCENT OF DEVELOPMENT OF WEIGHT WHEN

HEIGHT IS AT 20, 50, AND 90 PERCENT OF DEVELOPMENT

IPercent of Height

:—
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Percent of Height

 

 

  

 

Deve10pment Deve10pment

1st Cycle 2nd Cycle

1

I I

20 50 TI 90 20 50 90

All Cases % Ht. 7 7 »

Dev. 6.5 :18.2 78.0 13.0 I 33.7 78.4

i 1

Stan. Dev. 8.6 714.9 10.2 9.0 11.1 9.1

Stan. Error 1.95 i 3.04 2.08 1.84 2.27 1.92
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CHAPTER V

SUMMARY, CONCLUSIONS, AND IMPLICATIONS

This study was carried out to determine the relation-

ships existing between height and weight growth of girls in

the preadolescent and adolescent cycles.

Twenty-five girls were selected from the Harvard

Data.

In the sampling criteria employed, the cases selected

were those that contained a minimum of ten measureseach, of

height and weight, as well as reasOnably complete supplemen-

tary data so that further research might be carried out with

these cases.

Equations representing achieved growth in both

height and weight  within the preadolescent and adolescent

cycle were written utilizing the Courtis adaptation Of the

Gompertz Function.
,

The height and weight equations were solved for 20,

50, and 90 percent of development in'both cycles. Thus the

chronological age at which each equation was at 20, 50, and

90 percent of deve10pment was found.

These times were then substituted in the opposite

equation to determine the relationship.
The times when

achieved growth in weight was at 20, 50, and 90 percent of
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development were substituted in the height equation to de-

termine where height was in terms of percent. The times when

achieved growth in height was at 20, 50, and 90 percent of

deve10pment were substituted in the weight equations to de-

termine where weight was in terms of percent of deve10pment.

This was done as a check to assure the accuracy of the results.

Conclusions

In all groups height achieved a higher percent of

deve10pment than did weight at any given time.

The individual curves were then examined for each

of the three percentages of development. It was found that

in some individual cases (9), there were one or at the most

two points at which weight deve10pment was higher than that

of height. These points usually occurred at the end of the

cycle. The cause is not known, but this might have been due

to the influence of the succeeding cycle.

At 20 percent of weight development in the first

CYcle, height was at a percentage greater than 20 percent,

96 percent of the time.

At 50 percent of weight development in the first

cycle, height was at a percentage greater than 50 percent,

96 percent of the time.

At 90 percent of weight development in the first

cycle, height was at a percentage greater than 90 percent,

88 percent of the time.
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In the second cycle when weight was at 20 percent

of development, height was at a percentage greater than 20

percent, 8% percent of the time.

In the second cycle, when weight was at 50 percent

of deve10pment, height was at a percentage greater than 50

percent, 96 percent of the time.

In the second cycle, when weight is at 90 percent

of development, height is at a percentage greater than 90

percent, 89 percent of the time.

In no case was weight ahead of height for two cycles.

In one case, subject “29?, weight was ahead of

height for a complete cycle, the second cycle.

This study has shown that a definite relationship

exists between the developmental patterns of height and

weight of girls in the adolescent and preadolescent cycle,

as described by the Gompertz Curve.

Implications

The writer would like to see the same procedure used

With more frequent measures. Boys might also be included in

a future study.

Individual cases should be analyzed more closely to

determine the degree of individual variation from the general

trend as well as to determine individual patterns of the re-

lationship between height and weight.



41

Ideally, subjective data, such as a case inventory,

should be included so as to determine causes of changes in

conditions such as prolonged illness, or change in diet,

being reaponsible for variation.



APPENDIX
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APPENDIX I

CHRONOLOGICAL AGE WHEN HEIGHT IS AT

20, 50, AND 90 PERCENT OF DEVELOPMENT

 
.- ._—_—___

 

Girls One Year Maximum Growth Ending at Age 11.50-12.99

 

 

 

      

'lst Cycle 2rd Cycle

Percent of Dev. 20 50 90 .29. -159_ __39_

62? C.A. 3.30 4.76 8.03 9.96 11.79 13.66

98? C.A. 1.16 3.36 8.28 10.64 11.67 13.97

M11? C.A. 1.93 3.77 7.87 10.91 11.79 13.68

h2ur c.A. .98 3.19 8.13 11.12 12.30 14.9u

503E C.A. 2.32 9.17 8.30 10.73 11.53 13.20

693F c.A. 2.85 9.31 7.57 10.48 11.53 19.02

889F C.A. 1.62 3.63 8.11 10.87 11.79 13.86

  



APPENDIX J

CHRONOLOGICAL AGE WHEN HEIGHT IS AT

20, 50, AND 90 PERCENT OF DEVELOPMENT

 

 

Girls One Year Maximum Growth Ending at Age 12.50-13.99

 

 

 

 

lst Cycle 2nd Cycle

Percent of Dev. _29_ _59_ __99_ __29. _59__ _29__

6F C.A. -1.85 9.99 10.37 12.29 13.08 19.89

29F c.A. 1.39 9.09 9.96 12.06 12.93 19.90

52? C.A. 1.58 3.76 8.61 11.91 12.77 19.71

61? C.A. 1.99 3.69 8.58 11.37 12.11 13.76

95F C.A. 2.39 3.89 7.39 10.93 12.13 19.80

105F C.A. 2.53 3.99 7.27 10.83 12.26 15.96

111F C.A. 2.13 9.05 8.36 11.50 12.29 19.07

129F C.A. 3.99 5.11 6.71 11.07 12.16 19.59

152? C.A. 1.90 3.69 7.69 “ 11.19 12.25 19.63

158F C.A. 2.09 3.88 7.98 11.10 12.53 15.73

19lF C.A. 1.00 3.29 8.29 10.67 11.73 l”.09       
 



APPENDIX K

CHRONOLOGICAL AGE WHEN HEIGHT 18 AT

20, 50. AND 90 PERCENT OF DEVELOPMENT

 

