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CHAPTER I 

METHOLOGICAL PROBLEMS AND SPECIFIC HYPOTHESES 

This study is concerned wi th two ma3or problems. First, what pro
cedures and statistical methods are appropriate tor the analysis or 
longitudinal data, that is, repeated measurements on the same children? 
The advantages or longitudinal data have long been recognized, but 
tnere is still IIIUCh uncertainty about what should or could be done w1 th 
such data arter i t  has been collected. The problem is too vast tor any 
single study, but at least a conscious attempt may be made to advance 
its solution. Second, what are the patterns or physical growth among 
contrasted groups or girls whose t irst menstruation occurs at ditterent 
ages? Since the t irst menstruation, or menarche, is condi tioned by 
underlying endocrine ractors, an association between menarcheal ages 
and differential patterns or physical growth would suggest that these 
patterns are also conditioned by endocrine ractors. Although the prob
lem or statistical

.
methods supplied the initial impetus tor this study 

and i s  regarded as or coordinate importance, the text is addressed to 
the general reader. As tar as possible statistical and procedural 
details have been collected in Appendices A and B or relegated to 
rootnotes. 

1. Methodological Problems 

The first American study based on repeated measurements or the same 
individuals was published more than sixty years ago by Bowditch ( 8 ,  see 
numbered bibliography following the concluding chapter) . For over 
torty years it has been the settled conviction or students or child 
growth that only repeated measurements would contribute substantially 
to our understanding or developmental processes (see Boas, 6). The 
collection or the necessary longitudinal data has been a very slow pro
cess, but, now that over two hundred studies employing such data have 
been reported, a disturbing phenomenon is apparent. With rew exceptions 
the methods or analysis and the reports or findings proceed as it only 
cross-sectional data on ditterent groups or children at ditterent ages 
were available. Students or child growth are thus raced with basic 
problem or developing better methods ror the analysis or longitudinal 
data. 

The problem is more serious and more ditti cult than is generally 
realized, Two decades or concentration on the perfection or psycho
metric and or diagnostic procedures have Jrovided a wealth or measuring 
instruments. Attention has been gradually shifting to the actual use 
or these instruments in genetic and developmental studies. Just at this 
point, however, the diffi culties inherent in longitudinal data and the 
ratters imposed by tradition have conspired to produce only more or the 
old cross-sectional reports. In at least one notable instance these 
ractors. have actually inhibited the analysis or the data even though 
large sums had been invested in their collection . 

The ditti cult nature or the problem arises tram tour sources. In 
the t irst place the collection or adequate longitudinal data presents 
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many d1tt1cult1es 1n addition to those involved 1n the collection or 

croas-aect1onal data. In spite or the most careful planning 1llneaaea 

or accidents will pro�uce gape or om1ss1ons 1n the data. It the study 

begins with 1000 six year old children, 1t 1s probable that less than 

500 will be available ten years later. Under normal conditions 1t 1s 

exceedingly d1tt1cult to measure children at their exact birthdays and 

d1tt1cult enough to measure them at regular intervals. When the seriatim 

rreasures or many children are examined, some will appear to be erratic 

or 1reposs1ble 1n the light or the whole series. Longitudinal studies 

reou1re time. The personnel collecting the data may change and w1 th 
changes 1n personnel corr� unknown· and undeterminable changes 1n the 

methods or taking the measurements. With the passage or time new and 

better techniQues and measurements are developed. Hence, there arises 

the dilemma or retaining the old method or or adopting the new. Hence 

also, a measurement which seemed most desirable at the outset or a 

study may seem inadequate at the end. At the end 1t 1s easy to look 

back and cr1t1c1ae, yet d1tt1cult to begin anew and do better. napa 1n 

the data, overlapping records, irregular intervals, erratic rtgures, 

changing personnel, the poss1b111ty or unconscious changes 1n methods 

or measurement, and e1 ther actual changes or failures to make changes 

1n rr�thods give longitudinal data the appearance or contusion and chaos. 

The t1m1d soul, rearing any departure rrom accepted procedures and 

keeping a weather eye on sharp-shooting cr1t1cs, can only produce a 

perfunctory analysis or the cross-sectional aspects or the data. 

Appendix A or this study 1s devoted to a consideration or techniQues 

tor dealing with these l1m1tat1ons or longitudinal data. 

Second, there has been a pern1c1ous tendency, or temptation, to 

concentrate on the collection or data and to trust to luck that tunds 

might be available tor their analysts. Thus, thousands or dollars have 

been spent on the collection or longitudinal data, hundreds or dollars 

have been spent on croaa-sect1onal problems, and only dollars have been 

devoted to the developmental aspects or the data. This peculiar set or 

behavior patterns 1s one more 1llustrat1on or our perverse tendency to 

import into the t1eld or human biology procedures which are best adapted 

to the natural sciences. In the natural sciences the creative work 1s 

orten done prior to the collection or the data and the experimental set

up 1s the crux or the matter. It the experimental set-up 1s adequate 

only the most elementary computations rrom observed data will orten pro

vide an uneQuivocal yea or no answer to the problem. Studies or child 

growth, on the contrary, can not be rigidly experimental; only rarely 1s 

1t possible to provide a clear yea or no solution to a given develop

rr.ental problem. Understanding or child growth can not be had by the 

mere collection or data. It can only be had by the persistent and 

continued study and analysis or collected data. The croaa-sect1onal 

nature or most reports based on longitudinal data reflect preoccupation 

with data collection to the neglect or analysis. 

The non-experimental nature or studies or child growth suggests a 

third d1tt1culty. It the developmental data are quantitative and at all 

extensive then the analysis must be stat1st1cal. A host or d1tt1cult1es 

arise at this point, On the one hand available stat1st1cal methods or 

analyzing longitudinal data, at least their application to problems or 

child growth, leave much to be desired. The more tam111ar routine pro

cedures involving the calculation or averages, standard dev1at1ona, and 
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correlations were not intended tor and are often inadequate tor the 

analysis or longitudinal data. The uncritical use or these procedures 

is largely responsible tor the anomalous situation that reports based 

on longitudinal data orten yield only more or the old cross-sectional 

findings. The less t�iliar procedures involved in curve fitting, which 

would seem to be particularly well adapted to longitudinal data, also 

present an anomalous situation in that essentially all or them have been 

developed in connection with and tor the most part applied to averaged 

data obtained rrom purely cross-sectional studies or different popula

tions at different ages. In this connection the writer is inclined to 

believe that only one or the functions which have been served in other 

fields by curve fitting promise much tor a science or child growth, 
Curve fitting has served in many fields to smooth out the irregular

ities, assumed to be fortuitous, in the obtained data. As will be amply 

demonstrated in scores or charts growth curves based on longitudinal 

data are exceptionally smooth and regular. In pbysics and engineering 

an empirical equation often serves the very practical need or exact 

interpolations between observation points. Patterns or growth in chil

dren change too gradually and instruments tor measuring these changes 

are too crude to justify similar attempts at precise interpolation. In 
PhYSical chemistry curve ti tt1ng serves beautifully to express in exact 

and compact rorm the law or a chemical process which occurs in time. 

Studies by Wetzel (37) suggest the great·promise or this approach, but 

it is perhaps too early to rely upon such formulations. In �v case 

better observational data are essential to further progress. 

On the other hand, granted adequate statistical methods and a crit

ical imagination in their application, there are still formidable dif

ficulties. Each or the multitude or specialists collecting longitudi

nal data can not become statistician, nor is it possible tor the stat

istician to be more than reasonably familiar with a multitude or special 

fields. We have yet to capitalize the possibilities or cooperation, 
Finally, while there can be no science or human biology without quanti
tative and statistical methods and in limited areas experimental at

tacks, it is quite improbable that these alone can provide the necessary 

understanding tor the highly complicated and individual problems in

volved in child management, treatment, and control. 

The more important contributions or this monograph to statistical 

methods or analyzing longitudinal data are lim1 ted to the demonstra t1on 
in Chapter III or the high degree or reliability with which patterns or 

PhYSical growth may be determined rrorn longitudinal data, to the devel

opment in Appendix A or rrsthods or dealing with certain limitations or 

longitudinal data, and to the suggestion in Appendix B that the statis

tical analysis or longitudinal data should be concerned primarily with 

growth increments and should be carried out separately tor small homo

geneous groups or cases who are contrasted in respect to some important 

variable. Graphical methods or analysis are employed extensively in 

the presentation or the constructive findings or Chapters IV to XIII. 

2. Deve·lopmental Problems, The Specific Hypotheses 

It we are to have a science or human growth it is not enough that 

techniques be available tor dealing w1 th the limitations or longitudinal 

data and that talent and money be devoted to analysis. All or these are 
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fruitless in the absence or specific proble�B . Here is the rourth 
major source or cross-sectional studies or longitudinal data. In the 
absence or specific problems the student or child growth can no more 
apply statisti cal or graphical methods or analysis than the physicist 
can employ his skill in setting up experiments . · There is, or course, a 
plenitude or development problems, but these have orten been formulated 
in such general or such vague terms as to provide no concrete sugges
tions or how they might be approached or or what might be done to solve 
them. In this connection there is a vast gult between the general 
theory or relativity and the specific hypothesis deduced tram the theory 
that the rays or light rrom a distant star are bent in passing near the 
sun . It is only the specific hypothesis which is amenable to empirical 
test. SUch specific hypotheses pointing directly to the necessary data 
and appropriate methods or analysis are almost non-existent in the field 
or longitudinal studies or growing children. 

The general theory or thi s study is that patterns or physical growth 
during the adolescent period are largely under the control or endocrine 
ractors which presumably begin to operate at an early age in some chil
dren and at a late age in others . For convenience or study the early or 
late advent or the menarche., or first menstruation, is used as a sign or 
symptom or these underlying factors . Hence, we may formulate the spe
cific hypotheses that during the adolescent period the early or late 
advent or the menarche is closely associated (a) with physical size, and 
(b) with the timing or the changes in the contrasting patterns or physi
cal growth. The matter or the close association between the timing or 
the menarche and the timing or changes in the pattern or physical growth 
is essential to the general theory that underlying biological, and pre
sumably endocrine, factors are largely responsible tor the differential 
patterns or growth during the adolescent period , Given this general 
theory and these specific hypotheses, the procedure is to divide a given 
populati on or girls into homogeneous groups according to the advent or 
the menarche and then to study the changing patterns or growth in these 
contrasted groups .  

That there is an associati on between degree or stage or sexual 
maturation and physical size has been shown by Baldwin (4) , Abernethy 
( 1 ) ,  Boas ( 5 ) ,  Ri chey ( 27 ) ,  and Leal (20) , Among thirteen year old 
girls, tor example, those who have already menstruated tend to be taller 
and heavi er than those who have not menstruated, A chart tor standing 
height presented by Boas nakes the contrasting growth trends or early 
and late maturing groups or girls especially clear. So tar, however, 
this association has been merely an association or the same interest as 
an association between intelligence and the number or erupted teeth. 
How well this phenomenon is understood may be gathered tram a paper by 
Van Dyke ( 35 )  entitled "The Ettect or the Advent or Puberty on the 
Growth in Height and Weight or Girls• ( Italics suppli ed) , Not only does 
the very title or this paper suggest a serious misunderstanding, but an 
egregious blunder in analysis led Van Dyke to conclude that the ass.ocia
tion between menarcheal ages and height and weight was exactly the 
opposi te or the true relationshiP (31) , 
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CHAPTER I I  

THE NATURE AND LIMITATIONS O F  THE PHYSICAL MEASUFID1ENTS O F  THE 
HARVARD GROW"I'H STUDY 

The 1n1t1al problem or th1 s monograph was suggested by the multitude 
or reports Which, though based on longi tudinal data, have yielded only 
cross-sectional !1nd1ngs . SUch reports pointed to the necessity or 
developing better methods tor the analyst s or longitudinal data. The 
most rru1 ttul attack on ·th1 s problem seemed to require the analysts or 
actual long1 tud1nal data 1n an attempt to solve a genuine developmental 
problem. The physical measurements collected by the Harvard Growth 
Study supplied the necessary longitudinal data and the ava1lab111ty or 
menarcheal ages 1n the Harvard records determined the apec1!1c develop
mental problem. 

The Harvard Growth Study was 1n1 t1ated by Professor Walter F. 
Dearborn 1n the tall or 1922 with all the children 1n the !1rst grades 
or the public schools or the c1ty or "M" 1n the state or MassachUsetts . 
In the spring and tall or 1923 all the children 1n the !1rst grades or 
1R1 and "B", also 1n Massac.IIUeetts, were added to the study. These 
children, totaling about 3, 650 cases, were toll owed with annual measure
ments as long as they remained 1n school. The measurements included 
eleven physical d1mens1ons, roentgenograms or the wr1et, dental exami
nati ons ror the number or erupted permanent teeth, and intelligence 
and achievement tests. SUpplementary data included dates or birth, 
dates or measurement, 1nd1cat1ons or ethni c or1g1n, rather ' s  occupation, 
and school progress and school marks. IntorDat1on concerning the onset 
or the rtrst menstruation was collected ror same or the girls 1n the 
c1 t1es or "M" and •s• .  

A ver1!1ed transcript or the data on 315 girls whose records include 
1ntormat1 on  on the !1rst menstruati on has been made available to the 
writer through the courtesy or Professor Dearborn and with the coopera
ti on or h1 s research assistant Dr. J .  w. M. Rothney. The available 
measurements include standing height, sternal height, s1 tt1ng height, 
weight, 1 11ac diameter, chest breadth, chest depth, the number or 
erupted permanent teeth, and skeletal ages as esttmated tram roentgeno
grams or the wrist. Measuremente or head width and length were not 
included 1n the transcript. Indi cations or ethnic or1g1n include North 
European, Italian, South European, Negro, and Mixed stock together wi th 
a separate category ror Jewish cases. Records concerning the t1rst 
menstruation are 1n years and months. Chronological ages 1n years and 
months were made available, but more exact chronological ages to two 
decimals have also been calculated. 

As a pioneer attempt to collect long1 tud1nal data on a large number 
or chHdren and over a long period or years the Harvard Growth Study 
encountered a good many d1tt1cult1es. Same or these d1!!1cult1es grew 
out or the pi oneer nature or the enterpri se and others were necessarily 
involved 1n working with public school populati ons. Before presenting 
a systematic statement or the more important features and apec1t1c 
11m1 ta t1 ons or the data a number or general observa t1 ons are 1n order. 
First, many or the d1!!1cult1es encountered by the Study are more or 
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less inevi table in any longitudir.al study. Only those who have attempt
ed the collection or a considerable body or longitu4inal data can appre
ciate the ditriculties which are involved, particularly under public 
school conditi ons. second, some or the limitations or the data are only 
apparent. These arise tram tradi tional points or view and cross
sectional methods or analysis. Third, it exactly the same data were 
available on cross-sectional samples or ditterent groups or children at 
di!terent ages, many or the difficulties would vani sh. For example, 
there would be no gaps in the data, no overlapping records, no haZards 
rrom changing personnel and changing methods or measurement, and no 
tigures which seem erratic or impossible in the light or the whole 
series. That is, the more precise and ruller informati on provided by 
longitudinal data introduces complications which are not involved in 
cross-secti onal data. Fourth, in weighing all the di!ticultiss or the 
data' it must not be rorgotten that they consist or measurements repeated 
annually on the same chi ldren in many cases tor twelve consecutive 
years . It is the considered judgment or the writer tnat the materials or 
the Harvard Growth Study represent easily tne finest collection or lon
gitudinal records available tor the study or physi cal growth during the 
age period !rom six to nineteen. Better data, in the sense or more 

cases and longer records, will probably never be available. Better data, 
in the sense or halt as many cases rollowed over as long a period to

gether with either more measurements or more accurate measurements or 
more suppl.ementary data, will not be available tor analysis within a 
period or at least tirteen years. A full discussion or tne nature or the 
data poses a problem in exposition. Certain features or the data re
quire an extended and technical discussion. At this point such features 
will be merely listed and defined and their fuller discussion will be 
reserved tor Chapter III and Appendices A and B .  In the tollow1ng cat
alogue the first rive items relate more particularly to the accuracy or 
the data, while tne remaining items relate more particularly to the ad
ministrative conditions under which the data were collected. 

1. Measurements over clothing . The detailed methods or measure
ment employed by tne Harvard Growtn Study are not reported here since 
tney will be made available in another monograph to appear later in this 
series. Methods or measurement conform as closely as possible to stand
ardized and accepted procedures with the important exception that public 
school conditions necessitated tne taking or measurements over clothing. 
This is a serious limitation tor the measurement or weight and particu
larly or iliac di�ter, chest preadth, and chest depth. However, with 
rare exceptions all measurements were taken during the morning tnus 
introducing a measure or control or several minor disturbing !actors 
which influence weight and standing height . 

2. Chp.nging methods or measurement. Althougn in tne collection or 
the data no conscious changes in methods or measurement were made there 
was a large and constantly shifting personnel suggesting the possibility 
ot unconscious changes in methods or taking measurements rran month to 
month and tram year to year. In the case or chest depth, at least, it 
is clear tram the internal evidence or the data that measurements taken 
during the tall or 1923 are not comparable with those or earlier and 
la t.er years . 

3, Erratic measurements . In the tirst two years or the Study 
physi cal measurements were taken only once. From the third to the sixth 
year or tne Study all linear measurements were takan in duplicate by two 
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independent anthropometri sts ; thereafter, they were taken in triplicate. 
The dupli cate and triplicate measurements were compared in the field 
and, where they di sagreed by more than . 5  millimeters in the case or 
head measurements or more than 1 . 1  centimeters in the case or other 
measurel!'.ents, addi tional observations were made. The measurements or 
weight were double-checked every other year . The recorded dimension was 
based on the duplicate or triplicate measurements which agreed. F.'ven in 
later years, however, the records tor iliac diameter, chest breadth, and 
chest depth contain a disturbingly large proporti on or figures whi ch 
seem erratic or impossible in the 11ght or the whole series. 

4. Unsatisfactory menarcheal 'dllta. As already noted menarcheal 
data are avai lable for only two school systans . The into:nnat1on from 
city "B" is believed to he accurate. The into:mation from "M " ,  however, 
was obtained by questionnaires sent to mothers during the eight year or 
the Study when the subj ects ranged in age from eleven to sixteen. Since 
the questi onnaires were sent out before many girls had n.enstruated, a 
considerable number or records consist or indefinite notations such as 
"advent or menarche not b:v" such and such an age. 

5. Unvertried bi rth records . Bi rth dates were taken from school 
records and have never been systematically checked against birth cer
tificates except in cases where there was reason ror suspecting that the 
school records might be in error. Experience in systematically verify
ing such school records leads the writer to believe that thi s feature 
consti tutes only a technical limitation or the data. 

6 .  selective ractore. The Harvard GrOwth Study was ini tiated wi th 
approximately 1� chi ldren or each sex. At the end or the Study only 
one quarter or these children were still in school and available for 
study. or the original population or girls the writer has data on only 
315 cases and only 248 of these will be subj ected to intensive study. 
Hence, the available cases represent a rather selected group, that is, 
they have been selected for relatively long attendance in the same 
schools and for the avai lability or menarcheal data. 

7. overlapping ages and records. City "M" ,  where initial measure
ments were made in the fall or 1922, required Children to be six years 
old tor admission to the first grade. Further, tne first grades in 
thi s system contained a considerable number or chi ldren who were retard
ed one and even two years. Ci ty "B " ,  where initial measurements were 
made in the fall or 1923, required children to be only five years old 
ror admi ssi on to the first grade . Hence, a wide range of ages is in
volved for any given year or the Study. During the second year or the 
Study, ror example, the age range is fran five to eleven. From thi s 
fact and from the fact that a rew children were added to the original 
groups it follows that same of the records begin at age five and some 
as late as age twelve . Among the available cases one record ends as 
early as eleven, one as late as age twenty. Data for all 248 cases 
are not available at any age. 

B. Random gaps in the data. Absences from school when the measure
ments were being taken result in a considerable number of random gaps 
in the data. In such cases all the physical measurements on a given 
child ror a given year are missing from the record. 

9. Systamatic gaps in the data. In addition to these random gaps 
there are systematic gaps in the data. Iliac diameter was measured in 
the tall or 1922, omi tted in the spring and fall or 1923, and reinstated 
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in the spring or 1924. Chest breadth and chest depth were measured from 
the tall or 1922 to the tall or 1923, ani tted fran the spring or 1924 to 
the spring or 1926, and reinstated in the tall or 1926 . OVerlapping 
ages mean that these systematic gaps occur at all ages tram seven to 
fourteen. 

10. Absence or measurements on birthdays . Administrative consider
ations made it iiiiPOSsible to obtain measurements at exact birthdays. 

11. Long intervals between measurements. Children in cities � ·  
and " B "  were measured each tall, those i n  "R" each spring. This insures 
the elimination or seasonal factors within each population. However, in 
the age range tram ten to fourteen the pattern or physical growth, 
especially or standing height, changes so rapidly that annual measure
ments are hardly adequate. 

12. Irregular intervals between measurements. A regular program 
ot the starr moving from school to school insured tor the most part that 
the measurements were made almost exactly one year apart. However, the 
schedule or measurements at "M" in the tall or 1922 was much delayed and 
many children were not measured until the following January and February. 

13. Absence or supplementary data • .  There is an almost complete 
absence or supplementary data which mi ght throw light on the records or 
particular individuals or which might provide the leverage tor special 
studies. The available supplementary data are 11mi ted to indications 
or ethnic origin and to the menarcheal ages. 

In the above catalogue or limitations some difficulties are more 
serious than others. The really serious problem, however, is created 
by the tact that all or these difficulties are entangled in the same 
data. In justification tor working with such material i t  has been urged 
that many or these difficulties are more or less inherent in longitudi
nal data, that certain supposed difficulties (tor example, overlapping 
ages and records) are actually sources or strength, that other limita
tions arise fran the availability or more voluminous data that students 
or child development have been accustomed to handle, and that the data 
are by tar the best that are avai lable tor the study or physical growth 
during the age period fran six to nineteen. The supreme strength ot 
the data is that it consi sts or repeated measurements on the same 
children. As will be demonstrated in the next chapter repeated measure
ments have very great advantages over cross-sectional measurements. 
This demonstration paves the way tor the development in Appendix A ot 
methods which overcome or greatly alleviate almost all or the limita
tions or the data. Students or the Harvard data should note the con
cluding sections or Appendix B which present summary statements or 
pr.ocedures and methods or analysis. Finally, the internal consistena,y 
or the results presented in Chapters IV to XI II  provide unmistakable 
evidence or the soundness or the Harvard data as a whole. 
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CHAPTER I I I  

THE ADVANTAGES OF LONGI TUDINAL DATA 

The importance or repeated measurements on the same children has 

been urged tor so long and by so many as to became the first article or 

faith among students or child developmen t .  Nevertheless, the multitude 

or longitudinal studies which have yielded only cross-sectional findings 

suggest that this faith has been degenerating to the level or pure dogma. 

This chapter emphasizes only one point, namely, that repeated measure

ments will determine the pattern or growth tram age to age with a relia

bility greatly exceeding that or cross-sectional data. This should be 

obvious as a general proposition, but a tull appreciation or the greater 

reliability or trends established by longitudinal is another matter. 

Similarly, the statistical principles involved in the analysis are well 

known to statisticians, but as tar as the writer is aware they have 

never been employed in connection with repeated measurements or growing 

children, 

1 .  Averages Versus the Pattern of Growth in Ten Cases 

For the purpose or illustrating concretely both the common sense 

belief in and the statistical basis tor the greater reliability of 

longitudinal data a special study or the standing heights of ten cases 

has been made, The choice or such a small number or cases has been 

deliberate in order that the individual growth curves and the probable 

errors or the pattern of growth may be amenable to graphical represen

tation . Studies involving all available cases will be presented in a 

later section. The particular ten cases selected tor study are all the 

cases in wham the menarche occurred between age 13-0 and 13-3, who were 

measured within three months or their birthdays, and who were followed 

with annual measurements from age seven to seventeen . 

Figure 1 presents the individual growth curves in standing height 

tor these ten individuals. Two interpolations have been made, one at 

age sixteen and one at seventeen. The initial measuremen ts or three 

cases have been adJ usted where the interval between the first and 

second measurements differed more than ten per cent tram an exact year. 

For convenient representation measurements made within three months or 

birthdays have been plotted to even years, Attention is called to the 

very striking uniformity of these ten curves with the exception of that 

tor case #2379. Figure 2 bas been prepared to illustrate more clearly 

the uniformity or the patterns generated by these curves. Each indi

vidual curve in Figure 1 has been moved upward or doWnward so that the 

average height or each case tram age seven to seventeen is the same ; 

tor example, 9,0 centimeters were added to the stature of case #2492 
at each age, 

Figure 3 presents the annual increments in standing height of these 

same ten cases, For convenient representation the vertical scale at the 

left has been magnified tour times in comparison with that tor the gross 
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Fig.l. --Ind1vidual Growth Curves 1n Standing Height Plotted to 
Even Years ot Ten Girls Who Were Measured Within Three Months ot 
Birthdays and Who Menstruated Between Age 13-<l and 13-3. 
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Fig, 2. --Individual Growth Curves in Standing Height Redrawn 
From Figure 1 to Eliminate Differences in Gross Size While Repro
ducing Exactly Each Individual Pattern, 
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Fig. 3. --Ind1vidua1 Increment Curves in Standing Height for the 
Same Ten Cases Presented in Figures 1 and 2. 
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1 
dimensi ons ot Figures 1 and 2 • Figure 3 brings out somew.nat more 
clearly the progressively c.nanging pattern and the exceptions to this 
pattern. For the year ending at age 8.0 growth is rapid, the increments 
ranging trom 5. 0 to 9. 5 centimeters per year. For the year ending at 
age 9. 0 the increments wi th two exceptions are smaller. Small annual 
incremonts characterize the years ending at age 10. 0  and 11. 0.  With two 
exceptions the increments tor the year ending at 12. 0  are 1are;er than in 
the previous year. Increments tor the year ending at 13, 0  continue 
large, but only two are larger than the previous year. The records show 
that these cases menstruated tor the tirst time between 13-Q and 13-3. 
The chart shows that the annual increments tor the year beginning ap
proximately at the onset ot the menarche and ending at age 14 . 0  are very 
IID.lCh smaller, with the excepti on ot case 1/2379. With two exceptions the 
increments tor the year ending at age 15.0 are still smaller and, again 
with two exceptions, they are still smaller tor the year ending at age 
16. 0. Attention is called to the very small range ot the increments at 
any age. For the year ending at 9 , 0, tor example, the smallest and 
largest increments are 4.2 and 5 . 8  centimeters or a maximum range ot 
only 1.4 centimeters . At age nine the gross heights vary trom 122. 8  to 
140 .2 or a maximum range ot 17 . 4  centimeters . It is this phenomenon ot 
longitudinal data which makes it possible to determine the pattern ot 
growth trom age to age with a reliability greatly exceeding that ot 
cross-sectional data. 

So tar no reference has been made to the average height ot these ten 
cases .  Obviously, an average calculated trom only ten cases must have a 
rather large probable error. Another group ot ten cases Who menstruated 
between 13-0 and 13-3 would probably give ditterent averages. But, just 
as the pattern ot growth in Figures 1 to 3 would not be changed by the 
elimination ot any three or tour cases whi le the average would be great
ly changed by the elimination ot the same number ot tallest cases, so 
the pattern would not be changed while the averages might be greatly 
changed by another ten cases. This distinction between the pattern ot 
growth trom age to age and the average gross size at a particular age is 
fundamental. A reliable average height requires a large number ot cases. 
The pattern, however, is unmistakably detined whether tive, or ten, or a 
thousand cases are available. 

Betore presenting the statistical justification tor this distinction 

1 rn f l lu r e s  1 and 2 n o t e  t h e  l i nes a c r oss t he ve r t i ca l  sca l e  a t  t he l e f t  a t  

1 23 . 6  and 1 5 9 . 5  ce n t tae t e r s . rhsse I nd i c a t e  respec t t ve z v  a v e rale s ta nd t nl 

he t l h t s  a t  a l e  e t f h t  1 7 . 50 to 8 . , 9 J . a nd seven t e e n  as c oaputed d l r ec t z v fro• a l l  

cases a v a i l a b l e  a t  t hese a le s .  Sa ve (or a few obv i ou s  exce p t i ons l r ow t h  fro• 

ale e t f h t  to s e ve n t es n  Is repres e n t e d  t h roul h o u t  a l l  c ha r t s  s h ow t nl a bs o l u t e  

s i ze bV t he saae v e r t i ca l d i s ta nc e . He nce , a Z Z  such c ha r t s  can b e  s u pe r t aposed 

(or c oapa ra t t v e  pur pose s .  A Z Z  the ve r t i ca l  s c a l e s  w h i c h  resu l t  fro• t h i s  pro

cedure have been •a l n l f l ed four t t aes to prov ide sca l e s  (or t he c ha r t s  of a n nua l 

t nereae n t s .  Henc e ,  a Z Z  s uc h  cha r t s  c a n  a l s o  b e  s u pe r t apos e d .  ro eapha s t u  t h i s  

c oapa rah t z t t p ,  a Z Z  c ha r t s  of a nnua l t ncreae n t s  c a r rv t hree h or i z o n t a l l r ld 

z tne s ,  t he vort t e a l s pa c  tnl of w h i c h  I s  t h e  saae t hroul hou t .  1'hese t h ree I r id 

z t ne s  t nd t e a t s  z e r o  1 r ow t h  pe r ve a r ,  one n i n t h  of the a ve ra l e  l r ow t h  fro• a le 

e t l h t  t o  se v e n t e e n  ( t he S L G  f r l d i  a nd t w o  n i n t hs of t h e  a ve rale 1row t h  fro• a l e  

e l l h t  t o  s e v e n t e e n  ( t he 2 S LG l r l d ) .  1'ha t  I s ,  s t ra l l h t - Z t n �  l r ow t h  fro• a le 

e l f h t  t o  s e ve n t e e n  wou l d  l i ve t n c r e ae n t s  w h i c h  wou ld fa Z Z  on t he S L G  l. r l d  Z t ne . 
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it will be illuminating to sl:larpen the contrast between longitudinal and 
cross-sectional data. For this purpose ten sets or cross-sectional data 
have been "made up • by selecting ten cases at random at each age tram 
seven to seventeen tram among cases measured within three months or 
their birthdays . The tirst case selected at random at age seven has a 
stature or 111. 8  centimeters, the tirst case at age eight a stature or 
119.6,  etc. The first case selected at random at each age ( representing 
eleven ditterent individuals) has been charted in Figure 4 as it a 
single individual were involved ; simi larly tor the second case selected 
at random at each age, etc . In cross-secti onal data there is, or course, 
no connection between a measurement at one age and another measurement a 
year later so that lines might well have been drawn between all possible 
pairs or points. Since the negative growth trends or Figure 4 are qui te. 
unreal, thi s chart may be regarded as a caricature or cross-secti onal 
data . Nevertheless, it seems to the writer to present a more correct 
vi sual picture tor compari son with the longitudinal data or Figure 1 
than would a chart which merely spotted the separate observational 
points at each age . It is  no wonder that the trend or averages based on 
cross-sectional data is otten irregular in spite or large numbers or 
cases. Common sense perceives at once that the longi tudinal data or 
Figure 1 will give a more accurate definition or the pattern or growth 
than the cross-sectional data or Figure 4 whiCh involves exactly the 
same number or cases. As tar as the writer is aware, no one has called 
attention to the stati sti cal aspects or thi s contrast although the es
sential �tati sti cal principles whi ch are involved have been widely 
applied to other si tuations and other types or data. 

2. Statistical Aspects or Longitudinal and Cross-sectional 

Data on Only Ten cases 

Statistical aspects or the data on the longitudinal and cross
sectional cases are illustrated in Figure 5 to 10 . In Figure 5 the 
middle curve represents the trend or the average height as determined 
tram repeated measurements on ten cases. The upper and lower curves 
represent the �e ot plus and minus tour probable errors above and 
below each mean. It is apparent that another group or ten cases might 
give very ditterent averages -- conceivably these might be as high or as 

low as the upper and lower curves or Figure 5. 
The continuous curves or Figure 6 recapitulate the data or Fi gure 5 

tor the longi tudinal data while the dash curves give similar data tor 
the cross-sectional and random samples or ten cases at each age . It is  
readily apparent that the trend or the averages determined tram the 
cross-secti onal data is much more irregular. Nevertheless, the range or 
plus and minus tour probable errors above and below each cross-sectional 

1 s l nce t he se da t a  are • e re l v  l l l u s t ra t l ue to be supp l e ae n t ed I n  a l a t e r  sec

t i on b y  a n  a n a l l! s l s  of a l l  a ua l ! a b l e  cas e s ,  t he c onve n t i ona l (orau l a  (or t h e  

proba b le e rr o r  of t h e  aeo n  has b e e n  a pp l i ed .  lor d i s c uss i ons o f  e rr ors l n u o lued 

In saa l l  saap l e s  see S t ud e n t  184 ) , R ider I:JB) , and ln • l a l 1 1 5 ) . 
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Fig. 4. --Ten "Individual Growth Curves" in Standing Height Made 
up by Selecting Ten Cases At Random at Each Age ; Caricaturing the 
Irregulari ty or Cross-sectional Data . 
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Four Probable Errors or the Averages at Each Age Derived From the 
Ten cases or Figure l. 
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Fig. 7, --Average Annual Increments in Standing Hei ght and Range 
or Plus and Minus Two and Four Probable Errors or the Averages ror 
Longi tudinal Data on Ten Cases Presented on Figure 3,  

mean is not much greater on the whole than the simi lar r&n$e above and 
below each longitudinal mean . That is,  while the trend or the longi
tudinal averages is more regular, the error involved in the separate 
averages represents no advantage over cross-sectional data. In longi
tudinal studi es just as in cross-sectional studies a reliably determined 
average height reQuires large numbers or cases. 

We turn now to the annual increments. The individual increment 
curves tor the longitudinal data have already been presented in Figure 
3. In Figure 7 the middle curve represents the trend or the average 
increment. The extreme upper and lower curves represent the range or 
plus and minus tour probable errors above and below each mean increment. 
Plus and mi nus two probable errors are also plotted tor reasons whi ch 
will be apparent in a moment . For the year ending at age eight, ror 
example, the average increment or 6 , 66 centimeters has a probable error 
or ± ,28 . These probable errors have been calculated directly !ran the 
individual increments . They might, however, have been calculated trom 
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Fi g. e.-Average Annual I ncrements i n  Standing Hei ght and Range 

ot Plus and Minus Two Probable Errors ot the Averages tor Cross
sectional Data on Ten Cases Selected at Random at Each Age. 

the gross heights by the formula 

P.E. difference = . 6745 �OE� "' 0E� -2/',,z OE, OE2 

in wh1ch 0E 1  and OE2 are the standard errors of the average height at two 
successive ages and in Which r12 is the correlation between the heights 
at one age and hei ghts a year later. Probable errors calculated directly 
from the increments and i ndirectly from the e bove formula give identical 
results. Attention is called to the tact that the probable errors o� 
the average increment are much smaller than the probable errors ot the 
average height . For the year ending at age ei ght the probable error of 
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the average increment is ::t ,28 whereas the probable error ot the average 
height at age ei ght is ± 1.06 or nearly tour times as large . This con
trast tollows !rom the tact already noted that there are large di!!er
ences between the tallest and shortest individual at any age whereas 
there are very small di!!erences between the largest and smallest in
crement over any interval ot a year . 

Similarly, Figure 8 presents the average increments and the range 
ot error in the increments as determined tram the cross-secti onal and 
random samples ot ten cases at each age. Since the averages !rom year 
to year are irregular, the average increments tluctuate wildly and it 
has been impossible within a chart o! the same size a Figure 7 to 
represent the range ot even plus and minus two probable errors. In 
this case, ot course, it is not possible to calculate probable errors 
directly !rom the individual increments and i t  has been necessary to 
use the indirect tormula given above , Since in cross-sectional data 
there is no correlation between statures at successive ages the third 
term under the radical is zero and this tormula reduces to 

P . E. di!!erence = , 6745 �OE� + OE= 
which is the conventional tormula tor the probable error ot the di!!er
ences between two means. The contrast between Figures 8 and 7 is ex
treme . 

The probable errors ot the increase in height !rom age to age as 
given in Figures 7 and 8 may obviously be used to determine the probable 
errors ot the slopes ot the curves tor the gross heights trom age to 
age . Figure 9 presents the trend ot the average heights and plus and 
minus tour probable errors . ot the slope ot the curves tram age to age 
tor the longi tudinal data . It must be remembered , however, that average 
height considered by i tselt has a very large probable error. Hence, 
the scale at the lett does not record centimeters ot height . Instead, 
it is noted that each ot the indicat��units ot vertical distance rep
resents !ive centimeters . ·That is,  we are foreswearing any interest in 
the average heights and are concentrating our attention on the changing 
pattern ot growth or slope ot the curves !rom age to age . We begin at 
age 7.0 with an arbitrary point. Moving !rom this point to age 8 . 0  
the upper and lower limits ot the solid black area give the range ot 
plus and minus tour probable errors or the slope ot the curve between 
these two ages. Similar data are given tor each annual interval to age 
seventeen. Dotted lines have been added to destroy the illusion that 
the errore vanish at each age , Comparable data tor the cross-sectional 
and random samples or ten cases at each age are given in Figure 10, 

3,  Additional Data 

Two limitations ot the tindings jUst presented require the analysis 
ot addi tional data. First, the probable errors calculated tram only 
ten cases are themselves subject to comparatively large probable errors. 
Second, data have Reen presented tor height only and the conclusions tor 
height hold to a considerably lesser degree tor other physical dimensions. 

For the purpose ot these supplementary studies the standard devia
tions ot increments and ot gross measurements recorded in Table 29, 
section six o! Appendix B have been employed, The standard deviation ot 
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Fig, 9 . --Patterns or Growth in Standing Height and Range or Plus 
and Minus Four Probable Errors or the slope or the Curve From Age to 
Age Based on Longitudinal Data on Ten Cases. 

the annual increments in standing hei ght ror the year ending at age 
nine ( 8 , 75 to 9,74) based on the total or 194 available cases is , 95 
centimeters. Hence ,  the probable error or the average increment or the 
194 cases i s  . 048 .  'lbe standard deviations or the gross standing 
heights or all cases at age eight and nine are 5.82 and 6,40 centimeters. 
Hence, the probable errors or the average standing heights at age eight 
and nine are ,282 and , 310. Proceeding as if only cross-secti onal data 
were available the probable error or the difference or or the average 
annual increment in standing height is . 419, Tt.1s i s  more than nine 
times as large as the probable error based on longitudinal data. To 
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Fig. 10; --"Patterns or Growth " in Standing He ight and Range or 
Plus and Minus Four Probable Errors or the Slope or the Curve From 
Age to Age Based on Cross-sectional Data on Ten Cases at Each Age , 
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reduce this probable error of .419 to .046 would require 16,000 cases 
ot cross-sectional data at each agel or 62.9 times as many cases at each 
age . Similarly, at each successive age .from ten to sixteen 57.2, 41 .9,  
42.9, 23.0, 26.8,  55 .5, and 154. 8  times as many cases of cross-sectional 
data would be required to give growth trends as reliable as those deter
mined from longitudinal data. or, on the average , repeated measurements 
on a given number of cases from age eight to sixteen will serve as well 
as 60.6 times as many cases at each age with cross-sectional measure
ments. Since each of the 248 cases were measured for standing height on 
the average 10.2 times we have the eQuivalent of cross-secttonal measure
ments on approximately 150, 000 cases. 

Even these figures understate the reliability of longitudinal data 
since we are not at all interested in the growth patterns of children in 
general . We are interested primarily in the growtn patterns of homogen
eous groups of cases. Returning to age nine and revi sing the above cal
culations tor homogeneous groups we find that the weighted average of the 
standard deviations of increments in standing height tor each of eight 
menarcheal groups is .87 instead of .95 .  This gives a probable error of 
only .042 instead of .046 . To obtain a probable error as small as .042 
from cross-sectional data would require 19 ,300 cases at each age instead 
ot 16, 000 or 99.5 instead of 62.9 times as many cases at each age . Sim
ilarly, at each successive age from ten to sixteen 93 .6, 71. 7, 62.2, 
40.3, 60.2, 131 .3, and 321. 1  times as many cases of cross-sectional data 
would be required to give growth trends for homogeneous groups as reli
able as those determined from longitudinal data . or, on the average, re
peated measurements on a given number of cases in a homogeneous group 
from age nine to sixteen will serve as well as 110 times as many cases 
at each age of cross-sectional measurements. From this point of view we 
have in our 248 cases the equivalent of cross-sectional measurements of 
standing height on approximately 270,000 cases. 

Given the foregoing explanation of procedures and di scussion ot re
sults, the data for other dimensions may be very briefly summarized. In 
the case of sitting height repeated measurements tram age nine to six
teen on a given number ot cases in unselected and in homogeneous groups 
will serve as well as 22 . 1  and 29.4 times as many cases at each age of 
cross-sectional measurements. Comparable figures tor weight are 21 . 1  
an d  26.4 and tor iliac diameter 14.2 and 16 . 7. 

4. Suamary and Comments 

When longitudinal data are available, the posi tion ot any average 
relative to adjacent averages, the average annual increments, the slopes 
ot the curves from one age to the next, and the changing pattern ot 
growth generated by the averages are all very precisely detennined. For 
the purpose of determining the growth trends of homogeneous groups, 
repeated measurements on the available population of only 248 cases 

1 N _ .6 7452(0i� Oi2)_ .67452(5.822 +6.402) _ 16 091 f'lae foru la Ia - P£rNc2 - .0462 - ' 

In w h l c h·Oj a nd 02 a re t he s t a ndard d e u l a t l ona of t he l roa a d l ae na l ons a nd Pl l n c  
U t ile proba b l e  err or o f  t he a u e rafe l ncreae n t  ca l c u la t ert d lrec t l l/ fro• t he 

lncreae n t a .  
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represents the equivalent or approxtmately 401 000 cross-sectional meas
urements in the case or iliac diameter and the equivalent or approxi
mately 270, 000 cross-sectional measurements in tne case or standing 
height. 

The greater reliability or longitudinal data for the determination 
ot growth trends has three important implications. First, the limita
tions or longitudinal data, Which have seemed to be insurmountable and 
fundamentally damaging, become only petty and annoying problems. Sec ond, 
the data suggest that, in longitudinal studies, the emphasis or the 
analysis should tall on the growth i ncrements rather than on gross di
mensions. Third, the data suggest the desi rabi lity or working with 
homogeneous groups or cases and i nsures the reliability or trends deter
mined !rom small numbers or cases. All three implications are essential 
to the present study : the fi rst in dealing w1 th the somewhat extreme 
limi tat1ons or the Harvard data and the second and third in testing the 
specific hYPOthesis that the timing or the advent or the menarche and 
or changes i n  the pattern or growth are associated, 

It is important that three cautions be kept in mind. First, it must 
be emphasized that longitudinal data have no advantage over cross
secti onal data tor the purpose or determining the average size or chil
dren in general. Second, it must be noted that the foregoing discussi on 

implies a fai rly large rather than a very small population tor longitu
dinal studies. I! all children had essentially the same pattern of 
growth, then repeated measurements on ten or twenty cases would su!!ice 
to determine that pattern. But, there are many different patterns and 
a multitude or !actors associated with or determining these patterns. 

I! these different patterns and the associated !actors are to be studied, 
the total population should be large enough to permit di vision or the 
cases into very homogeneous groups to the end that the history or dif
ferent groups may be compared, Finally, i t  should be observed that the 
discussion stresses only a limited and restricted aspect or the advan
tages or longitudi nal data. 
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CHAPTER IV 

GROUP PATTERNS OF GROWTH IN STANDING HEIGHT 

A discussion or tne patterns or growth in standing height quite 
naturally comes rirst among the ten measurements to be considered. 
Growth trends in standing height are rar more reliable than ror other 
measurements except possibly leg length. Botn tne group and the indi
vidual patterns or growtn, to whi cn separate chapters are devoted, are 
clearly derined. A rull discussion or the results will make it possible 
in Chapter VI to condense the discussion and to present only a selected 
number or charts ror sternal height, si tting height, and derivative leg 
lengths. Since a rull statement or statistical, technical, and proce
dural details is available in the appendices, only a minimum or text 
will be devoted to the most essential aspects or the analysi s. In this 
and succeeding chapters the reader' s attention will be directed again and 
again to the graphical representation or the data. It is  essential that 
the dirrerent types or charts be clearly understood since each has been 
designed to i llustrate some reature or the data which is less readily 
apparent in other rorms. 