 

Girls One Year Maximum Growth Ending at Age 13.50-14.99

 

 

   

  

lst Cycle 2nd Cycle

Percent of Del. 20 50 9O 20 50 90

59F C.A. 2.78 9.69 8.81 11.62 12.69 19.92

275? C.A. 3.76 5.20 8.28 11.83 12.67 19.5LL

32OF C.A. 2.95 9.52 8.01 11.51 12.55 19.89

329F C.A. 3.96 5.62 9.33 12.90 13.20 19.98

612F C.A. 3.69 5.38 9.16 12.89 13.96 16.98

7768 C.A. 2.12 9.67 10.37 12.96 13.23 19.96

1050F C.A. 9.35 5.87 9.26 12.55 13.63 16.05
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APPENDIX L

‘MEAN CHRONOLOGICAL AGE WHEN HEIGHT IS

AT 20, 50, AND 90 PERCENT OF DEVELOPMENT

7 Girls One Year Maximum Growth Ending at Age 11.50-12.99

11 Girls One Year Maximum Growth Ending at Age 12.50-13.99

7 Girls One Year Maximum Growth Ending at Age 13.50-19.99

H

lst Cycle 2nd Cycle

 

Percent of Dev- 20 50 90__ 20 50 90

Mean all ,

Girls C.A. 2.90 9.28 8.92 ,11.39 12.92 19.63 

      
 



APPENDIX M

CHRONOLOGICAL AGE WHEN WEIGHT IS AT

20, 50, AND 90 PERCENT or DEVELOPMENT

A
  

Girls One Year Maximum Growth Ending at Age 11.50-12.99

\
T
I

0
“

 

 

  

   

 

 

    

lst Cycle 2nd Cycle

Percent of Dev. 20 50 yr_9g_ 20 50 90

62F C.A. 9.96 6.73 10.69 10.99 12.31 15.29

98F C.A. 9.89 5.98 8.53 10.99 12.09 19.50

911? C.A. 9.16 6.10 10.92 11.25 12.38 19.91

929F C.A. 2.97 9.79 8.87 10.53 11.53 13.68

503F C.A. 3.82 5.80 10.22 11.17 11.80 13.20

693F c.A. 9.80 5.96 8.55 10.65 11.92 19.77

889F C.A. 2.79 5.31 10.99 11.36 12.92 19.78

 



APPENDIX N

CHRONOLOGICAL AGE WHEN WEIGHT IS AT

20, 50, AND 90 PERCENT OF DEVELOPMENT

57

Girls One Year Maximum Growth Ending at Age 12.50-13.99

 

 

 

 

  

lst Cycle 2nd Cycle

Percent of Dev- _29_ _5Q_. _99_ 2O _50 _39__

6F C.A. 9.02 6.05 8.53 12.50 13.68 16.32

29? c.A. 9.57 6.29 9.98 12.11 13.76 17.93

52F C.A. 5.72 6.67 8.79 12.03 13.78 17.70

61F C.A. 5.09 6.06 8.23 11.35 12.99 16.99

95F C.A. 3.16 5.39 10.20 11.99 12.69 15.21

105F c.A. 1.62 3.67 8.25 11.93 13.47 15.54

lllF C.A. 3.07 5.71 11.61 11.02 12.66 16.31

129F C.A. 9.96 6.06 9.63 12.22 13.99 16.33

152F C.A. 5.99 7.67 11.92 12.93 13.61 16.23

158F C.A. 6.19 7.06 9.01 12.99 13.36 15.32

l9lF C.A. 2.28 9.70 10.11 11.09 12.96 17.15     
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APPENDIX 0

CHRONOLOGICAL AGE WHEN WEIGHT IS AT

20, 50, AND 90 PERCENT OF DEVELOPMENT

Girls One Year Maximum Growth Ending at Age 13.50-19.49

 

 

 

 

 

 

lst Cycle fi 2nd Cycle

Percgnt of_p_zig _§9_.I_59. |__29_ I .29.- -59__§_991_

59p C.A. I 5.59 .7.92 11.63 I 11.89 13.29: 16.53

275F C.A. I 6.99 7.91 9.97 I 12.35 13.37I 15.69

320F c.A. I 3.93 5.62 9.39 I 11.81 13.10I 15.97

329F c.A. i 3.51 ‘6.07 11.80 I 12.96 k13.65I 16.29

612E C.A. I 5.57 I7°50 i11.83 13.28 19.97! 18.79

776F C.A. I 6.30 £7.26 9.92 I 12.96 713.77; 16.69

1050p c.A. I 6.98 38.10 11.73 9 13.88 19.39! 15.52

I I I -- L........   
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APPENDIX P

MEAN CHRONOLOGICAL AGE WHEN WEIGHT IS

AT 20, 50, AND 90 PERCENT OF DEVELOPMENT

 
’"—~-—.- - .—

*'——w——..~-.—,.——-.——»_-.—*'—v.—.—-’-—---—.—-—-——-" .—

7 Girls One Year Maximum Growth Ending at Age 11.50-12.99

11 Girls One Year Maximum Growth Ending at Age 12.50-13.99

7 Girls One Year Maximum Growth Ending at Age 13.50—19.99

 

 

__..-1_-.. , r _.

lst Cycle II 2nd Cycle

__- (LT T" “T T "T“
PercentofDev Ii I _59_ I 90 I 20 ‘_59__I _99,_

Mean all I I I I

Girls C.A. :9.99 6.21 I 9.97 ‘ 11.83 13.09: 15.86

I

__ -..-I 1 I I .__-_._._   
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