1. Hypotheses 

The general theory and speciric hypotheses or this study need to be 
reviewed at thi s point. It is ii!Bgined that the pi tuitary gland begins 
to runction above a certain critical level as early as age seven or 
eight and as late as age twelve or thirteen in dirrerent individuals. 
Among other runctions i� is well known that the secretion or this gland 
ha8 two properties:  a gonad or sex stimulating property and a grOwth 
stimulating property. Hence, it is probable that both the process or 
sexual maturation and the period or accelerated PhYSical growth are 
initiated at the same time in a given individual. In girls the process 
or sexual maturation begins with the budding or the breasts, the appear
ance or pubic hair, and arter some time culminates as early as age ten 
or as late as age sixteen in the rirst menstruation or menarche. Fertile 
ovulation and true sexual maturity probably come still later. In 
the midst or thi s process or toward i ts close the developing gonads 
begin to pour new hormones into the blood which serve to check the 
growth stimulating ractor or the pi tuitary and to close the epipbyses or 
long bones. Hence , it is  supposed that the endocrine system provides 
mechanisms which bring the period or accelerated PhYSical growth to a 
close in some derinite time relationship to the advent or the menarche. 
Since the understanding or these endocrine relati onships i s  still in the 
rormative period, i t  would be premature to attempt a more precise state
ment. Recent and authoritative reviews are available in a volume edi ted 
by Allen ( 2 )  and in a volume sponsored by the American Council on 
Pharmacy and Chemi stry (3) . 

The implications or these speculations in relation to the available 
data or the Harvard Growth Study lead to the speciric hypotheses that 
the early or late advent or the menarche is associated ( a )  w1 th PhYSical 
size, and (b) w1 th the timing or the changes in the patterns or phy,s

�
ical 
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growth. 

2.  Group Differences in Average Height 

The available population has been divided into groups according to 
the age or first menstruation. In this section attention will be de
voted to the

. 
differences between these groups in average height (a) at 

each chronological year or age and ( b )  at time intervals before and 
after the menarche. It should be noted at the outset that the data tor 
average height are less reliable, the graphical representati ons less 
clear, and the differences between the groups less significant than the 
data tor average increments in height to be presented in later sections. 

The discussion or the averages centers around Figure 11. The hori
zontal scale at the bottom records the mid-points or chronological age 
intervals. For example, age 8.0 is the mid-point or the age interval 
rrom 5 . 75 to 8 ,24, age 8 , 5  is the mid-point or the age interval from 
8.25 to 8 . 74, etc, Attenti on is called to the lines across the vertical 
scale at the left at 123,8 and 159.5 centirreters. These indicate re
spectively the average standing heights at age 8 . 0  ( 7. 50 to 8.49) and at 
17, 0 as computed directly rrom ali cases available at these ages. Save 
tor a few obvious excepti ons, the difference between the average or all 
available cases at age 8.0  and 17. 0 is represented throughout all charts 
showing gross size by the same vertical di stance. Not only are the 
charts or gross size comparable whether they concern averages or indi
viduals, they are also comparable from measurement to·measurement. For 
example, the difference between the average or all available cases at 
8. 0 and 17 , 0  is 35.9 centimeters in the case or standing height and only 
3 , 9  centimeters in the case or chest depth; nevertheless, the same 
vertical distance in the charts i s  used to represent both differences. 
Hence, a tracing on transparent paper tram Figure 11 tor standing height 
can be superimposed tor compari son on Figure 88 ror chest depth ir the 
age scale at the bottom and the two lines cutting the verti cal scale at 
the lett are also superimposed . 

Since most charts present eight curves i t  has proved impractical to 
distinguish them by solid lines, dash lines, dot-dash lines, etc. 
Instead in Figure 11 at age 10 . 0  and 13.5 the column ot letters indi 
cates the order or the curves tor the eight groups into which the total 
population is here divided. As noted in the lower right or the chart 
the available population has been classified into eight groups depending 
on the age at whi ch the first menstruati on or the menarche appeared. 
Group A includes cases who first menstruated before age 11-8. Groups 
B, C, D, E, F, and G include cases who first menstruated at succeeding 
intervals or six months. Group H includes cases who first menstruated 
after age 14-5 , Since the total population includes only 248 cases, the 
number or individuals in each group is comparatively small, there being 
only sixteen, eighteen, and nineteen cases in Groups B, H, and G. Fur
ther, the number or cases in each group becomes smaller and smaller 
pri or to age nine and after age sixteen. Various combinati ons as well 
as sub-divisions or these eight maJor groups must be noted from chart 
to chart. 

( a). Differences between menarcheal groups in average size at each 
chronological year or age, Reference to Figure ll will show that the 
maximum differentiation or the menarcheal groups occurs at age 12.0. 
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Fig. 11. --Growth Trends in Average Standing Height for Each of 
Eight Groups or Cases Menstruating at Different Ages. 
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At this age Group B averages 153.18 centimeters and Group H 138 . 09 
centimeters tall . Although only sixteen and eighteen cases are involved 
the di fference or 15. 09 centimeters 1s many times as large as 1 ts proba
ble error. Another way or expressing the magni tude or thi s  difference 
i s  to relate i t  to the average growth or the whole population whi ch 
takes place during the nine year interval rrom age 8 . 0  to 17. 0 .  On thi s 
bast s ,  a difference or fifteen centimeters i s  equivalent to about 3 . 6  
years o r  40 . 6% o r  the growth occurring o n  tn e  average between age eight 
and seventeen .  It a horizontal line i s  drawn at 155 cent1rr�ters another 
plane or maximum differentiation 1s obtained. Group B attained an 
average stature or 155.42 centimeters at age 12 .0,  but Group H d1d not 
eaten up until two and a half years later. Significant differences 
occur tram measurement to measurement in the maximum d1trerent1at1on or 
the menarcheal groups .  These will b e  summarized 1 n  Chapter X .  

The closest approximati on to a regular d1tterent1ation or the e ight 
groups occurs at age 11. 0 .  Here, Group B 1 s  the tallest, followed by A, 
c ,  D, E, F, G, and H. Only Group A i s  out or order and by a single 
posi ti on .  A year earlier at age 10 .0,  Group A i s  out o r  order by two 
posi tions and Groups D and E are reversed. The same relative positions 
are maintained rrom age s1x to ten 1n a remarkably uniform manner. 
Apparently, the underlying !actors which are responsible ror the d1trer
ent1at1on or these groups begin to operate at a very early age . From 
age 11 . 0  to maturi ty tne association becomes less and less close . At 
age 17 . 0 ,  ror example, Group E 1s the tallest, followed by c ,  B, F, D, 
HI G, and A .  

( b ) . D1 trerences between menarcheal groups in average s1ze a t  time 
intervals before and arter the menarche . A star on each curve 1n Figure 
11 indi cating the average age or onset or the menarcne would be desir
able, but the close overlapping or the curves makes this impractical . 
However, close inspection or Figure 11 will show tnat tnere 1s a clearly 
defined tendency for the early maturing groups to be shorter at tne 
advent or the menarche than are the middle and late maturing groups .  
The following tabulation gives the detailed f igures ror average standing 
height at the menarche ror each of tne eight groups .  

Groups Averages or Averages or Mid-points 
Standing Height ot Menarcheal Ages 

A 1#. �  11 . 00  
B 151 . 60 11 . 75 
c 153 .25 12.25 
D 1� . �  12 . 75 
E 155 . 16 �� 
F 154. 92 13.75 
G 153.20 14.25 
H 154 . 87 15. 00 

It 1s important that tne above series or average hei ghts be read 1n con
nection wi tn the menarcneal ages at the right or the tabulati on. At the 
advent or the menarche Group A ( age 11.0)  averages 10 .35 centimeters 
shorter than Group H ( age 15. 0 ) . At age 11 . 0  Group A ( at the menarche ) 
averages 11.26 centimeters taller than Group H ( tour years before the 
menarche ) .  
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The differences between the groups at the menarche increase at long
er time intervals betore the menarche and decrease at longer time inter
vals arter the menarche . These trends are shown in Figure 12. Four 
years before the menarche Group A is 15.26 centimeters shorter than 
Group H ;  tour years arter the menarche Group A i s  only 2 . 55 centimeters 
shorter than Group H. The combined B plus C, the D plus E, and the F 
plus G groups show the same trends .  The visual impression or this chart 
is in marked contrast to that or Figure 11 . Nevertheless, save ror com
bining the data or the middle groups, the two charts present exactly the 
same original data. The difference between the two charts is due to the 
tact that in Figure 11 the horizontal scale at the bottom gives chrono
logical ages expressed in terms or deviations rrom birth, whereas in 
Figure 12 age is expressed in terms or deviations rram the advent or the 
menarche . 

The data of Figure 12 have important implications ror the under
standing or the patterns or physi cal growth in terms or underlying 
endocrine ractors. It it is assumed that the endocrine system begins 
to stimulate physical growth at same more or less definite time interval 
berore the advent or the menarche, then, the individuals in Group A are 
stimulated when they are comparatively short and tar tram their mature 
stature whereas the individuals in Group H are stimulated when they are 
comparatively tall and much nearer their mature stature . It it is also 
assumed that the endocrine system provides mechanisms which bring the 
period or accelerated growth to a close in some time relation to the 
advent or the menarche, then, the early maturing individuals must grow 
at a more rapid rate in order to achieve the same mature stature. 

3. Contrasting Slopes or Growth Curves 

In the foregoing discussion and especially in Chapter I I I  it has 
been emphasized that an average height at any given age tor the small 
number or available cases must necessarily have a comparatively large 
probable error. Hence, the almost perfectly regular differentiation or 
the eight groups in average height at age 11.0 may be in part a matter 
or good luck. Nevertheless, when longitudinal data are available and 
averages rrom age to age are determined tor identi cal cases, then, the 
position or any average relative to adjacent averages has an exceedingly 
small probable error. This means that the slopes or the curves tram age 
to age are very precisely determined. However, only a brier discussion 
or the slopes will be presented because it is much more convenient to 
present all the dlscusslon 1n terms or annual increments . Not only are 
the slopes direct runctions or the increments, they are also ditricult 
to represent graphically. In Figure 11, tor example , the upward slope 
or all curves is so great that the contrasting slopes ,  in which we are 
primarily interested, are not apparent except to the closest inspection. 
However, it the reader will apply a straight-edge to Figure 11 and 
follow directions, qui te marked differential and changing slopes can be 
recognized. At age 8 . 5  Group A averages 126 . 65 centimeters tall and 
three years later 148 . 01 centimeters . A straight-edge superimposed on 
these two points makes an angle or 65.4° with the base . Similar appli
cati on or a straight-edge to the curve for Group H over the same age 
range gives a decidedly gentler slope, the angle being 54.3°. Now, the 
slopes generated by the averages tram 8 . 5  to 11 . 5  tor the eight groups 
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Fig, 12 , --Growth Trends in Average Standing Hei ght for Each or 
Five Groups or Cases Menstruating at Different Ages Arranged so 
that Points Corresponding to the Advent of the Menarche are in the 
same Vertical Line. 

30 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


tall in a precisely regular order, the angles being 65 .4°, 64.1°, 62.4°, 
60 .4°, 59 . 6°, 56 . 6°, 55. 6°, and 54.3° respectively tor Groupe A, B, c ,  
D, E ,  F ,  G, and H. Hence , in addi tion t o  the almost regular differen
tiation ot the eight groupe in average size there is a regular differen
tiation ot the eight groupe in the elopes ot their growth curves . 
Application or this method or analysis to the age range tram 12 . 5  to 
15.5 reveals another series ot differential slopes. Here , it is readily 
apparent to even casual inspection that the curve tor Group A has a very 
small elope while that tor Group H has a comparatively steep elope . 
Again, the angles are in regular order but exactly the reverse ot the 
situation tram age 6.5 to ll .5.  The detailed fi gure are 21 .4°, 24.2°, 
29 .0°, 37.2°, 42. 9°, 46 .0°, 52.2o, and 56.6o, respectively tor Groups 
A, B, c, D, E, F, G, and H. The regularity or the data can only be 
described as beautiful. 

As an introduction to the next section it only needs to be re
emphasized that the elopes or the curves are functions ot the incrementa. 
Thus, tram age 6.5 to 11.5 the three year incrementa corresponding to 
the elopes are 22 .4, 21 .1,  19 .7, 16 . 1, 17. 1 ,  16 . 9 ,  15 .1,  and 14.3 cen
timeters respectively tor groupe A, B, c, D, E, F, G, and H. Instead 
ot working with three year increments, however, attention will be cen
tered on the annual incrementa, that is, on the elopes ot the curves 
over period or one year. 

4. Annual Incrementa in Standing Height 

In Chapter III  it was emphasized that gains or increments tram one 
age to the next constitute the really fundamental data or this study. 
In contrast to averages or gross size, the average increments have very 
small probable errore . In the case ot standing height the probable 
errore ot average incrementa calculated tram longitudinal data are eo 
small that approximately one hUhdred times as many cases or cross
sectional data at each age would be required to give equally reliable 
gains tram year to year. Charta ot the average incrementa clarity, in
stead or obscure, the changing elopes or the growth curves and the con
trasted patterns or growth. Finally, the differentiation ot the eight 
menarcheal groups is considerably more signifi cant in tenna ot incre
ments than in terms ot gross size ; that is, the correlation between 
menarcheal ages and the increments is higher than between menarcheal 
ages and gross size { see Chapter XI). Hence,  tram this point on the 
discussion is directed almost exclusively to the changing and contrasted 
patterns .or growth as revealed by the increments . 

Figure 13 will serve to introduce the graphical representation or 
the incrementa . The scale at the lett is in centimeters and has been 
magnified tour times in comparison with that ot Figure 11. It will be 
recalled tram the di scussion or Figure 11 that, wi th a tew exceptions, 
all charts or gross size have been so drawn that growth tram age 6.0 
to 17.0 is represented by the same vertical distance. Hence, simple 
multiplicati on or all such scales by tour makes all the charts or the 
annual increments directly caaparable. In order to emphasize this cam
parab1li ty ill charts or increments carry three horizontal grid lines indi
cating respectively zero growth per year, one ninth or the average 
growth tram age 6.0 to 17.0 { the BLG or straight-line-growth grid ) ,  and 
two ninthS ot the average growth traa age 6 . 0  to 17.0 { the 2Sl.G or 
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Fig,  13. --Average Annual Increments in Standing Height ot Eight 
Groups ot Cases Menstruating at Different ages. 

twice-straight-line-growth ) .  In all charts ot increments the vertical 
distance between these tnree grid lines is the same and represents the 
same tracti onal proportion ot the growth whi ch takes place on the aver
age from 6,0 to 17.0,  In tne case ot standing height the difference be
tween the averages ot all available cases at ages 6,0 and 17,0, or an 
interval ot nine years, is 35,9 centimeters . It growth were evenly dis
tributed over these nine years or it the trend were represented by a 
straight line, then one year' s  growth would be one ninth ot 35,9 or al
most exactly 4,0 centimeters per year, Hence , 4,0 centimeters ot growth 
in a year is equivalent to straight-line growth while 6,0 centimeters ot 
growth in a year is equivalent to two t1mes straight-line growtn, In the 
case ot chest depth, only ,43 centimeters of growth in a year is equiv
alent to straight-line growth, etc , 

Figure 13 presents in terms ot increments the same original data as 
was presented in Fi gure 11 in terms ot gross size . TO emphasize this 
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point it will be convenient to read the two charts together. Group A 
averages 136 . 58 and 144.52 centimeters tall at ages 10 ,0 and ll, O  
(Figure ll ) giving an increment or 7. 94 centimeters tor the year ending 
at age 11.0 (Figure 13 ) ,  Similarly, Group H averages 128 . 42  and 133,26 
centimeters at ages 10 . 0  and ll .O (Figure 11 ) giving an increment or 
4.84 centimeters tor the year ending at age 11.0 (Figure 13 ) ,  For the 
year ending at age 11,0 the average increments or the eight menarcheal 
groups are in regular order, the detailed tigures being 7.94, 7,56, 
7.11, 6.21, 5.73, 5,50, 5,00, and 4.84 centimeters tor Groups A, B, C, 
D, E, F, G, and H respectively (Figure 13) , Hence, (Figure ll ) the 
slopes or the growth curves or the eight menarcheal groups !rom age 10 . 0  
to ll.O are i n  regular order. It is important to note that Figure 13 
makes this phenomenon unmistakably clear whereas in Figure ll the nature 
or the chart plus the sheer mechanical errors involved in even caretul 
plotting make it virtually impossible to distinguish any such phenomenon. 

Figure 13 presents the �r.ost important data or the entire chapter and 
a tull discussion or its various features is in order, Charts and dis
cussion in subsequent sections are devoted to miscellaneous associated 
problems and to the clarification or minor points . 

(a ) ,  Attention has been called to the regular order or the incre
ments tor the year ending at age ll . O ,  A similarly regular but exactly 
reversed order occurs tor the year ending at age 14.0.  The average 
increment tor Group H is the largest followed by G, F, E, D, C, B, and 
A, the detailed tigures being 6 , 19, 5 , 84, 4,92, 3.95, 3.28, 2,08, 1 .90, 
and 1.69 centimeters respectively, 

(b ) ,  The regular sequence or periods or maximum growth should be 
noted, The period or maximum growth tor Group A is !rom age 10 ,0 to 
11. 0  or the year ending at age 11. 0 .  For Groups B and c the period or 
maxtmum growth is the year ending at 11 . 5 ,  tor Group D the year ending 
at 12.0,  tor Group E the year ending at 12,5, tor Group F the year end
ing 13.0,  and tor Groups G and H the year ending at 13.5,  

( c ) ,  There i s  a tendency tor the magnitude or the maximum incre
ments to decrease !rom the early to the late maturing groups. The max
imum increment tor Group A is the largest (7,94 centimeters ) followed in 
order by Groups C, B,  D, E, F, H, and G (6,37 centimeters ) .  

( d ) ,  Three phases or the pattern or growth can be distinguished in 
all eight curves ,  First, there i s  a period or slightly but signifi
cantly decelerating or less and less rapid growth lasting !rom two to 
three and a halt years ; second, a period or markedly accelerating or 
raster and raster growth lasting about two and a halt years ; and third, 
a period or abruptly decelerating or slower and slower growth. For 
example, Group A grew 7,18 centimeters tor the year ending at 6.5;  
annual increments are slightly but progressively smaller and smaller tor 
the next two years declining to 5.73 centimeters tor the year ending at 
8 , 5 ;  annual increments are progressively and markedly larger and larger 
tor the next two and a halt years reaching a peak or 7.94 centimeters at 
age 11, 0 ;  thereatter, the annual increments decrease at !irst slowly, 
then precipitously, and then more and more slowly as the individuals 
attain their mature stature . Similarly, in the case or Group H there is 
a slight spurt tor the year ending at 8 . 5, slightly slower growth to the 
year ending at 11.5, rapid acceleration to the year ending at 13.5, and 
thereafter progressively smaller increments .  

( e )  , Just a s  the magnitude or the maximum increment decreases !rom 
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the early to the late maturing groups ( 7. 94 to 6 .  50 r or Groups A and H) 
so both the magnitude or the increments ror the first phase ( 7 . 18 to 
5.46 ror Groups A and H) and the magni tude or the minimum increment or 
intlection point between the first and second phase (5.73 to 4.63 ror 
Groups A and H )  also decrease rrom the early to the late maturing groups .  

( ! ) .  I t  follows that the degree or acceleration during the second 
growth phase is similar ror all eight groups. In Group A growth accel
erates rrom 5.73 to 7.94 centimeters per year or an acceleration or 2.21 
centimeters . These accelerati ons vary rram 1 . 87 to 2.24 centimeters 
wlth the exception or Group G where the acceleration is only 1.47 
centimeters . 

(g) . The maximum increments or intlection points between the second 
and third phase are intimately timed with the advent or the menarche. 
In Group A the maximum increment is ror the year ending at 11.0 and the 
menarche occurs on the average at 11. 0 .  Tha t  is, age 10 . 0  to 11. 0  is 
the year or maximum growth and the menarche coincides on the average 
with the close or that year. In Group B the maximum increment is ror 
the year ending at 11 . 5  and the menarche occurs on the average at 11 . 75 
or three months arter the close or the year or maximum growth. In 
Groups c, D, E, F, and G comprising three-rourths or the whole popula
tion the maximum increments are ror the years ending respectively at 
ages 11 . 5, 12 .0,  12 .5, 13.0, and 13.5 and in every case the menarche 
occurs nine months later at average ages or 12.25, 12.75, 13.25, 13.75, 
and 14.25 respectively. In Group H the maximum increment is ror the 
year ending at 13. 5  and the menarche occurs on the average at 15.0 or 
eighteen months later. In addition to this intimate timing between age 
or maximum growth and the advent or the menarche there is also a pro
gressive shirt in this timing, i .  e . ,  in Group A the menarche occurs 
coincident wlth the close or the year or maximum growth while in Group 
H the menarche occurs eighteen months arter the close or the year or 
maximum growth. 

( h ) . Likewise, the initiation or accelerated growth is intimately 
timed with the advent or the menarche and shows a similar progressive 
shift in this timing. The minimum increment or intlection point be
tween the first and second phase ror Group A is the year ending at 8 . 5  
o r  5 . 73 centimeters . Although this point is determined by the very 
slight margin or only .04 centimeters, it may nevertheless be taken as 
the best approximati on to the age at which the acceleration is initiated. 
On this basis the menarche occurs on the average 2 . 5  years attar the 
initiation or accelerated growth. Comparable figures ror Groups B, c ,  
Di E, F ,  G, and H are 3.75, 2. 75, 3.25, 3.25, 3.25, 3.25, ( or 2 . 75) and 
3 . 50  years respectively. Considering the uncertainties in determining 
the point at which accelerated growth is initiated, these figures are 
unexpectedly uniform. 

( i ) .  While all eight menarcheal groups show essentially the same 
pattern or slightly decelerating, markedly accelerating, and sharply 
decelerating growth, there are nevertheless two consistent differences 
between the early and late maturing groups .  I n  the t1rst place th� 
growth or the early maturing groups is more intense or the increments 
are larger when canparisons are made at similar points on the pattern 
or growth. Averaging the ten increments over the period three and a halt 
years prior to and one year arter the maximum increment separately ror 
each group gives the rollowlng average increments at corresponding points 
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on the pattern : 6 . 58, 6 . 54, 6 . 47, 6 . 23, 6 . 03, 5 , 96 ,  5,43, and 5.34 cen
ttmeters tor Groups A, B, C, D, E, F, G, and H respectively, In the 
second place the first or slightly decelerating phase occupies a pro
gressively longer and longer peri od of time trom early to late matUring 
fUOUps. 'l'he exact difference can not be computed becau::e the curves are 
not reliably determined prior to age eight. It is  clear, however, that 
this slightly decelerating phase is arrested at age 8 , 5  in Group A 
whereas in Group H it continues to age ll. 5, These phenomena are di
rectly related to the tact, so strikingly portrayed in Figure 12, that 
the early maturing groups are shorter than the late maturing groups at 
given time intervals before the menarche . 

5, Methods ot Analysi s and Reliabilities 

Three minor digressions tram the main course ot the discussion may 
be most conveniently inserted in thi s and in sections six and seven, 
With section eight and Figure 19 we will return to the discussion ot 
Figure 13, 

Figures 14 and 15 present graphically the original basic data tor 
standing height tram which Figures 11, 12, 13, 19, 20, 21, 23, and 24 
are derived, These data are inserted at this point tor the purpose ot 
illustrating methods ot analysis and tor the contributi on which they 
may make to the question ot the rel1ab1li ty or patterns ot growth, In 
the analysis ot the data the available population ot 248 cases was 
initially divided into two groups:  cases measured tor the most part 
within three months ot their birthdays { sub-population X, Figure 14) 
and cases measured tor the most part within three months ot the halt
yearly anniversaries ot birthdays { sub-population Y, Figure 15) . These 
two sub-populations were further divided into eight groups according to 
advent ot the menarche and all ot the data have been worked out separate
ly tor the resulting sixteen sub-groups. It is to be noted tbat same 
ot the sub-groups contain very small numbers ot cases, In F1�n�re 14 sub
groups XB and XG consist ot only seven and tour cases. Further, the 
number ot cases becomes smaller and smaller pri or to age nine and after 
sixteen. The largest sub-group, consisting ot 35 cases, has only 11 
measurements at age 6 , 5, only 20 at age 7.5,  29 at age 17 .5,  and only 6 
at age 18, 5 ,  That is,  the individual records begin a t  different ages 
and end at different ages. This overlapping ot the records makes it 
impossible to obtain true growth curves by simply averaging the avail
able measurements at successive ages since i dentical cases are not always 
available at successive ages, Hence, all the computations were carried 
out in terms ot the annual increments giving basic data tor each dimen
sion and tor each ot sixteen sub-groups as illustrated in Figures 14 and 
15. Analysis ot such basic data gives Figures ll, 12, 13, 19, 20, 21, 
23, and 24. For example, the curves ot Figure 13 are the s1mple un
weighted averages ot the corresponding pairs ot curves in Figures 14 and 
15. Thus, the average increment ot Group A in Figure 13 tor the year 
ending at age 11.0 ot 7, 94 centimeters is the average ot 8.21 centi
meters tram Figure 14 at age ll.O and ot 7,66 tram Figure 22 midway be
tween points at age 10, 5  and ll.5. The ccmbined data give observati on 
points at intervals ot halt a year although the original measurements 
were taken at annual intervals. Growth trends in average size were 
obtained by calculating one average tor each sub-group at an age having 
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Fig. 14 . --Average Annual Increments in Standing Height t or each 
of Eight Groups or Cases Menstruating at Different Ages and Who were 
Measured Wi thin Three Months of Birthdays . 

measurements tor all cases and by adding and subtracting the average 
annual increments !rom thi s base figure .  Accordingly the data or Fig
ure 11 were derived !rom Fi gure 13 or the reverse or the usual proced� 

'l'he critical reader may make his own comparis ons between Figures 14 
and 15 tor the purpose or testing the reliabi lity and cons i stency or the 
patterns in the eight menarcheal groups.  It i s  only necessary to note 
that some or the differences between the two charts are genuine and 
should not be attributed to chance !actors . For example , in Figure 14 
Group XA shows a very sharp maximum increment or 6.21 centimeters tor 
the year ending at age 1 1 . 0 ,  whereas in Figure 15 Group YA shows a flat 
topped curve with increments or 7.59 and 7 . 74 tor the years ending at 
10 . 5  and 1 1 . 5 .  This is a significant ditterence. If Group YA had been 
measured at b irthdays instead or at the halt-yearly anniversaries or 
b irthdays they would probably have shown a sharp maximum increment as in 
Figure 14 instead or the tlat topped curve or Fi gure 15 • .  That i s ,  the 
data are sensi tive t o  even slight changes or six months in the timing or 
measurements in relation to the timing or the menarche. This, indeed, 
is the ma � or reason tor carrying out the whole or the analysis separ
ately. tor cases measured approximately at birthdays and tor cases 
measured approximately at the halt-yearly anniversaries or b irthdays 
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Fig. 15 . --Average Annual Increments in Standing Height tor each 
ot Eight Groups or Cases Menstruating at Different Ages and who were 
Measured Within Three Months ot the Halt-yearly Anniversarie s  ot 
Birthdays. 

and tor the fUrther sub-division or each or these groups into eight men
archeal groups. 

6. Tall Versus Short Chi ldren 

It has been known tor to� years that short children tend to grow 
slowly and to reach their mature stature at a canparatively late age 
while tall children tend to grow more rapidly and to reach their mature 
stature at a comparatively early age (Boas, 6 ) .  Since short children 
1n the age range tram seven to ten will include a large proportion with 
late menarcheal ages while the tall children will include a large pro
portion w1 th early menarcheal ages, it is apparent that the data or this 
study provide an explanation or the contrasted patterns or tall and 
short children. 

It has already been suggested in the discussion or Figure 1 and 2 
that, w1th1n a given group or cases having the same menarcheal age, the 
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pattern for tall and short children is the same . Figures 16 and 17 pre
sent a more thorough test of this point . Cases menstruating between 
13-0 and 13-5 and measured within three months of the half-yearly ann i
versaries of birthdays ( sub-group YE )  have been selected for this pur
pose , Three cases with short records and one case with doubtful menar
cheal age have been discarded ( see Append ix B, section three ) ,  Heights 
tor each individual from age 9 , 5  to 15,5 were averaged and the resulting 

values used to divide the group into the ten tallest, a middle group of 
eleven, and the ten shortest. Figure 16 shows the average gross heights 
of these three groups ,  Over the whole age range , the tallest ten cases 
average 13, 02 centimeters taller than the ten shortest case s ,  Consider
ing the great differences in gross stature and the probable errors of 

trends based on only ten cases, the similarity or the pattern of annual 
increments shown in Figure 17 is remarkable , The increments of the 
tallest ten cases and of the shortest ten cases differ on the average 
by only .51 centimeters . 

7, Comparat ive Data 

Comparative data are always of considerable interest but only one 
body of published data is comparable and this is l imited to standing 
height, Reference has already been made to the very striking chart of 
Boas ( 5 )  showing growth trends in standing he ight tor groups of cases 
menstruating .at each age from ten to fifteen. His report gives two sets 

of detaile d numeri cal data from which annual increments for different 
menarcheal groups may be determined, First, he presents in his Table 9 
the average heights at each age tor each of eight menarcheal groups .  
Using these average heights to determine annual increments gives extreme
ly erratic patterns for the reason that the averages were calculated 
without regard to the identity of the cases from age to age ,  second, he 
presents in his Table 12 the detailed distributions of annual increments 
at each age for six groups menstruating at age ten, eleven, twelve , 
thirteen, fourteen and fifteen, but no summary or these data in terms 
of average increments is given, Although the grouping is coarse , aver
age increments have been computed from these d istributi ons . The result
ing trends are presented in Figure 16, Some confirmation of the Harvard 
data is provided by this chart in that the annual increments or the six 
menarcheal groups for the years ending at ages 10. 0  and 14, 0  are in al
most regular order as in Figures 13, 14, and 15. The curves or Figure 
16, however, are more irregular, the maximum increments less marked , and 
the accelerations more feeble , In part these differences are due to 
errors involved in computing average increments fr om coarsely grouped 
di stributions. In part also they are due to the fact that Boas interpo
lated the individual records in order to obtain estimated heights at 

exact birthdays and apparently applied straight-line interpolation in 
the calculation of these estimated figure s .  

B .  Growth Patterns Bef ore and After the Period of -Maximum Growth 

Figure 19 is a simple redrawing of Figure 13 with the maximum incre

ments arranged in the same vertical l ine , This is designed to illustrate 
more clearly the similarity of the pattern or growth in each or the eight 
menarcheal groups and the tendency of the early maturing groups to have 
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Fig. 16 . --Growth Trends in Average S tanding Height of Cases With 
the Same Menarcheal Age ,  13-o to 13-5, Divi ded Into Tallest, Middle, 
and Shortest Cases. 
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F i g ,  17, --Average Annual Increments in 8tanding Height of Cases 

with the Same Menarcheal Age, 13-0 to 13-5, Divided Into Tallest, 

Middle, and Shortest Cases. 

larger increments when compari sons are made at similar points or the pat

tern. It is to be noted that the maximum increments ror Groups B, D, and 

G are not clearly defined, Hence ,  the true position or these three 

curves might be shifted to the right or left by half a year. C onsidering 
the small number or cases in each group the similarity or the eight pat

terns is very striking, only the curve for Group B from two to four 
years before the maximum increment and the curve ror Group H two years 

after the maximum increment depart signifi cantly from the general pat

tern . Four years before the maximum increment the eight groups are 

arranged in nearly regular order, Similarly, at the maximum increment 
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Fig, lB . --Average Annual Increments in Standing Height of Six 
Groups of Cases Who First Menstruated at Age 10 ( 10-o to 10-11 ) ,  11, 
12, 13, 14, and 15 ; Derived from Data or Boas. 
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only Groups B and G are out or order by a single position. 

9 .  The Pattern o f  Growth Before and Arter the Menarche 

In the preceding section the curves of Figure 13 were arranged with 
the maximum increments in the same vertical line . The curves may also 
be arranged so that the points corresponding to the menarche are in the 
same vertical l ine . Figure 20 presents such an arrangement in which the 
data ror Groups B and C, D and E ,  and F and G have been combined. Al
though the method of combining the groups is a little technical, it 
should be noted that the B and c curves or Figure 13 were not combined 
directly. Rather, the XB curve ( Fig. 14 ) and the YC curve ( Fig. 15 ) 
were f irst combined at identi cal deviation ages rrom the menarche and 
the resulting XBYC data combined with a similar composite or the XC curve 
(Fig.  14) and the YB curve (Fig. 15 ) .  This merely insures that the 

· 

timing of the pattern in relation to the advent or the menarche is as 
precise as possible. The data here presented in terms or increments are 
identi cal with the data presented in Figure 12 in terms or gross size. 

The discussion or Figure 13 concerning the pre cise timing or the 
maximum increment in relation to the advent or the menarche should be 
recalled at this point. On the average in Group A,  Group B, Groups C 
to G, and Group H the menarche occurs respectively exactly at, three 
months arter, nine months after, and eighteen months after the close or 
the year or maximum growth. I t  is this progressive shift which Figure 
20 is particularly designed to illustrate . 

10 . The Pattern of Annual, Semi-annual, and Bimonthly Increments 
Before and Arter the Menarche 

The extra labor involved in computing the much more reliable pattern 
of increments represented by the BC, DE, and FG groups was undertaken in 
part ror the purpose or exploring the trend or semi-annual or s ix�onth 
increments . These are given in Figure 21 in whi ch the centimeter scale 
at the left has been magnified by two in order that the data may be 
directly comparable with other charts. That is,  an increment or two 
centimeters in six months is represented bv the same vertical distance 
as an increment of rour centimeters in a year and both are equivalent to 
straight line growth. The chart is an approximation to the results 
which would be round if children were measured at six month intervals 
and the resulting increments analyzed according to their time relation
ships to the advent or the menarche . 

This chart and Figure 20 should be read together. According to 
Figure 20 the maximum annual increment of Group BC is 7 . 91 centimeters 
ror the year ending at deviati on age -.75 (nine months before the 
menarche ) but this point is not clearly defined since the increment ror 
the year ending at -.25 is 7 . 81 centimeters . Now, the annual increment 
or 7.91 centimeters is composed or two six-month increments or 3 , 76 and 
4 . 15 centimeters and the second or these six�onth . increments ( 4 . 15)  
plus a third six month increment or 3 , 66 give the annual increment or 
7 . 81 .  Hence, the series 3 , 76, 4 . 15 an d  3.66 gives the B C  curve in 
Figure 21 a very sharp peak whi le exactly the same data ( 3 , 76 plus 4,15 
and 4 . 15 plus 3.66)  give the BC curve in Figure 20 a flat topped peak. 

Having established or explained the identity or the data in the two 
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charts tour features or Figure 21 which are in contrast with those or 
Figure 20 may be noted. The maximum increments or Figure 21 are dis
tinctly higher and the minimum or inflection points between the first 
and second phases are distinctly lower than those or Figure 20 . For 
example, the maximum six�onth increment tor the BC group is 4.15 cen
timeters or at the rate or 8,30 centimeters per year whereas the maxi
mum annual increment is only 7 .91 centimeters. It follows that the six
month increments indicate a sharper acceleration, sharper peak incre
ments, and a more precipitous slowing or growth . The inflection points 
marking the transition from the first to the second phase or growth and 
the inflection points marking the transition from the second to the 
third phase are placed at an earlier time interval in relation to the 
advent or the menarche . 

Figure 22 �presents an attempt to explore this problem still 
rurther using only cases who menstruated between age 12-8 and 13-51 , 
Eighty-six cases were divided into six groups according to the timing or 
measurements in relation to the advent or the menarche and the trends 
or these six groups combined to give observation points at intervals or 
two months, The solid curve represents the trend or the annual incre
ments while the dash curve represents the trend or the two-month incre
ments multiplied by six to make the data comparable with the annual 
increments, 

While the data or Figures 21 and 22 are somewhat speculative, they 
nevertheless suggest quite forcefully the importance or semi-annual or 
quarterly or even monthly measurements or standing height during the 
period or transition rrom raster ana raster to slower and slower growth . 

11. Growth Rates 

Students who have attempted to construct mental growth curves have 
been plagued by tne indefiniteness or their units or measurement and 
have been inclined to look with envy on those who work with such une
quivocal units as centimeters and kilograms, While a centimeter is a 
centimeter, a centimeter or standing height is not comparable with a 
centimeter or head breadth, In the case or chest depth, indeed , that 
centimeter may represent nothing but error , While a kilogram or body 
weight is a kilogram or body weignt, nevertheless it may represent very 
different proportions or bone, muscle, and rat from individual to indi
vidual and rran age to age, to say nothing or varying amounts or 
clothing (sic), and empty or run stomach or bladder. Finally, two in
crements in a year or ten kilograms rrom initial weights or twenty and 
fifty kilograms represent the most radically different phenomena , 
Graphical representation or these varying and incomparable units pre-

leases w i t h I n te rpo l a t ed ( l tures (roa ale 1 0 . 0  to 1 3 . 0, w l t h s us p e c t e d  • e n 

arche a l  ales , a n d  w i t h  a b noraal p a t t e r n s  o f  1row t h  I n  s t and l nt he l t ht w e r e  e x 

c l uded. De v i a t i o n  a l e s  (ro• t h e  mena rche w e rP co• •u t ed {or e ach case a n d  t he � e  

w e re u s e d  to d i V Id e  t h e  c a s e s  I n t o s ix lroups : those •e asure d  approx i Ma t e l y  a t  

t he aenarche , t hose aeasured t e n  aon t hs b e fore a nd two ao� t h s  a f t e r  t h4 •e n�r

che , t hose ae asu red e l l h t  aon t hs b e fore and (aur aon t hs a ( t e r ,  s i x aon t h s  b e 

fore a n d  s ix a a n t h s  a ( t e r ,  (our aon t hs be fore a n d  e l t h t  aon t hs a (t e r ,  and t w o  

a o n t h s  b e fore a nd t e n  aon t hs a ft e r .  fhese s i x t roups w e re t h e n  coab l ned b y  a n  

e x t e n s i on o (  t h e  procedure desc r i be d  I n  append i x  B ,  se c t i on (ou r, l l v l nt o�

se rua t l on p o i n t s  a t  l n t e r lla l s  of t w o  aon t hs .  
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Fig, 21 . --Bix Month Increments in Standing Height ot Three 
Groups or Cases Menstruating at Ditterent Ages Arranged so that 
Points Corresponding to the Advent or the Menarche are in the Same 
Vertical Line. 

sents a problem which is not amenable to any certain solution. Here it 
is BU!ticient to note that two methods have been employed to translate 
such diverse units into comparable graphical representations. The tirst 
procedure, employed exclusively up to this point, sets up a chart in 
which the vertical distance tram the zero to the SLG grid line is the 
same throughout all charts or absolute increments and always represents 
straight line growth or one ninth or the growth attained on the average 
trom eight to seventeen. Tbe second procedure, illustrated by Figures 
23 and 24, translates the absolute increments into relative or percen
tage rates o:t growth. 
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Ftg .  22. --Annual Increments and Two Month Increments in Standing 

Height or Cases Menstruating between Age 12-6 and 13-5. 
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Fig 23. --Percentage Rates of Growth Per Year i n  Standing Height 
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The rates or growth presented tor each or the eight menarcheal 
groups in Figure 23 should be compared with the corresponding absolute 
increments presented in Figure 13. In Figure 13 the maximum increment 
or Group A is 7.94 centimeters representing the increase in stature rrom 
136. 60  centimeters at age 10. 0  to 144 ,52 centimeters at age 11 . 6 .  The 
increment or 7,94 divided by ini tial stature at age 10 , 0  indicates an 

increase or 5 . 81% tor the year ending at age 11 , 0  as charted in Figure 
23, In order to make Figure 23 as comparable as possible with Figure 
13 the verti cal distance representing the 5. 81% maximum rate tor Group 
A has been set equal to the vertical distance representing the maximum 
increment or 7.94 centimeters . 

The features or Figure 23 which distinguish it rrom Figure 13 are 
as follows . Rates or growth during the early years are greatly accentu
ated in compari son with the corresponding increments, so much so that 
in qix or the e ight groups these rates exceed the peak rates which 
correspond to the maximum incrementa .  That is, relative growth in terms 
or percentages tends to be more intense during the ·early years although 
the actual incrementa in centimeters are smaller than during the middle 
range or years . The downward slope or the rates during the first or 
decelerating phase or growth is much more striking than the downward 
trend or the correspondi� incrementa . Conversely, the acceleration or 
the relative growth rates during the second phase is leas marked, 
Similar alterati ons may be noted in Figure 24 which should be compared 
with Figure 20 .  
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CHAPTER V 

INDIVI DUAL PATTERNS OF GROWTH IN STANDING HEIGHT 

Individual patterns or growth necessarily conform more or less to 

the group patterns, but the individual excepti ons to general trends are 

so numerous that the data or thi s  chapter are in some contrast to the 
data or the preceding chapter. The contrast between individual and group 

patterns may be attributed to tour !actors . First, the limitations or 

the Harvard data, which tend to cancel out in group trends, are accentu

ated in the individual records. Measurements at annual intervals instead 

or at semi -annual or quarterly intervals ,  the neces s i ty tor interpolating 

tor random gap s ,  errati c  measurements which might have been eliminated by 

more rigorous edi ting, and suspected menarcheal age records are important 

!actors restricting the study or individual record s .  Second, even tnough 

contrasting group trends are regular and consistent, a wide range or gen

uine individual differences must be expected within each group . Thi s i s  

parti cularly true since the sixteen sub-groups are not clearly distin

guished. Group XD, tor example, does not consist or cases all measured 

exactly at birthdays and all menstruating exactly at age 12. 75 . Instead , 

it cons i sts or cases measured tor the most part witnin three months or 
birthdays who were reported by their mothers to have menstruated between 
12-6 and 12-11. Third, statisti cal procedures tor summarizing group 

trends artif i cially simplify the complexi ty or the data .  Thi s  i s  par

ti cularly true when a series or average increments i s  presented in the 
torm ot a curve . Each average increment rray be a good representation 
or the central trend or the data !rom whi ch it is derived, but a series 

or such average increments generates a pattern whi ch is still further 

removed !rom the original complexity or the indivi dual patterns . The 
greater the departure or the group pattern rrom the typ i cal individual 

pattern, the rrore forceful the suggesti on that the original grouping 
or the cases is not tine enough. Finally, a closer study or indivi dual 

patterns suggests that the analysis or the data in terms or menarcheal 
age alone i s  not enough. Analysis or the data in terms or both 
menarcheal age and age or maximum growth will provide a rruch more real

i stic and generalized descripti on or the actual pattern or individual 

growth. The need tor such an analysi s  i s  reinforced by the above re
marks concerning the pattern generated by a series or average increments . 

The data or this chapter tall into three parts . Secti ons one and 

two are c oncerned wi th individual di fferences or variab i l i ties in gross 

heights and in annual increments . Secti ons three and tour present indi
vidual growth curves and individual increment curves .  Sections tive and 
six present an analysi s  or the data in terms or both menarcheal age and 
age or max1mum growth . 

1. Variabilities in Standing Height 

The extent, nature, causes, and c onsequences or variabili ty consti

tute one or the central problems or hurran b i ol ogy .  I t  i s  a curious tact 
that the literature presents hundreds and hundreds or charts contrasting 

the growth trends in average size or boys and girls, but charts 
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contrasting ttelr var1ab111 t1es are almost non-existent. Even frankly 

cross-secti onal studies often fal l to report any measure of variability. 

The problem i s  entitled to intensive study on i ts own account and for 

this reason only sample charts based on the data of Table 29 of Appendix 

B will be presented. While Figures 25 to 29 are the only charts whi ch 

bear specifi cally and directly on the question of var1ab111t1es, i t  

should b e  noted that essentially all charts make substantial indirect 

contributi ons to the understanding of changing var1ab 1 11 tie s .  

Figure 2 5  presents the trends o f  average heights , the range of plus 

and minus one probable error of average heights, and the range of plus 
and minus one standard deviation of the distribution of heights ror 

Groups A and H at each age for which at least thirteen cases are avail

able . As noted in the legend Group A i s  represented by a vertical

horizontal cross-hatch while Group H is represented by a diagonal

diagonal cross-hatch. The l i ght cross-hatch represents the range of 
plus and minus one standard deviation of the di stribution whi le the 

heavy cross-hatch represents the range of plus and minus one probable 

error above and below respective means. The standard deviations range 

from 4 . 94 centimeters at age 8 . 5  for Group A to 8 . 04 centimeters at age 

16 . 5  for Group H .  That i s ,  the vertical distance including approx1-

�ately 68% of the cases of each group ranges from ten to sixteen centi

meters . W i th from thi rteen to twenty-two cases the probable errors of 

the means range from . 75 centimeters at age 12 . 5  for Group A to 1 . 45 

centimeters at age 16 . 5  for Group H .  The means are signifi cantly 

differentiated from age 9 . 0  to 14 . 0 ,  but it is readi ly apparent that in 
terms or standard deviations there i s  consi derable overlapping of the 

indivi duals in the two groups at all ages. 

The limitation of a chart of the type of Figure 25 is that only two 

groups can be conveni ently contrasted. Selecting only ages 9 . 0 ,  11.5,  

14. 0  and 16 . 5 ,  F i gure 26 makes comparisons between all eight menarcheal 
groups and the total p opulati on. At each of the selected ages the e i ght 

groups are arranged from left to right beginning with Group A at the 

extreme left and followed by Groups B, C, D, E, F, G, and H with the 

total populati on at the extreme right. The mid-point of each vertical 

line indicates the average standing height, the points Just above and 

below indi cate the range of plus and minus one probable error of the 

average standing height, and the total length of each line indi cates the 

range of two standard deviations of the di stribution of gross hei ghts or 

of �lus and minus one standard deviation above and below each average . 

I t  should be noted that each group retains i ts characteri sti c standard · 

deviation through each of the four age levels, but too much significance 

should not be attributed to the differences among the standard deviations 

of the eight groups since the number of cases is comparatively small . 

The extreme overlapp ing of the individuals in the e i ght groups ,  as 
indi cated by the ir standard deviations, i s  clearly portrayed. 

2. Var1ab111t1es i n  Slopes or Annual Increments or Height 

It is to be emphasized in both Figures 25 and 26 that the standard 

deviati ons refer to the gross heights at each age and that the probable 

errors relate to the averages of gross he ights at each age . That is,  
these charts say nothing whatever about e i ther the variability of the 
slopes or individual curves or the probable errors of the slopes 
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Fig, 25, --Growth Trends in Average Standing Height, Range ot 

Plus and Minus One Probable Error or the Averages, and Range or Plus 

and Minus One Standard Deviation or the Di stributi on or Standing 
Heights tor Early and Late Maturing Groups ,  
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Fig. 27. --Blopes trom Age to Age Generated by Average Standing 
Heights ot Early and Late Haturing Groups ot Cases Together With 
the Probable Errors ot These Slopes and the Standard Deviations ot 
Individual Slopes. 

generated by a series ot averages based on identical cases tram age to 
age . Figure 27 presents a redrawing ot Figure 25 tor the purpose ot 
clarifying this contrast. Here we are not interested in averages ot 
gross size, but only in the position ot each average relative to adja
cent averages. Hence, the cent1meter scale at the lett has been omi tted 
aDd, instead, it is indicated that each unit ot vertical distance equals 
five centimeters . To further emphasize the unimportance ot the average 
size the curves tor both groups are started tram the same arbitrary 
point at age e.o. That is, an initial difference ot more than tive 
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Fig. 28 . --Average Annual Increments in Standing Height, Probable 
Errors o! Means, and Standard Deviations o! Distributions o! Incre
ments tor Early and late 11aturing Groups or Cases. 

centimeters at age 8.0 is being discarded or ignored. Moving tram tni s 
point to tne right tor successive years the solid black wedge-like areas 
indi cate the range or plus and minus one probable error or the slope or 
the curve or or the average increment whlle the cross-hatcned wedge-like 
areas indi cate the range or plus and minus one standard deviati on or the 
distribution or the individual slopes or increments . It is apparent 
that the two curves have very dl!!erent slopes. The slope tor Group A 
!rom age 10 . 0  to ll.O is mucn steeper giving an average increment or 
7.94 ± . 18 centimeters and approXimately � or the individual curves 
give increments or !ran 6 . 67 to 9 . 17 centimeters ; whereas, tor Group H 
the much gentler slope gives an increment or only 4.84 + . 15 centimeters 
and approximately 68% or tne individual curves give increments or rrom 
3.92 to 5.78 centimeters. This chart should be compared wlth Figure 9 
showing the range or plus and minus tour probable errors or tne slopes 
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Fig. 29. --Average Annual Increments in Standing Height, Probable 
Errors ot Means, and Standard Deviations o! Distributions ot Incre
ments at Selected Ages tor Eacn or Eight Groups or Cases and !or the 
Total Population .  

!rom age t o  age based on ten cases menstruating !rom age 13-D t o  13-3 , 
Magnifying the scale at the lett ot Figure 27 by !our, expressing its 

data in terms ot annual increments, and adding data !or age 9 . 5  to 10 , 5 ,  
etc , ,  gives Figure 28. In contrast with Figure 25 whi ch snows some over
lapping or the standard deviations or gross size !or the two groups at 
all ages ,  Figure 28 snows no overlapping or tne standard deviations or 
the annual increments !rom age 10 . 5  to 11 , 5  and !rom 13 , 5  to 16 . 0 .  

Whereas Figure 28 gives the variability in the increments o r  two 
groups at all ages, F igure 29 gives the variabili ties in the increments 
tor all groups and !or the total population at selected age s .  The standard 
deviations o! the distribut i on or annual increments !or the year ending at 
age 9 . 0  show almost complete overlapping. For the year endi� at age 11 . 5, 
however, Groups A, B, and C are completely differentiated !rom Group H 
and almost completely differentiated !rom Group G. Similarly, !or tne 
year ending at 14.0 Groups A and B are completely differentiated !rom 
Groups F, G, and H. The comparatively small degree ot overlapping or 
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the standard deviations or di stributions or increments shown by Figure 

29 should be contrasted with the large degree or overlapping or compar

able data for gross size shown by Figure 26 . 

3 .  Individual Growth Curves i n  Standing Height 

For the purpose or thi s and the foll owing section f i ve sets or ten 

cases have been selected wi th menarcheal ages approximating as closely 

as possible ages 11.0,  12 . 0 ,  13 . 0 ,  14. 0 ,  and 15 . 0 .  That i s, the five 

sets of cases were selected respecti vely from Group A ,  from Groups B 

and c, from Groups D and E, f rom Groups F and G, and from Group H.  

Preference was given to the selection ot cases with a long series or 

measurements and with at least two measurements before the advent or 

the menarche . These specificati ons yield as nearly homogeneous groups 

as possible and insure · the eliminati on or bias in their selection. 

However, five cases with doubtful menarcheal ages have been excluded 
from these selections. 

Figure 30 presents the individual growth curves or ten cases menstru

ating approximately at 11 . 0  ( lC-7 to 11-3, dash curves ) and of ten cases 

menstruating approximately at age 15 . 0  ( 14-5 to 15-2, continuous curves ) . 

The vi sual impression or the individual curves or this chart is in ex

treme contrast with that created by the group curves of Figure 11. 
Nevertheless, some semblance of order may be discerned. Although the 
ten individuals maturing approximately at age 11. 0  average somewhat too 

short to be representative or early maturing cases ,  they are generally 

taller, especially at age 12 . 0 .  The clearest differentiation of the two 
groups i s  in the slopes of thei r  curves .  From age 9 . 0  to 12 . 0  individ

uals in the early maturing group show a decidely more rapid rate of 

growth tnan those or the late maturing group ; whereas, from 12 . 0  to 

16 . 0  this differentiation i s  reversed .  

Figure 30 should b e  compared with Figure 1 whi ch gives the individ

ual growth curves or ten cases menstruating between 13-0 and 13-3 . I t  

should be noted, however, that all the cases o r  Figure 1 were measured 

within three months or birthdays and that their curves are plotted to 

even years ; whereas, in Figure 30 cases were selected regardless or the 
timing or measurements relative to birthdays and their curves are plot
ted to exact ages . Figure 1 includes only cases measured over the same 

age range, whi le Figure 30 includes cases selected regardless or their 
age ranges . While Figure 1 i s  desi gned to clarify the consistency or 

individual growth patterns, Figure 30 presents a more real i sti c picture 

of the original raw data and tends to obscure the consl:stency or the 

individual patterns within eacn group . 
Figure 30 presents tnree di stinct phenomena : f i rst, the extreme 

overlapping or the records in gross size at each age ; second, the 

generally greater stature of the early maturing group ; and third, the 

differential slopes or the two sets of curves .  So many features in 

one chart, plus tne i di osyncracies or each or the twenty individuals ,  

tend t o  obscure any one feature and, more parti cularly, the f i rs t  

feature obscures the third . Figure 31 is designed to eliminate the first 

feature while retaining all the individual details of the third. The 
same twenty cases are involved. Each individual curve has been moved 

upward or downward to conform to the average stature or its group, but 

the details of each individual pattern are exactly reproduced . Figure 2 
presents a similar redrawing of the individual curves or Figure 1. In 
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ducing Exactly the Details of Each Individual ' s  Pattern of Growth . 
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Fig. 32 . --Individual Increment Curves in Standing Height Plotted 
to Exact Ages or Ten Cases Menstruating Between Age 10-7 and 11-3 
( Dash Lines ) and or Ten Cases Menstruating Between 14-5 and 15-2 
( Solid Lines) • 

Figure 31 and Figure 2 the consistency of the individ�al slopes within 
each or the three groups and the markedly different slopes or the three 
groups are readily apparent. Since the ear�v and late maturing cases ot 
Figures 30 and 31 are selected from Groups A and H these charts should 
be compared w1 th Figures 26 and 27. 

4. Individual Increment Curves in Standing Height 

Using the cases whose individual growth curves in gross size were 
presented in Figures 30 and 31 and charting the annual increments in
stead tor each or the twenty individuals gives Figure 32. Figures 1, 2, 
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Fig. 33 . --Ind1v1dual Increment Curves in Standing Height Plotted 
to Exact Ages or Ten Cases Menstruating Between 12-o and 12-1 ( Dash 
Lines) and or Ten Cases Menstruating Between 13-11 and 14-1 (Solid 
Lines ) .  

and 3 rorm a comparable series. Figure 33 presents similar individual 
increment curves tor ten cases rrenstruating at approximately age 12.0 
( 12-o to 12-1, daeh curves) and at approximately age 14. 0  ( 13-11 to 
14-1 , continuous curves ) .  Figure 35 repeats the curves tor the cases 
menstruating approximately at age 12.0, this time tor comparison w1 th 
ten cases menstruating at age 13.0 ( all at 13-o, continuous curves ) .  

Figures 32, 33, and 34 may be considered as a unit. In each or 
these charts the dash curves indicate the earlier maturing and the con
tinuous curves the later maturing group or ten cases .  Three types or 
comparisons need to be made . First, in each or the three charts the 
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Fig. 34. --Individual Increment Curves in Standing Height Plotted 
to Exact Ages or Ten Cases t".enstruat1ng Between 12...() and 12-1 ( Dash 

Line s )  and or Ten Cases Menstruating at Age 13...() (Solid Lines ) .  

earlier and later maturing cases should be contrasted in respect to the 
t1m1ng or various phases or the growth pattern and the magnitude or the 

increments wi th special attention to the extent to which the curves 

overlap or are completely dirrerentiated . Second, comparisons should be 

made between the three charts. That is, the reader should COJIIPare the 
earlier maturing group or Figure 32 (menarche 10-7 to 11-3) w1 th the 
later maturing group or Fi gure 34 (menarche 13-() ) ,  etc. Finally, the 

individual patterns or growth generated by the rive sets or ten cases 

should be canpared with the group patterns generated by averaging the 
increments or the eight menarcheal groups which are presented in Figure 

13. 
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A more detailed statement of the similarities and contrasts ot in
dividual and group patterns ot growth will be presented later.  Here it  
i s  suffic ient to note only the one most striking contrast, i . e . ,  the 
comparative sharpness of the maximum increments of the individual curves. 
In part this contrast is due to the fact that measurements were taken at 
annual instead of at semi-annual or quarterly intervals . That is,  if 
aru1ual increments based on quarterly measurements were plotted for each 
ind ividual, the resulting curves at the inflection points would be much 
less sharp , In part, also, the contrast is one of different emphase s ,  
I n  Figure 32, for example , the peak increments o f  ten cases selected 
from Group A average 8 . 87 centimeters for the year ending on the average 
at age 10 , 8 .  These f igures emphasize the maximum increments and sub
ordinate the exact age s .  In Figure 13 the average increments of the 
twenty-two individuals in Group A show a maximum of 7 , 94 centimeters for 
the year ending at age 11, 0 .  These f igures subordinate the magnitude of 
the increments and emphasize the exact age , While the second emphasis 
is the conventional one , it is no more valid than the first . 

5 .  Analysis by Menarcheal Age and Age o f  Maximum Growth 

This secti on presents an analysis of the data for standing he i ght by 
menarcheal age and by age of maximum growth in standing height , That 
is,  each of the eight menarcheal groups have been divided into still 
smaller sub-groups according to the age peri od at which maximum growth 
occurred.  For the purpose of this analysis only cases whose maximum 
increment in standing he ight i s  clearly defined have been included, 
Excluded cases are as follows : eight cases with unusual or abnonnal 
patterns of growth in he ight, nine cases whose recorda cover too limited 
a range of years to clearly define the maximum increment, seventeen 
cases where the maximum increment is determined by an interpolated fig
ure , and forty cases where the maximum increment in height does not 
exceed adjacent incrementa by half a centimeter. However, cases with 
doubtful menarcheal ages have been included. 

Data from Group E,  cases who menstruated between 13-o and 13-5, 

which are presented in Figure 35, w111 serve to illustrate the nature 
of the raw data resulting from this method of analys i s .  When the 41 

cases in thi s group are divided according to the half-yearly interval in 
which the maximum increment falls, seven sub-groups re sult . The maximum 
increment of one case is f or the year ending at age 1 1 . 0  (mid-point of 
the interval 10 . 75-11.24 ) , of three cases for the year ending at age 
1 1 , 5, of nine cases for the year ending at age 12. 0 ,  etc . ,  as indicated 
by the numbers just above each peak increment. It is to be noted par
t icularly that these group patterns present the same sharp peaks as the 
individual patterns of Figure s 32, 33 and 34, Now, these raw data may 
be treated in two ways . Firat , exact ages may be emphasized and the 
points on the seven curves may be averaged regardless of their magni
tude, For example , for the year ending at age 11,0 the points on the 
curves are 9 , 10, 7 , 47, 5,48, 5 .34, 5 .28, 5,07, and 4.60 centimeters. 
The we ighted average ot these i s  5 . 57 centimeters . Proceeding in this 
fashion at each age gives the broken curve ot Figure 38, This, in a 
round about laborious way, is almost exactly the procedure employed in 
Chapter IV. To emphasize this point the dot-dash curve ot Figure 38 
reproduces from Figure 13 the trends for all 59 cases ot Group E ,  Al
though the dash-dash curve is based on only 41 cases while the dot-dash 
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Fig, 35 . --Annual Increments in Standing Height or 41 Cases Men
struating Between 13-c and 13-5 when Sub-d ivided According to Age or 

raxiTriUIII Growth . 

curve i s  based on 59 cases, the trends are almost identical , Second, 

corresponding points on the patterns or the seven curves or Figure 35 
may be emphasized and these corresponding points may be averaged regard

less or exact ages ,  For example , the succes sive peak increments are 

9 , 10, 8,80, 8 . 11 ,  8 . 30, 8 , 02 ,  8 , 75, and 5 , 90 centimeters and the weighted 
average or these i s  8 ,27 centimeters, Similarly , the weighted average 

or corresponding points one , two, three ,  etc . ,  years be! ore and arter 

the peak increment may be computed , Finally, in order to place the 

resulting data on a time scale the age s at the close or the year or 

maximum growth tor each or the 41 cases may be averaged, This average 

is 12.48, The resulting trend is represented by the c ontinuous curve or 

Figure 36 . 
Repeating this process tor each or the e ight menarcheal groups gives 

Figure 37 . Here we have e ight generalized group patterns each ot which 
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Fig. 36. --Annual Increments in Standing H e i ght of Cases Menstru

ating Between 13-Q and 13-5 ; I llustrating D ifferences from two 
Methods of Combining Individual Increments . 

is a very excellent representation or the typi cal pattern of individual 
growth. Just as Figure 20 i s  the central chart of Chapter IV, so Figure 

37 i s  the most important chart or this chapter. The d ifferent methods 

employed in obtaining the basic data of these charts, as explained in 

connection with Figures 35 and 36 , must be understood . In F igure 13 

each curve represents an emphasis on averaging increments at identical 

ages regardless of the magnitude of these increments or of their position 

on the pattern or growth. Thi s  emphasis plus the availability or obser
vation points at intervals or six months tend to flatten and round the 

peak increments. In Figure 37 each curve represents an emphasis on 

averaging increments at corresponding points on the pattern regardless 

or chronologi cal ages. Thi s emphasis plus the fact that observati on 

points are available only at intervals or a year tend to heighten and 
sharpen the peak increments. Figure 13 i s  a true pi cture of the growth 
patterns or the eight menarcheal groups from age to age , but it does not 

provide good models or the individual p�tterns .  The individual patterns 
as i llustrated in Figures 32, 33, and 34 show generally larger and 
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Fig, 37. --Annual Increments in Standing Height or Eight Groups 
or cases Menstruating at Dirrerent Ages ; Individual Increment Curves 
or Each Group Combined to Emphasize the Averaging or Corresponding 
Points or the Pattern. 

sharper peak increments than the group patterns or Figure 13. Figure 37 
is also a true picture or the growth patterns or the eight menarcheal 
groups and provides very excellent representations or the typical 
individual pattern, but it tends to blur the timing or the pattern in 
!'elation to chronological age . Further, ir measurements on each indi
vidual were available at Quarterly intervals, the peak increments or 
Figure 37 would be Very slightly higher and much more rounded. 

The data or Figure 37 may be analyzsd just as the data or Figure 13 
were ana1yzsd . Thus, in Figure 38 the curves are arranged with the 
maximum increments in the same vertical line , This chart should be com
pared with the corresponding arrangement in Figure 19 , Figure 39 is 
designed to racil1tate this comparison. Here , the broken curve is the 
weighted average or the curves or Figure 19 and the continuous curve is 
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Fig .  38. --Annual Increments in Standing Hei ght of Eight Groups 
or Cases Menstruating at Different Ages Redrawn from Figure 37 and 
Arranged so that Maximum Increments are in the Same Vertical Line . 

the weighted average or the curves of Figure 38 , The inset curve in 
Figure 39 is an attempt to represent the pattern or annual increments 
based on quarterly measurements and analysi s  according to menarcheal 
age and age or maximum growth. Continuing the analysi s  of the data or 
Figure 37 the curves may be arranged so that poi-nts corresponding to 
the advent of the menarche are in the same vertical line. Figure 40 
presents this arrangement which should be compared with the correspond
ing arrangement in Figure 20, 

We are now ready tor a detailed reading of Figure 37. To facilitate 
canparison w1 th the reading or Figure 13 the various features are cata
logued in the same order and lettered to correspond, but only di stin
gui shing features will be discussed , 

(a) . Note the regularity or annual increments for the years ending 
at ages 11..0 and 14.0.  
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Fig, 39 . --The Pattern or Annual Increments in Standing Height 
Before and After the Maximum Increment ; Weighted Averages or the 
Eight curves or Figures 19 and 38 . 

(b ) ,  The maximum increments are in regular order. Average ages at 
the close or the year or maximum growth are 11 .21, 11.47, 11. 75, 12,31, 
12.48, 12. 90,  13 .33, and 13.89 tor Groups A, B, c,  D, E,  F, G, and H 

respectively, These points are much more reliably determined than the 
corresponding points or Figure 13 . 

( c ) , Note declining trend of peak increments , 
( d ) , Three phases or growth may be distinguished in all eight 

curves. These are clearly illustrated in Figure 38 and summarized in 
Figure 39 tor comparison w1 th the similar phases shown by the curves 
or Figures 13 and 19. In Figure 37 the three phases or growth ror each 
or the eight groups are much more clearly defined than in Figure 13. 

( e ) .  The magnitude or the increments during the first and second 
phase decrease in order rrom the early to the late maturing groups,  
See especiallY Figure 38. 

( t ) ,  The degree or acceleration is. similar in all eight groups,  
For the year ending two years before the maximum increment the average 
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Fig. 40 . --Annual Increments in Standing Height o! Eight Groups 
or Cases Menstruating at Di!!erent Ages ; Curves Arranged so that 
Points Corresponding to the Advent or the �enarche Age are in the 
Same Vertical Line . 

growth is 5.29 centimeters while the average or the peak increments is  
8.30 centimeters giving an average acceleration or 3.01 centimeters . 
The acceleration in !ive or the eight groups is almost identical ranging 
!rom 2 . 90 to 3 . 12 centimeters . The extreme accelerations range !rom 
2.63 centimeters tor Group H and 2 . 79 centimeters tor Group C to 3.25 
centimeters tor Group A .  These accelerati ons are much larger than those 
or Figure 31 and represent a truer picture or the typical individual 
acceleration. 

( g ) . The maximum increments are intimately timed with the advent or 
the menarche . In Group A ·the close or the year or maximUm growth occurs 
on the average .21 years atter the menarche . In Groups B, c, D, E, F, 
G, and H the close or the year or maximum growth canes .22, . so, .44, 
. 77, . as, .92, and 1 . 11 years before the advent or the menarche . This 

70 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


-IL-�L_L-L_�L-������������������� 40 7.0 8.0 9.0 I 0.0 1 1.0 1 2. 0 13.0 I 4.0 15.0 1 6.0 I 7.0 1 8.0 1 9.0 

YEARS ENDING A T  INDICA TE D A GES 

Fig, 41. --Annual Increments in Standing Height or Nine Groups of 
Cases with Different Periods of Maximum Growth. 

progression is more regular than in the curves of Figure 13 .  See Figure 
40, 

(h) ,  Similarly, the decided acceleration of growth i n  Groups A, B, 
C, D, E, F, G, and H begins 2.79, 3,22, 3,50, 3,44, 3,77, 3,85, 3,92, 
and 4, 11 years before the advent of the menarche, See Figure 40 .  

( i ) ,  The larger increments of the early maturing groups during the 
first and second phases or growth are directly related to the tact ( see 
Figure 12 )  that the early maturing groups are shorter at given time 
intervals before tbe menarche. 

6. Analysis by Age of Maximum Growth 

-'; by-product of the foregoing treatment of the data is an analysis 
of trends in terms of age of maximum growth alone. When the 174 cases 
are classified according to this one factor, nine groups result. The 
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Fig. 42 . -Annual Increments in Standing Height ot Five Groups ot 
Cases with Different Periods ot Maximum Growth ; Horace Mann Non
Hebrew Girls, Data ot Boas . 

ma.ximum increment or six cases is tor the year ending at age 10. 5  { mid,.. 
point or 10 .25 to 10 . 74) .  Similarly, the maximum increments or 13, 26, 

34, 37, 28, 18, 7, and 5 cases are tor the years ending respectively at 
ages 11.0, 11.5, 12.0, 12.5,  13.0,  13.5, and 14. 5 .  These data are pre
sented in Figure 41. The curves or this figure are strikingly stmilar 
to those or Figure 37, but the nine curves or Figure 41 necessarily show 
greater differentiation because no complicating regression errect or 
menarcheal age classification is involved . 

Figure 42 presents comparative curves tor non-Hebrew Horace Mann 
girls based on Table 15 or Boas (5 ) .  I t  has already been noted that 
Boas interpolated all measurements, probably by straight-line methods, 
to exact birthdays . Hence , his classification by age or maximum growth 
yields five groups with maximum increments tor the years ending at ages 
10.0, 11 .0,  12.0,  13.0, and 14. 0 .  That i s, comparisons or Figures 41 
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Fig. 43. --Annual Increments in Standing Height of Nine Groups or 
Cases w1 th Different Peri ods of Maximum Growth ; Redrawn From Figure 
41 and Arranged so that Maximum Increments are in the same Vertical 
Line . 

}' 

and 42 should concentrate on the four groups wi th maximum increments for 
the years ending at ages 11.0,  12. 0 ,  13.0,  and 14. 0 .  Keeping these dif
ferences in mind, the two charts agree very closely except that the 
degree or acceleration and the magnitude or the peak increments are 
decidedly greater in Figure 41 . The flatter curves or Boas are doubt
less due to the tendency of interpolati on procedures to smooth out the 
sharp changes in the pattern or individual growthl , 

In Figure 43 the curves of Figure 41 are rearranged so that the 
maximum increments are in the same vertical line , A feature or this 

l rhe c r i t i ca l s t ud e n t  s h o u l rl  a l s o  n o t e  t h a t 1 1 f ure 42 d oe s  n o t  r e s e• b l e  1 1 1-

ure 3 o( B oa s  a l t h ou l h  b ot h  c ur v e s  a r e  based on t h e  sa•e d a t a .  1 1 t ure 3 o (  B oa s  

I s  I nc orrec t l y d raw n .  

73 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


chart in contrast to Figures 19 and 38 is the larger incrementa ot the 
groups with early maximum incrementa throughout the whole range or ages .  
Even tour years after the maximum increment the nine groups are i n  al
most regular order. The explanation ot the generally larger incrementa 
ot the groups with early periods or maximum growth goes back once more 
to Figure 12. This point is  so important that it needs the reemphasis 
provided by Figure 44. Only five groups wi th maximum incrementa tor the 
years ending at ages 10 .5,  11 .5,  12 , 5 ,  13 .5,  and 14.5 are charted and 
these are arranged wi th the peri od or maximum growth in the same verti
cal line . Chronological age 11.0 and average menarcheal ages are also 
spotted. The close correspondence between the peri od ot maximum growth 
and the average age at which the menarche appears should be noted. In 
all five groups the decided acceleration or growth begins two years 
before the close or the period or maximum growth, It it is assumed that 
thi s acceleration or growth is due to endocrine stimulation, then the 
individuals whose maximum growth peri od is  !rom 9 , 5  to 10 .5 are stimu
lated at age 8 . 5  when they average only 130, 18 centimeters tall ; whereas, 
the individuals whose maximum growth peri od is rrom 13 . 5  to 14,5 are 
stimulated at age 12. 5  when they average 140 . 92 centimeters tall . The 
early stimulation ot short statures is  compensated by much more rapid 
growth so that all groups attain much the same mature stature . 

Figure 45 completes the analysis ot the curves ot Figure 41. Here, 
the five groups with maximum incrementa tor the years ending at 10 .5, 
11.5, 12.5, 13,5, and 14.5 are arranged so that points corresponding to 
the advent or the menarche are in the same vertical line . The contrast 
between this chart and Figure 40, which gives comparable data tor the 
eight menarcheal groups, illustrates the regression errect or one vari
able on another. The average menarcheal age ot the 174 cases is 12. 94 
.and the average age at the close or the period or maximum growth is 
12 . 39 ,  Standard deviations are 1 . 10 and , 95 years tor the menarcheal 
ages and maximum increment ages . These ditterencea together with the 
regression e rrect are responsible ror the apparent reversal ot the 
curves in Figure 40 and 45 .  When the 174 cases are classified according 
to menarcheal age as in Figure 40, the max� incrementa ot Groups A 
and H come on the average .21 years attar and 1 , 10 years betore the 
advent ot the menarche . When the same cases are classified according 
to maximum growth periods as in Figure 45, maximum incrementa ot groups 
ror the years ending at 10 , 5  and 14. 5  come on the average .77 and . 15 
years before the menarche . A much clearer representation or these rela
tionships· is presented in Figure 112 or Chapter XI I in connection with a 
correlational analysis or the data. 

7. Summary or Chapters IV and v 

The data or Chapters IV and V conati tute a rather c omplete verifica
tion ot the original hYPotheses that the menarche i s  associated with 
( a )  physical size and ( b )  the timing ot changes in the differential pat
terns ot physical growth. During the early teens there i s  a tairly 
close association between physical size .and the menarche , the earlier 
maturing groups being taller than the later maturing groups (Figure 11 ) ,  
The generalized pattern or growth generated by the annual incrementa 
shows three clearly defined phases (Figure 39 ) :  ( a )  a alight decelerat
ing phase lasting about two years ( b )  a sharply accelerating phase 
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Fig. 44. --Growth Trends in Average Standing Height o! Five Groups 
or Cases With Maximum Perioos or Growth !or the Years Ending at Age 
10. 5, 11. 5, 12.5, 13.5, and 14. 5 Plotted so that Peri oos or Maximum 
Growth are in the same Vertical Lin� . 
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Fig. 45 . -Annual Increments in Standing Height or Five Groups or 
Cases with Dirrerent Periods or Maxirr.um Growth Arranged so that 
Points Corresponding to the Average Menarcheal Ages are in the same 
Vertical Line . 

lasting about two years and ( c )  a very sharply decelerating phase last
ing about rour or rive years. 'nle three phases or growth occur at very 
dirrerent chronolog�cal ages when the eight menarcheal groups are con• 
sidered (Figures 13, 37, and 41 ) ,  but are strikingly s1m1lar. when corre
sponding points on the pattern are super-imposed (Figures 19, 38 and 43) . 
The inflection points or transition periods between three phases are 
1Dt1mately related to the advent or the menarche (Figures 12, 13, 20, 
21, 22, 23, 32, 33, 34, 37, 40, 41, 44, and 45 ) . Evidence to be pre
sented in Chapter XII shOWR that the age period during wh1ch mBXtmum 
growth in standing height occurs is more closely associated with the 
menarche than other aspects or physical growth. 'nle data are in entire 
accord with the suggestion that changing patterns or pllfsical growth 
during the adolescent period are under the control or endocrine factors. 
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They are also in accord with the more specific suRgestions that the 

process or sexual maturation and or accelerated physical growth are 
initiated at the same time premmrably by the pituitary and that the 

endocrine mechanisms which bring the period or sexual maturation to a 

close in the advent or the menarche also operate to bring the period or 
accelerated growth to a close at approximately the same time . 

The interrelations or assumed endocrine stimulation and observed 

patterns or peysi cal growth, however, are not rigidly mechani cal and 

uniform tor all eight menarcheal groups. The ini tiation or accelerated 
physical growth comes when the early maturing indivi duals are compara
tively young, comparatively short, and rar rran their mature stature 

whereas the late maturing individuals are older, taller, and nearer 
their mature stature (Figures 12 and 44) . Under these conditions rigid
ly un�rorm patterns would result in great differences in mature stature 

between the groups. Instead, the patterns may be described as striking
ly similar yet significantly and progressively di fferent rrom group to 

group (Figures 19, 38, and 43). The difference consists in the tact 
that during the period or most intense growth the early maturing indi

viduals grow more rapidly than the late maturing individuals . That i s ,  

the early maturing individuals anticipate and compensate by more in

tense growth ror their comparative shortness at the initiation or accel

erated growth or or assumed pituitary stimulation, while the late matur
ing individuals anti cipate and compensate by less intense growth tor 
their comparative tallness at the initiation or accelerated growth. 

This compensatory mechanism appears to be the working compromise or two 

rorces: one in the endocrine system determining the timing or accelera

ted growth and one in the hereditary endowment determining mature stat
ure. The idea or a compensatory or compromise mechanism would seem to 

be important because the underlying endocrine rorces must work them

selves out not only in di fferent ways tor early and late maturing groups 
but in different ways ror each measurement. 

Sane obvious cautions must also be recorded. First, the findings 
which show an intimate timing or physical growth patterns and the advent 
or the menarche stand on one level, whi le the interpretations which are 
1n terms or endocrine ractors stand on another . The ruture may greatly 

modify interpretations without altering the findings. Second, assum1ng 
that the endocrine interpretation i s  sound, i t  is not to be interred 

that these ractors are the sole causal agents in determining peysical 

growth. Endocrine ractors, or ractors associated with the menarche, 
dete:nn1ne very largely the early or late appearance or thll character

istically changing patterns or growth, but they are negligibly associa
ted w1 th mature stature. Further, there is a sign1ticant association 

between menarcheal ages and stature prior to the assumed initiation or 
endocrine stimulation. This would suggest the operation or other ante

cedent factors possibly in the hereditary endOVIIISnt or the individual. 
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CHAPTE.R VI 

SITTING HEIGHT AND LEG LENGTH 

The very complete di scussion or the data tor standing height makes 
it possible in this chapter to greatly condense the discussion or the 
data tor eternal height, sitting hei ght, and leg length ( standing height 
minus sitting height) .  The measurements might be analyzed to give 
trends tor trunk lengtn ( sternal height minus sitting heignt) and tor 
eternal-vertex height ( standing hei ght minus sternal height ) but no data 
tor these dimensi ons and very little tor sternal height will be pre
sented . Similarly, the data might be employed to give a large number or 
ratios, but only two such ratios will be considered. Since tne dis
tinguishing patterns or growtn in the eight menarcneal groups have been 
so tnoroughly explored tor standing heignt, the emphasis or the chapter 
shifts to the differences in tne patterns or growtn in si tting neignt 
and leg length. Indeed, succeeding cnaptere will devote lese and lees 
attention to tne eignt menarcneal grou�e and more and more attention to 
tne ditterences between measurements . Since the elucidation or these 
differences presupposes comparable grapni cal representations, same 
space must be devoted to tni e problem. Al ten-.a ti ve grapn1 cal metnode 
will be illustrated incidentally to the material or Chapter XI I I  wnicn 
attempts to strike a balance between the contrasts ot early versus late 
maturing groups and the contrasts ot each measurement versus every other. 

1 .  GrOWth Trends in Average Size 

Figure 46 presents growtn trends in average eternal neight tor eacn 
ot eight groupe or girls menstruating at d1tterent ages. Comparable 
data tor sitting heignt and tor leg length are presented in Figures 47 
and 48 .  Comparable data tor standing height were presented in Figure 
ll. All tour charts are drawn so tna t growtn !rom age ei ght to seven
teen, as determined by averaging tne measurements or all avai lable cases 
at these agee, is represented by the same vertical di stance. Average 
eternal neignte at age eight and seventeen, tor example, are indi cated 
in Fi gure 46 bY the two norizontal lines acrose the vertical scale at 
98 . 6  and 130.3 centimeters. Similar pointe tor si tting height are at 
67. �  and 84.9 centimeters and tor leg length at b6.3 and 74. 6  centi
meters. That is, a tracing on transparent paper or any one ot tneee 
cnarts can be superimposed on any other by superimposing the age scales 
at tne bottom and tne pointe on the verti cal scale corresponding to 
average size at agee eight and seventeen. Figure 49 preeente a partial 
superimposing or Figures 47 and 48 tor early and late maturing groupe 
ot girls. In tnie chart the centimeter scales at tne lett nave been 
translated into percentages or tne average growtn between age eight and 
seventeen. Since the total gain between age eight and seventeen i s  
17. 6  centimeters i n  the case o r  sitting height and 18 .3 centimeters in 
the case or leg length, the unite or vertical di stance representing a 
given number or centilll8tere are not very different. I t  i s  important 
that superimposed curves as in Figure 49 should not be misinterpreted. 
Curves showing the si tting height or early and late maturing groupe are 
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or Early and Late Maturing Groupe or Girls. 

directly ca.parable botn as to gross size and slopes and similarly tor 
leg length curves, but curves ror sitting height anc1 leg length are 
canparable only in respect to tneir elopes . In order to make this point 
Ulllll1 Btakably clear Figure 50 reproduces tne data or Figure 49 on the 
same ar1 tllnetic scale. SUch a chart has the advantage or showing tnat 
sitting height i s  a much larger d1mensi on  t.llan leg length, but it bas 
the disadvantage tb&t curves tor the same cases are so rar apart as to 
make comparisons ditticult. 

Since a very complete discussion or comparable data tor standing 
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Fig. 52 , --Average Annual Increments in Sternal Height of Eight 
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height was given in sections two and three or Chapter IV, only tne most 
8UliiDilrY canments must sutt1ce tor Figures 46 to 50. The growth trends 
tor sternal height are almost indistingui snable from tnose tor standing 
height, but trends tor si tting height are in marked contrast w1 tn tnose 
tor leg length. These contrasts are most clearly illustrated in Figures 
49 and 50 in whicn tne continuous curves represent si tt1ng height and 
the dash curves leg length. At age 8 . 0  tne individuals in Group H (men
struating at 14-6 or later ) average 65 .31 centimeters in si tting height 
and 53.21 centimeters in leg length ( Figure 50 ) .  This i s  considerably 
below the average or all eight year olds ( Figure 49 ) .  From age 8 . 0  to 
12 . 0  the curve or Group H tor si �ting height rises mucn more slowly 
than that tor leg length and tni s marked divergence i s  mucn more clearly 
illustrated in Figure 49 than in Figure 50 .  At age 12 . 0  Group H has 
attained 33.6% or tne growth in si tting height and 46 . 6% or the growth 
in leg length whicn takes place on the average tor chi ldren in general 
between age eight and seventeen (Figure 49 ) .  From age 12 . 0  to 13. 5  the 
two curves tor Group H are more nearly parallel and thereafter tney con
verge to age 17 . 5 .  Similar contrasts are apparent in tne pair or curves 
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ror Group A. Close inspection or Figures 47 and 46 or the superimposing 
or these charts will show similar contrasts ror eacn or the eight men
archeal groups. In general the growth curves ror leg length are close 
approximati ons to straight lines wi th very abrupt transitions to mature 
status whereas the curves ror si tt1ng height show succeeding phases or 
rapid growth, slower growth, very rapid growth, and a more gradual 
transition to mature status . 

In Figure 51 the chronological age scale has been replaced to show 
time in tenns or years before and arter the advent or the menarche, and 
trends ror early, middle, and late maturing groups in sitting height 
and leg length are presented . Comparable data ror standing height were 
presented in Figure 12. At the advent or the menarche the early rilatur
ing individuals or Group A average much below the late maturing individ
uals or Group H and this difference becomes greater ror longer time 
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intervals before the advent or the menarche and leas tor ionger time 
intervals attar the menarche . 

2 .  Annual Increments i n  S i  tt1ng Height and Leg Length 

Charta or annual incrementa present much more convenient representa
tions or the changing pattern or growth. Throughout, such charta carry 
thrae horizontal grid linea indicating respectively zero growth, one
ninth or the average growth between age eight and seventeen ( the SLG or 
straight-line-growth grid ) ,  and the two-ninths or the average growth 
between age eight and seventeen ( the 2SLG or twice-straight-line-growth 
grid )  and throughout the vertical distance between these three lines i s  
the same. Figures 52, 53, and 54 present annual incrementa in sternal 
height, sitting height, and leg length tor each or eight groups or girls 
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wi th different menarcheal ages. These charts are comparable to Figure 
13 tor standing hei ght and should be read in the light ot the tull dis
cussion ot section tour ot Chapter IV. 

Figures 55 and 56 superimpose the curves ot the eight menarcheal 
groups separately tor si tting height and tor leg length so that corre
sponding points on the pattern ot growth are as nearly as possible in 
the same vertical line. These charts are comparable to Figure 19 tor 
standing height. In the case ot standing height and sitting height the 
max1mum incremente have been arranged in the same vertical line, but 
there are only two clearly defined max1mum increments tor leg length and 
it has been necessary to arrange these curves in the light ot the whole 
pattern. Hence , the time scales in Figures 55 and 56 are in terms ot 
years ending at the indicated average ages. In all three charts the 
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s1m11ari ty or the patterns tor each or the eight menarcheal groups is 
strik1ng. Similarly, all three charts show that the earlier maturing 
groups tend to have larger increments than the later maturing groups.  

Figure 57 presents generalized curves tor sitting height and leg 
length obtained by calculati� the weighted averages or the eight 
curves in Figures 55 and 56. The annual increments in si tt1ng height 
are initially rather large averaging 2.65 centimeters tor the year end
ing on the average at age 7.55. During the next two years growth in 
sitting height proceeds at a slower and slower pace, the annual incre
ments dropping to 2.08 and 2.11 centimeters tor the years ending at 
average ages or 9.55 and 10 .05. Two and a halt years or markedly accel
erated growth carry the average increments up to a peak or 3.56 
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centimeters and thereafter there is a gradual deceleration to age eight

een. The pattern tor leg length is in marked contrast. The initial in

crements !or a period o! two and a hal! years range between 3 . 30 and 

3 , 43  centimeters or almost exactly straight-line growth. A slight ac
celeration begins on the average at age 10 , 65 corresponding to the in

itiation o! the acceleration in sitting height . Whereas the acceleration 

ot s i tting height is very marked and runs !or two and a hal! years, that 

!or leg length is slight and lasts !or only a year and a hal!, the maxi

mum increments being 3 , 91 and 3 , 92 centimeters at average ages or 1 1 , 65 

and 12, 15 .  Thereafter the deceleration is marked and growth in leg length 

practically ceases on the average at age 15 ,65 .  Attenti on is called 

particularly to the !act that the maximum increment in leg length occurs 

on the average at age 12 , 15 ( or 1 1 . 65 ) while the maximum increment in 

si tting height occurs on the average at age 12,55 and that the menarche 

appears on the average at age 12 . 97.  There are , or course, as pointed 
out in Chapter v, many individual excep ti ons to such generalized trends . 

Since the avai lable cases were measured only once a year, their records 
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Fig. 58 . --Average Annual Increments in Si tting Height of Five 
Groups of Girls Menstruating at Di fferent Ages Arranged so that 
Points Corresponding to the Advent of the Menarche are in the Same 
Vertical Line . 

are not parti cularly sui table for determining the frequency with whi ch 
the maximum increment in leg length precedes that in si tting height. 
Eliminating cases who show two maximum increments in si tting height, 
cases whose records cover too limited a range of years to determine a 
maximum increment, etc. , there remain 232 cases for a frequency count. 
Confining attention to only the three increments in leg length whi ch 
occur one year before , coincident with, and one year after the maximum 
increment in si tting height, we have the following results : in 136 
instances or 58 . 6% the maximum increment in leg length precedes that in 
si tting height, in 71 instances or 30 . 6% the maximum increment in leg 
length coincides wi th that in si tting height, and in 16 instances or 
6 . 9%  the maximum increment in leg length follows that in si tt1ng height. 
Nine cases or 3;9% fail to show a maximum increment in leg length. 
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Groups of Girls Menstruating at Different Ages Arranged so that 
Points Corresponding to the Advent ot the Menarche are in the same 
Verti cal Line. 

These figures rather clearly establish the tendency ot accelerated 
growth in si tting hei ght to continue tor same time after growth in leg 
length has begun to slow down. 

Figure 58 and 59 present annual increments in si tt1ng height and 
in leg length tor five groups of girls so arranged that points corres
ponding to the advent ot the menarche are in the same vertical line. 
Figure 60 super-imposes these two charts. Comparable data for standing 
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height were presented in Figure 20. 1 Having di scussed the contrasts 
between the generalized patterns ot si tt1ng height and ot leg length as 
illustrated in Figure 57, Figure 60 otters a convenient picture tor the 
elucidation ot contrasts between early and late maturing groups or 
girls. Reference will also be made to Figures 53 and 54. The individ
uals in Group A, menstruating before 11-6 or on the average

'
at 11.0, 

li t  s h o u l d  be reco i led a t  t h i s p o i n t  t h a t  Groups BC, D l ,  and 1 G  d o  n o t  

represe n t  t h e  s l • p l e  e o•b l no t l on o f  Gr oups B and c, D a n d  I ,  a n d  1 a n d  G .  In 

s tead , t he o r l f l n o l  s u b-lr oups lB and TC we re we l t h t e d  and e o• b l ned a t  Ide n t i 

ca l d e u l o t l on ales fro• t he •enorehe and t he re s u l t lnl lBTC data e o• b lned w i t h  

o s l • l lor e o•pos l t e  o f  t he l C  and TB s ub-froups , e t e . ,. l ns u r l nl t h a t  eho ntes 

I n  t he pat t e r n  o f  1 r ow t h  ore pree l s e l u  or ie n t a t ed I n  re l a t i on to t he odue nt of 

•snore he. 
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show their most intense growth in sitting height for the year ending at 
age 11,5 ( Figure 53 ) or six months after the menarche (Figures 58 and 
60 ) ,  The ir maximum increment averages 3 , 74 centimeters which is small
er than the maximum increment of Groups B, c, and D, but considerably 
larger than the maximum increment of Groups E, F, G, and H. Accelerated 
growth in sitting height for Group A begins during the year ending at 
age 9 , 0  or during the year ending two years before the menarche and 
lasts for two and a half years. The total acceleraticn is from 2,29 
centimeters per year to 3 . 74 centimeters or 1 . 45 centimeters, In com
parison, the individuals in Group H, menstruating after 14-5 , or on the 
average at age 15 . 0 ,  show their most intense growth in sitting height 
for the year endin� at age 14, 0  or twelve months before the menarche , 
Their maximum increment averages only 3 , 16 centimeters which is less 
than that of anv other group , Accelerated growth begins during the year 
ending at 12 .0 or during the year ending three years before the menarche 
and lasts two years . The total acceleration is from 1 , 72  centimeters 
to 3 , 16 centimeters or 1 ,44 centimeters . That is, the patterns of 
growth in sitting height for Groups A and H are strikingly similar save 
that growth in Group A is more intense ( Figure 55 ) ,  While the patterns 
of the two groups are similar, the timing of this pattern in relation 
both to chronolcgi cal age and the advent of the menarche is radically 
different. The B ,  C, D, E, F, and G groups,  of course , tend to be in
termediate to Groups A and H in the timing of their patterns in relation 
to chronological age and the menarche . A similar reading of the charts 
and similar comments apply to the pattern of growth in leg length, 

3. Percentage Rates of Growth Per Year 

In the preceding section the annual increments in sitting height 
and leg length were contrasted, From age 10,5 to 11,5 the individuals 
in Group A gained on the average 3 , 74 centimeters in both sitting 
height and leg length, Thi s happy coincidence of two identical incre
ments will serve to illustrate the point that i dentical things are not 
always identical. In the first place the annual increment of 3 , 74 cen
timeters in sitting height represents the culmination of an �ccelerating 
phase of growth; whereas, the same increment in leg length represents 
the initiation of a decelerating phase , In the second place the incre
ment of 3 , 74 centimeters in sitting height constitutes 21 .2$ ( 3 . 74/17.6 ) 
of the growth which occurs on the average between age e ight and age 
seventeen ; whereas, the same increment in leg length constitutes only 
20 .4%. Hence , when these increments are superimposed as in Figure 60 
six months after the menarche the point for sitting height is above that 
for leg length, In the third place the increment of 3 , 74 centimeters 
in sitting he ight represents an increase from 74, 10 to 77 . 84 centimeters 
or 5 , 05%; whereas, the same increment in leg length represents an in
crease from 66 , 43  to 70 , 17 centimeters or 5 , 63% ,  

The transformation of the curves which occurs when percentage rates 
rather than increments are considered can be most clearly illustrated 
by reproducing the two generalized increment curves of "Figure 57 and 
superimposing on them rate curves based on the same original data. This 
is done in Figure 61 in which the heavy lines represent rates of growth 
and the light lines represent increments. In both sitting height and 
leg length the rate curves emphasize the slowing of growth during the 
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Fig. 61 . --Generalized Patterns of Annual Increments and of Per
centage Rates of Growth Per Year in Sitting Height and Leg Length. 

two and a nalf years ending on the average at age ten and lessen tne 
apparent magnitude of tne accelerating phase. 

Ra tea or growth per year tor each or tne eight menarcheal groups · in 
both sitting height and leg length are shown in Figure 62 plotted 
against chronological age. Comparable data tor five groups plotted in 
relation to tne advent of the menarche are shown in Figure 63. com
parable data for standing height and employing tne same vertical scale 
at the left were presented in Figures 23 and 24 .  

4 .  Percentage of Standing Height to Sitting Height 

At birth total body length consists of nearly three-fourthS sitting 
height and only one-fourth leg length. Througnout childhood tne legs 
grow raster than t.ne rest or tne body until in the early teens sitting 
height consti tutes less than 53% of standing height. Thereafter sitting 
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height increases slightly more than leg length, These trends trom age 
6 , 0  to 19 , 0  tor Groups A and H are presented in Figure 64. In Group A 
sitting height ralls rrom 55 . 5� or standing height at age 6,0  to 52 , 6%  
at ages 11 ,0 and 11 , 5  and then rises slightly to 53.�. While the low 
point or the percentage or standing height to sitting height is reached 
at ages 11 , 0  and 11,5 in the case or Group A, the corresponding low point 
tor Group H is not reached unt11 13.5.  

An altogetner ditterent picture results it attention i s  focused on 
tne increments instead or tne gross measures. While si tting height con
stitutes trom 52 to � ot standing neignt between age six and nineteen, 
tne annual increments or sitting height may constitute any where rrom 
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35% to 100% or the annual increments in standing height. Figure 65 
presents data or thi s type tor a selection or !our groups menstruating 
at different ages. The ages at whlcn the curves !or si tting height and 
leg length cross at tne 50% mark are in very close sequence tor the 
eight menarcheal groups,  being 11 . 5, 12.6, 11.8, 12.3, 13. 0, 13. 5, 13.3, 
and 13. 8  years respectively !or Groups A, B, C, D, E, F, G, and H. It 
should be noted tnat the percentage scale at the left has been reduced 
by hal! in CODIParison w1 th Figure 64 so that the true contrast between 
Figures 64 and 65 is twice as great as would be suggested by casual 
inspection. 

5 .  Summary or Findings tor S i  ttlng Hei ght an d  Le g  Length 

Almost the entire summary or the data tor standing height might, 
with slight changes in wording, be applied to the findings !or si tting 
hei ght and leg length. During the early teens there is the same close 
association between PhYSical size and the advent or the menarche. The 
generalized patterns or growth generated by the annual increments show 
the same three phases :  (a)  a decelerating phase which is marked i n  the 
case or si ttlng height and very slight or absent in the case or leg 
length, (b)  an accelerating phase which is marked in the case or si tting 
height and less marked in the case of leg length, and ( c )  a sharply 
decelerating phase which is less abrupt in tne case or sitting height 
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and more abrupt in tne case ot leg lsngth. When the eight menarcheal 
grOI).ps are considered these three ph&Ses show the same contr\lsts in 
respect to the chronological ages at which they appear, but when chrOno
logical age is ignored and corresponding points on the pattern ot 
growth are super1mposed the same strik1ng sim1lari ty reappears. The 
inflection points or transition periods between these three phaSes show 
the same intimate tim1ng in relation to the advent ot the menarche, the 
only d1tterence being that the IIIU1lll.llll increments in sitting height 
come about a year later than those in leg length. Just as in t.lle case 
ot standing height, the pattern ot increments in the early maturing 
groups i s  more intense than in the late maturing groq.ps. The findings 
are in accord with the theor.y that the associations between menarcheal 
age and the timing ot changes in tlle patterns ot physical growth should 
be attributed to underlying endocrine factors. Interpretation ot the 
findings in terms ot endocrine factors also otters the most plausible 
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explanation or the contrasts between the patterns or sitting height and 
leg length. Growth in leg length iS determined by the growth O! long 
bones which in turn is determined by the age at which the epiphyses 
close or unite with the sha!ts. It is probable that these closures are 
determined by endocrine !actors . Hence, the !inal decelerating phase 
or growth in leg length is very abrupt. The !inal decelerating phase 
or growth in sitting height on the other hand is much less abrupt be
cause no long bones are involved. 
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CHAPTER VII 

ILIAC DIAMETER, CHEST BREADTH, AND CHEST DEPTH 

The two chapters on standing height were devoted to a very tull dis
cussion and graphical representation or the growth patterns or the eight 
menarcheal groups emphasizing particularly the great contrasts between 
these patterns at each chronological age, the striking similarity or 
these patterns when chronological age i s  ignored, and the intimate tim
ing or these patterns in relation to the advent or the menarche . Com
parable phenomena in the growth patterns or the ei ght menarcheal groups 
in si  ttlng height and leg length were presented in Chapter VI w1 th the 
emphasis or the di scussion shifting to the marked contrast between the 
patterns or the two vertical dimensions. Patterns or growth in iliac 
diameter, chest breadth, and chest depth show much less contrast while 
tending to repeat the characteri sti cally differential patterns or the 
eight menarcheal groups. Since the data are repetitious and somewhat 
irregular, only a brier discussion and a selected number or charts are 
presented. 

1 .  Lim1 tat1ons o r  the Data 

A feature or the data which should be especially noted is their 
confirmation or the general theory and specific hypotheses or this study 
in spite or their very serious limitations. Even under the most favor
able conditions all three dimensions, and particularly chest breadth and 
depth, are difficult to measure with precision. Individual differences 
are comparatively small and grOWth in absolute size i s  very slow. In 
addition to these limitations, inherent in the nature or the measure
ments, there is the compli cating !actor that all were measured over 
clothing. I t  results that the growth records or individuals are very 
irregular and frequently contain figures which seem impossible in the 
light or the Whole series. As if these difficulties were not enough, 
tbere is the further complication that the Harvard Growth Study collect
ed no data !or iliac diameter during the second autumn and no data ror 
chest . breadth and depth during the third and fourth autumns or the 
Study. 

Procedures employed to overcane these 11mitations as rar as possible 
are described in detail in sections one, two, and seven or Appendix A. 
The briefest summary or these procedures must suffice at this point. 
Measurements Which seem erratic or impossible in the light or the Whole 
series have been eliminated. Total eliminations constitute 1 . 1�, 5.4�, 
and 5.$ or the number or original figures respectively ror iliac 
diameter, chest breadth, and chest depth. It is only neeessary to em
phasize that this editing or the data was applied routinely to all cases 
irrespective or menarcheal ages. All the gaps in the data whether due 
to absences !ram school, editorial el1m1nations , or systematic omissions 
during the early years or the Study have been fi lled by interpolations, 
but in no instance ha8 straight-line interpolation been applied blindly. 
Interpolated !1gures conati tute 7 .CJ.', 22.$, and 23.2'Jb or the total 
number or available figures respectively ror iliac diameter, chest 
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breadth, and chest depth ( See Table 10 in Appendix A ) .  Most or the in
terpolations, however, are tor the period prior to age eleven. The 
large number or interpolati ons tends to i ron out chance irregularities 
in the curves, but no amount or interp olating can create patterns or 
growth which are not inherent in the original data. 

2. Growth Trends in Average Size 

Figures 66, 67 , and 68 present growth trends in average size tor 
each or the dimens i ons and tor each or the e i ght menarcheal groups , It 

should be recalled that average growth f rom age eight to seventeen is 
represented py the same vertical distance 1n these charts . The almost 
perfe ctly regular differentiati on or the e ight menarcheal groups in 
average size t ram approximately age ten to fourteen 1s readily apparent. 
In order that the curves may be observed in their proper absolute rela
tion to each other Figure 69 presents the trends tor early and late 
maturing groups or girls on the same arithmetic scale. 

Growth trends in average iliac diameter, che st breadth, and chest 

depth give contrasting pi ctures depending on whether they are plotted 
to chronol ogical age or to time intervals before and after tne menarcne 
just as do the vertical dimensi ons , Figure 70 presents such data tor 
early and late maturing groups tor the three dimensions , This chart 

should be compared with Figures 12, 44, and 51 whi ch present comparable 
phenomena tor the vertical dimensi ons . When early and late mturing 

groups are compared all six linear measurements show increasing differ
ences in average size tor longer time intervals before the menarche and 
decreasing differences in average size tor longer time intervals after 
the menarche , That is, the curves or the early mturing groups or girls 
are much steeper than the curves or the late maturing groups, Inciden
tally, Figure 70 illustrates the simi larity ot the patterns ot the 
three horizontal dimensions when comparisons are confined to the same 
menarcheal group . 

3. Annual Increments and Rates o r  Growth 

Figures 71, 72, and 73 present the annual increments. It should 
be recalled that the vert i cal d istances between the three horizontal 
grid lines are the same. That i s ,  an annual increment in chest depth 
ot .43 centimeters is represented by the same vertical distance as an 
increment in standing he ight or 4 . 0  centimeters. The extreme magnifi
cation or the scales is such as to reveal minor irregularities or a tew 
hundredths or a centimeter , While the visual impression rrom these 
charts is one or great irregularity, close inspection will show that 
the eight menarcheal groups tend to repeat the characteri stic patterns 

shown by the vertical dimens i ons . For example, annual increments tor 
the year ending at age 11,5 show the following. The largest and small
est increments in iliac diameter are 1,40 and , 75 centimeters, the eight 
groups standing in the following orde r :  B, A, C, E ,  D, F, G, §nd H. 
T he  largest and smallest increments i n  chest breadth are 1,66 and ,66 
centimeters, the eight groups standing in the following order : A, B ,  
c, D, G ,  E, F ,  and H.  The largest and smallest increments i n  chest 
depth are ,98 and ,53 centimeters, the e i ght groups standing in the 
following order : A, c, B ,  F, D, a, H, and E. Considering the tact that 

102 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


2Sr-
--+---�--+---+---+--- ' 

2n---�--4---�--�--4 

2 6r---�--�--r---� 

� 
� 2 5·t----+---+---+-
� 
� 

� .... 
� 241------+---+--� 
� 

A• ME NARC HE BE F"ORE 1 1 - 6 
a - 1 1  I I - 6 To 1 1 - 1 1  
c - 1 2 -0  " 1 2 - 5  
o - 1 2 - 6  " 12- 1 1  
E • 1 3 -0  " 1 3 -5  
f"•  1 3 - 6  I I 1 3 - 1 1  
G- I I  14-0 I I  14 - 5 
H •  ArTE R 1 4-5  

16·�����������._._��._._._�._._._�._�� 
1.0 /0.0 11.0 /2.0 /3.0 /4.0 / S. O  1'-0 1 7.0 140 11.0 

A G ES 
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Fig. 6ff.--Growth Trends in Average Chest Depth of Eight Groups 
of Girls Menstruating at Different Ages. 
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Fig. 69 . --Growth Trends in Average Iliac Diameter, Chest Breadth, 
and Chest Depth or Early and Late Maturing Groups or Girls Plotted to 
the Same Arithmetic Scale . 
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C H RONOLO G I C A L  
AGE I I  V R S  

I L I A C  DIA MET E R  
C HE ST D E P T H  - · - · - ·  

1 1  B RE A D T H  ---------
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H# M - 5 

Fig. 70 . --Growth Trends in Average Iliac Diameter, Chest Breadth, 
and Chest Depth or Early and late Maturing Groups or Girls Arranged 
so that Points on Their Growth Curves Corresponding to the Advent or 
the Menarche are in the Same Verti cal Line. 

107 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


It 

� 
"' 
� 

l5 

� 1.0 
C"::l 
\) 
� ..... 
� 

I 
II) 
.... 
� 0.5 
"' 
� 
"' 
It 
\) 
� 
' 

�O�--�
A---M-E

�
N-A�R-C

�
H�E-8�E

�r�O�R�E
���--� 

I I  I I - 8 TO 
I I  f 2 -0 I I  

1 2 - 6  I I  

1 3 -0  I I 

13 -6  I I  

14 -0 I I 

Ar T E R  

Fig. 71, --Avera�e Annual Increments in Iliac Diameter ot Eight 
Groups ot Girls Henstruating at Different Ages, 

the greatest difference is only a centimeter and that the exact order 
ot the �oups is frequently determined by only hundredths ot a centime
ter the differential patterns are unexpectedly clear and regular. In
crements tor the years ending at 13. 5  and 14.0 ot the eight groups are 
in a similarly regular but exactly revereed order, Likewise, the diag
onal columns ot letters at the right show that the decelerating phase ot 
grOWth in the eight menarcheal groups occurs in almost perfectly regular 
order, Since no charts are presented w1 th the curves arranged so that 
points corresponding to the advent ot the menarche are in the same ver
tical line, the reader must pertorm thi s type ot analysi s  in imagination. 
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Fig. ?2 . --Average Annual Increments in Chest Breadtn or �ight 
Groups or Girls Menstruating at Dirrerent Ages . 

Figures 74, 75, and 76 super1mpose the increment curves so that 
corresponding points on the patterns or growth are in the same vertical 
line. Weighting and averaging the curves or these charts to give three 
generalized patterns and super1mposing the results together with com
parable data ror sitting height and leg length yields the curves or 
Figure 77. Since this chapter concludes the presentation or data ror 
the linear measurements a chart or annual increments plotted to the same 
arithmetic scale may be introduced so that the absolute increments may 
be compared . Such a chart i s  Figure 78. While this chart emphasizes 
the almost microscopic character or the annual increments in chest 
depth, the rate curves or Figure 79 emphasize the ract that relative 
growth in chest depth is almost as great as that or other linear measure
ments. 
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Fig. 73. --Averar;e Annual Increments in Chest Depth or Eight 
Groups or Girls Menstruating at Dirrerent Ages. 
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Fig. 74. --Average Annual Increments i n  Iliac Diameter o r  Eight 
Groups or Girls Menstruating at Dirrerent Ages Arranged so that Cor
responding Points on the Pattern or Growth are in the Same Vertical 
Line . 
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Fig. 75. -Average Annual Increments in Chest Breadth ot Eight 
Groups or Girls Menstruating at Ditterent Ages Arranged so that 
Corresponding Points on the Pattern or Growth are in the Same Ver
tical Line . 

Both similarities and differences among these patterns should be 
observed . or particular intere�;�t is the tact that the accelerating 
phase or growth in i liac diameter is ini tiated at approximately the 
eame average age as the accelerating phase or si tting height and leg 
length. The patterns or chest breadth and chest depth resemble each 
other more closely than other measurements both in terms or increments 
and rates or growth. Both patterns show a slight arresting or acceler
ated growth about a year and a halt betore the peak or the curve i s  
reached and this i s  followed by about a year or very intense accelera
tion. This curious coincidence, however, is probably due to chance 
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Fig. 76 . --Average Annual Inct:ements in Chest Depth or Eight 
Groups or Girls Menstruating at Different Ages Arranged so that 
Corresponding Points on the Pattern or Growth are in the same Ver
tical L1ne. 
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Fig .  ?? . --Generalized Patterns or Annual Increments in Si tting 
Height, Leg Length, Iliac Diameter, Chest Breadth and Chest Depth. 

!actors since it is determined by !luctuati ons or less than rive hun
dredths or a centimeter. 

Beyond these similarities it is readily apparent that each dimensi on 
has its own characteristic pattern or growth. In addition to these 
characteristic di!!erential patterns, there is a signi!icantly di!!er
ential timing or the periods or maximum growth. Anticipating data tor 
body weight the maximum increments occur tor the years ending on the 
average at age 12 . 15 ( or 11 .65) ror leg length, at 12. 17 ror standing 
height, at 12 .40 tor chest breadth, at 12.43 tor iliac diameter, at 
12.55 ror sitting height, at 12.62 tor weight and at 12.64 ror chest 
depth . It should be recalled tnat the menarche occurs on the average 
at 12 . 97 .  While the method or computing these values is rather unrel1a
ble considering the very small di!!erences involved, the general trend 
is nevertheless unquestionably signi!icant. The most convincing demon
stration or a signi!icant sequence is given by an examination or each 
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Fig. 78 . -General1zed Patterns or Annual Increments in Si tt1ng 
Height, Leg Length, Iliac Diameter, Chest Breadth and Chest Depth 
Plotted to the Same Arithmetic Scale . 

individual record to determine whether the maximum increments or the 
various measurements came one year before, coincident with, or one year 
arter the maximum increment in si tt1ng height. Using the 232 cases em
ployed in a similar analysi s ror Chapter VI and arranging tne measure
ments in their apparent sequence gives the following tabular data. 

Leg Standing Chest Iliac Chest Weight 
Length Height Breadth Diameter Depth 

Year before 61.� 30 .2% 30.8% 29 .2% 21.3% 16 . 7%  
Coincident 31.8% 65.8% 49. 8%  40.2% 44.2% 50.0% 
Year Arter 7 . 2% 4.� 19 .4% 30. 6% 34.5% 33. 3% 
Total % 100 . �  100 .� 100.� 100.� 100.� 100 . �  
Total N 223 228 201 209 197 228 
Uncertain 9 4 31 23 35 4 
Grand Total 232 232 232 232 232 232 
Average Age 12,01 12.29 12.44 12.54 12.68 12 . 72 

The probable errors or the percentages range rrom . 9%  to 2.4%. The 
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Fig.79.--Percentage Rates or Growth Per Year or Generalized 
Patterns or Si tt1ng Height, Leg Length, Iliac Diameter, Chest 
Breadth and Chest Depth. 

percentages ror leg length are sign1ticantly d1tterent ( tour or more 
probable errors ) rram those ror standing height and, or course , signifi
cantly d1tterent tram all other measurements. Similarly, the percent
ages ror standing height are significantly di fferent rrom all other 
measurements ; the percentages ror chest breadth are significantly dir
rerent rrom all other measurements except iliac diameter ( 3 . 9  probable 
errors ) ;  the percentages ror i liac diameter are significantly ditrerent 
rran all other measurements except chest breadth and chest depth; the 
percentages ror chest depth are significantly ditrerent rrom all other 
measurements except iliac diameter and weight. Considering the ract 
that only annual measurements are avai lable, the rel1ab1li ty or the 
d1tterential sequence is unexpectedly clear. Taking 12.55 as the aver
age marking the maximum increment in si tt1ng height and computing in
tervals before or attar th1s point rrom the percentages gives the new 
series or average ages recorded in the tabular data. Wi th the excep
tion or reversing the position or chest depth and weight, these data 
based on an analysis or individual records arrallge the maximum incre
ments or the seven measurements in the same order as do the generalized 
patterns. 
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4. Summary ot Findings tor Iliac Diameter, Chest Breadth, 
and cnest Depth 

In spi te ot very serious limitations in the original data the find
ings tor iliac diameter, chest breadtn, and chest depth confirm the 
specific hypotheses or this study. The summaries tor standing neignt, 
si tting heignt, and leg lengtn might be repeated almost word tor word 
in tne case ot iliac diameter, the chiet ditterences being as follows : 
the initial decelerating phase is only apparent in tne rates ot growtn 
and the transition !rom tne second phase or accelerating growtn to tne 
third phase or decelerating growth i s  very gradual. The patterns tor 

cnest breadtn and depth, however, show only two phases ot acceleration 
and deceleration. \ihi le their patterns are similar, the maximum incre
ments in chest breadth occur about a year earlier than those ot chest 
depth. 

All the linear measurements consi stently show the tollow1ng. ( a )  
Each measurement has its characteristic pattern. ( b )  Eacn pattern 
shows three phases: slow or decelerating growth, accelerating growth, 
and decelerating growtn. ( c )  The inflection points, particularly be
tween the second and third phase, are timed 1n relation to tne advent 
ot the menarche . ( d )  The patterns ot tne eignt menarcheal groups in 
relation to chronological age are sharply differentiated. ( e )  wnen 
chronological age is ignored and corresponding points ot eacn pattern 
are superimposed, the patterns or the eignt menarcneal groups are very 
simi lar. ( ! )  The growth or early maturing groups is distinctly more 
rapid and intense and tne first or decelerating phase occupies a snort
er period or time . 
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CHAPTER VI I I 

BODY WEIGHT 

So much attention has been devoted to the growth in body weight or 
rats and man that this measurement has achieved a status and prestige 
or its own. The prestige or weight as the measurement par excellence 
in studies or growing organi sms is well rounded. It is the most prac
tical and objective measurement and in many cases it is the only prac
ti cal and obj ective measurement. I ts importance in relation to physical 
well-being is conceded. It is almost exclusively used in experimental 
studies or diet and nutriti onal problems. It is . more sensitive than 
any other measurement to environmental influences. For the purpose or 
the present study, however, the very sensi tivity or weight to external 
influences makes it a less suitable measurement tor the reason that 
attention in this study is rocused on the role or internal bi ological 
ractors. 

1 .  Individual Patterns or Growth i n  Weight 

In the chapter on iliac diameter, chest breadth, and chest depth 
some space was devoted to the limi tations or the data. The irregular
ities or the individual records were attributed to measurements over 
clothing, to the inherent difficulties or objective measurement, to the 
small range or individual differences, and to the small amount or growth 
per year. The individual growth curves in body weight are also irregu
lar but this irregularity can hardly be attributed to any or the above 
ractors. With rare exceptions weights were taken in the morning session 
or the school day thus el1111nating diurnal ractors . While weights were 
taken over clothing this does not necessarily introduce a variable 
ractor although it does introduce a systematic error. While weights 
were not systematically taken in duplicate and triplicate, the scales 
were regularly checked so that the only errors in the records must be 
outright mistakes or rive or ten kilograms in reading the scales. A 
systematic search has been made tor erratic rtgures which might be 
attributed to such mistakes, but only t our measurements out or over two 
thousand were rejected . 

Partly becaube individual growth records are or considerable inter
est and partly r or the purpose or illustrating the irregularities or 
the individual records, Figures eo, 61, and 62 present trends in gross 
size and in annual increments ror the twenty cases whose 1nd1v1dual 
records in standing height were charted 1n Figures 30, 31, 32 .  Ten or 
these cases menstruated approximately at age 11 .0 ( 10-7 to 11-3, dash 
lines) and the other ten approximately at age 15.0 ( 14-5 to 15-2, solid 
lines) . 

Figure eo presents the individual growth curves or these early and 
late maturing groups or cases. 'lbree reatures or this chart should be 
noted and COIIIPared with the 11lce reatures or Figure 30. There is, 
tirst, a clear differentiation in average size 1n spite or much over
lapping or individual records. This d1tterent1ation is rather constant 
throughout the age range ; whereas, in the case or standing height the 
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Fig. 80. --Individual Growth Curve� in Weight Plotted to Exact 
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and o:t Ten Cases Menstruating Betwee� 14-5 and 15-2 ( Solid Lines ) .  
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Fig. 81 . --Indi vidual Growth Curve s in Weight of Fi gure 80 Re
drawn to Eliminate Differences in Average Weight Within Each Group 
While Reproducing Exactly the Details of Each Individual's Pa ttem 
of Growth . 
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differentiati on is readily apparent only during the middle range or 
age s .  second, rrom age nine to thirteen the individual curves o r  the 
early maturing group show much steeper upward trends than those or the 
later maturing group ; whereas, !rom age thirteen to seventeen thi s  
s i tuation i s  reversed . Comparable phenomena appear i n  Figure 30 .  
Tnird, Figure 80 presents a graphic picture or the idiosyncrac ies and 
i rregulari ties or each individual growth record , These irregulari ties 
are much more evident than in the case or standing height. 

Figure 81 presents a redrawing or the curves or Figure 80 which 
eliminates the d1tterences in weight wi thin each group whi le reproducing 
exactly the details or each individual curve . In contrast to Figure 31 
i t  is readily apparent that the individual growth curves in we i ght con
term much less closely to the group patterns. It should be obvious that 
a mathemati cal equation wi th a limi ted number or constants wi ll rarely 
give a good t i t  to any individual weight curve . The contrary, however, 
tends to be true or the individual curves in standing height. 

The i rregularity or the patterns generated by the individual weight 
records in contrast to the regularities or those in standing height is 
most clearly illustrated by the inc rement curves or Figures 82 and 32. 
Even Figure 82 does not give a true p icture since two increments exceed 
13, 0  kilograms and seven tall below -2 . 0  kilograms . The total range or 
the increments i s  !rom 13, 6  to -8, 5  kilograms which would require tor 
run representation a 50% greater vertical distance on the chart. 
Given these fantas ti cally i rregular trends, the extraordinary reature 
or Figure 82 is that there is nevertheless a complete absence or over
lapping increments or early and late maturing groups !rom age 11.0 to 
12 .3 and, wi th one exception, rrom age 15 . 5  to 15 , 9 .  

2 .  Growth Trends in Average Weight 

Growth trends in average body weight tor each or the eight men
archeal groups are presented in Figure 83. There is a curious tendency 
tor the curves or Groups A, B, and C and or Groups D, E, and F to t ollow 
the same general trend and this tendency reappears in the chart or 
annual increments. The very large differences in average size should 
be n·oted. The greatest d1tterence occurs at age 13, 0 ,  Group A averag
ing 18 . 29 kilograms heavier than Group H .  On the average tor all avail
able cases growth !rom age eight to seventeen amounts to 29 ,0 kilograms, 
On this basi s  the greatest difference between Groups A and H amounts to 
63.0% or the average growth between age eight and seventeen. Comparable 
f i gures tor other measurements are 55 . 5%, 52 . 9%, 49 . 5%, 37.4%, 35.4% 
and 34.8% respectively tor i liac diameter, chest breadth , chest depth, 
leg length, s itting height and standing height. Selecting another basi s  
tor comparison, i t  appears that Group A a t  the most i s  1.51 times as 
heavY as Group H. Group A at the most is 1 . 16 ,  1 . 14, 1 . 13, 1 . 11, 1.09, 
and 1 ,08 times bigger than Group H in i liac diameter, chest breadth, 
chest depth, leg length, standing height, and sitting height. While the 
early maturing groups continue to be heavi er at ages eighteen and nine
teen, the later maturing groups are apparently still adding weight. 
Since the overlapping or individual weights !rom group to group is ex
treme the differences at these ages are not highly reliable. 

In Figure 84 these curves are rearranged so that points correspond
ing to the advent or the menarche are in the same vertical line . 
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Fig. 83. --Growth Trends in Average Weight or Eight Groups of 
Girls Menstruating at Different Ages . 
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Thi s chart seems to present features not round in comparable charts or 
other measurements, but first i�ressions are illusory. It is true that 
the tendency ror the differences to increase tor longer time intervals 
before the menarche and to decrease !or longer time intervals after the 
menarche is absent. The more fundamental differential slopes,  however, 
are strongly in evidence. Three years before the menarche the heaviest 
group is H, followed by FG, DE, BC, and A in the usual order, the only 
difference being that the contrasts are not as great as in the case or 
other measurements . Four years attar the menarche this order is  almost 
exactly reversed. Such a reversal or posi tion is not round in other 
measurements and is to be attributed to the fact already noted in Figure 
83 that the di fferentiation or the groups is �aintained even to chrono
logical ages eighteen and nineteen. I t  follows from this reversal or 
positi on that the slope or the curve or the early maturing group is much 
steeper than that or the late maturing group just as it is in other 
measurements. If i t  is assumed that the endocrine stimulati on begins 
to operated three years before the advent of the menarche , then the in
dividuals or Group A are stimulated on the average at age 8 . 0  when they 
we igh on the average only 27 .94 ki lograms while the individuals or Group 
H are stimulated on the average at age 12 . 0  when they weigh on the 
average 31 .27 kilograms. Hence, to attain the same or a greater mature 
weight the individuals or Group A must grow at a raster rate . 

3. Annual Increments and Rates or Growth 

Figure 85 presents the annual increments or the eight menarcheal 
groups .  While these curves are not as smooth as might be desired, ror 
the most part the eight groups fall in the usual order. Figure 86 
superimposes these curves so that corresponding points on the pattern 
or growth come as nearly as possible in the same vertical line . Atten
tion is called to the tact that the increments or the early maturing 
groups are generally larger than those or the late maturing groups .  
Weighting and averaging these curves and superimposing the corresponding 
generalized patterns tor leg length, sitting height, and i liac diameter 
give Figure 87. The pattern or increments ror the years ending ·on the 
average tram age 10. 0  to maturity are strikingly similar for si tting 
height, iliac diameter, and weight save that the decelerating phase or 
growth in weight is not as sharp . Prior to this period the curve or 
weight increments shows a definite and rather steady acceleration. In 
contrast, the trends ror leg length and i l iac diameter are horizontal 
or neutral and that tor si tt1ng height is downward. There is much less 
resemblance between the generalized pattern or weight and or chest 
breadth and depth. ( See Figure 77 ) .  

The !act that weight i s  an over-all or volume measurement instead 
ot a one dimensional linear measurement results in a very great magnifi
cation or the percentage rates" or p;rowth per year. At the most the 
linear variables show an increase or about five or six per cent per 
year, but any volume measurement must show much greater percentage rates . 
For example, it the sides or a cube are increased five per cent, the 
volume i s  increased 15.8%. Hence, Figure 88, whtch involves the same 
data as Figure 87 expressed in terms or percentage rates or growth per 
year, gives an altogether different picture . The percentage rates or 
growth in weight per year are so large that it has been necessary to 
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Fig. 65. --Average Annual Increments i n  Weight ot Eight Groups ot 
Girls Menstruating at Different Ages. 

reduce the scale at the lett to one third or that in Figure 79. Figure 
66 is or interest because it reveals a sharp change trc:m constant or 
slightly declining rates ot growth in body weight to sharply accelerat
ing rates. The similarity or this curve to the generalized pattern or 
increments in standing height ( dash curve ot Figure 39) may not be ver.r 
significant but is too striking to pass by without notice. Figure 69 
presents percentage rates or grOWth tor each or the eight groups. 

Figures 90 and 91 arrange the curves ot weight increments and rates 
ot grOWth so that points corresponding to the advent or the menarche 
are in the same vertical line . These charts show that the periods ot 
greatest acceleration in weight, Just as in other measurements, are 
closely related to the advent or the menarche . 
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Fig. 86 . -Average Annual Increments in Weight ot Eight Groups 
ot Girls Menstruating at Different Ages Arranged so that Corres
ponding Points on the Pattern or Growth are in the same Vertical 
Line. 

4. Weight in Relation to Other Measurements 

The relation or body weight to other measurements and particularly 
to skeletal measurements has constituted one ot the most persistent roci 
ot interest. The 11 terature is tull ot indices or weight relative to 
standing or sitting height or to the square or cube ot these measure-
1118nts . In large part this interest arises from the conviction, tonual
ized in height-¥18ight tor age standards, that such indices will provide 
clues to physical t1 tness or nutritional status. Data on the eight 
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Fig , 87 . --Generalized Patterns or Annual Increments in Weight, 
Si tting Height, Leg Length and I liac Diameter. 

menarcheal groups who are clearly distinguished in average size reveal 
some unexpected aspects or this general problem. 

Attention has already been called to the tact that the differences 
in average weight or early and late maturing groups are greater than in 
other measurements. I t  follows that the early maturing groups are 
heavier per unit or linear measurement than the late maturing groups , 
Figure 92 presents sample trends resulting rrom relating weight to sit
ting height, leg length and "thickness" { the sum or averages tor iliac 
diameter, chest breadth and chest depth) , At age 13, 0  Groups A and H 
weigh .64 and .48 kilograms per centimeter or sitting height, .72 and 
, 51 kilograms per centimeter or leg length, and . 77 and ,58 kilograms 
per centimeter or thickness. That is, at age 13.0 Group A averages 
from 33% to 40% heavier per unit or linear measurement. From age 7,0  
to 17 , 0  body weight per uni t  or linear measurement is approximately 
doubled , While the general similarity or these curves to those or 
Figure 83 i s  apparent, it should be noted that the vertical scale at 
the lett in Fi gure 92 has been magnified about ten times. 
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Fig, 88, --Percentage Rates or Growth Per Year or Generalized 
Patterns in Weight, Sitting Height, Leg Length, and I liac Diameter. 

When weight is related to a linear measurement it is inevitable that 
the relation will change in a systematic way !ram age to age ror the 
simple reason that weight is a volume measurement. For example , a cubic 
container with a side or 100 centiusters has a volume or 1,000,000 cubic 
centimeters and will hold 100 liters or water weighing 100 kilograms or 
one kilogram or water per centimeter or linear measurement .  Ir the 
cubi c container is increased so that its three dimensiens are 150 cen
timeters then it will hold 2.25 kilograms or water per centimeter or 
linear measurement. Under these conditi ons changing ratios are arti
racts or numerical relationships rather than representations or growth 
phenomena. Accordingly, the only meaning!ul ratio involving weight 
must employ a denominator which is expressed in tenns or volume, namely, 
weight relative to the cube or standing height, or weight relative to 
the cube or sitting height, or weight relative to standing height times 
chest breadth times chest depth, An even bet�er inaex is weight rela
tive to volume c�uted as rol�ows : 
Stand, Ht.  plus Si tt1ng Ht. Chest Breadth plus Iliac Dia, Chest Depth 

2 X 2 X 

Averaging standing and sitting height in errect gives twice as much 
weight to sitting height as to leg length. Pointing orr rour places 
expresses the volume in liters ( 10,000 cubic centimeters equals a liter 
and a liter or water weighs a kilogram) . The above rormula is entirely 
aDPirical and represents merely a guess at .the most errecti ve method or 
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Fig.  89 . --Percentage Rates ot Growth Per Year in Weignt ot Eight 
Groups or Girls Menstruating at Di tterent Ages. 

combining tne available data. The original intention was to multiply 
the result by a constant so thu t on the average body "voll.mte " in 11 ters 
or over all skeletal size as tnus computed would equal weight but it has 
not been necessary to do tnis. The resulting indices showing ki lograms 
ot body weight per li ters or body "volume " tor Groups A, D, F, and H are 
presented in Figure 93. All tour curves show an irregularly downward 
trend to a point corresponding roughly to the advent or the menarche and 
thereafter an irregularly rising trend . That is, prior to the 1118narche 
growth in overall skeletal size is more rapid than growth in body weight 
while atter the menarche tne tendency is to add weight more rapidly. 
These trends, however, are to be attributed in part to the inclusion or 
leg length in tne rormula tor computing volume. 

Figures 83, 92, and 93 snould be compared. At tne most at age 13.0 
Group A is 1.51 times as heavy as Group H ( Figure 83 ) .  At the most at 
age 13. 0  Group A is 1.40 times as heavy per unit or linear measurement 
as Group A ( Figure 93 ) .  At tne most at age 14. 5  Group A is 1 . 13 time& 
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Fig. 90. --Average Annual Increments in Weight or Five Groups or 
Girls Menstruating at Di!!erent Ages Arranged so that Points Cor
responding to the Advent or tne Menarcne are in tne Same Vertical 
Line . 

as heavy per liter or body "volume " as Group H ( Figure 93 ) .  That is,  
overall skeletal size measured in ,terms or body "volume " accounts ror 
most or the group d1!!erences in average weight. 

It is wortn noting incidentally tnat these data add one more item 
in cri ticism or height-weight ror age standards. Such standards applied 
to girls during the early teens have a decided tendency to rate late ma
turing girls as underweight and early maturing girls as over-weight. At 
the same time the weight relative to volume data suggest ei ther (a)  that 
sanewhat similar but vei:'y much less serious errors may be involved in 
standards or normal weight !or tour skeletal dimensions such as those 
suggested by Franzen ( 17)  and McCloy (22 ) or ( b )  tnat the late maturing 
girls actually have a slight tendency to be underweight relative to 
their skeletal size. 
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Fig. 91. --Percentage Rates or Growth Per Year in Weight or Five 
Groups or Girls Menstruating at Ditterent Ages Arranged so tbat 
Points Corresponding to the Advent or the Menarche are in the Same 
Vertical Line. 

5.  Bl.miDary or Findings tor Weight 

Once more it is true that SUIIIIIIU'ies tor standing height or ror sit-· 
ting height and leg length or ror iliac diameter, chest breadth and 

chest depth might be applied almost word. tor word. to growth in bod7 
weight. The 881118 three phases or growth are clearly distinguiShable: 
initially, tnere is a peri od or slightly accelerating increments and or 
slightly decelerating relative growth whicn i s  rollowed by a typically 
accelerating phase and a typically decelerating pnase. The inflection 
points between the second and third. phaSe are timed. in relation to the 
menarche . The patterns or the eight menarcheal groups in relation to 
chronological age are sharply ditterent1ated. Wh8n cnronological age is 
ignored and corresponding points or eac.b group pattern are super1JIIpoeed, 
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Fig. 92, -K1lograms ot Body Weight Per Centimeter o t  Sitting 
Height, Leg Length, and "Thickness" ot Early and Late Maturing 
Groups ot Girls . 

it is apparent that the eight patterns are very s1m1lar except t.nat the 
growth ot the early maturing groups is decidedly more rapid and intense , 

Growtn in body weight just as in all other measurements has i ts own 
cnaracter1stic pattern. The individual growtn curves are distinctly 
more irregular than those tor standing height, reflecting probably the 
greater intluence ot environmental tactors and tne lesser intluence ot 
internal bi ological tactors. The most distinguiShing teature ot body 
weight is that i t  is an over-ell or volume measurement. It results that 
the contrasts between early and late maturing groups are greater in the 
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Fig. 93.--Kilograms or Body Weight Per Li ter or Body "Volume " or 
Four Groups or Girls Menstruating at Dirrerent Ages. 

case or weight. At the age or greatest dirrerentiation Group A averages 
about 12% bigger in linear measurements than Group H, whereas in the 
case or weight Group A averages more than 60% heavier than Group H .  
Similarly, a t  the age or greatest dirrerentiation, Group A averages 
about 38% heavier per tmi t or linear size than Group H. However, when 
weight is related to body "volume " most or tnese contraste tend to dis
appear, i . e . ,  at the most Group A is only � heavier in relation to 
body volume tnan is Group H, It is possible that even this dirrerence 
might di sappear w1 tn better metnods or combining the linear measurements 
into an estimate or over-e.ll skeletal size, 
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CHAPTER IX 

SKELETAL AGE 

Tbe recorda shOWing skeletal d.eveloJ;ment in roentgenograms ot the 
wr1Bt and. part ot the hand. are ot particular interest because they rep
resent growth in tbe sense ot development as well as growth in the sense 
ot mere increase in magnitude. Th1a very tact, however, introduces 
d.itticultiea ot Quantification and. measurement. A thorough study ot the 
data 1111ght require a aeries ot monographs, Untortunately, only eatim
ted skeletal ages are available . These were determined. by Dr. E. D. 
West by ccmrparing each X-ray w1 th the standards or T. Wingate Todd. 
(unpubl18hed. ) .  The Todd. standards were canp1led. separately tor boys and. 
tor girls by selecting a typical or median X-ray at each quarterly in
terval ot chronological age tram among children or distinctly superior 
econCIIlic background.a. An indiVidual skeletal age ot 120 months means 
a1Diply that tbe ind.iV1d.ual ' a  X-ray contorma more closely to that ot tbe 
typical girl age 120 months than to the typi cal girl age ll7 or 123 
aonths. Since skeletal d.eveloJ;ment as shown by X-rays ot the wrist and. 
band. 1a COJIIPlete in the typical girl ot 197 months, the maximum skeletal 
age i s  197 months . It follows tram th1s method. ot quantificati on that 
a growth curve baaed. on the averages ot all girls will be a straight 
11ne tram birth to 197 months at whi ch point the curve will flatten out 
abruptly to a horizontal trend.. Such a curve by ita very nature can not 
represent true accelerations or decelerations ot growth. At a given age 

it can only indicate Whether one group is more advanced. than another. 
OVer a given age period. it can only indicate whether one group is ad
vancing taster than another. 

Figure 94 presents the growth trends in average skeletal age or tbe 
eight menarcheal groups. The d.itterencea at each age in average 
skeletal development are unusually clear and. regular, Figure 95 pre
sents the annual increments . Since the average annual incrementa or 
girls in general are arbitrarily d.etined. as increments or twelve months 
trcm birth to age 197 months it tollows that the incrementa ot the sep
arate groups must contorm closely to twelve months per year, Hence, tbe 
curves approxtmate straight linea. Nevertheless, the d.itterential 
patterns ot the eight groups can be observed., For the years ending at 
ages 10. 0  to 12.0 the groups are in almost regular order, For the year 
ending at 16 .0 the incrementa ot the groups are in regular but exactly 
oppoai te order. Since these incrementa are merely relative tram group 

to group at a given age, it tollowa that incrementa at one age period. 
are not ccaparable to increments at another age period.. Hence, there 
is no point 1n subjecting the data to turthar analysis, 
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CHAPTER X 

ERUPTED TEETH 

Each year ot the Harvard Growth Study a count was made o! the number 
ot permanent teeth tully erupted, hal! way erupted, and partially erupt
ed. Since the most intense period ot growth occurs prior to the visible 
eruption o! teeth, these distincti ons have been abandoned and the analy
sis has been confined to records showing the total number o! erupted 
permanent teeth regardless o! the degree o! eruption. The records pur
port to include as erupted those permanent teeth which have been extract
ed, but records tor the older ages show irregulari ties whi ch suggest 
that the counts o! erupted teeth !ailed occasionally to include extracted 
teeth. 

Figure 96 shows the growth trends in the average number o! erupted 
teeth at each chronological age and tor each o! the eight groups o! 
cases. In this chart there is only slightest suggestion o! any differ
entiation ot the eight menarcheal groups , Throughout the age range 
Groups A, B, and C consisting ot individuals menstruating be!ore age 
12-6 average one or two more teeth than the !ive groups menstruating 
attar age 12-6. Selecting !or special study ages 9 . 0  and 9 , 5 ,  where the 
greatest differentiati on seems to occur, gives the following tabular 
data !or cases menstruating prior to and a!ter age 12-6 , 

Menarche prior to 12-6 
Menarche attar 12-6 

No , Cases Mean No. Teeth 
70 15 , 56  

158 14.28 

Standard Deviation 
4.06 
3.21 

The early mturing groups are more advanced by more than one tooth and 
more variable . The di!!erences, however, are not statisti cally reliable , 
the difference between the means being only 3 , 5  times as large as i ts 
probable error and the di !!erence between the standard de�iations being 
only 3.1 times as large as i ts probable error. 

Since the curves ot Figure 96 show simi lar slopes !or each ot the 
eight menarcheal groups, i t  can be anticipated that increment curves o! 
Figure 97 will !ail to show di!ferences among the groups.  Indeed , 
there is not the slightest suggestion o! any differentiati on . Quite 
obviously, the underlying !actors which condi tion the development o! 
teeth are radically di!!erent !rom those determining all the other mea
surements which have been cons�dered . 

Explanati ons o! this si tuation are naturally hazardous. The writer 
suspects that the explanation is to be round in the !act that the most 
intensive development o! teeth occurs prior to the onset ot the endocrine 
stimulation which, by hypothesis,  is responsible !or the timing o! the 
menarche and of patterns o! growth in all other avai lable measurements. 
The period o! most active erupti on o! permanent teeth is  !rom age 9,5 to 
10.5 whereas the period o! most active growth in other avaiiable measure
ments occurs approximately two years later. 
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CHAPTER XI 

RACIAL SIMILARITIES IN PA'M'ERNS OF GROWTH 

Throughout this study the emphasi s has fallen on a phenomenon which 
we have elected to call the "pattern or growth" .  The pattern or growth 
is the succession or accelerating and decelerating phases considered as 
a uni t whi ch results from analyzing the growth increments or small and 
very homogeneous groups or cases. It bas been shown tpat each dinension 
bas i ts own characteri stic pattern. Further, excepting only erupted 
teeth, the patterns or the eight menarcheal groups are clearly distin
guished in that they occur at successive chronologi cal ages and are pro
gressively less intense from early to late maturing groups.  Now, thi s 
developmental method or analyzing and describing growth processes is the 
antithesis or the cross-sectional method or merely computing averages 
tor large heterogeneous groups or different Children at different ages. 
Hence, the problem or racial similarities or differences in the pattern 
ot growth is to be sharply distinguished from the conventi onal problem 
ot racial differences in average size. Here we are interested in de
termining whether the succession or accelerating and decelerating growth 
phases is the same or different in two racial groups. 

Since the very phrase "racial similari ties" may raise some protest, 
it should be stated at the outset that no denial or racial differences 
is here made . Indeed, a very significant racial difference is presented 
in section nine or Appendix A. Data are reported tor standing height 
and weight on 676 girls or North European stock and on 244 girls or 
Italian stock measured at age eight ( 7-6 to 8-5 ) by the Harvard Growth 
Study. 'lhe standing heights or those or North European and or I talian 
stock average 123 . 1  and 117 , 9  centimeters, a difference more than 
seventeen times as large as its probable error, The North Europeans 
are distinctly heavier (3.9  times the probable error or the difference ) ,  
slightly more variable in standing height, and slightly less variable in 
weight. However, the presence or differences in average size at any age 
can not decide the issue or racial differences or similarities in the 
patterns or growth. It should not be necessary to urge the importance 
ot this problem. The literature or anthropology and or child develop
ment is notable tor tne large number or studies or racial differences 
in average size� and conspicuous tor the absence or studies or the devel
opmental patterns or racial groups. The problem is or some little im
portance tor this study since several critics have suggested that the 
differential patterns or the eight menarcheal groups could be accounted 
tor in part by racial differences.  

1 .  Procedures 

The racial ca.position or the available 248 cases is reported in 
section nine or Appendix A. There are 193 cases or North European stock, 
33 cases or Italian stock, seven cases or south European stock, seven 
cases classified as Jewish, three Negroes, and five cases or M:l.xed stock. 
Given these cases the only feasible comparison is between the 193 North 
Europeans and the 33 Italians. These cases have been divided into early, 
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middle , and late maturing groups who menstruated pri or to age 12-6, be

tween 12-6 and 13-5, and after age 13-5. The early, mi ddle, and late 
maturin� groups of North Europeans consist of 54, 87, and 52 cases while 

the early, middle, and late maturing groups of I talians consist of 91 
14, and 10 case s .  The small number o f  Italians and the fact that they 

are di stributed among early, middle and late maturing groups in the same 

manner as the North Europeans should make it evident that racial differ

ences can not account ror the differential patterns of tr.e eight menarch

eal groups .  Each of these groups has been further subdivided into cases 

measured approximately at b irthdays and approximately at tile half-yearly 

anniversaries or birthda,.vs and the resulting data combined as described in 

section three of Appendix B .  The combined data for standing height, sit

ting height, i liac diameter and weight are reported in Tables 33, 34, and 

35 of Appendix B .  

2 ,  Growth Trends i n  Average Size 

Figures 98, 99, 100, 101, and 102 present growth trends in average 

size or girls or North European and or I talian stock classified into 

early, middle, and late maturing groups .  Figure 98 show that girls or 

Nortn European stock are consi stently taller tnroughout tne age range . 
At age 8 , 0  the differences range from 2 . 82 to 4.03 centimeters while at 

age 17 , 0  the differences are di stinctly larger ranging from 4 , 23 to 7 . 77 
centimeters . The contrasts in sitt1ne; height presented in Fi gure 99 are 

mucn smaller. Girls or North European stock in the three groups at age 

8 . 0  average from ,36 to , 98 centimeters taller and at age 17 , 0  average 

from 1.45 to 1 . 99 centimeters taller. Figure 100 shows tnat the larger 

proportion or the differences in s tanding height are due to differences 

in leg length. Girls or North European stock in the three groups at 

age 8 , 0  average from 1 . 86 to 3 , 67 c entimeters bigger and at age 17 , 0  
from 2.24 t o  6 , 22  centimeters bigger. On the whole differences in leg 

length are about three times as great as di fferences in sitting height , 

Data for i liac diameter di sPlayed in Fi gure 101 are inconsi stent. 

Early and middle maturing groups or North European stock are smaller 

than the corresponding groups or I talian stock whi le the late maturing 

group of North Europeans are larger. Combining tne averages at each 

age from 10 , 0  to 15. 0  where relatively complete data are available 

shows tnat tne I talian group average only , 15 centimeters larger in 

iliac diameter. Since s i tting neight and i l iac diameter are more im

portant factors determining weight than leg length, it can be anti ci 

pated that Figure 102 will show c omparatively small differences i n  
weight, 

3. Patterns or Growtn Generated by the Increments 

Fi gures 103, 104, 105, 106, and 107 present the c orresponding 

annual increments . Figure 103 displays the increments in standing 

height . There seems to be a consistent tendency for tne accelerating 

phase or tne I talian curves to begin about six months earlier and for 

tneir decelerating phase to be slightly sharper. Considering the small 

number or cases ,  however, greater similari ties could hardly be expected . 
Increments in si tting height presented in Figure 104 also show negligible 
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Fig, 99, --Growth Trends in Average Sitting Height or Early, 
Middle and Late Maturing Groups or Girls or North European and 
Italian Stock. 
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Fig, 100 , --Growth Trends in Average Leg Length or Early, Middle 
and Late Maturing Groups or Girls or North European and Italian Stock. 
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Fig. 101. --Growth Trends in Average I liac Diameter of Early, 
Middle and Late Maturing Groups of Girls of North European and I talian 
Stock. 
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F i g .  102 . --Growth Tends in Average Weight of Early, Middle and 

Late Maturing Groups of Girls of North D1ropean and I talian Stock. 

racial differences with the exception that the late maturing I talian 

group reaches its maximum increment six months earlier than the late 

maturing North European group . Data for leg length, i liac diameter and 

weight in Figures 105, 106, and 107 are .too irregular to warrant detail

ed discuss ion, but contrasts between early and late maturing groups are 

unmistakable, whi le all apparent racial differences may be attributed 

to fluctuati ons involved in the small number or case s .  

Curves for early, middle, an d  late maturing groups have been c om

bined to give generalized curves by superimposin� corresponding points 

on the patterns of growth and averaging . The points superimposed are 
as follows . 
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Fig, 103. --Average Annual Increments in Standing Height or Early, 
Middle and Late Maturing Groups or Girls or North European and 
I tal1an Stock, 

Group E. Group M .  Group L. 
Standing Height 11 .5 12,5 13,0 
Sitting Height 11 , 5  12 , 5  13.5 
Leg Length ' 11.0 12 , 0  13 .0 
I liac Diameter 12. 0  13.0 14. 0  
Weight 11. 5  13,0 14. 0  

With one exception (weight) all curves tor Group E have been m�ved one 
year forward or to the right to correspond w1 th those or Group M and 
with one exception ( standing height) all curves tor Group L have been 
moved one year back or to the lett to correspond w1 th those or Group M .  
Average ages have also been computed t o  give the resulting da ta  a t1me 
reference .  

The resulting rive sets or curves are assembled i n  Figures 108 and 
109 . It is apparent !rom Figure lOB that the patterns or growth in 
standi� height, sitting height, and leg length or girls or North 
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Fig. 104 . --Average Annual Increments 1n Sitting Height or Early, 
Middle and Late Maturing Groups or Girls or North European and 
I talian Stock. 

European and or I talian stock are very much alike. The most significant 
difference 1s that growth in leg length among I talian girls 1s not as 
intense although the general pattern is the same. Generalized patterns 
or growth in iliac diameter seem to show an earlier acceleration on the 
part or girls or Italian stock. Greater correspondence between the two 
racial stocks in patterns or growth in weight could hardly be expected . 

4. Summary 

A comparison or the �owth trends or 193 girls or North European 
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stock and or 33 girls or I talian stock shows that· the North Europeans 
are consistently taller and that the differences in stature are due 
largely to differences in leg length. Differences in average sitting 
height, iliac diameter, and weight are negligible . considering the 
small number or I talians the patterns generated by the annual increments 
or the two groups could hardly be more alike, The only consistent dif
ference 1s that the pattern or growth 1n leg length among Italians 1s 
less intense. 
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CHAPTER X I I  

A CORRELATIONAL ANALYSIS O F  PHYS I CAL DATA �� MENARCHEAL AGES 

The c entral problem o! this chapter is to measure stati sti cally the 

closeness o! the association between physical data and the advent of the 

menarche . We mignt dispense with such a problem in thi s  study were i t  

n o t  !or the tact that the di!!erences between the eight menarcheal 
groups in respect to average size and average increments convey only the 

vaguest noti on or the closeness of the association when individuals are 

considered . For example, average annual increments in standing height 

! or the year �nding at age 11.0 or 7 . 94 ,  7 . 56 ,  7 . 11 ,  6 . 21 ,  5 . 73 ,  5 . 50 ,  
5 . 00  and 4.84 centimeters respecti vely for Groups A ,  B ,  C ,  D,  E ,  F ,  G ,  

and H doubtless suggest opposite conclu s i ons , From tne per!ect cor

relation between average increments and average menarcheal a�es, the 

unsophi sti cated may c onclude that the correlation between individual 

increments and individual menarcheal ages is also per!ect, whi le the 

skeptical may imagine that the corre lation is only . 20 or . 30 .  I t  

should b e  obvious !ram the theoretical background and spec i f i c  hypoth

eses that any associati on between physi cal data and menarcheal ages does 

not suggest causal action or one variable on the otner. If anytning, 

such associations suggest prior c ommon causal factors presumably in the 

endocrine organizati on or the individual . 
A plethora or physical variables is available for R c orrelati onal 

study. In the case o! standing height, !or example, there are avai lable 

gross measurements , annual and biennial increments , and rates of growth 

at each chronological age and at each age interval before and after the 
advent or the menarche -- a total of nearly a hundred possible variable� 

Simi larly, there are ages at which accelerated growth is initiated , ages 

at whi ch maximum growth occurs, ages at which mature stature is attained, 

ages at which certain arbi trary statures are attained, ages at whi ch 

certain arbitrary proportions of mature stature are attained, etc . , etc. 

A little ingenuity plus separate analysi s  !or cases measured approx

imately at birthdays and !or cases measured approximately at the half

yearly anni versaries or birthdays would easily yield a grand total or 

many hundred zero order c orrelations between menarcheal ages and vari

ables derived !rom standing height alone . It is worth noting that even 

the most extensive correlational analysis would !ai l  to Give the same 

meaningful and concise results as Figures 11 and 12 .  On the other r�nd 

a !ew correlations subordinated to the more important data of earlier 

chapters should serve to de!ine more precisely the exact nature o! re

lati onships which in a general way are already obvious . 

1 .  Zero Order Correlati ons 

Tables 1 and 2 present ten correlations be tween menarcheal ages and 

each or seven physi cal measurements . TI1roughout, the analysis has been 

carried out separately for cases measured approximately at birthdays and 
approximately at the halt-yearly anniversaries of birthdays .  Tha t i s ,  

all ages in these tables are the mid-points of intervals of approxi
mately hal! a year. Interpolated !igures are involved and estimated 
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TABLF' 1 

ZERO ORDER CORRELATIONS BETWEEN MENARCHEAL AGES AND 
PHYSICAL SIZE 

At Ages At Ages At Ages 
8 . 0  and a. 5 11 . 0  to 13. 0  17. 5 anC 18. 0 

Variables 
Afl,e N r Age N r Age N r 

Stand ing Height 8. 0 91 -. JJ8 11. 5 124 - . 5�:' 17. 5 89 . 136 
Standing Height 8. 5 1)9 - . 299 12 . 0  123 - . 500 18. 0  56 . 148 
Sitting Height 8. 0 91 - . 281 11. 5 124 -. 539 17. 5 39 . 121 
Sitting He ight 3. 5 1 19 - . 2 51 12 . 0  123 -. 498 18. 0 55 . 185 
Iliac Diameter 8. 0  63 -. 324 12 . 5 124 -. 608 17. 5 88 -. 2.60 
Iliac Diameter 3. 5 66 -. 284 13 . 0  123 - . 495 13. 0  56 . 012 
Chest Breadth 3 . .  ') 34 -. 187 12 . 0  117 -. 1,15 17. 5 81 -. 164 
Chest Breadth 3. 5 19 - . 3 11 12. 5 123 - . 585 18. 0 44 - . 268 
Chest Depth 8.0 83 . 009 12 . 0  117 - . 1.,'24 17. 5 83 - . 016 
Chest Depth 3. 5 16 - . 351  12 . 5  122 - . 337 13. 0 55 . 090 
'.I' eight 8.0  90 - . ao 12 . 5  124 - . 613 17. 5 89 -. 175 
Weight d. 5 lJB -. 327 13 . 0 123 -. 496 18. 0  56 - . 029 
Skeletal Age* 8.0  l·}J - . /,21 1� . 5 123 - . 722 
Skelehl Age* 3. 5 114 -. 429 13 . 0  123 - .  713 

* Correlations at 17. 5  and 18. 0 were not computed because ind ividual d iffer-
ences in skele�al age vanish at these levels. 

TABLE 2 

ZERO ORDER CORRELATIONS BETWEEN �IENARCHEAL AGES AND 
ANNUAL INCREMENTS 

Years End ing at Years Ending at 
Ages 11. 0  to 12 . 5 Ages 13. 5 to 16. 0 

Variables 
Age N r Age N r 

Standing Height 11. 0  118 - . 595 14. 0 123 . 679 
Standing Height 11. 5 123 -. 630 14. 5  124 . 700 
Sitting Height 11. 0 118 -. 489 14. 5 124 . 528 
S itting Height 11 . 5 123 -. 572 15. 0  121 . 466 
Iliac Diameter 11 . 0 124 - . 325 13;5 124 . 352 
I liac Diameter 11. 5 121 -. 452 14. 0 123 . 396 
Chest Breadth 11. 5 111 -. 262 14. 0 123 . 312 
Chest Breadth 12. 0  110 -. 257 14. 5  122 . 309 
Chest Depth 12. 0  112 -. 215 u. s 124 . 342 
Chest Depth 12. 5 117 -. 152 15. 0 121 . 348 
Weight 11. 0  117 -. 500 u. o 123 . 336 
Weight 11. 5 123 - . 603 14. 5 124 . 425 
Skeletal Age 11. 0 121 -. 322 15. 5  116 . 453 
Skeletal AJze 11 . 5 121 -. 362 16. 0  110 . 553 
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menarcheal ages have been supplied for ten cases Whose records show the 
advent of the menarche not by age 14-5 or later. 

Zero order correlations between menarcheal ages and physical size 
aro reported in Table 1 .  The first column gives correlations at age 8,0  
( 7 . 75 t o  6 ,24) an d  a t  age 6,5 (6,25 to 6 , 74) . This age level wa s  selected 
a� the earliest age at Which a representative distribution or menarcheal 

ages is available . With one exception the values are negative and gen
erally fall between -.20 and -.40. That is, the earlier the menarche 
the bigger the individual. Considering the great differences among 
these seven measurements the correlations are remarkably uniform except 
that the values for skeletal age are distinctly higher . The middle 
columns of Table 1 display comparable correlations three and f our years 
later. Here the attempt has been made to select the particular ages 
which would show tne maxtmum correlation. Once more the correlations 
are unexpectedly unifonn, ranging from .40 to . 60, save that those for 
skeletal age are distinctly higher. The columns at the right give 
correlations at age 17 ,5 and 16, 0 ,  None of these correlations are sig
nificantly different from zero even when data for age 17 ,5 and 16 ,0 are 
combined, However, the slightly positive correlations with standing 
height and the slightly negative correlations with weight are in accord 
with coefficients reported by Abernethy ( 1 ) ,  Viteles ( 36 ) ,  and Stone 
and Barker ( 33 )  • 

Correlations between annual increments and menarcheal ages are· re
ported in Table 2 .  Here again the attempt has been made to select the 
particular age periods which yield the maximum correlations .  A correla
tion or -.696 between menarcheal ages and increments in standing height 
for the year ending at age 11, 0  means that the early maturing individ
uals make larger gains in standing height between age 10 . 0  and 11 ,0,  
Increments for the years ending a t  ages 11. 0  t o  12 . 5  show decidedly 
negative correlations with menarcheal ages, the coefficients varying 
from -.15 to -.63. Three to five years later all of these decidedly 
negative correlations have changed to de cidedly positive . I t  is to be 
particularly noted that in some instances these correlations are higher 
than those between menarcheal ages and physical size. 

To supplement the foregoing analysis a more intensive study of men
archeal ages in relation to standing height has been undertaken . Stand
ing heights at each age level as 7.0,  7 . 5, 6.0,  6 . 5, etc. , have been 
plotted against menarcheal ages and the scatter-diagrams ror ages 7,0 
an d  7.5, for ages 7,5 and 6.0,  etc. , have been superimposed and the 
correlations detennined, Similarly, annual increments in standing 
height for the years ending at 6.0, 6,5, 9,0,  9 , 5  etc . ,  have been plot
ted against menarcheal ages and the scatter-diagrams for increments 
ending at 6 , 0  and 6 . 5  and at 6,5 and 9 . 0  etc . , have been superimposed 
and the correlations determined. This procedure combines all the avail
able data into a single figure at intervals or half a year. The trends 
or the resulting correlations from age to age are displayed in Figure 
110. The correlations of standing height with menar�heal age are given 
by the dash-dot curve, At ages 7 , 0  and 7 . 5  the correlation is -. 334. 
The coefficients remain fairly constant to ages 9 , 5  and 10 .0,  There
after the values becomes more and more negative dropping to -.497 at 
ages 11 . 5  and 12 . 0 .  That is, the taller the individual, the earlier the 
menarche .  From here the correlations become progressively less and 
less negative, crossing the zero line at age 16, 5  and ending at 

157 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


.8 0 I I 

0 .7 

.6 0 

.5 

.4 0 

I I 0 I 
I 
I 
I 

0 I 
I 
I 
I 

<: .3 
0 ' 
..... .2 � 
....., 
""' 

I 
I 

I 
I 

I 
! 

I I 
I 

/ I 

I 

,---, 
/ ', ' \ 

I I 
I I / \ / \ / v 

� - -/ 
I 

I 

I I 
r- ,  / ' / ,, 

..... __ , 

I 
' ' ' \ \ \ 

\ \ -t---
I 
\ 

\ 
\ -' ' '---

,.. -

/ 0 / .......... .. ..� 
ct .I  ct 
0 
I...J 

... .0 
0 

� -.1 

� ;:; -.2 ' 
... 
... � -• .1 
I...J 

-.4 

-.5 

-.6 

-.7 

I 
0 / ___. . .../ 

/ 
0 / 

/ 
I 

0 I I 
0 - r · --·- · I 

0 

0 

0 

0 

/ � I ' I "' 
" ' ) 

"- . ../ 

I 
-- I N C R EME N T S  STA N D I NG H E I G H T  vs MENARC H E  A G E  
- - - G ROS S F I G U R E S  " " " " " 

I ----- ET A.- I N� RE M E N T. 5 " " . .  " . .  
7.0 8.0 9.0 10.0 ILO 12.0 13.0 14.0 15.0 16.0 1 7.0 18.0 

A G ES 

Fig. 110 . --Trends wi th Age of Correlati ons Between Menarcheal Age 
and Standing Height and Between Menarchea l Age and Increments in 
Standing Height. 

158 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


..... 
8.0 

:t 
� 7.0 

� 
u 6.0 

� ... 
� 5.0 
� � II) 4.0 
I � .J.O 

� 
.... � 2.0 
.... 

I 
• 

• 
• • 

• 

1--

ct A G E  1 1.0 & 1 1.5 � /.0 R •  -.609 
ETA •.6 1 9  ..... 

o.o I I 

..... 8.0'1---+--t
:t 
� 7.u.---+.... . 

=t: 
U 6.0 
� ... 
� 
� 5.0 

� II) 4.0 

I I 

I 
1--

• 
• 

• 

• 

�.�-L������-L�--� 
11. 0 12. 0 13. 0 14. 0 15. 0 

MENARCHEAL A G C S  

• 

• 
• 

• 

• 

• 

AGES 14.0 & 14.5 
R • •.679 
ETA •.704 

11. 0 12. 0 JJ. O 14. 0  1 5. 0  
MENA R CHEA L A GES 

Fig. 111 . --Regression CUrves or Increments in Standing Height on 
Menarcheal Ages at Selected Age Levels. 

159 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


. 173 at ages 18 . 5  and 19 .0.  Much more striking trends are shown by the 
correlations between annual increments and menarcheal ages represented 
by tne continuous curve . Ini tially, increments !or the year ending at 
ages 8.0 and 8 . 5  show essentially zero correlations with menarcheal 
ages. A definite trend toward negative correlations appears immediately 
and tne correlations become more and more negative, reaching an extreme 
negative value o! - . 609 !or annual increments ending at ages 11 .0 and 
11 .5.  From this point the correlations change abruptly and within a 
period or three years have shifted !rom -. 609 to . 679 . A more spec tacu
lar chan�e in the relationship between two variables could hardly be 
imagined. I t  i s  to be particularly noted, however, that a Pearson co
e!!icient o! correlati on is not adequate to represent the relationship 
between annual increments and menarcheal ages between ages eleven and 
tourteen because the regression lines are not linear. Hence, correla
ti on ratios have also been calculated (and corrected !or fine grouping ). 
The trend o! these rati os, which are necessarily posi tive but analogous 
to the more familiar Pearson correlati on, is given by the broken curve 
or Figure 110. Ini tially, these give approximately the same results as 
the correlations save that the sign i s  changed. But, whereas a Pearson 
correlation gives essentially zero values between menarcheal ages and 
increments ending at ages 12 . 0  and 12 . 5, the correlation ratio i s  . 502. 
The changing !orm or the regression curves or increments on menarcheal 
ages i s  illustrated in Figure 111 . The heavy dots indicate the mean 
increments corresponding to intervals o! menarcheal age . The straight 
lines o! the upper le!t and lower right sections o! the chart are the 
regression lines or increments on menarcheal age computed !rom the cor
relati ons while the curves or the upper right and lower le!t secti ons 
are tree hand estimates or the same relationship. The data or Figure 
110 measure the closeness o! the association between menarcheal ages 
and standing height and increments in standing height when individuals 
are considered and should be compared wi th Figures 11 and 13 which show 
the same associations in terms or groups and averages.  Figure 111 on 
the other hand should be recognized as a redrawing o! portions or Figure 
13. 

Further exploration o! the data shows that the biennial increments 
cons1stently show closer associations witn menarcheal ages .  I t  has 
not seemed worth while to analyze all or tne data systemati cally in 
terms o! biennial increments, but the following sample results will 
serve to illustrate the point. The most extreme negative correlations 
between menarcheal ages and annual increments in standing height are 
-. 595 and -.630 ; the corresponding values involving biennial increments 
are -.587 and -.695. The most extreme positive correlations between 
menarcheal ages and annual increments in standing height are . 679 and 
. 700; the corresponding values involving biennial increments are .742 
and .753. The most extreme negative correlations between menarcheal 
ages and annual increments in weight are - . 500 and -.603; the corres
ponding values involving biennial increments are -.560 and -.618. The 
most extreme positive correlations between menarcheal ages and annual 
increments in skeletal age are .453 and . 553 ;  the corresponding values 
involving biennial increments are . 573 and .613 

In addition to the foregoing correlations we have also determined 
the relation between menarcheal age and age at the close or the year o! 
maximum growth in standing height. For the 174 cases w1 th clearly 
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Fig. 112. --scatter Diagram or Menarcheal Ages Plotted Against 
Age or Maximum Growth in Standing Height. 

-

defined maximum increments Which were employed in secti ons five and six 
or Chapter v the correlati on is • 754, Adding cases where the maximum 
increment is determined by an interpolated fi gure and making the best 
possible estimates !or other cases the correlati on involving 246 cases 
is , 706, Since this relati onship i s  or consi derable interest !or the 
contrasting findings or Chapters IV and v, Figure 112 presents the de
tailed scatter-diagram and the two regression lines. It will be re
called !ran Chapter IV that, when cases were classified according to 
the advent or the menarche, the f ollowing relati onships appear: Group 
A menstruating on the average at 11.0 shows i ts maximum growth !or the 
year ending at age 11 .0 while Group H menstruating on the average at 
15, 0  shows i ts maximum growth !or the year ending at 13.5.  In Figure 
112 this relationship is represented by the more horizontal or the two 
regression line� ( read up !ran the bottom or the chart to this line ) .  
In section six or Chapter v cases were classi fied according to age at 
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the close or the year of maximum growth and the following relationships 
appear : cases whose maximum growth is during the year ending at 10 .5 
menstruate on the average at 11.27, while cases whose maximum growth is  
during the year ending at age 14 . 5  menstruate on the average at 14 .65. 
In figure 112 this relationship is  represented by the more perpendicular 
of the two regression lines. Figure 112 shows very clearly that the sP 
apparently contradictory trends represent merely the regression effects 
which are necessarily involved whenever two variable s are not perfectly 
correlated . 

2 .  nultiple Correlations 

Eight variables known to correlate highly wi th menarcheal ages nave 
been selected for a multiple correlati on study. In tne previ ous section 
all the correlations were originally plotted and determined separately 
for cases who were measured approximately at birthdays and at tne half
yearly anniversari es of bi rthdays . Thi s insi stence on very narrow age 
ranges seemed neces sary in the analysi s  or tne increments because tne 
correlations cnange wi th great abruptness from strongly negative to 
strongly posi tive in only a few years . However, wnen scatter diagrams 
were superirrposed very li ttle seemed to be lost by emp loying less pre
cise a�e peri ods.  Hence, in thi s section data for cases measured ap
proximately at bi rthdays and at the half-yearly ann iversaries or bi rth
days have been combined and wi ll be reported for the population as a 
whole. Table 3 li sts the variables in tne order or the magnitude or 
tneir correlation witn menarcheal age and reports their means and stand
ard deviati ons while Table 4 displays the intercorrelations. It has 
been necessary to omi t two individuals wi th very incomplete data, hence ,  
the number o f  cases i s  246 . 

Since tile eight variables showing tne apparently hignest correla
tions with menarcneal ages have been selected tne list is ratner hetero
geneous. Three measures or size are included ( variables 7, 8, and 9 ) .  
These are iliac diameter at ages 11 . 0  and 11 . 5, weight at ages 12 . 5  and 
13. 0 ,  and s tanding height at ages 11 . 5  and 12. 0 .  I t  is  or same interest 
that tnese measures of bigness stand at the bottom of tne list in order 
or tne magni tude of correlations w1tn menarcheal age ( -.477 to -.532 ) and 
tnat tneir intercorrelati ons are comparatively hign ( . 706 to . 804 ) al
though different age levels are involved . The multiple correlation of 
these three measures of physical size witn menarcneal ages is only . 560. 
Hence, tnese variables can make very little independent contributi on to 
the multipl.e correlation and have been dropped from further analysi s .  
Beginning at tne top o r  the list the variable most closely associated 
with menarcheal ages is the age period in which the maximum increment 
in standing height occurs , tne correlation being . 702. I t  i s  note
worthy that thi s  variable correlates only -.466 , -.488 and -.490 with 
measures of size .  The next variable i s  tne skeletal ages correlating 
-. 687 witn the menarcheal records . Supposedly, this variabl� measures 
growth in the sense or development and s tage of di ffer.entiation rather 
than growth in the sense or increase in. magni tude,  but i t  correlates 
rather highly ( . 630, . 673, and . 684) with measures of size . Next in 
order are tnree increment variables .  Ne5lecting signs, these variables 
correlate on tne average . 604 wi th the menarcheal ages, on the average 
only .495 wi th each otner, and on tne average only . 495 with measures 
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* 

TABLE 3 

VARIABLES DlPIDYED IN MULTIPLE CORRELATION PROBW4 
MEANS AND STANDARD DEVIATIONS 

Standard 
Variables Mean Devia�ion 

Menarcheal ages -- (months) 155.60 12. 96 
Age at the close of the year of maximwn growth 

in standing height -- (years) 12.41 . 93 
Skeletal Ages at 12. 5 and 13. 0 -- (months) 155.75 13. 04 
Increments in standing height for the year ending 

at 14. 0  and 14. 5 -- (centimeters) 3.09 1.90 
Increments in stand ing height for the year ending 

at 10. 5 and 11. 0 -- (centimeters) 6. 03 1 . 40 
Increments in weight for the year ending at 11. 0 

and 11. 5 -- (kilograms) 4. 56 2. 45 
Iliac diameter at ages 11. 0 and 11. 5 -- (centimeters) 25. 49 1 .86 
Weight at ages 12. 5  and 13. 0 (kilograms) 44.22 8.71 
Standing height at ages 11. 5 and 12. 0  --

(centimeters) 145.26 7 • .35 

TABLE 4 

IHTERCORRELATIONS OF MENARCHEAL AGES AND PHYSICAL VARIABLES 

Variables* 2 3 4 5 6 7 8 9 

Menarcheal !$tee • 706 -.687 . 680 -. 590 -. 542 -. 532 -. 515 - .477 
Age M. I. StaB. -. 703 . 734 -. 646 -. 529 -.490 - . /,66 -. 48S 
Skeletal Age -. 659 . 646 . 563 . 673 . 684 . 630 
Inc. StaH. 14.0 and 14. 5 - .497 - . 461 -. 462 -.434 -. 451 
Inc. StaB. 11. 0 and 11. 5 . 527 . 457 .423 . 5Z8 
Inc. Wt. 11.0 and 11. 5 . 535 . 665 . 508 
Iliac. Dia. 11. 0 and 11. 5 . 804 . 706 
Weight 12. 5  and 13. 0  . 724 
StaB. 11. 5 and 12. 0  

See Table 3 .  

ot size . 
The multiple correlation between menarcneal ages and variables two 

to six is . 785. This, ot course, is probably well below tne true value 
whicn would be obtained it theoretically true menarcneal ages and theo
retically true physical measurements were available, but the true cor
relati on can not be estimated with confidence since the reliabili ties 
ot the several variables are unknown , Nevertheless, some clear infer
ences can be drawn. The menarcheal records were obtained under un
satisfactory conditions and can hardly be assumed to be highly reliable , 
From the multiple correlation, however, it is clear that this relia
bility must be at least , 80 and probably nearer , 85 or . 90 .  Assuming 
tnat the reliabilities or the menarcheal records and o! the combined 
physi cal data are , 90 and ,98 then tne theroreti cally true multiple 
correlation is approxtmately . 83.  Or, assuming reliabilities o! . 85 
and ,95, the theoreti cally true multiple correlation is approximately 
.87, 
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Throughout it has been emphasized that no causal action or physical 
size or or increments on the advent or the menarcne or vice versa is in
volved. Ratner tne correlation between physical !actors and menarcheal 
ages i s  assumed to be due entirely to antecedent !actors or events pre
sumably in tne endocrine organization or the individual . Let it be as
sumed that sci ence will some day be able to determine the age at which 
this supposed endocrine stimulation begins to operate . Then, it will be 
ot same interest to determine the correlation between age at the advent 
or endocrine stimulation and age at tne advent or tne menarcne and be
tween age at the advent or endocrine stimulation and a composite measure 
or the timing or patterns or physi cal growth. Theoreti cally, these cor
relations should be in the neighborhood or the square root or tne mul
tiple correlation, i . e . ,  !rom about . 85 to .90 i! uncorrected !or atten
uation or !rom about . 90 to .95 i! corrected !or attenuation. Granting 
tnat all or this is extremely speculative, i t  should be clear that the 
interrelationships or assumed endocrine stimulation, advent or menarche, 
and tne timing patterns or growth are excepti onally close. 

3. Sumary 

At ages 8 . 0  and 8.5  the correlations between menarcheal ages and 
such variables as standing height, sitting height, iliac diameter, chest 
breadth, chest depth, weight, and skeletal age are , wi th one exception, 
slightly negative ranging !ram - . 20 to -.40. Three to !ive years later 
the comparable correlations are decidedly negative ranging !rom -.40 to 
-.70 .  Sti ll later at ages 17 . 5  and 18. 0 tne correlations are essen
tially zero save that there is probably a signi!icant though very slight 
posi tive correlati on wi th standing height and a very slight negative 
correlation with weight. Omitting data !or skeletal age, the three 
measurements or size which correlate most highly with menarcheal ages 
yield a multiple correlati on or only . 560 tor all the 246 cases with 
relatively complete data. 

Annual increments show much more striking relationships with men
archeal ages. Increments !or the years ending at ages 11 .0 to 12 . 5  
correlate !rom -.20 t o  - . 60 with the advent o r  the menarche . Three to 
!ive years later all or these decidedly negative correlations have 
cnanged to decidedly positive, the coe!!ici ents ranging !rom .30 to . 70 . 

Four variables involving increments, ages at maximum growth, and mea
surements or growth in the sense or development rather than in the sense 
or increase in magni tude yield a multiple correlation with menarcheal 
ages or • 785. That i s, the correlati on between menarcheal ages and 
various measures or the timing or the changing pattern or growth i s  
considerablY higher than the correlation between menarcheal ages and 
measures or mere bigness. 

Correlati ons between menarcheal ages and physi cal data do not imply 
causal interactions . Rather they point to antecedent !actors presem
ably in the endocrine organization or the individual . I! so, the cor
relation between age at the onset or assumed endocrine stimulati on and 
menarcheal age and between age at the onset or assumed endocrine stim
ulation and a canposite measure or the timing o! changes in the pat
tern or physical growth should be in the neighborhood or .85 to . 90 
or, i! corrected !or errors or measurement, in the neighborhood or . 90 
to . 95. Such an interence is highly speculative, but it should be 
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clear that the i n terrelati ons of assumed endocrine stimulati on , advent 

ot menarche , and the timing of patterns of growth are very high .  
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CHAPTER XII I 

CONTRASTING PATT�RN0 OF THE MEASUREMENTS 
AND OF TilE EARLY AND LATE I".ATURING GROUPS 

He began in Chapters IV and V by concentrating all our attention on 
the contrasting patterns of growth in standing height shown by groups of 
girls menstruating at different ages . In Chapter VI the emphasis was 
shifted to the contrasts between patterns of growth in sitting he ight 
ann leg length while not neglecting the contrasts between the menarcheal 
groups .  Th i s  shifting emphasis continued and most o f  the discussion of 
Chapter VI I I  was concerned with the contrasts between growth in weight 
and in linear measurements. In this chapter we attempt to strike a oal
ance be tween contrasts among measurements and contrasts among groups .  
Gi ven comparable graphical representations the data suggest the unex
pected conclusion that the contrasts between early and late maturing 
groups are greater than the contrasts between measurements whiCh show 
accelerated growth during the adolescent peri od . Data for erupted teeth 
and skeletal age are excluded from the di scussion. Incidentally, the 
demonstration or the generally greater contrasts between groups than 
between measurements offers a convenient opportunity to present alterna
tive graphical representations or the data . 

1 .  Contrasting Patterns i n  Average Size of Measurements and Groups 

Four types of charts, only three of which are comparable, wi.ll be 
employed to i llustrate contrasting growth trends in average size. The 
first and simplest type or chart presents two or more dimensi ons on the 
same ari thmetic scale as in Figures 50 and 69 . �uch charts,  of course, 
must be limited to dimensions expressed in terms or a common uni t of 
measurement. When so limited the curves for different measurements are 
comparable only in that a common arithmetic scale i s  employed .  If a 
large and a small dimension, as s tanding heiGht and chest depth, are 
superimposed on such a chart, the pattern of the smaller dimension i s  
obscured , The inadequaci es o f  tnis type o f  graphical representation, 
except for the purpose of illustrating differences in magni tude, as in 
Fi gures 50 and 69, are generally conceded . 

In a second type or chart the scales may be so constructed that the 
same vertical distance represents for each measurement the total growth 
increment between the ini tiation of accelerated growth and the attain
ment of maturi ty. We do not have unambiguous evidence on these points ; 
hence ,  in this s tudy the total growth increment between age eight and 
age seventeen for each measurement has been represented by the same 
verti cal di s tance . Fi gure 49 presents such a chart for si tting height 
and leg length plotted against chronologi cal age. It is clear from thi s 
chart that the patterns generated by the measurements are di fferent. 
Simi larly, the patterns generated by the early and late maturing Groups 
A and H are different.  Finally, the contrasts between Groups A and H 
are clearly greater than the contrasts between measurements. Figure 
113 presents similar data for standing hei ght, i liac diameter, chest 
breadth, and weight. Again the contrasts between Groups A and H are 
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Fig. 113. --Growth Trends in Average Standing Height, I l iac Dia

meter, Chest Breadth, and Weight or Early and Late Maturing Groups 

or Girls. 
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clearly greater than the contrasts between measurements . 
Continuing wi tl1 this type or chart these contrasts may be observed 

when the curves are arranged so that points corresponding to the advent 
of the menarche are in the same verti cal line .  Fi gure 51 presents such 
an arrangement for s i tting hei ght and leg length and Figure 70 gives the 
same representati on for i liac diameter, chest breadth and chest depth. 
It i s  clear from these charts that the contrasts between Groups A and H 
are greater than the contrasts between measurements . This test might 
also be applied to Figure 113 by moving the curves for Group A four 
years forward or to the right. If thi s were done the same observation 
would s till hold save that the curve of Group A in standing height after 
age twelve tends to conform more closely to the f our curves or Group H 
than to the other three curves of Group A. 

Pushing the analysi s still further the contrasts may be observed 
when the curves are arranged so that corresponding points on the pattern 
of growth are as nearly as possible in the same vertical line . From 
Table 28 of Appendix B i t  appears that the curves of Group A must be 
moved on the average two and a half years forward or to the right in 
order that the i r  pattern of increments may conform as closely as possi
ble to pattern of increments in Group H.  Rearranging the curves or 
Fi gure 113 in this manner gives Figure 114. Again it is readi ly appar
ent that the contrasts between the early and late maturing groups are 
greater than the contrasts between the measurements, save that the pat
tern of standing hei ght of Group A after age twelve conforms more close
ly to the patterns of Group H than to the other patterns or Group A, 

A third and more common type or chart expresses all measurements as 
percentages or maturi ty. That i s ,  the scale ranges from 0% to 100% 
representing growth from concepti on to maturity. Since a clear defini
ti on or maturi ty i s  not available in the data, cnarts have been con
structed in which the scale from 0% to 100% represents growth from con
cepti on to age seventeen. Two diffi culti es with thi s type or chart 
should be noted at the outset. In the fi rst place the pattern or growth 
on such a chart must represent the whole or growth from conception to 
maturi ty ; hence ,  the pattern from age six to nineteen i s  more largely 
determined by growth differences between concepti on and age six than by 
growth di fferences between age six and nineteen. In the second place 
such charts do not give comparable vi sual representations or linear 
measurements in comparison with weight tor the reason that weight i s  a 
volume or three dimensi onal variable . Assume , tor example , that the 
side or. one cube i s  50% of another, then the volume or tne ti.rst cube 
i s  only 12 . 5% of the latter. Hence, when linear growth has attained 
about 50% or maturi ty, weight will have attained only about 12 . 5%  or 
maturi ty. 

In order to compare weight and linear measurements on this type or 
chart, weight should be compared with a volume measurement such as the 
one described in secti on tour or Chapter VI I I .  Figure 115 presents such 
a chart tor weight and body -volume " .  I t  is apparent that curves tor 
weight and linear-measurements-expressed-in-terms-or-volume are very 
much alike whereas in respect to both weight and volume the curves tor 
early and late maturing groups are widely contrasted, 'nlat i s ,  the con
trasts between groups are very much greater than the contrasts between 
weight and linear-measurements-expressed-in-terme-or-volume . Curves tor 
standing height have been added tor the purpose or illustrating the 
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illusory contrasts when weight and a linear measurement are plotted in 
sucll a chart. Curves from birth to age six tor height and weight have 
also been included tor their general interest. These are based on data 
ot Baldwin (4) . 

Magnifying tile upper third or Figure 115 and assemblying the linear 
measurements give Flgure ll6. Again, the greater contrasts between 
groups than between measurements is apparent. It the dash curves ot the 
early maturing Group A were moved tour years to the right so that points 
corresponding to the menarche were in the same vertical line, the same 
observation would hold. It,  instead, the curves ot Group A were moved 
two and a halt years to the right so that corresponding points on the 
pattern were in the same vertical line , the contrasts between the meas
urements would be as great as the contrasts between groups. 

In a fourth type ot chart the curves are plotted on a logari thmic 
scale as in Figure 117. In such a chart the s�opes ot the curves in
di cate directly percentage rates ot growth rather than increase in mag
nitude . The large contrasts between the early and late maturing Groups 
A and H are readily apparent, but it is difficult to judge whether con
trasts between measurements are greater or less than between groups 
because ot the different vertical positions. Eliminating these differ
ences in vertical position, greatly magnifying the scale at the lett ot 
Figure 117, and assemblying the linear measurements give Figure 118. 
Once more, the contrasts between the growth patterns or early and late 
maturing groups are greater than contrasts between the growth patterns 
ot different measurements. It the curves ot Group A were moved tour 
years to the ri�t, this observation would still hold. It , instead, 
the curves ot Group A were moved two and a halt years to the right, the 
contrasts between the measurements would be as great as the contrasts 
between groups. 

2. Contrasting Patterns in Annual Increments and Rates 
ot Growth or Measurements and Groups 

Continuing tile testirl! ot whether measurements or groups show gr�t
er contrasts Figure 119 presents annual increments or early and late 
maturing groups tor all measurements while Figure 1.20 presents annual 
percentage rates or growth tor all measurements except weight. Rates or 
growth in weight are not included in Figure 120 tor reasons di scussed in 
section three ot Chapter VI II . I t  is readily apparent that the con
trasts between early and late maturing groups are greater than between 
d1tterent measurements. It the curves ot Group A were moved tour years 
to the right so that points corresponding to the menarche were in the 
same vertical line , this observation would still hold. It, instead, the 
curves ot Group A were moved two and a halt years to the right so that 
corresponding points or the pattern or growth were in tile same vertical 
line , the contrasts among measurements would be as great as the con
trasts among groups. Figure 121 and 122 in terms or increments present 
the details or this last test. Figure 121 shows annual increments ot 
early and late maturing groups in standing height, si tting height, and 
leg length. Considering only these three mea8Urelll8nts the usual ob
servation is verified tor the first two phases but not tor the third or 
decelerating phase ot growth. Figure 122 presents annual increments ot 
early and late maturing groups in iliac diameter, chest breadth, and 
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1 

I 

-2 - 1  

F i g .  121. --Average Annual Increments i n  SUL�din� Height, S i ttinG 
Height, and Leg Length or Early and late Maturing Groups Arranged so 

that Corresponding Points on the Patterns or Growth are in the same 

Vertical Line . 
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Fig. 122. --Average Annual Increments in I liac Diameter, Chest 
Bread th, and Weight of Early and Late Maturing Groups Arranged so 
that Corresponding Points on the Patterns or Growth are in the same 
Vertical Line . 

weight. The contrast between groups is greater than between measure
ments for the second or accelerating phase and for part or the third or 
decelerating phase or growth. 

3. SunurBry 

Chapters IV and V began by emphasizing the contrasting growth pat
terns or early versus late maturing groups or girls. The generalized 
curves or Chapters VI to VI I I  tended to emphasize the contrasting growth 
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patterns of each measurement versus eyery other measurement. When 
chronologi cal age i s  considered the contrasting growth patterns of early 
versus late maturing groups of girls are clearly greater than the con
trasting growth patterns of each measurement versus every other. Six 
types of graphi cal representation tell the same story. Even when the 
curves of the early maturing group are moved forward or to the right 
two and a half years so that corresponding points on the patterns of 
growth are in the same vertical line, the contrasts between the growth 
patterns of early versus late maturing groups are still as large as tne 
contrasts between the growth patterns of each measurement versus every 
otner measurement. These conclusions, of course , hold only for the 
available measurements which show accelerated growth during the adoles
cent peri od. 
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CHAPTER XIV 

Sllil'.ARY AND IMPLICATIONS 

1. The 1-'roblem 

The ini tial impetus for this study was supp lied by the �AnY reports 
whi ch,  though based on longitudinal data, have yielded only cross
secti onal !indirgs. The attack upon thi s  problem was rounded on the 
bel ief that better methods or analysi s  could be developed only in the 
process of attempting to solve genuine developmental problems w1 th act
ual longi tudinal data. A fortunate combination or circumstances d irect
ed the proposed study to the extensive collection or repeated measure
ments in the records of the Harvard Growth Study whi ch had been ini tiat
ed and directed b�' Professor Walter F. Dearborn during the years 1922 to 
1934. The Harvard Study had started w1 th approximately 3600 chi ldren in 
the first grades or three public  schools near Boston and had foll owed 
them with annual measurements as long as they remained in the same 
schools. The measurements include eleven PhYSical dimensions, roentgen
ograms or the wrist and hand , counts or erupted teeth, and intelligence 
c>.nrl achi evement tests. Frofessor Dearborn and Dr . J ,  w. M. Rothney have 
very generously made available a verified transcript or these data, ex
cept head dimensions and intelligence and achievement tests, on 248 

girls who were measured annually over periods or from five to twelve 
years and whose records include informati on concerning the first men
struation . Given this setting the major problems or this study may be 
defined as follows . First, what are the most appropriate statistical 
methods to be employed in the analysis or longi tudinal data? Incident 
to this problem it has been necessary to appraise the value or longi
tudinal data in comparison with cross-sectional data and to develop 
methods of overcoming certain limi tati ons or the Harvard Growth data. 
Second, what are the patterns or physical growth among girls age six to 
nineteen and what is the association between these patterns and the 
advent or the first menstruation? 

2 .  Methods o r  Analyzing Longitud inal Data 

The contributi ons or this study to methods or analyzing longi tudinal 
data may be conven iently reviewed under f ive headings ,  First, there is 
the demonstrati on in Chapter I I I  that longi tudinal data have very great 
advantages over cross-secti onal data . I t  is true that this proposition 
has been the fi rst article or faith among students or the phys ical 
growth or children for forty years . Nevertheless, there has been a 
general fai lure to appreciate the elementary statistical properties or 
l ongi tudinal data and hence a consp i cuous fai lure in the choice or stat
is tical procedures to be employed in the analysis or longitudinal data . 
The most essential points can be compressed within three propositi ons. 
First, longi tudinal data have no advantage whatever over cross-secti onal 
data for the purpose or determining the average size or children in 
general at any given age . Second , longi tudinal data have very consider
able advantages over cross-secti onal data ror the purpose or determining 
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the growth trends in average size or children in e;eneral from a,�e to 
a�e . In teres or the number or cases required to iive equally reliable 
trends the available lontSi tudinal data ror standing height on only 248 
cases represents the equivalent or cross-secti onal I�easurements on 
approximately 150 , 000 cases.  Third, lom;itudinal data have very grP.at 
advantages over cross-secti onal data for the purpose or deten:.ining the 
growth trends in average size or homoger.eous groups or children from e�e 
to age . Here the available lonr�i tudinal data ror standir.p; hei t;ht repre
sents the equivalent or cross-secti onal measurements on approxicately 
270, 000 cases . That is,  l ongi tudinal data make it possible to define 
the patterns or growth or small homogeneous groups or cases with an ex
ceedingly high degree or reliability .  

Procedures ror dealing with certain limitations o r  the Harvard 
Growth data as described in Appendix A consti tute a second type or con
tribution to methods or analysi s .  Procedures were developed ror locat
ing and rejectin•>: erratic and discordant observati ons ; for testing the 
possibility or unconsci ous chanses in methods or measurement betvreen 
successive years or the Harvard Growth Study ; ror marking certain or 
the reported menarcheal ages as or doubtful accuracy ; for overcoming 
some or the difficulties due to the absence or measurements on birthdays 
and to long intervals between measurements ; ror correcting for i rre�lar 
intervals between measurements ; and for dealin� with gaps in the record� 
None or these procedures is essentially novel but taken together they 
replace seeming confusion with uniform and ordered data which is ready 
for analysis.  Since most or the limi tati ons or the Harvard data are 
more or less inherent in l onr'i tudinal data or any sort, these procedures 
should be or continuing value. Confidence in the value of lon�i tudinal 
data and methods or deal1_ng wi th the special diff i culties or such data 
constitute essential first steps.  

A third point or iKPortance is that the analysis be carried out in 
terms or the individual growth increments . The original data consist 
or observations at successive ages, but tha basic  and fundamental data, 
at least for this study, cons ist or the measured chan�es or increments 
from a�e to a�e . Throughout, all the computati ons t�ve been carried ou t 
in the first instance in terms or increments and all growth trends in 
average size consti tute secondary and derived data. Failure to proceed 
in thi s  manner or to carry out the computations for identical cases from 
age to age amounts to throwing away the most valuable part or the data . 
Gross size at a given age should be regarded as merely the cumulative 
sum or all earlier increments and should be treated as an important 
datum only where the detailed data on the earli er t ncremAnts are not 
ava ilable. 

A rourth feature or statisti cal procedures has been called a pro
cess or analysis and synthesis whereby the avai lable cases are divided 
and sub-divided into small homogeneous groups and later c ombined in 
different ways to reveal trends which would otherwise be obscure .  In 
this study the major classifi cation or the cases has been according to 
menarcheal age . Eight such groups were formed and each was further 
sub-divided into cases measured approximately at birthdays and cases 
measured approximately at the half-yearly anniversaries or birthdays. 
All or the c omputations r or all measurements have been carried out sepa
rately ror each or these sixteen zroups. In the case or standing hei ght 
each or these groups was still further sub-d ivided accordin� to the age 
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or �axtmum growth in standing height, The available cases have also 
been divided into tall versus short and into cases or North European 
versus those or I talian stock. These speci fic methods or classification 
by no means exhaust the possibilities. Analysi s in terms or homogeneous 
groups i s  fundamental i! developmental studies are to advance beyond the 
star:e or describing the growth or chi ldren 1n general . Con:plementary to 
this analytic phase i s  a synthetic phase wh ich combines the growth 
trends or several small homogeneous groups in order to clarify phenomena 
whi ch are otherwise obscure , Thus, the ori ginal sixteen sub-groups were 
combined into eight groups giving observation points at semi-annual in
stead or annual intervals, they were combined into five groups at age 
intervals before and after the menarche instead or at chronologi cal age 
intervals, and they were combined to give a single generalized pattern. 
Simi larly, the large number or sub-groups resulting !rom classification 
according to both menarcheal age and age or maximum growth in standing 
height were combined in two distinct ways to give Figures 37 and 41 and 
a third synthe sis would give only a slight variation or Figure 13. 

Finally, adequate charts are more than a convenient medium !or the 
presentation and illustration or findings. When, !or example, pne chart· 
presents the increments or the eight menarcheal groups in relation to 
chronologi cal age and next gives the same curves superimposed according 
to comparable points on the patterns or growth, then we mey properly 
speak or graphi cal analysi s which becomes an integral part or the sta
tistical analysis ,  

3. Patterns o! Growth in Relation to the Menarche 

A summary or the constructive findings concarning the growth pat
terns or girls age six to nineteen in relation to the advent or the 
menarche presents difficulties since a mere verbal statement or the 
results is necessarily most inadequate . From time to time throughout 
thi s  study brief summaries or the most essential f indings have been 
presentedl . While these summaries may seem too brief it should be noted 
that essentially all or the details are included in the charts and that 
the text or Chapters IV to X I I I  and parti cularly or Chapters VI to XIII  
is already in summary form. There i s  li ttle profit in  merely recapi tu
lating summaries or summaries. Hence, the discussion brings together 
only the more important findings in a perspective which emphasizes the 
uniformity or the trends shown by all dimensi ons to the neglect or 
trends shown by each dimension. In compensation !or the feebleness or 
mere verbal summary and !or the slighting or details and exceptions, 
references to the more important charts are inserted . 

Omi tt1ng tor the moment consideration or skeletal age and erupted 
teeth, the more important findings may be formulated into eight major 
generalizations . First, each dimensi on has i ts own characteristic 
pattern ( especially Figures 57, 61, 77, 79 , 87, and BB and also Figures 
49, 50, 51, 60, 62, 63, 69, 70, lOB, 109, 113, 115, 116 , and llB ) . Even 
with charts which make all the curves as comparable as possible, both 
the growth trends in average sitting height and the series or annual 
increments in sitting height generate a characteristic pattern whi ch i s  

l see Pspe c !a l ! y t h o  soc t ! ons h o t ! nn ! nl on pa� e s  23 , 3 1 . 64 , 74 , 9 8 ,  I I 7 , 
! .3 2 ,  1 4 9 ,  I C4 ,  1 78 ,  2 4 5 ,  and 24 6 ·  
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markedly and unmistakably different from the characteristic pattern or 
growth in leg length ( Figures 49, 50, 57, and 61 ) and these in turn are 
different tram the patterns or other measurements , Extreme contrasts 
are those between leg length and body weight. Similar patterns are 
those or chest breadth and depth, but the most rapid growth in chest 
depth occurs di stinctly later than in chest breadth ( Figures 77 and 79 ) ,  

Second, while each dimension has i ts characteristic pattern, never
theless, there are similarities in that all show at least two and, more 
often, three distinct phases ( Figures 39, 57, 61, 77, 79 , 87, and 88 ) ,  
The first phase i s  typically decelerating, In the case or si tting 
height the deceleration is striking even in the increments and more so 
in the relat1va growth rates. In the case or standing height, sternal 
height, and leg length. the decelerating phase is less apparent. In the 
case or iliac diameter and weight the increments show a slight accelera
ti on and only the relative growth rates reveal a decelerating phase . In 
terms or averages this phase lasts about two and a halt or three years. 
This tirst or decelerating phase is absent in both chest breadth and 
chest depth, The second phase is one or decidedly accelerated growth in 
all dimensi ons , In the case or sitting height, iliac diameter, and 
weight the acceleration i s  marked and lasts tor three years while in the 
case or leg length the acceleration is much less marked and lasts tor 
only two years . The third phase , shown by all dimensions, is one or 
sharply decelerating growth which is very abrupt in the case or leg 
length and less abrupt in the case or sitting height, iliac diameter, 
and weight. 

Third, while the characteri stic patterns or the several dimensions 
and the three phases or growth are most clearly portrayed in the gener
alized curves or annual increments and relative growth rates, they are 
also apparent in the patterns or each or the eight menarcheal groups, 
Hence, except tor a rew minor but signifi cant differences to be noted 
later, the patterns or the eight menarcheal groups are very much alike , 
Charts in which chronological age is ignored and corresponding points 
on the eight increment curves are arranged in the same vertical line are 
illustrative ( Figures 19, 39, 43, 55, 56, 74, 75, 76, and 86) , 

Fourth, while the patterns generated by the increments or the eight 
menarcheal groups are very much alike, they occur at very different 
chronologi cal ages ( Figures 13, 23, 37, 52, 53, 54, 71, 73, 85, and 90 ) ,  
That is, the pattern or Group A (menstruating before age 11-6 ) is aim-

. ilar to that or Group H (menstruating atter age 14-5 ) ,  but the two 
patterns are separated on the average by an interval or two and a halt 
years or chronological age , The patterns or Groups B, c ,  D, E, F, and 
G (menstruating at successive intervals or six months ) tall in serial 
order between Groups A and H. It results at age eleven or twelve that 
the maximum increments or Group A which mark the climax or the second 
or accelerating phase tend to coincide with the trough or the curve or 
Group H just before the initiation or the accelerating phase . Here the 
increments ot Group A tend to be the largest followed in generally 
regular order by Groups B, c ,  D, E, F, G and H. Or, in terms or corre
lations the associations between menarcheal ages and annual increments 
are negative, averaging - , 33 ( Table 2, Chapter XI I ) ,  Three years later 
this si tuation is completely reversed Group A having almost ceased to 
grow while Group H is attaining the climaX or the accelerating phase , 
Here the increments or Group H tend to be the largest followed in 
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�enerally resular order by Groups G, F, E, D, C, B, and A. Or, in terms 
of correlati ons the associations between rr.enarcheal a�es and annual 
increments are posi tive, averaging .44.  

Fifth, since the accelerations and decelerations of  the eight men
archeal groups occur at different chronological ages, i t  follows that 
r-rowth trend s in avera::e size of the eight groups are clearly di fferen
tiated ( especially Fi�ures 11, 46, 47, 48, 66, 67, 68, and 83 and also 
Fi gures 49 , 50, 69, 92, 98, 99 , 100, 101, 102, and 117 ) . Indeed, the 
contrasts in the growth trends in average size between early and late 
maturing groups of girls are much greater than the contrasts between the 
characteri stic patterns or the several dimensions ( Figures 113, 115, 
116, and 128 ) . At ages six to nine these differences are comparatively 
small ,  but the earlier maturing groups tend consi stently to be bigger 
than the later maturing groups . These contrasts become progressively 
greater up to age twelve or thirteen. Here Group A tends consistently 
to be the biggest in average size followed in a generally regular order 
by Groups B, c ,  D, E, F, a, and H. At this point or greatest contrast 
Group A averages about �� bigger in linear measurements, 50% heavier, 
and about 3571, heavier per unit or linear size than Group H. As maturity 
is attained these differences vanish or are slightly reversed . In 
terms of correlations the associations between menarcheal ages and 
physical size average -.28 at age eight, -.54 at ages twelve or thirteen 
and . 0 1  at ages seventeen and eighteen ( Table 1 or Chapter XI I and 
Figure 110 l .  

Sixth, since the decelerating, accelerating, and decelerating phases 
of the eight menarcheal groups occur in serial order at successive 
chronologi cal ages, i t  also follows that the inflection points between 
these phases are timed in relation to the advent of the menarche . This 
generalization is  important tor the endocrine interpretati on or the data 
and the two inflection points need to be considered separately . 

The inflection points between the first or decelerating phase and 
the second or accelerating phase as shown by the generalized patterns 
ot annual increments (Figures 39 and 57 ) occur on the average at ages 
9 . 67, 9 . 55, and 9 , 65 ( or 10 . 15 ) in the case or standing height, sitting 
height, and leg length or on the average a tull three years before the 
advent of the menarche . The inflection points !or the relative growth 
rates tend to occur slightly later on the average at ages 9 . 67 , 9 . 55 
( or 10 . 15 ) , 10 . 15, 9 . 93, and 10 . 12 (Figures 61, 79, and 88 ) respectively 
tor standing hei ght, si tting height, leg length, i liac diameter and 
wei ght. While these ages are "on the average• and hence would hold only 
tor Groups D and E, nevertheless, the indi cated interval or three or 
three and a hal! years to the advent of the menarche holds very well 
indeed !or all eight groups .  I n  the case o r  standing height Groups A ,  
B, c, D, E,  F, G ,  an d  H menstruating on the average a t  ages 11.0, 11 . 75, 
12.25, 12.75, 13.25, 13 . 75, 14.25, and 15 .0 show their first inflection 
points at ages 8.5,  8 . 0 ,  9 . 5 ,  9 .5, 10 .0,  10 .5,  11.0  ( or 11.5 ) , and at 
11 . 5  respectively or 2 . 5 ,  3 . 75, 2 . 75, 3.25, 3 .25, 3 . 25, 3 .25 ( or 2 . 75) 

and 3 . 5  years before the menarche (Figure 13 ) . Considering the !act 
that these inflection points are determined by differences averaging 
only a tenth or a centimeter, such a series i s  extraordinari ly uniform. 
Comparable data tor si tting height shows that the first inflection 
points in Groups A, B, c, D, E, F, G and H come 2.5, 3. 75 ,3 .25,3.25 , 2 .  75, 
3 . 75, 3 .25, and 3 . 50  years before the menarche ( Fi r,ure 53 ) . A comparable 
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TABLF' 5 

AVERAGE AGES AT THE SECOND INFLECTION POINT 

Dimensions 

Leg Le�th 
Standing Height 
Chest Breadth 
Iliac Diameter 
Sitting Height 
'Weight 
Chest Depth 

Generalized 
Patterns of 
Increments -
Fi�s. 39, 57, 
77, ?J7 

12. 15 (or 11. 65) 
12. 17 
12. 40 
12. 43 
12. 55 
12. 62 
12. 64 

Generalized 
Patterns of 
Relative Grov1th 
Rates - Figs. 61, 
73, 83 

11. 65 
12. 17 
12. 40 
12. 43 
12. 55 
12. 12 
12. 64 

TABLE 6 

�!aximum Increment 
of Individuals 
Relative to Sitting 
Height, Chapter VII, 
Section J 

12.01 
12. 29 
12 . 44 
12. 54 
12. 55 
12. 72 
12. 68 

INTERVALS BFT'tiEEN SECOND INFLF'CTION POIIIT A.i'ID AVF.RAGE 
MENARCHEAL AGE FOR F'ACH OF EIGHT GROTJ?S 

Dimensions A B c D E F G H 

Leg Length . 00  - . 25 - . 75 - . 75 - . 75 -. 75 -1 . 25 -1. 50 
Standing Hei�t . DO - . 25 - . 75 - . 75 - . 75 - . 75 - . 75 -1. 50 
Chest Breadth . 50 - . 25 - . 25 - . 75 - .25  -. 75 -1. 25 -1. 50 
Iliac Diameter • 50 - . 25 - . 2 5  - .25  - . 75 -. 75 - . 75 -1. 00 
Sitting Height . 50 -.25 - . 25 - . 25 - . 25 - . 75 - . 75 -1. 00 
'Weight . 5J -. 25 - . 75 . 25 - .25  - . 75 - . 25 -. 50 
Chest Depth . 50 . 25 - . 25 - . 25 - . 25 - . 75 -. 25 - . 50 
Average . 35 -. 17 - . 46 -. 39 - . 46 - . 75 -. 75 -1. 07 
Standing Height .21 - . 28 - . 50 -.44 -. 77 -.85 -.C}2 -1. 10 

series tor leg length is as follows : 2 . 0 ,  3 . 75, 2 , 75, 4.25, 3 . 25, 2,25, 
and 3,50 years before the menarche ( Figure 54) , A comparable series tor 
relative growth rates in body weight is as follows : 1 , 5, 2 . 75, 2 . 75, 
2 , 75, 3,75, 3,25, 2 , 75, and 3,50 years before the menarche ( Fi gure 90 ) ,  

The second inflection point, that between the accelerating and 
decelerating phase, i s  also timed in relation to the menarche .  While 
the first inflection point marking the Initiation or accelerated growth 
occurs at approximately the same time in all dimensions ( save chest 
breadth and depth where it is absent ) ,  the second lntlectlon point mark
ing the climax or the accelerating phase shows a serial order for the 
several dimensions. Table 5 lists the dimensi ons in the apparent order 
ot their inflection point and records three sets of average ages.  Again 
these ages are " on the average " and would hold true only tor Groups D 
and E .  Nevertheless, the general indications that the second inflection 
points occur tram three months to a year before the menarche holds very 
well for all eight groups . Using the pattern or each group as a whole 
to determine the in!lectlon points, as recorded in Table 28 ot Appendix 
B, instead or taking the actual maximum increments, Table 6 gives the 
intervals before and after the menarche . Since the determination or the 
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inflection points is not accurate to leas than half a year, all of the 
intervals are subject to errors of . 5  years . Minus signa indi cate that 
the second inflection point occurs prior to the menarche. Averages for 
the seven dimensions are recorded and to these have been added further 
data for standing height resulting from the analysis according to both 
menarcheal age and age of maximum growth in standing height (Figure 37 ) ,  
Groups A, B, c, D, E, F, G and H, who menstruated on the average at 
ages 11 .0,  11, 75, 12, 25, 12 . 75, 13,25, 13 .25, 13 ,75, 14.25, and 15 ,0 
respectively, reach the climax of their accelerating phases on the 
average at ages 11,35, 11,58, 11 , 79, 12 ,38, 12 . 79, 13,00, 13,50, and 
13,93 or . 35 years after and , 17, , 48 ,  , 39,  . 48, ,75, , 75, and 1 .07 
years before the menarche, In this case, however, "on the average" is  
merely a convenient way of reading the whole of the table at once, 
Examination of the details will show that these trends hold very closely 
tor each dimension save for the fact, already noted, that the peak of 
the accelerating phase in leg length is consistently earlier than in 
cheat depth . There is also a consistent tendency for the inflection 
points of Group A to occur after and for those of Group H to occur a 
year before the menarche . In part this due to the regression effect 
necessarily involved when two factors are not perfectly correlated and 
to the fact that the standard deviation of menarcheal ages is greater 
than that of inflection points ( Chapter XI I ,  Section 1, Figure 112 ) , 
Further evidence of the intimate timing of inflection points and menar
cheal age is available tor standing height, When 174 individuals are 
classified according to age at the peak or their accelerating phase, the 
patterns of the resulting groups are timed in relation to the menarche 
( Figures 41, 44, and 45 ) .  Individuals who reach the peak of their 
accelerating phase at ages 10 , 5, 11 ,5, 12,5, 13 , 5  and �4. 6  menstruate 
on the average at ages 11,27, 12 . 20,  13 , 07, 13 .84, and 14,65, The 
correlation between menarcheal ages and age at the second inflecti on 
point for these 174 cases with clearly defined peak incrementa is , 754 
and tor 246 cases is • 706 (Figure 112 ) .  

So tar i t  has been emphasized that the patterns of decelerating, ac
celerating, and decelerating growth among the eight menarcheal groups 
are very similar (Figures 19 , 39, 43, 55, 56, 74, 75, 76, and 86 ) ,  A 
seventh large generalization is that there are nevertheless consi stent 
and highly significant differences in detail.  It has already been noted 
that the second inflection points of Group A occur at or after the men
arche while those of Group H occur before the menarche . While this dif
ference is very consistent for all dimensions , i ta signifi cance, as al
ready noted , is blurred by regression effects. A much more significant 
and also very consistent difference is that the intensity of the pattern 
decreases in generally regular order from Group A through Groups B, c, 
D, E, F, and G to H. That is, when corresponding points on the pattern 
are considered, the incrementa of the early maturing groups are consis
tently larger than the increments of the late maturing groups, Averag
ing the incrementa and relative growth rates over the period of three 
and a halt years before and one year after the peak or the accelerating 
phase for each group and each d1menaion gives the data or Table 7. With 
the exception or cheat breadth and cheat depth there is a consi stent 
tendency for the magni tude of the incrementa and of the relative growth 
rates to decrease progressively from early to late maturing groups. A 
third significant and consi stent difference is that the first or 
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TABLE 7 

AVERAGE INCRDOOITS AND RELATIVE GROWTH RATES FOR FACH 
OF EIGHT GROUPS OVER CORRESPONDING PORTIONS OF THE 

PATTERN OF GROWTH 

Dilllensions Average Incre�ents {Centimeters and Kilogram) 

A B c n E F G H 

Standing Hei�t 6. 58 6. 54 6.47 6.23 6.03 5.96 5-43 5.34 
Sitting Height 2.92 2. 86 2. 84 2 . 78 2.64 2.64 2.45 2.40 
Leg Length 3 . 70 3.68 3.64 3.49 3.40 3 . :n 3 . 09  3 . 00  
Iliac Di11111eter 1.27 1. 25 1. 23 1. 15 1 . 07 1. 21 1.09 . 98 
Chest Bread t.h 1.00 . 91:1 1. 04 . 92 . 89 .91 . %  . 81 
Chest Depth . 67 . 65 . 64 .64 . 58 . 67 . 67 . 70 
"It eight 4.91 5 .01 4.69 4- �5 4. 26 4.48 4.04 3 .86 

Average Rates of Growth Per Year {Percen�ges) 

Standing Heildlt 5.09 4. 88 4.85 4. 69 4.42 4.37 4.00 J.95 
Sitting Height 4. 11 3.98 3 . 88 3. 81 3 . 57 3 . 62 J . J6 3.25 
Le� Length 6. 25 5.93 5.96 5.68 5 . 34 5. 23 4.98 4.81 
Iliac Di11111eter 5.63 5. 52 5.45 5. 12 4-72 5. 38 4. 81 4.28 
Chest Breadth 5.02 4. 92 5.20 4.68 4-42 4- 53 4-94 4.13 
Chest Depth 4- 53 4. 31 4-33 4- 34 3 . 89 4- 53 4- 59 4.64 
Veight 15.21 15. 58 14.45 12. 85 12. 52 13.39 11. 88 11. 40 

typi cally decelerating phase occupies a progressively longer and longer 
period or time rran early to late maturing groupe .  Since the patterns 
or increments are not reliably established prior to age eig�t, the exact 
time periods can not be computed . It is unmistakably clear, however, 
that this first decelerating phase comes to an end on the average two 
and a halt years later in Group H than in Group A. 'lbeee three features 
distinguishing the patterns or early and late maturing groupe are doubt
lees related to the tact that early maturing groupe are smaller than 
late maturing gr�JPS two and three years before the advent or the menar
che or .two and three years before the climax or the accelerating phase 
ot growth { Figures 12, 44, 51, 70, and 94) .  Three years before the 
advent or the menarche Group A, age 8 .0, averages 12.24 centimeters 
shorter than Group H, age 12 , 0  (Figure 12 ) .  Three years bet ore the cli
max or the accelerating phase Group A, age 8 . 0 ,  averages 7,05 centime
ters shorter than Group H, age 10 ,5. Since the two groupe attain almost 
the same mature stature and since both the accelerating and final de
celerating phases occupy the same time period, some compensating adjust
ments are necessary. The three distinguishing reaturee or the patterns 
or early and late maturing groupe represent dirterent aspects or thi s 
adjustment . 

A final generalization is that the patterns or growth shown by tall 
versus short ch1ldreJ1 and by children or North European versus Italian 
stock are very simi lar (Fi gures 16, 17, and 98 to 108 ) ,  Children or 
North European stock are taller and became progressively taller with 
age, the stature differences being due largely to differences in leg 
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length . The patterns or growth, however, could hardly be more alike 
save that the pattern or growth in leg length among children or I talian 
stock is less intense . 

All or these eight ffiajor generalizati ons probably apply to growth 
and development as revealed by roentgenograms or the hand and wri st , but 
the arbi trary and artificial nature or the data which is in terms or 
est imated skeletal ages obscures the true growth accelerations and de
celerations (Figures 94 and 95) . or these eight generalizations only 
the first and third apply to the data tor permanent erupted teeth ( F ig
ures 96 and 97 ) .  

Excepting estimated skeletal ages and erupted teeth, the whole or 
the data may be adequately summarized as follows. Each dimensi on has 
its own characteri stic pattern or growth anct each shows three phases or 
slow or decelerating growth, or decidedly accelerating growth. and or 
sharply decelerating growth . The inflection points between these three 
phases are intimately timed in relation to the advent or the menarche 
in such a way that Group A, menstruating before 11-6, reaches the cltmax 
ot the accelerating phase on the average at age 11.35 whi le Group H, 
menstruating arter age 14-5, reaches the cltmax or the accelerating 
phase on the average at age 13 .93. The patterns or growth in the eight 
menarcheal groups are very simi lar save that the patterns or the later 
maturing groups show a progressive lengthening or the first or typically 
decelerating phase and a progressive decrease in intensi ty. 

4. Implicati ons 

The process or sexual maturati on in girls begins wtth the budding 
or the breasts, the appearance or pub i c  hair, and after sane time cul
minates in the first menstruati on or menarche . The process is undoubt
edly ini tiated and controlled by endocrine factors . Hence, the intimate 
timing or menarcheal ages and inflection points on the pattern or physi
cal growth suggests that the serial order or accelerating and decelerat
in� phases or growth are also ini tiated and controlled by endocrine rae
tors . The patterns and associations are ordered as it the tollowtng 
were true . The pituitary begins to function above a certain critical 
level as early as age eight or as late as eleven in different individ
uals, initiating at the same time the process or sexual maturati on and 
the second or accelerating phase or physical growth. After thi s  phase 
has progressed tor same time new endocrine factors begin to functi on 
above their critical levels and in serial order operate to close abrupt
ly the epipheses or long bones ,  to check the groWth stimulating factors 
or the p i tuitary, and to bring the process or sexual maturati on to a 
close in the advent or the menarche as early as age eleven or as late 
as age fifteen in different individuals , I t  would be rash to assert 
that thi s  is the true serial order or events but it is clearly a plaus
ible interpretation or the data. Given the same sequence or underlying 
endocrine factors determining physical growth, i t  follows that the pat
terns or early and late maturing groups must be very similar and yet 
different . Individuals who are initially stimulated at age eight, when 
they are comparatively small and tar from their mature size, have their 
initial decelerating phase cut short, exhibit a more rapid and intense 
growth pattern, and reach the cltmax or their accelerating phase at or 
after the menarche . Individuals who are initially stimulated at age 
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twelve, When they are comparati vely big and not rar rrom their mature 
size, have the ir initial decelerating phase prolon�ed, exhibit a less 
rapid and intense growth pattern, and reach the climax or their accel
erating phase six months or a year before the advent or the menarche . 

The implicati ons or the so-called "adolescent spurt " in growth ror 
physi cal care, diet, and mental hygiene have been elaborated in many 
text books but upon an insecure foundation or ract derived rrom cross
secti onal studie s .  The adolescent spurt turns out to be a pre-adoles
cent phenomenon which reaches its climax not at any one age but as early 
as age ten or as late as age fourteen. Further , the accelerating phase 
ror all dimensi ons is concentrated within a peri od or two or three years 
rather than distributed over four or f ive years. The sugge stion or 
greater dietary needs durinG this peri od is far more forceful than 
cross-secti onal studies would indi cate . The iildividual growth curves 
and charts showing growth trends in average s ize provide new material 
with Which to answer some or the persi stent questi ons of the adolescent, 
i . e . ,  "Am I normal? " , "Will I ever stop growing? " , etc . The development 
or methods or predicting the advent or the menarche rrom physi cal data 
·falls outside the scope or thi s study, but i t  is clear that fairly 
accurate predicti ons beginning as early as a�e nine could be constructed 
and would be or considerable clinical value. 
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APPENDIX A 

METHODS OF DEALING WITH CERTAIN LIMITATIONS 
OF LONGITUDINAL DATA 

Since the 1n1t1al problem out of which this study has grown was the 
development of better methods of analyzing longitudinal data, no apology 
need be offered for the inclusion of two appendices on stati stical meth
ods , In Chapter I I I  1 t  was emphasized that an appreciation of the ad
vantages of longi tudinal data provides the key to methods of dealing 
wi th 11m1 tat1ons of such data whi ch were outlined 1n Chapter I I .  The 
d1ff1cult1es which are involved 1n working with such data are automati
cally reduced to the role of minor and techni cal probleEs . They remain, 
however, very real problems. A straight forward exposi ti on directed 
solely to methods ·Of dealing wi th these difficulties would be compara
tively simple. In the records of the Harvard Growth Study, however, 
there 1s tne complicating factor that all the typical 11rrJtat1ons of 
longi tudinal data 1n somewhat extreme form, together wi th some addi tion
al 11m1tat1ons, are inextricably entangled 1n the same data. In add
i tion we have the task of laying the foundation for a constructive at
tack on a specific developmental problem. For the purpose of conven
i ent discussi on this appendix 1s devoted to me .hods of dealing with tne 
11m1 tat1ons of the data of the Harvard Growth Study . Appendix B 1 s  
devoted t o  methods o f  analysis and t o  a presentation o r  the basic numer
ical data which lead directly to the constructive findings which have 
been presented 1n the body of the monograph. Summaries of these appen
dices appear 1n sections eleven and twelve of Appendix B.  

1.  Errati c Measurements and Edi torial Methods 

A feature of the Harvard records whi Ch has operated to di scourage 
analysi s 1s the presence of a considerable number of figures, which 
seem, 1n tne light of all the data, to be di scordant, erratic,  or 1m
possible . To ci te the most extreme example, the original transcript or 
the records contained the following series of annual measurements or 
standing height on case #918 1n which the underlined figure 1s clearly 
impossible : 134, 5, 139 , 3, 134. 5, 149 , 0 ,  and 156 . 8  centimeters . In 
addi tion to such erratic figures 1n the records of 1nd1v1duals ,  an 
i rregular trend 1n averages may also be ci ted, A group of 54 cases all 
or whom were measured during the fall of 1922, 1923, 1926 show the fol
lowing averages for chest depth : 13,41, 13. 17, and 15,37 cent1�e ters. 
Separate sections are devoted to the two problems whi ch are i llustrated 
by these examples. 

The large proportion of questionable figures especially for chest 
breadth and chest depth 1s due to a number of factors . First, the 
measurements were taken over clothing ( Clark, 11 ) , Second, the chest 
measurements are inherently difficult, Third,  the measurements were 
taken by a large and constantly changing personnel, Fourth, systematic 
checks were not employed during the first two years . Fifth, 1 t  1 s  
possible that our standards o f  accurate measurement are spuriously high 
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in that they are based largely on agreements between two independent 
measurements made at the same time ( Boyd, 9 ) , Sixth, and thi s is im
portant though somewhat paradoxical, tne large proportion or apparently 
erratic !igures is due in large part to the avai labi li ty or longitudinal 
data, That i s, i! only cross-secti onal data were avai lable, i t  would 
be qui te impossible !rom the data to deterrr,ine whether a parti cular in
dividual was really 140 or 175 centimeters tall, Instead or being dis
turbed by the presence or apparently erratic figures, the point to be 
emphasized is that longitudinal data reveal erratic figures which other
wi se would not even be suspected. 

It this study were concerned merely wi th the growth trends or chil
dren in general, the problem created by erratic measurements might be 
dismissed on the ground that the errors would cancel out, Since the 
measurements beginning in the !all or 1924 were taken in duplicate and 
later in triplicate, i t  might also be urged that the data, even !rom a 
cross-secti onal point or view, are superior to the general run or cross
secti onal measurements, In the light, however, or the necessity or di
viding the populati on into a large number or sub-groups ( see section one 
ot Appendix B )  some method .o! dealing wi th these erratic figures seemed 
imperative. Since there is a total or 2232 series or records and or 
over 21,000 measurements, a not too labori ous method was an important 
consideration. 

The problem raised by discordant observations is an old one in the 
history or science. Smoothing operations involving moving averages, 
graduation !ormulas, and curve fitting have been widely used especially 
in actuarial science to eliminate irregulari ties in observed data ( See 
Rei tz ,  26 ; Lidstone, 21 ; and Ste!!enson, 32 ) , The typical situation 
tor which a smoothing operati on is appropriate consists or census or 
mortali ty data where there is a tendency to report ages in multiples or 
!ive years. In such cases the smoothing operation redistributes the 
excess frequencies over ad jacent ages . Appli cation or a smoothing op
erati on to the available data, however, would amount in many cases to 
a redistribution or errors . That is,  the available data call for the 
re �ection rather than the smoothing or discordant observations. Since 
the outright rejection or observati ons is not commonly practiced, some 
distinctions need to be noted, The original observer is privi leged to 
reject any measurements which in his judgment were made under �usual 
conditions, while the statistician who has available only the bare 
observati ons is in a di!!erent position. In general rejecti ons which 
might !avor an announced theses are improper, while those which merely 
smooth the data have a different status. Finally, grounds ror rejection 
should be di stinguished . The classical problem involving rejecti on on 
the ground or statistical improbabili ty consisted or the !i!teen ob
servations or the verti cal semi-diameter or Venus (Pierce, 25 ) , Francis 
Gal ton ' s  individual di!!erence problem also stimulated a series or 
papers ( Irwin, 19 ) , I t  is now recognized, however, that such rejecti on 
is somewhat uncertain and arbi trary ( Brunt, 10 ; and Rider, 29 ) , The 
Harvard data provide a very excellent illustrati on or both the logic 
and the uncartainties or this procedure . At age seventeen ( 16 . 75 to 
17 .24 ) there are 102 records or estimated skeletal age . Ninety-three 
or these skeletal ages !all between 194 and 197 months, six are dis
tributed between 184 and 193 months, two !all far outside this normal 
range with skeletal ages o! only 179 months, and one record , case 
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#1272, ralls very !ar out side even these extreme limits with a skeletal 
age or only 147 months. I! only cross-sectional data were available, 
all probability standards would reject the extreme value or 147 months , 
However when the whole record or this case is examined, there is nothing 
to cast suspicion on the accuracy or the estimated skeletal age or 147 
months. That is, the entire record or this individual might be rejected 
on the ground or extreme and abnormally retarded development, but 
nei ther the skeletal age or 147 months nor any other measurement can be 
rejected on the ground that i t  ralls so tar outside the normal di stri
bution as to be improbable , However, in no instance has the entire 
record or an individual been rejected on the ground or abnormality ,  

A third ground !or rejection is present i n  contradictory observa
ti ons or observations known to be contrary to !act. Repeated physical 
measurements are parti cularly well suited to the application or such a 
cri terion because negative di!!erences or increments or growth, at least 
or skele tal measurements, should not exceed diurnal fluctuations and the 
errors involved in measurement. Rejection on the ground or negative 
increments suggest the systematic calculati on or all !irst and second 
di!!erences since this ls a procedure which has been widely used to spot 
errati c fi gures among observations which represent a !uncti on or some 
variable ( Scarborough, 30 ) .  Since diurnal fluctuations are not involve� 
i t  has been assumed as a !irst approximation that negative differences 
or increments greater than hal! a centimeter probably !all outside the 
limi ts or error to be expected !rom the unreliabi lity or the measure
ments . This seems to be the standard or accuracy which the Harvard 
Study attempted to achieve when i t  obtained additional measurements. 
sucn a standard can also be supported !rom studies or the discrepancies 
between pnysical measurements made by two independent observers 
( Dahlberg, 13 ) ,  Two variations or the same essential principles have 
been employed. 

The !irst and less labori ous procedure was applied to all measure
ments over the whole age range and to all 315 cases prior to the avail
abi lity or a verified transcript or the records, The procedure may be 
illustrated by the data or Fi gure 123 which gives the scatter-diagram· 
or all standing heights at all ages plotted against standing heights a 
year later. All points to the lett or the continuous zigzag line rep
resent instances in which height at one age is less than a year earlier. 
There are only 22 such points in Figure 123 although the total number 
or negative increments i s much larger. For the most part these negative 
increments occur at ages at whi ch growth has ceased and only twenty
three are greater tnan hal! a centimeter. Given such a scatter-diagram 
we might determine the two regression curves, make distributions or 
differences between predicted and actual values, and reject all differ
ences which !all beyond certain defined limi ts . In tne present case , 
however, simple inspection is adequate to reveal tne points whi ch de
viate most !rom the central trend. Attention is called to the two most 
extreme deviates which are underlined. Characteristi cally, both de
viates are !ran a single case, #9181 which was ci ted at the beginning 
or this section. The original; transcript gave the following series or 
annual measurements in which the underlined figure is doubtful or 1m
possible : 134. 51 139 ,3, �. 149 .01  and 156 . 8  centimeters. This case 
provides an excellent i llustration or criteria !or tns rejection or 
errati c measurements. First, the two pairs or measurements 139 .3-134.5 
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Fig. 124 . --scatter-diagram or all Chest Breadths at all Ages 
Plotted against Chest Breadths a Year Later, Illustrating Procedure 
Employed to Spot Errati c Measurements. 

and 134 . 5-149 .0,  when plotted on a scatter-diagram as in Figure 123, 
both deviate abnormally tram the central trend and in opposite direc
tions . Second , the difference be tween 139 .3 and 134. 5  centimeters a 
year later gives a negative increment or -4 . 8  which greatly exceeds the 
limits or error involved in taking the measurement. Likewi se, the dif
ference between 134 . 5  and 149 . 0  a year later gives a positive increment 
or 14 . 5  centimeters which ralls so rar beyond the extreme range or other 
increments as to be highly improbable . Finally, these two di fferences 
are in opposite directions so tnat the second order difference ( -4 . 8  
minus 14 .5)  ralls still further beyond tne extreme range o r  the second 
differences .  The procedure is not laborious and i s  obviously objective . 
Further, in this particular case tne procedure proved to be valid since 
the verified transcript corrected the record or this case . The verified 
record gives the aeries 134. 5, 139 . 3, 143 .5, 149 . 0  and 156 . 8  centime
ters . Figure 124 presents a second i llustrati on or tnia procedure ror 
cheat breadth. Here 19% or the plotted points tall to the lett or the 
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zigzag line indicating instances in whi ch there is a decline in the 

measurement or che st breatn !rom one age to the next. There i s  also a 

mucn larger proportion or points whicn deviate abnormally !rom the cen

tral trend tnan in tne case or standing height. 1he underlined points 

indicate those which were marked as errati c on tne original transcript 

or tne data. W i tn the exception or i liac diameter, chest breadtn, and 

cne st deptn, tile procedure just illustrated was the method used to spot 

discordant f i gure s .  Only one measurement for sternal height, four !or 

si tting height, tour !or weight, and none !or standing height and skele

tal age were re.1ected as errati c .  In the case o! erupted teetn 31 fig

ure s were discarded .  Errati c figures !or the number o! erupted perma

nent teeth seem to be due to fai lure to count extracted teeth as erupted. 

The more refined and laborious procedure applied to measurements or 

i liac diameter, chest breadth, and chest depth involved the calculation 

ot first and second di fferences. Annual increments were compllted 

throughout the age range and di stributed for each age interval as s ix 

to seven, seven to eight, e tc . , without regard to menarcheal a�es. The 

standard deviation o! each di stribution or increments was determined 

and all posi t1 ve increments exceeding the average b�· two standard devia

tions were marked as doubtful. All negative increments greater than 

hal! a centimeter were also marked as doubtful. The series o! gross 

measurements and or increments !or each individual were then examined 

giving special attention to instances in which two consequtive incre

ments were marked as doubtful. In such cases second differences were 

also computed and examined. The selection or parti cular measurements 

!or edi torial rejection was made on the bas'. s o! the trend establi shed 

by the whole series or measurements on each individual. Typi cal editor

ial eliminati ons are illustrated by the following cases in which the 

underlined figures tor chest breadth have been discarded. Case #732, 
beginning at age 11-11 : 22 . 3, 23.2, 26 . 0 ,  25 .4, 25 .2, 25.0,  24.7,  and 

24.9 centimeters . In this case g§ . O  i s  clearly errati c .  The downward 

trend !rom 25.4 to 24. 7  i s  also ouest1onable but not ru!!iciently so to 

warrant the re j ection o! ei ther. case #71, beginning at age ll-3 :  19 .7, 
19 .2, 24.6, 22 . 4, 21 ,9,  22.4, 21,7, and 21. 8  centimeters, Here, � 

is clearly arrati c, but the trend established by the remaining measure s 

is too uncertain to warrant addi tional rejections. Although a fairly 

obj ective procedure may be set up !or the purpose o! locating discordant 

figures, the selection o! parti cular measurements tor edi torial elimi

nation is not amenable to strictly mechanical routine . The total num

bers or edi torial eliminati ons or iliac diameter, chest breadth, and 

chest depth are 28, 108, and 112 respectively or 1 . 1%, 5.4%, and 5 . 5%  
respectively or the number o! orig inal figure s ,  

2. Systematic Changes !rom One Year to the Next 

in Methods o! Measurement 

The average che st depth !or a group o! 54 cases, all or whom were 

measured during the !all o! 1922, the !all o! 1923, and the !all or 

1926, at average ages or approximately 7, 0 , 8,0,  and 11.0 are 13.41, 

13. 17, and 15 . 37 centimeters . In cross-sectional studies the decline 

or .24 centimeters between age 7,0  and 8 , 0  would be attributed to sam
pling errore, but here it at once suggests the occurance o! some system

atic change or variati on  in methods o! measurement. This trend may be 
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compared with data collected by the U, s, Public Health Service 
( Collins, 12 ) .  They report averages or chest depth at the nearest 
birthday on over fifteen hundred girls at each age , Using the annual 
increments derived tram both studies we have the following tabular data. 

Harvard 
Study 

Increment age 7,0  to 8,0 - . 24  

Average increment per year, age 7.0  to 11 . 0  .49 
Average increment per year, age 8 . 0  to 11 .0 . 73  

u. S .  Public 
Health 

. 30  

. 42  

.47 

Since the Harvard increment from age 7.0 to 8 . 0  is abnormally negative 
while that trom age 8. 0 to 11 . 0 is abnormally large, it would appear 
trom these figures that the measurements or chest depth taken during 
the �11 or 1923 are in error. In the light or the data or the u .  s. 
Public Health Service they are on the average . 54  centimeters too low. 
Further evidence ot some abnormality in these data is provided by the 
decidedly bimodal distribution or the increments and the large propor
tion ot negative increments in chest depth between the first and second 
year or the Study. This distribution is as follows : in three cases 
the increments are 1 . 5  centimeters or more, in 19 cases from ,5 to 1.4 
centimeters, in 6 cases tram -.5 to ,4 centimeters, in 19 cases from 
-1 . 5 to -.6 centimeters, and in 7 cases tram -3. 0  to -1, 6  centimeters. 
The evidence is unmistakable that some marked departure from the normal 
method or measuring chest depth is involved on the part or one or more 
anthropometrists. Given access to the details ot the original data 
which indicate the persons taking each measurement it might be possible 
to locate the specific causes and make corrections, but this has not 
been attempted. Instead, these data have been edited by methods des
cribed in the preceding section on erratic measuremente. However, mere 
editorial rejection or erratic figures does not solve the problem sug
gested by this instance. It is important to determine whether there 
are other instances ot apparently systematic changes from one year to 
the next in methods or measurement.  

The effectiveness ot examining the individual increments from one 
year or the Study to the next tor b1m.odal di stributi ons and tor ex
cessive proportions or negative increments has already been illustrated .  
These procedures were applied t o  chest breadth, chest depth, and iliac 
diameter using the final �election or 248 cases prior to the editing or 
the data. With the exception or the one bimodal distribution already 
described nothing approximating a bimodal distribution by �1mple in
spection Yes round among twenty-nine which were prepared. While each 
year or the Study shows a proportion or negative increments, in no one 
year, save between the first and second in the case or chest depth is 
this proportion excessive in comparison with other years. These re
sults, however, represent the absence or evidence or systematic chahges 
from year to year in methods or measurement rather than evidence that 
no changes took place, 

The second, and also indecisive, procedure applied to a preltminar,r 
selection or 264 cases may be illustrated by the following tabulation 
which shows the incrementa 1n standing height between age eleven and 
twelve as determined tor different groups or identical cases measured 
during different years ot the Study. 
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Years of Number of Increments Departures from 
Study Cases in Height Normal Increment 

3rd to 4th 7 6 . 5  -.2 
4th to 5th 26 6 . 6  -. 1 
5th to 6th 101 6 .3 -.4 
6th to 7th 87 7.2 .5 
7th to 8th 25 6.9 .2 
8th to 9th 3 4.3 -2.4 

Total 249 6 . 7  

Th i s  tabulation i s  read a s  follows. Seven cases age eleven during the 
third year of the Study who were remeasured at age twelve during the 
fourth year of the Study showed an average increment of 6.5 centimeters 
in standing height. On the average 249 identical cases measured during 
various years of the. Study gained 6 . 7  centimeters between age eleven and 
twelve. Using this gain of 6.7 centimeters as a standard, the gain be
tween the third and fourth year is -.2 centimeters below normal . Thir
teen such tables were prepared. The deviations from nonnal increments 
were weighted by the number of cases and averaged.  The results give 
apparently significant fluctuations from year to year. From the sixth 
to the seventh year ot the Study { fall of 1927 to fall of 1928 ) the 
weighted deviation from normal is .9 centimeters whereas from the ninth 
to the tenth year {tall of 1930 to tall of 1931 )  the weighted deviation 
from normal is -. 7 centimeters. Since measurements in triplicate were 
taken during these years and since the measurement of standing height 
is so objective and well standardized as to be hardly subject to sys
tematic changes in methods of measurement, it would appear that the in
terval from the tall ot 1927 to the tall ot 1928 Yes a good growing 
year whereas the interval from the fall of 1930 to 1931 YeS not {Palmer, 
23) . The extreme variations in chest depth, chest breadth, and iliac 
diameter are approximately half of the extreme variation in standing 
height which has been cited. Again, however, such data merely tail to 
provide direct evidence of changes or variations in methods of measure
•nt • .  

The chief antidote for changes from year to year in methods of mea
surement, if there are any in addi tion to the one clear case , is the 
tact, already noted in the illustrative data cited above tor standing 
height, that growth from one age to the next i s  determinec: by measure
•nts spread over a seven year period. Under these conditions the type 
or error Which we have been discussing tends to cancel out . 

3. Questionable Menarcheal Age Records 

Tbe available data on the advent of the menarche have serious limi
tations. Only the data from the city of •s• can be regarded as really 
trustworthy. In this school the physical education instructor, a woman, 
tnterviewed each girl over a peri od of years tor the purpose of collect
ing these data. While these records are t?el1eved to be accurate their 
collection was discontinued when the girls in this school averaged 
about thirteen years of age . Hence, there is only one case w1 th a re
corded menarcheal age of fourteen or later. Only 32 of the 248 cases 
are !rCD this school. 
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The questi onnaire data obtained in the city of � ·  are unsati sfac
tory from several points of view, The questionnaires were distributed 
to mothers when the subj ects ranged in a�e from eleven to sixteen. I t  
resul ts that many of the records carry indef inite notati ons a s  "advent 
of menarche not by " such and such an age . Sixty-seven such cases among 
the 315 ori ginally made available have been discarded f or the purposes 
of this study . Ten such cases where the notati on is "advent of the 
mer.arche not by " age 14-5 or later have been included amonr:, the 248 
cases selected f or intensive study. No systematic check of the ques
ti onnaire returns against other data was attempted nor was the questi on
naire procedure repeated . However, in connec ti on with the collecti on 
of other data thirty-f ive cases were rechecked by a social worker in 
1934-35 . One c onsi derable di screpancy was reported, but it is uncertain 
whether the original return or that of the social worker in this case , 
is in error. 

·rhe process of ver1fyinr; the transcript or the data accentuated 
these uncertainties, I t  will be recalled that two independent trar•
scripts of the data were made available and that all the di screpancies 
between these two transcripts were rechecked against the original rec
ords. OUt of a total of 21 , 391 physical measurements only 317 or less 
than l . S'b showed discrepancies, but out of a total of 248 menarcheal 
ages 53 or 21 . 3% showed discrepanc ies between the two transcripts. 

In add i ti on to these obvi ous uncertainti es the internal evidence 
of the data casts doubt on the accuracy of parti cular menarcheal records. 
For example , in Figures 1, 2, and 3 attenti on was called to the markedly 
excepti onal trends shown by case #2379 , At vari ous stages of this study 
several attempts have been made to capi talize thi s  internal evidence f or 
the purpose of marking parti cular cases as of questi onable accurac�. 
The problem is important for the formulation of a more precise Judgment 
concerning the accuracy of these data as a whole . I t  was also felt that 
a l ist of most doubtful cases might prove valuable to other students. 
Specifically, such a list might encourage the rechecking of these rec
ords by personal interviews with the subjects. Or, studies of the re
lation between first menstruation and mental growth curves or changing 
body builds might be facilitated by the outright rejection of the most 
dout5ttul records , I t  i s  to be noted, however, that wi th three excep
tional the rejection of doubtful records is not involved in this study 
since thi s would amount to favoring a thesis already announced. Even 
when all cases are included in the analysis, the differential patterns 
are unexpectedly clear and regular. If it is assumed that some of the 
menarcheal records are in error, then it must be concluded that the 
true differential patterns are still more clearly defined. 

The general procedure employed to mark particular cases as of doubt
ful accuracy involves four steps. First, a predi ction of menarcheal 
ages from physical measurements is built up from a multiple regression 
equation. Second, differences between predicted and reported menarcheal 
ages are computed , Third, it iB argued that the most extreu.e Of these 
differences can be used to mark certain records a& of doubtful accuracy. 
Fourth, thi s  argument is tested in terms of the data from city "B" 

1 rhe exce p t i ons are as fo l l ows : sec t i o n  s ix of C h� p t e r  IV I n  w h i c h  one 

case was reje c t ed ;  se c t i o n  n i ne of Cha p t e r  IV I n  w h ic h  n i ne cases .,ere rej�c t e � .  

an.d S 6 r. t  I on t h r e e  o f  C h a p t 11 r  V !.� he re f l u e  cases w e r e  re j e c t ed .  
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and "M" .  
The multiple correlation between tive physical measurements and 

menarcheal ages tor 246 cases w1th relatively complete physical data 
as reported in Chapter XII is . 765. The magnitude ot this correlati on 
is taken as prima tacie evidence that the menarcheal records on the 
whole are substantially correct. From among the ti ve physical variables 
tour haYe been selected tor the purpose ot predi cting reported menar
cheal ag!s • The regression equation is 

X1 = 3. 6709X2 - 1 . 6484x3 -. 7207x4 -.2451x5 - 146 .2917 
in whic}'; X1 iS the predicted menarcheal age in months, JC2 iS chronologi
cal age in years at the close ot the year or maximum growth in standing 
height, x3 is the increments in standing height in centtmeters tor the 
year ending at ages 14.0 and 14. 5, X4 is the increments in wet �ht in 
kilograms tor the year ending at ages 12 .0 and 12.5, and x5 is skeletal 
age in months at ages 12. 5  and 13.0.  The theoretical multiple correla
tion involving these variables is . 782 and the correlation between the 
computed predictions and reported menarcheal ages is .755. 

We now have three distributi ons : one ot the reported menarcheal 
ages, one ot predicted menarcheal ages and one ot deviati ons obtained 
by subtracting predicted tram reported menarcheal ages. Certain con
stants need to be recorded . 

Variables Hean S.D.  s. D .2 Bl B2 

1 .  Reported M.A. 155.60 12 . 9 6  167 . 96 .286 4.92 
2. Predicted M.A. 155.50 9 . 90  98.0� . 036 2.68 
3. Deviations -.1 8.34 69 . 55 1 . 251 8.46 

I t  will be noted that the distributions do not test strictly normal. 
The di stribution ot reported menarcheal ages is slightly skewed {Bl 
being .286) and more definitely leptokurt1c or peaked {B2 being 4.92 ) . 
The distribution ot predicted menarcheal ages is very �etrical { Bl 
being .036) and slightly p1at1kurtic or tlat { B2 being 2.68 ) . The dis
tribution ot deviations is markedly skewed { B1 being 1 .251 ) and markedly 
leptokurtic { B.2  being 8.46 ) .  

To account tor the distribution ot deviations i t  i s  necessary first 
to analyze the distributions ot reported and predicted menarcheal ages. 
The distribution ot reported menarcheal ages may be attributed to three 
!actors : true individual differences, randan errors in the records, and 
gross inaccuracies such as would result tran correct information con
cerning the month and day ot tirst menstruation but incorrect intorma
ti on as to the year. or, we may write OR� - OMi • (lwi,• (lw� • (lw� -12. 9 6 2 - 16 7. 9 6 
in which OR� is the variance ot reported menarcheal ages,(ly�is the 
variance or that part or the true individual differences in menarcheal 
ages c011111on to th� predicted menarcheal ages , (lwi, is the true variance 
not CCIII!lon to the prediction,(ly� is the variance ot random errors, and �� is the variance or the gross inaccuracies. Stmilarly, the pre
dicted menarcheal ages may be det1ned as 

o;;� • £7Pi-+ DPi-+ op�-9.902 - 9 8. 01 
in which op� is tbe variance or the predicted menarcneal ages, oPi and op� are the true individual dU:terences in ccmmon w1 th and not in com
mon w1 th reported menarcheal ages, anc!op� is the variance ot random 
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errors or measurement. Now, letting 002 be the variance or the devia
tions Oi)2..0R�-GPt or 167 . 96 - 98 ,01 = 69 . 95 which checks with the 
directly calculated value or 69 , 55 ,  Or 

002 
• (o;;;� - DPi) -+ (�e -DP�)+ (��-DP�) +OU� - 69. 5 5  

It should be apparent that the terms in parentheses tend to cancel out, 
while gross errors in the reported menarcheal ages, u.;� , do not . 'nlat 
is, it 0"./r. constitutes, tor example, 10% or the original variance in 

ORt 1 then it constitutes 24% or the variance in the deviati ons. The 
decidedly aaymmetrical and leptokurtic nature or the distributi on or 
deviati ons rnav be attributed to the larger role assumed by gross inac
curaci es. Further, in the light or this logic, it may be urged on sheer 
grounds or probability that the most extreme or the deviations repre
s�nt instances in which the reported menarcheal ap;e is or doubtful 
accuracy. 

The ditticulty with the argument or statisti cal improbability is 
that i t  i s  just the improbable which otten actually materializes. Fur
ther, this criteri on does not say whether tive or titty cases should be 
marked as doubtful. We have, however, a small group or 30 cases !rom 
city •s• in which the reported menarcheal ages are believed to be en
tirely accurate . Whereas, the correlation between reported and predict
ed menarcheal ages is , 755 tor all 246 cases, it is . 743 tor city �· 
and , 790 tor city "B" . In city "B" , as already noted, tne range- or re
ported menarcneal ages is decidedly smaller than in the whole populati on. 
When correction is made tor tnis !actor and tor tne restricted range or 
predicted menarcneal ages the correlati on iR . 8891 , Whereas the standard 
deviation or the deviations tor all cases i s  9 , 90 i t  is only 5.10 in 
city "B" .  This standard deviati on or 5 , 10, however, can not be taken 
as a criterion or the true distributi on or deviations to be expected 
tram accurate records because it is influenced by the curtailment or 
reported menarcheal ages. A better criterion is the standard error or 
estimate obtained by applying the corrected correlation or . 999 to the 
standard deviati on or the reported menarcheal ages or 12 . 96,  This i s  
5 .  70 months. 

For i llustrative purposes Figure 125 presents the obtained distri
buti on· or deviations ( continuous line ; S . D .  : 8 , 34  months } and the theo
retical normal distribution to be expected 1t the information !ran city 
•s• is taken as a cri teri on or what should be expected !rom data tree 
ot gross inaccuracies ( broken curve; S.D.  : 5,70 months } .  It i s  readily 
apparent that the theoretical distribution tits the obtained distribu
tion unusually well considering the apparently great d1tterence in their 
standard deViations, That is, the magnitude or the standard deviaticm 
ot the obtained deviations (8,34} is due largely to a rew extreme 
values .  According to the criterion we would expect to tind among 246 
cases only one deviation falling outside the limits or plus and minus 
16 . 36  months. Actually, fourteen cases tall outside these limits. 
Eliminating these fourteen cases, the remaining 232 deviations have a 

1pears on ,  lar l ,  on t h e  I n f l uence or doub le se l e c t ion on t he Par tat t on and 

corr e l a e lon of t w o  c harac u rs . B l oaU r Ua ,  1 908, � .  1 1 1 -t t :l .  B lnce correcUo_ll 
for res t r ic ted rants Is often e rroneous !// ca leu l a Ud , , U s ho u ld be noeed that Ea 
and Ez fro• Pearson ' s  for• u laa ( I )  and I I I J should b e  a u ba e l t u ted ill h la foraala 
( I l l ) and ll O I P e d  (or r 1 2 •  
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Fig. 125. --Distribution of Differences Be tween Reported and Pre
dicted Menarcheal Ages in Comparison with Distribution of Differences 
to be Expected From a Normal Curve . 
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standard deviation ot 6 . 16 months, B1 is . 011 indicating a symmetrical 
di stribution, and B2 is 2 . 94 indi cating a closely mesokurtic or normal 
distribution. These results tend to confirm the validity or the cri
terion based on the data or cit,y "B " .  

The tourteen cases which are marked as or doubtful accuracy by this 
analysis are listed in the tollowtng tabulation in the order ot the 
magnitude ot their deviations. 

Reported Predicted 
Menarcheal Menarcheal Deviations 

Age Age 

Case # Years Months Years Months Years Months 

1272 18-Q 216 13 .91 166 ,9 4.09 49.1 
598 16-2 194 13.28 159 .3 2.89 34.7 
621 11-1 133 12.95 155 .4 -1 . 87 -22.4 
346 13-11 167 12 . 12 145.4 1.80 21. 6  
697 14-2 170 12.38 148 . 6  1.78 21.4 

1286 11-4 138 13.09 157. 1  -1. 76 -21.1 
680 14-Q 168 12 .27 147.2 1.73 20 , 8  

1832 n-o 132 12 .71 152 .5 -1.71 -20.5 
43 12-Q 144 13.68 164,2 -1 . 68 -20.2 

1695 15-1 181 13.42 161 .0 1,67 20,0 
1334 13-9 165 ·12 . 30  147. 6  1.45 17.4 
1716 10-9 129 12. 18 148. 1  -1. 42  -17, 1  

220 11-9 141 13. 15 157 . 8  -1.40 -16 . 8  
2991 16-1 193 14. 7J: 176 . 5  1 , 38 16 .5 

4. Unusual and Abnormal Patterns ot Growth 

In addition to the 11st or cases w1 th doubtful menarcheal records 
it may be or some value to other students to have readily at hand a 
11st or cases w1 th unusual or abnormal patterns or growth in standing 
height. The spotting or these cases was incidental to a problem Which 
involved the charting or the annual increments in standing height or 
all individuals . The following tabulation gives the case number, the 
reported menarcheal age, a statement or the nature ot the unusual pat
tern, and such other comment as seems pertinent, 

#1060 , advent ot menarche not by 15-2, irregular increments tor 
the years ending at age 15 . 16 and 16 . 16 .  Standing height at age 15.16 
talls about two centimeters short or expectation and is possibly 
errati c .  

/11272, advent or menarche not by 18-0, an extremely retarded in
dividual , skeletal development about tive years retarded . 

#2904, menarche at 14-2, i rregular increments tor the years ending 
at 12 .30, 13 .31, and 14.33. Standing height at age 12�30 exceeds ex
pectations and at 13.31 ralls short or expectations; possibly these 
values are erratic .  

#1041, menarche a t  13-1, abnormally large increment tor the year 
ending at age 8 , 72 and absence or defined maximum increment. 

#2355, menarche at 12-10, irregular increments tor the years end
ing at ases 11.43, 12 . 38, and 13.38 , 
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#1440, menarche at 13-5, marked absence or defined maximum incre
ment. 

5 .  The Absence or Measurements on Birthdays and Long Intervals 
Between Measurements 

The convenient administrati on or the Harvard Growth Study requi red 
that all measurements be made in the fall or spring or succeeding years , 
I t  follows, f i rst, that rew measurements were taken approximately at 
b i rthdays. Th is feature or the data has created perplexities for many 
students , The usual procedure has been to make straight-line interpola
tions or the individual records to exact ages, -- a procedure Which ob
viously does vi olence to the data. This amounts to putting a moving 
average or two years through the individual records, flattening curves ,  
and obscuring the changing pattern or growth. Th e  problem i s  an imagi
nary one, Measurements at exact birthdays are Wholly immaterial for 
the purposes or this study or ror any study involving continuous records. 
A more important point is that measurements should be taken at regular 
and exact intervals. 

It follows, second, that measurements were taken at intervals or 
a year. The limitations or annual measurements may be i llustrated by 
reference to Figures 1 and 2, I t  i s  apparent that measurements at 
annual intervals are too infrequent in the light or the sharp change in 
trend which occurs at age 13. 0 .  In the case at least or standing and 
si tting height the data point to the desirability or measurements at 
semi-annual or even quarterly intervals during the period or two years 
prior to and a year after the menarche in order that the transition 
point between accelerating and decelerating growth may be more clearly 
marked , 

These two difficulties have been greatlv alleviated by the simple 
device or dividing the whole number or 248 cases into two sub-popula
ti ons ; those measured ror the most part within three montns or exact 
birthdays and those measured ror the most part within three months or 
the half-yearly ann iversaries or birthdays . For the purposes or con
venient reference cases measured within three months or exact bi rthdays 
w111 be referred to as populati ons X and Y. There are , or course, a 
rew cases who are difficult or classification. For example, case #1243 
was measured at ages 1 1 , 26 ,  12 .22, 13,25, 14.26, 15,23, 16 . 24, 17,20, 
18.22, 19 ,22, and 20 ,21. This case i s  classi fied in t he X population 
(measured r or the most part wi thin three months or birthdays ) although 
the first and fourth sets or measurements were taken nearer the half
yearly anniversaries or birthdays ,  There are 24 borderline cases or 
this type and 69 sets or measurements on these cases, or 2 , 7%  or the 
total, which fall outside the exact 11mits or the particular sub-popula
tion in which they are classified , Throughout, all references to the 
ages or these two populations are the mid-points or age intervals or 
approximately six months. Thus, p opulation X was measured at age 6 . 0 ,  
7 , 0 ,  etc . ,  population Y at age 6 , 5, 7 . 5 ,  etc . 

The advantages or the procedure or dividing the total p opulation 
into cases measured approximately at birthdays and cases measured 
approximately at the half-yearly anniversaries or birthdays are as 
follows : It avoids the extremely laborious process or estimating di
mensi ons at exact birthdays r or each individual. I t  avoids the 
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systematic errors or linear interpolation to exact birthdays. It cuts 
in half the errors involved in the common practice or grouping all 
measurements made w1 thin an interval of twelve months. I t  autana.t1cally 
provides an empirical check on the reliability or the obtained data . 
Finally, this procedure paves the way for much more flexible and ettect
iV6 attacks on specific problems. 

6, I rregular Intervals 

I t  has been remarked that under normal conditions i t  is exceedingly 
difficult to obtain measurements at exact birthdays and difficult enough 
to obtain measurements at exact intervals . In the preceding section i t  
was emphasized that it i s  the exact intervals rather than measurements 
on exact birthdays which are important. However, i t  is possible to 
overdo even the demand for exact intervals because if this i s  done 
accidents to administrative plans and absences from school multiply the 
gaps in the data. No longitudinal study can escape fran the inherent 
difficulties which arise tram the mutual interplay of such considera� 
tiona . 

In Chapter II it was noted that the measurements or the Harvard 
Growth Study were delayed during the first year ot the study. Instead 
ot the measurements being completed on schedule in the tall of 1922 
many cases were not measured until the following January and even Feb
ruary or 1923. Table 8 records the nature of the intervals from year 
to year tor a preliminary selection of 264 cases. Between the first 
and second measurements the average interval, tor 94 cases measured 
both times, is 298 days or 67 days short or an exact year. In 64.0% 

· or these cases the intervals fall short of an exact year b.v 10% or more , 
Similarly, the intervals between the second and third autumn average 15 
days in excess or an exact year, but only 1 . 9%  ot the intervals exceed 
a year by 10% or more . Again, between the eleventh and twelfth autumn 
the intervals average 11 days in excess or an exact year, but only 2.4% 
ot the intervals exceed a year by 10% or more. I t  will be noted from 
the summary figures that 94.5% or the 2378 intervals considered fall 
within a range of 10% or an exact year. Hence, i t  appears that the 
Harvard Growth Study was quite successful in obtaining measurements at 
intervals closely approximating exact years . 

A number or considerations indicate that it is not necessary to make 
adjustments tor the irregularities in the intervals. In the !irst 
place, the greatest irregularity between the first and second year of 
the study ditrers from an exact year by only 18.$ on the average. A 
measured increment of 2.0 kilograms between the first and second year 
when adjusted would be increased to only 2.4 kilograms . In the second 
place, measurements during the f irst year ot the study were made on 
children ranging in age from five to ten, hence the error i s  spread over 
a period or five years . In the third place ,  the error affects only 35% 
ot the total number of cases, since only this proportion was measured 
during the first autumn of the study. Finally, certain measurements 
are not sutticiently reliable to promise much gain !ran the extra re
finement. However, measurements of standing height, sternal height, 
si tt1ng height, and weight made during the first· year of the study have 
been adjusted where the interval to the second measurement falls short 
ot an exact year by 10% or more . In the light or the above discussion 
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TABLE 8 

AVERAGE INTERVALS FRCJt.l YEAR TO YEAR, DIFFERENCES FROM AN 
EXACT YEAR, AND PERCENTAGFS OF INTERVAL.'l W!THIN TEN PFJl 

CFNT OF AN EXACT YFAR 

Years of Nll!llber of Actual Difference Percentage of Interv�ls Dif-
Harvard Identical Average from fering from an exact year. 
Study Cases Interval Exact Year Short Less Long 

in Days 10% or than 1� or 
:nore 10% more 

lst v. 2nd .94 298 -67 84. 0  16. 0 o. o 
2nd v. 3rd 216 380 15 o. o 98. 1 1 .9  
3rd. v. 4th 249 357 -8 . 4  99. 6  0. 0 
4th v. 5th 242 366 1 0. 0 100. 0 0. 0 
5th v. 6th 241 363 -:C 0 .0  100. 0 ').0 
6th v. 7th 255 364 -1 0 .0  100.0 0. 0 
7th v. 8th 254 362 -3 0. 0 100. 0 o.o 
8th v. 9th 243 366 1 0. 0 99. 2  . 8  
9th v .  lOth 222 3Ti 6 . 5  97. 7  1. 8 
lOth v. 11th 198 359 -6 2. 1 97. 9  0 .0  
11th v. 12th 148 376 11 0. 0 97. 6  2. 4 
12th v. 13th 16 381 5 o. o 93. 2  6. 2 

Total 2378 3.6  94. 5  1. 9 

TABLE 9 

NUMBER OF GAPS OF EACH KIND AND NUMBER OF ORIGINAL FIGURES 
FOR EACH OF NINE DIMENSIONS 

Dil1lensions Rando111. Systelll- Editorial Total Total original 
gaps atic gaps gaps gaps figures. 

Standing height 75 0 0 75 2545 
Sternal height 75 0 1 76 2541 
Sitting height 78 0 4 82 2536 
Weight 75 0 4 79 2536 
Skeletal age 130 0 0 130 2548 
Erupted teeth 80 0 31 111 2294 
Iliac diBIIleter 60 84 28 172 2308 
Chest depth 51 394 112 557 1914 
Chest breadth 56 403 108 573 1891 

Total 680 887 288 1855 21, 103 
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an attemp t to adjust for irregulari ties in the intervals between the 
second and third autumn and between the eleventh and twelf th autumn 
would probably introduce as much error as would be eliminated. 

7. Me thods of Dealing With Gaps in the Data 

In previous pages three types of gaps in the Harvard Growth Study 
data have been menti oned . There are random gaps due to acc idents or to 
absence from school when the measurements were being taken. For the 
most part in such cases all the measurements on a given child are miss,... 
ing for a given year. There are systematic gap s due to the omission of 
iliac diameter during the fall of 1923 and to the omi ssion or chest 
breadth and depth during the fall of 1924 and 1925 . (However, if the 
ini tial measurements on a given child were not made until the fall of 
1923 , then, the absence of data for iliac diameter for such year i s  not 
counted as a gap ) .  Finally, there are editorial gaps due to the dis
carding of apparently erratic figures. The total number of gaps i s  
1 , 855 leaving a total o f  21 , 103 original figures.  Table 9 gives the 
number of gaps of each kind and the number of original figures for each 
of the nine measurements. 

Two di fferent procedures, each yielding much the same results, may 
be used in dealing with these gaps.  One procedure, to be described in 
greater detail in section two of Appendix B and employed consistantly 
in dealing with the problem created by overlapping records, consi sts of 
carrying out all of the analysis in terms of annual increments and of 
spli cing the resulting average increments together to some base year, 
This procedure would completely avoid interpolation and is more straight 
forward and less labori ous than interpolation .  I ts limi tati on i s  that 
i t  automatically di scards the ini tial and final measurements of a series 
in whi ch gaps occur j ust after the initial measurement or just before 
the f inal measurement. · Under this procedure , i t  is impossible to bridge 
the gaps created by the systemati c omi ssi on of measurements or iliac 
diameter, chest breadth, and chest depth during �he early years of the 
Study, 

The l imitations of the procedure just described has led to the 
systematic interpolation of all the gaps in the records . In no case, 
however, has straightline or linear interpolati on been applied blindly, 
As will be explained later the 248 cases were divided into sixteen sub
groups ,  Interpolati ons for random and edi torial gaps have been based 
on the trend of the data established by the sub-group to which the in
dividual belonged, Where less than ten cases were available for thi s 
purpose data from adjacent sub-groups were combined to establish trends. 
The two year increment shown by the individual record has been appor
ti oned between the first and second year in the same proporti ons as 
established by cases for whom complete data are available . For example, 
if the trend in standing height for a given group at ages 12 .0, 13. 0  
and 14. 0  i s  150, 157 and 160 centimeters, then, i n  interpolating for a 
gap at age thirteen 70% or the two year increment or the individual i s  
apportioned t o  the second year. 

Systematic gaps have also been filled by interpolations. In the 
case of iliac diameter the trends for i denti cal cases measured at ages 
six and seven, ages seven and eight, ages eight and nine, ages six and 
eight, and ages seven and nine wi thout regard to menarcheal groups have 
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TABLE 10 

TOTAL NUMBER OF ORIGINAL AND INTERPOLATII> FIGURES AND PROPORTION OF 
INTERPOLATED FIGURES AT EACH AGE FOR ILIAC DIAMETER , 

CHFST DEPTH , A.'ID CHFST BREADTH 

Ages* Iliac Dia.'neter Chest Depth Chest Breadth 

Total %Inter- Total % Inter- Total % Inter-
Figures polations Figures polations Figures polations 

5. 75-6.74 47 0. 0 65 3 . 1  64 3.1  
6. 75-7 . 74 94 47. 9  118 29. 7 117 23.9 
7. 75-8 . 74 134 21.6 179 52. 5 183 49.7 
8. 75-9.74 209 7.2  198 78. 8 201 78. 1 
9. 75-10. 74 234 6 . 4  205 55 .6  211 56. 4 

10. 75-11. 74 246 4. 1 230 20. 4 no 17. 0 
11. 75-12.74 247 3 . 6  239 6. 3 240 11. 2 
12. 75-13 . 74 247 3.6 247 8.9 247 7.3 
13. 75-14. 74 247 2 . 8  '247 7.7 245 9. 8 
14. 75-15. 74 238 4.2  238 s. o 236 10. 2 
15. 75-16. 74 221 3 . 2  216 6. 9 216 9. 7 
16. 75-17.74 191 6. 3 17d 8. 4 175 9. 1 
17. 75-18. 74 90 4 . 4  86 4 . 6  7 5  8. 0 
18. 75-19. 74 22 0.0  22  0. 0 21 4. 8 
19. 75-2::>. 74 3 0. 0 3 0. 0 3 0. 0 

All ages 2470 7.0  2471 22. 5 2464 23. 2  

*The unusual age ranges are due to th e  procedure, described in section 
five, of divid ing the whole number of cases into two popul�tions. Counts 
of interpolations were made separately for these two populations and 
combined. 

been studied, These indicate that tne annual increments in iliac diame
eter are very DllCh alike, Hence, straigntl1ne interpolation has been 
employed, A count ot the number or original and or interpolated figures 
tor iliac diameter has been made at each age and is recorded in Table 10, 
Tbe data show at age six that 47 original figures are available and no 
interpolations, at age seven 94 original and interpolated figures are 
available or which 47. �  are interpolations, at age eight 134 original 
and interpolated figures are avai lable of which 21 . � are interpolations, 
at age nine 209 original and interpolated figures are available or which 
7 .� are interpolations, etc, 'l'he small proportion or interpolations at 
any age iS due in part to the fact that many Children were not measured 
during the tall or 1922 and in part to the tact that interpolations tor 
the omitted data ot the tall ot l923 are spread over a t1ve year age range , 

Measurements or chest depth and breadth omi tted during the tall ot 
1924 and 1925 have been interpolated on the basis of positively accel
erated trends established by over 1500 cases at each age as measured 
by the U, s. Public Health Service, Since two consecutive years are 
missing the proportion ot such interpolati ons is uruch larger than in 
the case of i liac diameter rising to almost 60% at age nine . Table 10 
shows in detail the proportion or interpolations at each age tor iliac 
diameter, chest depth and chest breadth, 

Interpolated figures have been compared with the editorially reject
ed figures which they replace tor the purpose ot testing the impartial
ity or the edi torial procedures, In the case ot iliac diameter 20 re
jected figures average 2,04 centimeters h!gher and eight average 2.87 
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centimeters lower than the corresponding interpolated values .  In the 
case or chest breadth 50 rej ected figures average 1 . 10 centimeters high
er and 58 average 1.22 centimeters lower than the corresponding inter
polated values, In the case or chest depth 55 rejected figures average 
1 . 51 centimeters higher and 57 average 1.27 centimeters lower than the 
corresponding interpolated figures, That is, the editorial procedures 
rejected almost exactly the same number or abnormally high and or ab
normally low figures, 

B .  Overlapping Records and Completeness o r  the Data 

In longitudinal studi es it almost never happens that identical cases 
are avai lable over a considerable range or ages, Some records will be
gin at one age and others at another . Some records will end at one age 
and others at another. This section presents a more precise definition 
or the completeness and or the degree or overlapping in the available 
data !rom the Harvard records, The procedure employed in dealing with 
the problem created by such records will be described in Appendix B.  

Among the 248 cases involved in this study 113 records include at 
the most twelve annual measurements . The phrase "at the most" i s  used 
advi sedly since in a rew instances X-rays or the wrist were obtained 
for two years before other measurements were obtained and in other in
stances were continued tor a year longer than other measurements, and 
vice versa . Even with records covering twelve consecutive years there 
is consi derable overlapping or records. Thirty-eight or these long 
records begin at age six ( 5-6 to 6-5 ) ,  fifty-three begin at age seven, 
seventeen begin at age eight, and five at age nine. Hence, these rec
ords cover the age range !rom six to twenty, equivalent to tf!teen 
annual measurements .  But, data on all 113 cases are available !or only 
nine consecutive years . This discussion indicates that there is no 
escape rrom overlaPping records unless the study is to be confined to a 
small number or cases or to a limited age range. When all the 248 cases 
are considered the overlapping or the records is extreme . One record 
begins as early as age 5-7, one as late as 12-6. One record ends as 
early as 11-5, one as late as 20-3, Since one record ends at 11-5 and 
one does not begin until 12-6 it follows that records tor all 248 cases 
are not available at any age. 

Table 11 sets rorth the overlapping or the records· as a whole. 
Column one gives the number or cases measured initially at each age : 
the initial measurements on 48 cases were nade between 5-6 and 6-5, etc. 
Column two gives the number or cases whose records end at each age: one 
record ended between 10-6 and 11-5, etc. Column three gives the cumula
tive number available at each age . Attention has already been called 
to the tact that the total age range covers a period equivalent to !it
teen annual measurements and that records tor all 248 cases are not 
available at any age. The overlapping or the records is such that !rom 
age seven to eighteen, equivalent to twelve annual measurements, the 
data at the most are 87,9% complete. 

The records tor particular measurements necessarily show more over
lapping. Nor does the foregoing analysis take account or gaps and 
om1 ssions within the records. The data tor chest depth !rom age seven 
to eighteen are 79 . 8%  ccmplete w1 thout taking account or gaps and, i f  
these are counted, the records are only 60 . 8%  complete. Completeness, 
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TABLE 11 

N1JI.IBER OF INITIAL AND FINAL MEASlJREI.lilfTS AT EACH AGE 
AND CUMULATIVE N1JI.IBER AVAILABLE AT EACH AGE, THE RECORDS 

AS A iiHOLE 

Ages 

5-6 to 6-5 
6-6 to 7-5 
7-6 to 8-5 
8-6 to 9-5 
9-6 to 10-� 
10-6 to 11-5 
11-6 to 12-5 
12-6 to 13-5 
13-6 to 14-5 
14-6 to 15-5 
15-6 to 16-5 
16-6 to 17-5 
17-6 to 18-5 
18-6 to 19-5 
19-6 to 20-5 

No. Initial 
�teasurements 
at Each Age 

48 
92 
67 
26 
10 

4 

1 

No. Final 
Measurements 
at Each Age 

1 

2 
17 
22 
a1 
86 
32 

7 

Cu'llulative No. 
Available at 
Each Age 

48 
140 
'207 
:m 
L43 
247 
246 
247 
247 
245 
�28 
206 
125 

39 
7 

however, is relative to the age range against which the data are tested . 
Hence, a more meaningful test or the completeness or the Harvard data 
i s  a compari son with other longitudinal studi es.  The most extensive 
collection or repeated measurements which permit comparison is that or 
Fleming ( 16 ) .  Considering only 1340 girls with repeated measurements 
Fleming ' s  observations over the twelve year age range rrom rive to six
teen are only 35.0% complete and, ir gaps are counted, only about 32.3% 
complete . Selecting 279 gtrls with the longest series or repeated 
measurements Fleming ' s  observations are only 6 1 . 3% complete, and i f  
gaps are counted, only about 56 . 5% complete . 

9 .  Selective Factors and Nature or Selected Populati on 

Selective ractors are involved in any study or children. Cross
secti onal studies may attempt to eliminate them by rigidly defining the 
population, by measuring children over a wide geographical area , and by 
piling up tens or thousands or cases .  Nevertheless, some selective 
ractors are involved and , when school children or different ages are 
measured, it is a certainty that these ractors change rrom age to age. 
Longi tudinal studies involve smaller numbers or cases and the total pop
ulation is necessarily less representative or any defined group . Never
theless, when identi cal cases are followed rrom age to age it is a cer
tainty that these selective ractors do not change rrom age to age. 

The available 248 cases represent a group selected ror long attend
ance in the same schools and ror the avai lability or relati vely precise 
menarcheal ages. The abnormal conditions surrounding the collection or 
the information concerning the advent or the menarche at once suggest 
that the distribution or menarcheal ages may be rar rrom representative. 
More particularly it is highly probable that the average menarcheal age 
or the 248 cases is less than that or all the girls in the two school 
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TABLE 12 

PERCENTAGE DISTRIBUTION OF MENARCHEAL AGES ; COMPARATIVE DATA 

�1enarcheal Age Harvard Abernethy ' s  Engle ' s  Data of Boas 
Intervals in Years Records Data Data Horace Horace 
and months* Chic ago Hebrew Mann Mann 

Hebrevt Non-Hebrew 

18-0 and over - 4 
17-0 to 17-11 . 2  
16-0 to 16-11 . 8  1 . 6  1 . 2  . 9  1. 7 
15-0 to 15-11 3 . 2  6 . 0  6. 8 5 . 2  6 . 8  
14-0 to 14-11 10. 5  25 • .3 26. 8 17. 2 12. 7  
13-0 to 13-11 36. 3 35. 3 34- 4 27. 6 30. 9  
l�-0 to 12-11 33 . 5  23 . 0  22 . 4  31. 9 31. 8 
11-0 to 11-11 12. 1 7. 6 8.4 r:. s  1�. 7 
10-0 to 18-11 3 . 2  1. 0 3 - 4  3-4 
Total % lOO. lf1, 100 . 0%  lOJ. W.: 100. 0% 100. � 
Total Number :C48 487 250 116 236 
Average Age, Years 13. 0  13 . 5  13. 5 13. 1  13. 1  
Stand . Dev. 1. 1 l . l  1. 1 1 . 2  1 . 2  

* The intervals employed by different students d iffer slightly. 
Abernethy, Ethel F. , Correlations in physical and mental crowth. Jour. 

Educ. Psychol . ,  1925, 16, 539-546. Intervals are not defined . 
Engle, F. T. , and Shelesnyak, H. C. First menstruation and subsequent 

menstrual cycles of pubertal girls. Human Biology, 1934, £, 431-453. 
Intervals are 10. 00  to 10.99, etc. 

Boas, Franz, Studies in growth. Human Biology, 1932, �. 307-350. 
Intervals are in years and months . 

Hebrew 
Orphan 
Asylum 

7. 6 
27. 0 
31. 9  
22. 7  

9. 7 
l. l 

100. 0% 
185 

1'3. 5 
1.1 

systems from which they were selected. Nevertheless, the comparative 
data assembled in Table 12 suggest that these selective factors are not 
serious. While the average menarcheal age or the Harvard cases is 
lower than any or the f ive comparative groups the standard deviations 
are unexpectedly unitorm, Further, it is worth emphasizing that, w1 th 
the exception or Chapter XI I ,  this study might proceed with confidence 
even though the distribution or menarcheal ages were very rar from 
representative. Since this study is concerned almost entirely w1 th the 
growth trends or groups or girls menstruating at different ages, it is 
only necessary that each or these groups be representative. 

For the purpose or more clearly defining the nature or the selected 
population, Tables 13 and 14 present additional comparative data on over 
a thousand girlF measured at age eight ( 7-6 to B-5 ) in the three school 
systems employed by the Harvard Growth Study. Considering first the 
racial distributions presented in Table 13, it is apparent that the 
selected population consists more largely or children or North European 
stock than the total population available in the Harvard records. 
Similarly, Table 14 shows that the selected population is definitely 
taller and heavier, The differences, however, are to be attributed in 
part to the fact that the total population includes three school systems 
while the selected populati on has been drawn from only two or these 
school systems. 
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TABLE 13 

PERCENTAGE DISTRIBUTION BY RACIAL STOCK ; COMPAPATIVE DATA 

Racial Groups Selected population Selected Population Total Population 

North European 
Italian Stock 
Jewish 
South European 
Negro 
Mixed 

Total 

All 248 Cases. 173 Cases at Available in Har-

77. "" 
13. 3% 

2. 8% 
2 . 8%  
1. 2% 
2.0% 

100. 0% 

Age Eight vard Records, 1071 
Cases at Age Fight 

80.3� 63. 2',11 
11. 0% 22. 8% 

2. "" 8. 1% 
2.9% ) . ?1-
1.2% 1. 0-' 
1. 7% 1. 2% 

100. 0%  100. 0%  

TABLE 1.4 

STANDING HEIGHTS AND WEIGHTS ; COMPARATIVE DATA 

Racial Groups Selected Population Total Population 
at Age Eight Available in Harvard 

Records at Age Eight 

Height lrt'eight Height Weight 

North European 

NUII!ber: 139 139 676 676 
Mean: 124.0 25. 4 123. 1 23. 8 
Standard Deviation 5. 56 4 . 64 5. 52 3.72 

Italian Stock 

Number: 19 19 244 241 
Mean: 121. 3 25. 4 117. 9 23 . 1  
Standard Deviation t.. 1..4 3 . 64 6. 20 3 . 50 

All Racial Stocks 

Number: 173 173 1071 1064 
Mean: 123. 6 25. 3 1�1. 5 23. 7  
Standard Deviation 5 . 38 4- 44  6.02 4 . 04 
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APPENDIX B 

METHODS OF ANALYSIS AND BASI C  DATA 

1 .  Classification of Cases 

As already explained in the text the population has been divided 
into eight groups according to the advent or the menarche . Each or 
these groups was further divided into two sub-groups depending on 
whether measurements were made within three months or birthdays or with
in three months or the halt-yearly anniversaries or birthdays . These 
sixteen sub-groups will be referred to as XA, YA, XB, YB, etc . The XA, 
XB, XC, etc . ,  sub-groups will be referred to collectively as sub-popu
lation X and includes cases measured tor the most part within three 
months or exact birthdays . The YA, YB, YC, etc . ,  sub-groups will be 
referred to collectively as sub-population Y and includes cases measured 
tor the most part within three months of the halt-yearly anniversaries 
or birthdays . The number or cases in each or the sixteen sub-groups is 
given in Table 15. As already noted cases Whose records show the advent 
or the menarche "not by" 14-5 or later have been included.  There are 
five such cases both in groups XH and YH. One sub-group consists or 
only four cases, one or only six, one or only seven, and one or only 
nine cases. The combined X plus Y groups consist or as few as sixteen, 
ei ghteen, and nineteen cases. 

As this study nears completion arrangements have been made for the 
publication in extenso or all the data collected by the Harvard Growth 
Study on a selected group or cases with relatively long records . This 
extenso publication or original data will urge all studente to spec1!y 
by number the particular cases selected for their studies in order that 
others may check computations and verify conclusions . Accordingly, 
Table 15 sets forth the identification numbers or the 248 cases involved 
in this study classified according to menarcheal age and the timing or 
measurements relative to birthdays. 

2. Overlapping Records and Perivation of Basic Growth Data 

A feature or the Harvard data which is doubtless common to all 
bodies or longitudinal data is that or overlapping records. Instead or 
having available the same cases at each age, the reeords begin at all 
ages fran 5-7 to 12-6 and end at all ages from 11-5 to 20-6. For eXSIIl
ple, in sub-group XA four cases are available at age 6.0, six cases at 
7.0, seven cases at a . o, nine at 9.0,  ten at 10 .0,  eleven at 11. 0  to 
14.0, ten cases at 15.0, nine at 16 .0 and 17.0, five at 18 .0,  and one 
at .l9.0. Considering our well established habits built up in the anal· 
ysis or cross-sectional data, the natural and usual procedure in this 
situation has been to determine averages at each age for the available 
cases without regard. to the ident1 ty or the cases from age to age. In 
the light or the discussion or Chapter I I I  this procedure clearly dis
torts the longitudinal nature or the data. The proper procedure is to 
work with the increments or to determine averages at successive ages 
tor identical cases. When this has been done the resulting increments 
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TABLE 15 

DISTRIBUTION OF THE TOTAL POPULATION AMONG SIXTEEN SUB-GROUPS AND CASE 
NUMBERS OF INDIVIDUALS CLASSIFIED ACCORDING TO '1m ADVENT OF THE 

MENARCHE AND THE TIMING OF �IEASURmENTS RELATIVE TO BIRTHDAYS 

Menarcheal Menarcheal Age 
Groups Ranges 

A 
B 
c 
D 
E 
., 
G 
H 

ll-5 or earlier 
U-6 to 11-11 
12-0 to 12-5 
12-6 to 12-11 
13-0 to 13-5 
13-6 to 1)-11 
14-0 to 14-5 
14-6 or later 

Number of Cases in fach Group 
X Population Y Population X plus Y 
Measurements Measurements Populations 
at birthdays at half-yearly 

11 
7 

16 
30 
24 
19 

anniversaries 

11 
9 

18 
19 
35 
12 
15 

22 
16 
34 
49 
59 
31 
19 
18 

Total 

4 
12 

1£3 
6 

125 248 

Sub-population X, Measured within Three Months of Birthdays. 
XA. 11 cases: 382; 549 ; 621; 1243 ; 1297; 1384 ; 2167; 2J45 ;  2429;  2610. 
XB. 7 cases: 386; 558; 1008; 3043 ; 3164; 3239; 3322; 1635. 
XC. 16 cases: 226 ; 392 ; 510; 1007; 1675 ; 1803 ; 1973 ; 2151; 2266 ; 2497; 2522; 

2795 ; 2933 ; 3046; 306o; 3226. 
XD. 30 cases: 272; 313; 411; 984; 991; 1017 ; 1038; 1114; 1158; 1198 ; 1372 ; 

1535; 1735; 1789; 1880; 1978; 2050; 2139 ; 2169 ; 2280; 2354; 
2382; 2520; 2670; 2886 ; 3132 ; 3136; 3216; 3319 ; 3334. 

XE. 24 cases: 106; 115; 179 ; 333 ; 361 ; 732 ; 1026; 1308; 1309; 1339 ; 1440; 
1504; 1537; 1795 ; 1869 ; 2035; 21�5;  2278; 2305 ; 2379; 2471 ; 
2492 ; 3248; 3262. 

xr. 19 cases: 54; 71 ; 219 ; 346; 909; 1334; 1489; 1654; 1797; 1899; 1989; 
1990; 2213 ; 2459 ; 2498; 2533 ; 2561; 3094; 3230. 

XG. 4 cases: 367 ; 680; 1377 ; 1849. 
XH. 12 cases: 589 ; 614; 686; 1044; 106o; 1272 ; 1695 ; 1875 ; 1913 ; 2485; 2991 ; 

3169. 

Sub-population Y, Measured within Three Months of Half-yearly Anniversaries. 
YA. 11 cases: 344; 842; u86; 1590; 1663 ; 1716 ; 1832; 2114 ; 2290; 2484 ; 3321. 
YB. 9 cases: 220; 309; 912; 1087; 1719; 2248; 2966; 3162 ; 3211. 
YC. 18 cases: 18; 43 ; 101 ; 135; 270; 838; 1126; 1511; 1615; 1689; 1877; 2314; 

2538; 2707; 2853 ; 2914; 2965 ;  3338. 
YD. 19 cases: U; 62; 147; 258; 754 ; 1023 ; 1263 ; 1374; 1633 ; 1638; 1655 ; 

2134 � 2176 ; 2355;  2443 ; 2536; 2544 ; 3176; 3247. 
YE. 35 cases: 6l; 171 ; 292; 334; 494; 557; 892 ; 940; 947; 1036; 1041; 1100; 

1125 ; 1191; 1259 ; 1287 ; 1320; 1352; 1433 ; 1491 ; 1498; 1359 ; 
1542; 1572 ; 1853 ; 1883 ; 1916 ; 1931; 2047; 2252; 2463 ; 2765 ; 
2710; 3304; 3306. 

Yr. 12 cases: 383 ; 506; 689; 1268; 1330 ; 1528; 1630; 2269 ; 2403 ; 2404 ; 2949 ; 
3307. 

YG. 15 cases: 6 ;  228 ; 260; 287; 697 ; 700; 896; 939 ; 1502 ; 1759 ; 17ao; 1800; 
1903 ; 1923 ; 2904. 

YR. 6 cases: 120; 186; 415; 918; 1074; 1228. 
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should be spliced together to give a continuous growth curve. 
The contrast in results obtained by the usual method or analysis and 

the method employed in this study deserves concrete illustration. For 
thi s purpose the eleven cases from Group YA rrom afl:e 5 . 5  to 8 , 5  and !rom 

age 15 . 5  to 19 .5 will be used . The detailed original data tor s tanding 
height and the usual cross-secti onal analysis are illustrated in the 
following tabulati on .  Data from age 9 . 5  t o  14. 5  are omi tted because 
complete data ror all cases are available at these ages. 

case # .  Standing Hei�hts or Individuals a t  Indicated Ages 

5 . 5  6 . 5  7 . 5  8 , 5  15 . 5  16 , 5  17 . 5  18,5 19. 5  
1286 121 . 5  126 . 7  164.3 165 .4 165 ,3 

344 119 . 3  126 . 9  134 . 3  141 . 5  170 . 2  170 , 3  
2a9o 121. 0  127,0 132 .2 160 . 4  161 . 1  
1663 124.4 130 .5 136 .5 165.4 165 . 2  
1832 112. 2  147, 0  148 ,3 148, 5  148.3 148 . 5  
2484 119.0 125 .4 131 .2 160 , 8  161 ,4 
2114 118,0 122 . 2  128,2 160 . 8  
1590 128.4 155 ,8 155 , 5  155 ,8 155, 7  
1716 114.0  118 , 7  123 . 6  151 . 9  152 , 7  152 . 8  

842 122 . 3  149 , 5  149 , 9  150 . 0  149 . 7  
3221 130 , 8  161 . 5  162. 0  160 ,4 

Aver. 119 ,3 120 ,55 125. 66 128.51 158 , 87 159 . 18 155 .47 151 . 23 148. 5  
Incr . 1 . 25 5 . 11 2 . 85 . 31 -3. 71 -4 . 24  -2 . 73 

The average or all available cases at age 5 , 5  is 119 ,30 c entimeters , 

at 6 . 5  is 120 , 55, at 7.5  is 125 . 66 ,  etc. The annual increments derived 
from these data are 1.25 centimeters between 5 . 5  and 6 . 5 ,  5 . 11 centi
meters between 6 . 5  and 7.5, etc. When the problem is thus stated in 
terms or a very small number or cases, the errors are self-evident . The 
average or 119 , 30  centimeters at age 5 . 5  is not comparable w1 th that or 

120 , 55 at 6 , 5  because d ifferent cases are involved , It is even more 

apparent that the increment of 1 .25 centimeters between 5.5  and 6 , 5  i s 

determined by changes in the available cases rather than by any true 
growth increment. When only cross-sectional data are available, no 
other procedure is possible ; hence, in cross-sectional studies the 

attempt i s  made to collect a large number or observati ons at each age in 
the hope that the errors inherent tn the procedure may cancel out , 

Application or thi s me thod or analysi s  to longi tudinal data amounts to 
throwing away the most valuable part or the data .  Studies by Richey 
(27 ) ,  and by Boas (5 ) ,  and Hartin ' s  analysis or Fleming ' s  data ( 16 )  
involve these errors. 

In contrast, the procedure employed by this study is based on the 

increments as illustrated by the follOwing tabular data involving 
exactly the same cases and the same original data. 
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Case #. Annual Increments in Standing Height ot Individuals tor 
the Years Ending at the Indicated Age 

6 . 5  7 . 5  8 , 5  16. 5  17 . 5  18. 5  19 . 5  

1286 
1286 5.2 l . l  -.1 

344 7 . 6  7.4 7.2 .l 
2290 6,0 5.2 .7 

1663 6.1 6.0 -.2 
1832 1 . 3  .2 -.2 . 2  

2484 6.4 5 . 8  . 6  
2114 4 .2 6 . 0  

1590 -.3 .3 - . 1  

1716 4 . 7  4 . 9  . a  . l  
842 .4 . l  . 3  

3321 .5 -1 .6 -.6 

Aver. 7 . 6  6,80 5 . 76 .50 -.17 -.20 .2 

The et>ntrasting results ot these two procedures, presented in Figure 126, 

4o not require comment. 

Continuous grOI'fth curves showing average size have been computed by 
splicing the true increments to a base average Which involves all the 
available cases. For example, the average standing height at age 15 , 5  
i s  158. 87 centimeters ; adding the true increment or .50 gives 159 , 37 at 
age 16 .5, adding -. 17 gives 159 ,20 at age 17 .5, adding -.2 gives 159 ,00 
at age 18. 5  and adding .20 gives 159 ,20 at age 19 , 5. Similarly, the 
true increments are successively subtracted tram the average or all 
cases at age 8 , 5  to give age 7.5,  6.5, and 5 . 5 .  Growth trends in aver
age size, accordingly, constitute secondary data, The increments con
stitute the primary data. Figure l27 illustrates the contrasts between 
results obtained tram the usual cross-sectional and tram the proper 
method in terms or average size at successive ages. Incidentally, in 
these COD;>utations it is essential that the original raw figures be 
summed and divided by N. The reliability or the trends established by 

longitudinal data is so high that the cOIIIllon practice or computing 
averages tram distributions or grouped data may introduce appreciable 

errors . 
Tables 16 to 24 set !orth the detailed numerical data showing 

growth trends tor each or the sixteen sub-groups or .cases and tor each 
ot the nine measurements .  The ages recorded in the lett hand column 

are the mid-points or class intervals or six months. The number or 
cases recorded tor each average includes interpolated figures. Data 
are p;iven in tull even though in some instances the trends are estab
lished by only one case. For computational convenience all or the re
sults are reported to two dectmals . This does not imply that second 
decimals are signit1cant. The important point is that the increments 
tram Which these data were derived are often significant to the second 
decimal. The standard deviations in Table 29 should enable the criti
cal student to estimate the errors involved in the case or standing 
height, sitting height, weight and iliac diameter. 
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Fig. 126. --True and False Trend or Increments in Standing Height 
Illustrating Correc t  and Incorrect Methods or Computing Increments 
when Longitudinal Data are Available . 
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TABLE 16 

GROW'I'll TRFNDS IN AVERAGE STANDING HEIGHT, CENTIMETERS, OF GROUPS OF GIRUl 
MENSTRUATING AT DIFFERENT AGES AND OF SUB-POI'OLATIONS HFMlURED APPROXIMATFJ.Y 

AT BIRTHDAYS AND THE HALF-YEARLY ANIIIVFRSARIES OF BIRTIIDAYS 

Exact Group A Group B Group C Group D Groul> E Group F Group G Group H 
Ages Menarche Menarche Menarche Menarche Menarche Menarche Menarche Menarche 

Before 11-6 to 12-0 to 12-6 to 13-0 to 13-6 to 14-0 to After 
11-6 11-11 12-5 12-11 lJ-5 13-11 14-5 14-5 

li M li M li M II M II M II M II M II M 

Cases Measured Approxl.Jiately at Birt.bdays, Population X. 

6.0 4 110.22 3 114. 48 5 112. 89 9 110. 80 3 111.99 1 107. 66 1 109. 76 
7. 0 6 116. 10 5 121. 68 9 119. 33 19 116. 72 13 117. 1,;? 9 113 . 86  1 114. 16 
8.0 7 122.07 7 127.46 14 125.38 26 1:>:>.53 20 123 . 92 12 119. 57 1 119.85 4 118.76 
9.0 9 127. 51 7 133.66 16 131. 06 28 128. 11 24 129. 37 14 125. 34 2 124. 45 8 123.56 

10.0 10 1)4.39 7 140.4) 16 136.68 29 133.84 24 134.64 17 130. 53 3 129. 80 12 128.43 
11.0 11 142.60 7 148.10 16 143 . 58 30 139. 99 24 140. 50 19 136.1) 4 1)4.63 12 1)3.52 

� 12.0 11 148.85 7 155. 14 16 151.44 30 147. 56 24 147.73 19 142. 49 4 1)9. 63 12 1)8.24 
13.0 11 152.40 7 158. 51 16 156.41 30 154. 02 24 154.29 19 150. 15 4 145. 70 12 143. 82 
14.0 11 154.06 7 160. 11 16 158.23 30 157.07 24 157.74 19 154.92 4 151.50 12 149. 89 
15. 0 10 154.85 7 160. 79 15 159.30 30 158.34 24 159. 49 19 157. 28 4 154.48 12 154.39 
16.0 9 155.42 7 161.00 15 159.69 26 158.98 22 160.12 18 158.05 4 155.95 11 157. 12 
17. 0 9 155. 56 4 161.45 14 159.91 25 159. 59 22 160.48 17 158. 53 4 156.85 8 158. 32 
18.0 5 155. 34 1 161.95 5 160.07 10 159.54 14 160. 56 11 158.93 4 156.73 6 158. 77 
19.0 1 155.44 2 159. 54 3 160.80 4 158. 86 3 156.83 4 158.39 

Cases Measured Approxillatel:y at Half-:yearl:y Anniversaries of Birthdays, Population Y. 

5.5 1 109.36 1 108.95 11 115.28 1 114.32 
6. 5 6 116.96 5 115 . 79  9 116.25 10 113 . 74 20 120. 18 1 119.62 1 117.47 1 115. 19 
7. 5 7 122. 76 8 121.53 14 1:>2. 52 lJ 119. 82 30 126.26 8 124.82 10 122.47 5 121.39 
8. 5 11 128. 51 9 127. 21 18 129.07 18 125.61 34 1)1.68 11 130.97 15 127.78 6 125.97 
9. 5 11 134.97 9 1)3. 54 18 134. 51 18 130.96 35 136.72 11 1)6.06 15 132. 68  6 l)0. 83 

10. 5 11 142.56 9 140.4� 18 140.95 18 136.70 35 142. 88 11 141. 75 15 137.76 6 1)5. 18 
11. 5 11 150.30 9 148.41 18 149. 13 19 143. 52 35 150. 58 12 148. 76 15 14). 75 6 140. 70 
12 . 5  11 155.34 9 154.01 17 155.39 19 150.96 35 156. 70 12 155 . 19 15 150. 55 6 147.86 
13. 5 11 157. 55 9 157.07 17 158.49 19 156.14 35 159.52 12 158.87 15 155 . 51 6 153.32 
14. 5 11 158.76 9 158.41 17 160.07 19 157.95 33 160.84 11 160.32 15 157.62 6 157.37 
15. 5 11 158.87 9 159.19 14 161.24 19 158. 80 30 161.34 9 160.87 15 158.64 6 158.78 
16. 5 10 159.37 8 159.46 lJ 161.43 18 159.26 29 161. 62 7 160.91 lJ 158.99 6 159.48 
17. 5 6 159.21 4 159. 7l 10 lBl. 70 14 159.39 6 161. 57 4 161. 11 9 159.19 4 160. 31 
18. 5  3 159.01 2 159. 7l •2 161. 50 3 159.75 2 161. 31 1 159.79 1 160.41 
19. 5 1 159.21 
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TABLE 17 

GROWTH TRENDS IN AVERAGE SITTING HEIGHT, CENTI:MF.TERS, OF GROUPS OF GIRLS 
MENSTRUATING AT DIFFFRFNT AGES AND OF SUB-POPULATIONS MEASURED APPROXH1ATELY 

AT BIRTHDAYS AND THE HALF-YEARLY ANNIVERSARIES OF BIRTHDAYS 

Exact 
Ages 

Group A Group B Group C Group D Group E Group F Group G Group H 
Menarche Menarche Menarche Menarche Menarche �lenarche Menarche �!enarche 
Before 11-6 to 12-0 to 12-6 to 13-0 to 13-6 to 14-0 to After 
11-6 11-11 12-5 12-11 13-5 13-11 14-5 14-5 

N M  N M  N M  N M  N M  N M  N M  N M  

Cases Measured Approximately at B irthdays, Population X. 
6. 0 3 61. 76 3 63. 15 5 62. 04 9 62. 21 3 61.79 1 61. 68 
7. 0 6 64 . 20 5 66. 52 9 65. 62 19 64. 36 13 64. 09  9 63. 38 
8. 0 7 66. 58 7 68. 9� 14 68.63 26 66. 89 20 ·67. 15 12 65. 52 
9. 0 9 68.78 7 71.43 16 70. 66 28 68. 99  24 69. 51 14 67. 99  

10. 0 10 71. 40 7 74. 01 16 73. 08 29 71.16 24 71. 49 17 69. 93 
11. 0 11 75. 23 7 77. 88 16 75. 88 30 73. 65 24 73. 55 19 72.42 
12. 0 11 78. 73 7 81. 23 16 79. 89 30 77. 21 24 76. 84 19 75. 10 
13. 0 11 80 . 78 7 83. 31 16 82. 80 30 80. 81 24 80. 19 19 78. 63 
14. 0  1 1  82. 44 7 84.80 16 84.12 3 0  8� . 73 24 82. �8 1 9  81. 73 
15. 0  10 83. 29 7 85. 40 15 85. �� 30 83. 73 24 83.96 19 83. 44 
16.0 9 83. 93 7 86 . 06 15 85. 55 26 84. 47 22 84.45 18 84. 18 
17. 0  9 84.13 4 86 . 29 14 85. 88 2 5  84 . 64 22 84. 87 1 7  84.72 
18. 0 5 84.13 1 86. 39 5 85. 30 9 84. �9 14 84. 72 11 85. 14 
19. 0 1 84.23 2 84. 49 3 84.95 4 84.99 

1 62. 63 
1 63. �3 

1 66.28 4 65. 23 
2 68. 38 8 67.33 
3 70. 48 12 69.75 
4 72 . 08 12 71. 70 
4 74. 30 12 73. 25 
4 77.28 12 75. 78 
4 80. 50 12 78. 82 
4 82. 90 12 81. 29 
4 83. 55 11 83. 20 
4 84. 18 8 84. 02 
4 84. 3 5  6 84. 64 
3 34 . 68 4 84. 40 

Cases Measured Approximately at Half-yearly Anniversaries of B irthd ays, Popula-
tion Y. 

5 . 5  
6. 5 
7. 5 
8. 5 
9. 5 

10. 5 
11. 5 
12 . 5  
13. 5 
14. 5 
15. 5 
16. 5 
17. 5 
18. 5  
19. 5 

1 60.14 
6 64.24 
7 66. 84 

11 69.14 
11 71. 86  
11 74. 88 
11 78.70 
11 81. 71 
11 83. 15 
11 84. 33 
11 84. 48 
10 84. 78 

6 84. 88 
3 84. 25 
1 84.65 

1 61. 24 
5 64. 07 9 64. 64 10 63. 37 11 64 . 31 1 63. 88 
8 66. 25 14 67. 07 13 65. 82 20 65 . 75 1 65. 88 1 65. 88 
9 68. 58 18 69. 24 18 68. 22 30 68. 60 8 67.98 10 66. 23 
9 71. 17 18 71. )0 18 70. 31 34 70.75 11 70. )6 15 68. J8 
9 74. 17 18 73. 84 18 72. 64 35 72. 61 11 72. 46 15 70. 27 
9 77.87 18 77. 95 19 75. 59 35 75 . 27 11 74.66 15 72. 15 
9 80.27 17 81 . 25 19 79. 54 35 78.61 12 77.87 15 74. 59 
9 82. 70 17 83. 26 19 82. 20 35 82. 05 12 80. 80 15 78. 03 
9 83. 61 17 84. 52 19 83. 81 35 84. 11 12 83. 39 15 30. 85 
9 84. 36 14 84. 97 19 84 . 85 33 35. 35 11 84. 52 15 82. 54 
8 85. 16 13 84. 94 18 85. 86 30 85. 86 9 84.96 15 83. 38 
4 85. 81 10 85.47 14 85. 34 29 36 . 11 7 85. 29 13 q3. q7 
2 85. 81 2 84. 82 J 84.87 6 86. 23 4 85. 25 9 84.05 

2 85. 25 1 84. 05 
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1 63. B9 
5 66. 89 
6 68. 87 
6 70. 25 
6 71. 95 
6 74. 50 
6 77. 75 
6 81.05 
6 83. 67 
6 84 . 70 
6 85. 57 
4 85 . 59 
1 85. 59 
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TABLE 18 

GROio'l'll TRENOO IR AVERAGE STERIIAL H£IGHT, CEHTIMETEFS, or GROUPS OF GIRlS 
rmiSTRUATIIIG AT DIFFERE!n' AGlS AIID OF SUB-POPULATIO!IS MFASURFD APPROXIMATrLY 

AT BIRTHDAYS AIID THE IIALP'-YURLY AJINIVFRSARIFS OF BIRTHDAYS 

bact Group A Group B Group C Group D Group E Group r 
Ages Menarche Menarche Menarche Menarche Menarche Menarche 

Bet ore 11-6 to 12-0 to 12-6 to 13-0 to lJ-6 to 
11-6 11-11 12-5 12-11 13-5 lJ-11 

R M R Ill R M R M R M R M 

Caaea Measured Approxl.Jute}1 at. Birt.hd&JII, Population X. 
6.0 4 85. 24  3 90. 99 5 87. 55 9 !\6.21 3 87.4J 
7.0 6 92.02 5 96.52 9 94.81 19 92. 57 12 93.06 
8.0 7 97.35 7 101.96 14 99. 89 26 97. 44 20 98.62 
9.0 9 102; 53 7 107. 57 16 105. 14 28 102.64 24 103 . 54 

10.0 10 108. 54 7 113 . 84 16 110.49 29 107.92 24 108.65 
ll.O 11 116.02 7 120. 79 16 116.77 30 113.58 24 114.09 
12.0 11 121.62 7 126.47 16 123. 11, 30 120. 18 24 120.26 
1). 0  11 124.21 7 129.03 16 127.28 30 125.43 24 125 . 55 
14.0 11 125.87 7 1)0. 53 16 128.69 30 128. 06 24 128. 56 
15.0 10 126.25 7 131.04 15 129. 65 30 129. 14  24 130.06 
16.0 9 126.99 7 1)1.53 15 130.21 26 129. 74 22 1)0. 68 
17.0 9 127.37 4 1Jl.99 14 1)0.31 25 130'. 14 22 1)1.32 
18.0 5 127.23 1 132. 89 5 130. 51 10 1)0.20 14 1)1.64 
19.0 1 127. 63 2 130.45 3 1)2.27 

c-a Meaa111'ed Approxi.ate}1 at Halt-Jear}1 Anniversaries ot Birthdays, Population Y. 

5- 5 1 85.07 
6. 5 6 91.57 5 90. 89 
1. 5 1 98.32 8 96. 69 
8. 5 ll 1()3.21 9 101.84 
9. 5 11 108.96 9 107.42 

10. 5 11 116.03 9 114. 12 
11. 5 11 122.64 9 120. 79 
12. 5 11 .126.83 9 125. 74 
1).5 11 138.� 9 127.98 
14.5 11 129.68 9 129. 16 
15-5 ll 1)0. 15 9 129.92 
16. 5 10 1)0. 58 8 1)0. 29 
17. 5 6 1)0.61 4 1J0. 59 
18. 5 3 1)0. 91 2 1J1,J9 
19.5 l 1)1.61 

1 85. 57 
9 91.47 

11. 97.97 
18 103-27 
18 108. 58 
18 114.28 
18 121.66 
17 126.86 
17 129.37 
17 1)0. 78 
14 1)1.17 
lJ 1)1.31 
10 1)1.91 

2 1)]:.81 

10 89. 01 
13 95.17 
18 100.23 
18 105. 03 
18 110.57 
19 116.47 
19 1n. 18 
19 126.8) 
19 128.49 
19 129. 17 
17 129.69 
14 130. 13 

3 130.76 

10 90.39 
20 9S.22 
JO 100.65 
34 105.72 
35 110.51 
35 116.03 
35 122.62 
35 127. 58 
35 129.91 
33 1)1.01 
30 131. 62 
29 1)2.06 

6 132.46 

1 83.4J 
9 89. 13 

12 94.94 
14 100.06 
17 104.91 
19 110.08 
19 115.91 
19 122.15 
19 126.27 
19 128.11 
18 128. 77 
17 129.29 
11 130. 03 

4 1)0.15 

1 90.08 
1 95.08 
8 99.68 

11 104.83 
11 109.)0 
11 114.94 
12 121.60 
12 126.71 
12 129. 69 
11 1.30. 79 

9 131.56 
7 1)1.94 
4 131.91 
2 132.31 

Group G Group B 
Menarche Menarche 
14-0 to Attar 
14-5 14-5 

R M R 11 

1 8).90 
1 89. � 

1 94.91 4 93.40 
2 100.41 8 98. 90 
3 103.91 12 102.99 
4 108.08 12 107. 58 
4 113.30 12 112.17 
4 118. 12 12 116. 53 
4 123. 52 12 122.01 
4 125.92 12 !25. 77 
4 126. 82 11 128.02 
4 127.88 8 129. 12 
4 127. 60 6 129. � 
3 128.30 4 130.23 

1 90.92 1 89. 57 
10 97. 52 5 96. 67 
15 101. 77 , 100. 53 
15 106.61 6 105.27 
15 111.39 6 109.25 
15 116.66 6 114.)0 
15 122.41 6 120.33 
15 126. 51 6 124. 68 
15 128.39 6 128.08 
15 129.27 6 129.78 
lJ 129. 63 6 1)0.22 

9 1)0.21 4 1)0. 54 
1 131.61 1 131. 04  
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TABLE 19 

GROWTH TREHDS Ilf AVERAGE WEIGHT, IILOGRAMS, OF GROUPS OF GIRLS 
MEIISTRUATIIfG AT DIFFERENT Acm3 AND OF SUB-POPULATIOIIS MEASURED APPROXIMATFLY 

AT BIRTHDAYS AND THE HALF-YEARLY ANNIVERSARIES OF BIRT!IDAYS 

Exact 
Ages 

Group A Group B Group C Group D Group E Group F Group G Group H 
Menarche Menarche Menarche Menarche Menarche Menarche Menarche Menarche 
Before 11-6 to 12-0 to 12-6 to 13-0 to 13-6 to 14-0 to After 
11-6 11-11 12-5 12-11 13-5 13-11 14-5 14-5 

N M I M  N M  N M  N M  N M N M  N M  

Cases Measured Approximately at Birthdays, Population X. 

6. 0 
7.0 
8.0 
9.0 

10.0 
11. 0  
12 • .  0 
13. 0  
14.0 
15. 0 
16. 0 
17. 0  
18.0 
19. 0 

4 20.67 J 20.49 5 19. 94 J 19.94 J 19.99 1 18. 07 
6 22. 57 5 2�.76 9 23. 11 19 22. 11 13 22. 92 9 20. 37 
7 25.17 7 26.68 13 26.38 26 24. 75 20 25. 23 12 22. 94 
9 27.97 7 30. 21 15 30. 02 28 27. 80 24 28.11 14 25. 61 

10 31.41 7 35-49 15 JJ. 5J 29 J0.50 24 Jl. J6 17 29. 17 
11 37. 66 7 41. 52 16 J9.J6 JO 34.76 24 34. 82 19 JJ. J7 
11 43�60 7 48. 50 16 45.86 JO 40. 16 24 40.05 19 38. 11 
11 48.79 7 52. 84 16 51. 00 JO 46. 84 24 45. 94 19 43. 90  
1 1  52. 07 7 54. 55 16 53. 59 JO 51. 07 24 50. 59 1 9  49.69 
10 53. 75 7 56. 91 15 54.48 JO 53. 24 24 53. 94 19 52. 39 

9 54.72 7 57.91 15 55. 81 26 54.36 22 54-93 18 53. 87 
9 54-48 4 58. 23 14 55. 04 25 55. 19 21 56. 51 17 55. 15 
5 55. 96 1 58.53 5 55. 16 10 55. 71 14 57.42 11 56. 10 
1 56.16 2 55. J6 J 57. 55 4 55. 60 

1 19. 57 
1 21. 57 

1 22. 51 4. 23. 37 
2 25. 61 8. 24.69 
J 27. 71 12 26. 69 
4 30.41 12 29.29 
4 JJ. 6J 12 J2. 09  
4 38.95 12 35. 35 
4 43.10 12 40. 82 
4 48. 38 12 46. :?1 
4 51. 76 11 50. 59 
4 51. 33 8 52. 18 
4 52. 53 6 52. 96 
J 53. 46 4 52. 58 

Cases Measured Approximately at Half-yearly Annive�saries of Birthd ays, 
Population Y. 

5.5 1 19. 63 1 18.27 
6. 5 6 22.43 5 21. 67 9 22. 17 10 20. 54 11 21. 01 1 21. 34 
7. 5 7 25.30 8 24.03 14 25. 73 12 2J.J2 20 22.47 1 23.34 1 22. 14 1 19.17 
8. 5 11 29.30 9 27. 57 13 29. 14 18 25. 82 JO 25.10 8 25. 34 10 23. 74 5 2J, J7 
9. 5 11 JJ.40 9 31. 22 18 J2, J2 18 29. JJ J4 27.63 11 28. 23 15 25. 73 6 24. 59 

10. 5 11 J8. 81 9 J6. 42 18 37. 67 18 32. 17 35 30. 68 11 30. 49 15 28. 81 6 27.49 
11. 5 11 46. 87 9 43. 12 18 44-43 19 36.48 35 34.56 11 35. 12 15 31. 53 6 28.67 
12. 5 11 53. ?6  9 49. 18 17 49.94 19 42.29 35 39.42 12 41. 26 15 35. 47 6 32. 22 
13. 5  11 57. 80 9 52. 75 17 54.37 19 47. 70 35 45.23 12 46. 49 1 5  41. 01 6 37.04 
14. 5 11 59. 91 9 54.81 17 55.69 19 49.71 35 49.68 12 51.71 15 45. 80  6 42. 42 
15. 5 11 60. 66 9 56.37 14 56. 84 19 52. 53 33 51. 79 11 54. 54 15 49. 03 6 46.J4 
16. 5. 10 60,93 8 57. 51 13 56. 80 18 53.26 JO 52. 42 9 54.91 15 50. 96 6 49.57 
17. 5 6 60.66 4 58. 29 10 56.35 14 5J.6J 29 53. 03 7 55 . 52 13 52.01 6 52. 17 
18. 5 J 59. 93 2 61.04 2 56. 40 J 53.69 6 54.01 4 55.60 9 53.27 4 52. 55 
19. 5 1 61.63 2 56.35 1 52.37 1 57.35 
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TABLE 20 

GR0�7H TRENDS IN AVERAGE ILIAC DIA}�R, CENTIMETERS, OF GROUPS OF GIRLS 
MEHSTRlJATitiG AT DIFFERENT AGES AND OF SUB-POPULATIONS MEASURED 

A PPROXIMATELY AT BIRTHDAYS AND THE HALF-YEARLY ANWIVERSARIES OF BIRTHDAYS 

Exact 
Ages 

Group A Group B Group C Group D Group E Group F Group G Group H 
�lenarche �lenarche Menarche �lenarche Menarche Menarche Menarche �lenarche 
Before 11-6 to 12-0 to 12-6 to 13-0 to 13-6 to 14-0 to After 
11-6 11-11 12-5 12-11 13- 5  13-11 14-5 14-5 

N M N M N M N M N M N �� N �� N M 

Cases Measured Approximately at Birthdays, Population X. 

6.0 
7 . 0  
8 . 0  
9. 0 

10.0 
11. 0 
12. 0  
13 . 0  
14. 0  
15. 0  
16. 0 
17.0 
18. 0 
19. 0  

3 18.04 
5 19. 50 
6 20.24 
7 21. 23 

10 22. 51 
ll 23 . 96 
11 25. 38 
11 26.40 
11 26. 95 
10 27.24 

9 27.40 
9 27. 32 
5 27. 76 
1 26.96 

3 18. 58 7 18. 35 3 19. 07 1 17. 89 
3 20.47 5 B. 72 13 19. 37 8 19. 87 9 18. 69 
5 21. 60 10 20. 56 22 20. 25 11 20. 61 10 19. 60 
7 22. 34 16 21. 39 26 21. 07 23 21. 32 14 20.48 
7 23 . 79 16 22. 56 28 21. 84 24 22. 18 16 21. 35 
7 25. 36 16 23. 77 30 23 . 15 24 23.21 19 22. 49 
7 26. 80 16 25. 32 30 24.44 24 24. 70 19 23. 87 
7 27. 71 16 26. 70 33 26. 03 24 2 5 . 98 19 2 5 . 21 
7 28. 01 16 27. 20 30 26. 63 24 26. 86 19 26. 60 
7 28. 37 15 27. 22 29 26.98 24 27. 30 19 26.71 
7 28. 53 15 27. 3 5  26 27. 23 22 27. 67 18 27. 3 5  
4 28. 65 1 4  27. 37 25 27. 39 2 2  27. 87 1 7  27. 50 
1 28. 45 5 27. 35 10 27. 31 14 27. 84 11 27. 69 

2 27. 86 3 28. 27 4 27. 72 

1 17. 41 
1 18. 21 

1 19. 23 3 18. 91 
1 20. 33 4 20. 08 
3 21. 43 9 21. 41 
4 22. 50 12 22. 00  
4 23. 55 12 22. 71 
4 24. 80 12 23 . 75 
4 26. 12 12 24. 83 
4 26. 68 12 26. 24 
4 26. 88 11 26. 73 
4 27. 25 8 27. 09 
4 27. 48 6 27. 48 
3 27. 35 4 27. 51 

Cases Measured Approximately at Half-yearly Anniversaries of B irthdays, Popu
lation Y. 

5 . 5  
6. 5 
7. 5 
8. 5 
9. 5 

10. 5 
11. 5 
12. 5 
13. 5  
14. 5  
15. 5  
16. 5 
17. 5 
18. 5 
19. 5  

5 19.92 
6 20.96 
8 21. 86 

ll 22. 79 
11 24. 51 
11 26. 27 
11 27.86 
11 28. 45 
11 7.8. 95 
11 29. 09 
10 29. 04 

6 29. 22 
3 29. 19 
1 29. 19 

3 19. 17 6 18. 89 6 18. 51 8 19.45 1 18. 17 
8 20. 14 12 19. 87 9 19. 49 12 19. 99  1 18.97 1 19. 29 
8 21. 15 13 20.98 12 20. 51 20 20. 65 2 19. 87 1 20. 09  
9 21. 98 18 21. 92 13 21. 63 3 0  21. 38 7 21.17 12 20. 89 
9 23. 32 18 23 . 55 18 22 . 44 34 22. 28 10 22. 13 15 21. 78 
9 25. 14. 18 24.79 19 2 3 . 5 7  35 23. 49 10 23. 20 15 2:1. 52 
9 26. 47 17 26. 23 19 25. 21 35 24. 73 12 24. 75 15 23. 74 
9 27. 33 17 26. 9') 19 2 6 . 3 5  35 26. 12 12 26. 15 15 24. 92 
9 27. 58 17 27.43 19 26. 54 35 26. 77 12 26. 88 15 26. 33 
9 27. 98 14 27. 37 19 26. 98 33 27. 15 11 27. 48 15 26. 51 
8 28. 37 13 27. 32 18 27. 25 30 27. 39 9 27. 59 15 26. 87 
4 28.41 1J 27. 36 14 27. 51 29 27. 57 6 27. 34 13 27. 15 
2 28. 26 2 27.06 3 27. 45 6 27. 67 4 27. 87 9 27.43 

2 27. 32 1 27. 53 
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1 19. 97 
2 2o. rn 
6 20.47 
6 21. 15 
6 21. 83 
6 n.n 
6 24. 48 
6 2 5 . 43 
6 2 5 . 92 
6 26. 68 
6 <7.05 
4 27. 37 
1 27. 47 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


TABLE 21 

GROWTH TRENDS IN AVERAGE CHFST DEPI'R, CENTIMETERS, OF GROUPS OF GIRI..S 
MENSTRUATING AT DIFFFRFNT AGES AND OF SUB-POPULATIONS MEASURED 

APPROXIMATELY AT BIRTIIDAYS AND THE HALF-YEARLY ANNIVERSARIES OF BIRTHDAYS 

EJ:act 
Ages 

Group A Group B Group C Group D Group E Group F Group G. Group H 
Menarche Menarche Menarche Menarche Menarche Menarche Menarche Menarche 
Before 11-6 to 12-0 to 12-6 to 13-0 to 13-6 to 14-0 to After 
11-6 11-11 12-5 12-11 13-5 13-11 14-5 14-5 

lf M N M  N M  N M  N M  N M  N M  N �� 

Cases Measured Approximately at Birthdays, Population X. 

6. 0 
7. 0 
8 . 0  
9 . 0  

10.0 
11. 0 
12. 0  
13. 0  
14. 0 
15.0 
16. 0 
17. 0  
18. 0  
19. 0  

4 12. 55 3 13. 11 5 12. 92 9 12. 88 3 12. 32 1 12 . 99  
6 12.93 4 13. 44 9 13. 26 19 13. 05 12 13 . 28 9 13. 09 
7 13. 40 5 13. 86  12 13. 77 25 13. 34 17 13 . 57 12 13. 28 
8 13. 94 6 14. 44 12 14.31 27 13. 81 18 13. 95 13 13. 79 
8 14. 50 6 15. 28 13 14. 87 28 14.40 18 14. 42 13 14. 34 
9 15. 43 7 15. 96 16 15. 62 30 15. 14 24 14.93 14 15. 09  

10 16. 43 7 16. 58 16 16. 52 3 0  15. 81 24 15. 42 16 15. 63 
11 16.81 7 17.o6 16 16. 86  30 16.76 24 16. 14 19 16. 37 
11 16.94 7 17.43 16 17. 12 30 17. 00 24 16. 72 19 17.08 
10 17. 17 7 17. 51 15 17. 15 30 17. 18 24 16. 86 19 17. 12 

9 17.32 7 17. 54 14 17. 37 25 17.12 22 16. 95 18 17. 44 
8 17.33 4 17. 94 13 17. 28 22 17. 27 19 16. 96 17 17. 26 
5 17.71 1 17.34 5 17.82 10 17. 56 13 17. 09  11 17. 58 
1 17.01 2 17. 51 3 17.33 4 17. 31 

1 12. 80 
1 13. 10 

1 12. 92 4 1) . 30 
2 12. 42 7 13. 42 
3 12. 82 9 13. 79 
3 13. 45 9 14. 25 
3 14.22 11 14. 83 
4 15. 35 12 15. 47 
4 16. 12 12 16. 2t 
4 17.32 12 17. 36 
4 17. 35 11 17.92 
4 16.98 8 17.89 
4 16. 78 6 17. 81 
3 16.78 4 17. 74 

Cases Measured Approximately at Half-yearly Anniversaries of Birthdays, 
Population Y. 

5 . 5  1 13. 06  1 12.41 
6 . 5  6 13. 56 5 13. 43 7 13. 01 9 12. 68 1 1  12.77 1 12. 96 
7. 5 6 14.04 7 13. 87 9 13. 37 13 13. 08 20 13. 02 1 13. 16 1 13 . 47 1 12. 43 
8. 5 9 14.49 8 14. 38 14 13. 88 17 13. 51 29 13. 39 7 13. 36 8 13. 57 4 12. 73 
9. 5 9 15.05 9 14.97 16 14. 35 17 13. 99  31 13. 89 8 13. 89 10 13 . 98 4 13.07 

10. 5  10 15. 64 9 15.41 16 15. 20 1 7  14. 58 3 2  14. 46 9 14. 57 10 14. 45 4 13. 70 
11. 5 11 16.63 9 16.28 16 16. 02 18 15. 23 33 15. 02 10 15. 34 14 15. 03 6 14. 47 
12. 5 11 17.28 9 17.27 17 16.59 18 16. 10 34 15. 67 12 16. 11 15 15. 41 6 14. 90 
13. 5  1 1  17. 74 9 17. 50 17 17.30 19 16. 50 3 5  16. 46 12 16. 88 15 15. 91 6 15. 68 
14. 5 ll 17. 97 9 17.81 17 17.34 19 16. 84 35 16. 86  12 17.37 15 16.49 6 16. 85 
15. 5  1 1  17.93 9 18.05 l4 17.30 19 17. 02 32 17. 04 1 1  17. 79 1 5  16. 71 6 16. 95 
16. 5 9 17. 94 7 18. 21 13 17.39 18 17.16 29 17. 06 9 17. 56 15 16. 99 6 17. 28 
17. 5  6 17. 77  4 17.95 7 17. 35 14 17.36 27 17. 06 7 17.37 12 16. 89 6 17.75 
18. 5 3 17.90 2 18. 35 2 17. 40 3 17.62 6 17. 23 4 17.60 g 17. 05 3 17.75 
19. 5 1 18.40 2 18. 15 1 16. 55 1 17.65 
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TABLE 22 

GROWTH TRENDS IN AVERAGE CHEST BREADTH , CENTIMETERS, OF GROUPS OF GIRLS 
MENSTRUATING AT DIFFERENT AGES AND OF SUB-POPULATI::JNS �1FASURED 

APPROXIMATELY AT BIRTHDAYS AND THE HALF-YEARLY ANNIVERSARIES OF BIRTHDAYS 

Exact 
Ages 

Group A Group B Group C Group D Group E Group F Group G Group H 
�lenarche Menarche Menarche �lenarche Menarche �lenarche Menarche Menarche 
Before 11-6 to 12-0 to 12-6 to 13-0 to 13-6 to 14-0 to After 
11-6 11-11 12-5 12-11 13-5 13-11 14-5 14-5 

N M N M N M N M N M N M N M N M 

Cases Mea sured Approxi�ately at Birthdays, Population X. 

6. 0 
7 . 0  
8. 0 
9 . 0  

10. 0  
11. 0 
12 . 0  
13 . 0  
14. 0  
15. 0 
16. 0  
17. 0  
18. 0 
19. 0 

4 16. 88 
6 17. 84 
7 18.42 
8 19. 32 
8 20. 1/, 
9 21. 57 

10 22. 61 
11 23. 13 
11 23 . 3 9  

9 23. 51 
9 23. 58 
9 23. 51 
3 23.91 
1 24. 21 

3 17. 93 5 16. 75 8 17. 31 3 16. 90 1 17. 36 
4 18. 36 9 17. 57 17 17. 56 13 17.47 8 17. 16 
6 18. 94 12 18. 21 23 18. 20 19 18. 05 12 17. 82 
7 19. 71 12 19. 16 25 18. 98 20 18. 81 13 18. 58 
7 20. 60 13 20. 17 27 19. 94 20 11.65 13 11. 41 
7 22.01 16 21.21 29 20. 92 23 20. 67 14 20. 36 
7 23. 14 16 22 . 34 30 21.92 24 21. 63 16 21.20 
7 23. 70 16 23. 28 30 22. 83 24 22. 68 19 22. 34 
7 23. 98 16 23. 40 30 23. 16 24 23 . 3 1  19 23. 09  
7 24. 00 1 5  23.65 30 23. 63 2 3  23. 53 19 23.26 
7 24. 41 14 23. 7� 25 23. 89 21 23.68 17 23. 59 
4 24. 71 9 23 . 86 24 24.08 21 23. 72 16 23. 61 

3 23. 73 8 24. 35 12 23. 97 9 23. 86 
2 24. 25 3 24.07 4 23. 58 

1 17.03 
1 16. 84 4 17. 53 
2 17. 04 7 17.96 
3 17. 99 9 18.66 
3 19. 09 9 19.39 
3 20. 29 11 20. 14 
4 22.25 12 20. 82 
4 23. 08 12 21.78 
4 23 . 1.8 12 22. 78 
4 23.92 11 22. 96 
4 23. 60 7 23. 33 
3 23. 80  6 23. 22 
3 23. 80 4 23. 10 

Cases Measured Approxi�ately at Half-yearly Anniversaries of Bi rthdays, 
Population Y. 

5. 5 
6. 5 
7. 5 
8. 5 
9 . 5  

10. 5 
11. 5 
12. 5 
13 . 5  
14. 5 
15. 5  
16. 5  
17. 5 
18. 5 
19. 5 

1 17.27 
6 17. 87 
6 18. 37 
9 19. 27 
9 20.34 

10 21. 38 
11 22.94 
11 23. 73 
11 24. 3 5  
10 24. 56 
10 24. 56 
10 24. 76 

6 24. 89 
2 24. 59 
1 24. 79 

1 16. 04 
5 17. 19 8 17. 04 9 1'1. 12 11 16. 62 1 17. 69 
7 17.91 11 17. 65 13 17. 58 19 17. 42 1 17. 29 1 17. 59 1 16. 52 
8 18.67 15 18. 62 16 16. 36 28 18.05 8 16. 09 9 18. 09 4 17. 52 
9 19.48 16 19. 67 18 19. 28 30 18. 85 10 18. 94 11 18.72 4 18.16 
9 20. 50 17 20. 76 18 20. 28 32 19. 75 10 19. 80  11 19.46 4 16. 84 
9 21.93 17 21. 88 18 21. 33 35 20. 59 10 20. 68 15 20. 25 5 19. 59 
9 23. 06  17 23 . 09 18 22. 2 6  35 21. 52 12 21. 74 15 20. 87 6 20. 35 
9 23.31 17 23. 81 19 22 . 77 3 5  22. 54 12 22. 76 15 21. 73 6 21. 52 
9 23. 61 16 23.92 19 22.99 35 22. 87 12 23. 21 15 22. 66 6 22. 45 
9 23. 90 11. 23 . 90 19 23. 3 5  32 23. 22 11 23. 72 15 22.95 & 22. 65 
8 24.03 13 24. 15 18 23.45 30 23.17 9 23. 70 14 23. 25 6 22.93 
4 24. 20 8 23. 94 13 23. 38 26 23. 29 5 24. 00 13 23. 36 6 23. 35 
2 24.50 2 23. 89 3 23. 38 6 23. 51 3 23. 97 9 23. 24 4 23. 30 

1 24.87 1 23. 04 1 23. 10 
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TABLE 23 

GROWTH TREIIOO Ill AVERAG! sm.ETAL AG!, Ill JIIJNTBS, or GIIOUPS OF GIRI8 
MDISTRUATIJIG AT DI:rmENT AG!2 AliD or SUB-POPULATIONS MEAS1JRED APPROXIMATELY 

AT BDm!DAYS AIID Till HALP'-'D'.ARLY AJIHIVEIISARI!S or BIRTBDAYS 

!xact Group A Group B Group e Group D Group E Group r Group G Group B 
Ages Menarche Menarche Menarche Menarche Menarche Menarche Menarche Menarche 

Before 11-6 to 12-0 to 12-6 to lJ..j) to lJ-6 to 14-0 to After 
11-6 11-11 12-5 12-11 lJ-5 lJ-11 1.4-5 1.4-5 

" l( R M R M R M II M II M II M II M 

Cues Measured Approxi.utel;y at Blrthdi!1B, Populat.lon X. 

6.0 1 75. 83 5 80. 10 5 72.70 9 67. 76 4 n. 94 1 61.71 
7.0 6 88.83 6 92.90 11 86. 50 18 78.65 1.4 81. 94 11 77.57 1 73. 71 
8.0 9 100,33 7 103.57 15 99. 1.4 28 90. 93 21 93.37 12 88.02 1 91.17 7 82. 71 
9.0 10 11.4.77 7 11.4.28 16 112.81 29 103 . 11 24 105.04 15 100.77 2 102. 17 11 94. 71  

10.0 11 129.27 7 130. 1.4 16 127.31 29 117.49 24 117.92 19 112 . 84  J 111.67 12 105.25 
11.0 11 144. 27 7 1.45.28 16 141. 69 30 131.80 24 131.17 19 126. 10 4 121. 00 12 116.08 
12.0 11 159.45 7 158. 57 16 154.75 30 1.45.00 24 1.44.96 19 1.40.05 4 134. 25 12 128.� 
13.0 11 173.27 7 172. 71  16 169.00 30 158.40 24 157.92 19 153.89 4 1.49.00 12 139. 83 

� 14. 0  u 183.73 7 188.28 16 183.81 30 174.00 24 170.38 19 165.95 4 164. 00 12 150.83 
15.0 10 194.33 7 195. 1.4  1 5  192. 81 30 186. 03 24 183.62 19 178.79 4 175.25 12 162. 83 
16. 0 9 197. 89 6 196.81 15 196. 15 26 194.34 22 194. 35 18 190.68 4 188. 25 10 175.73 
17.0 9 198.22 4 196.81 13 196.77 25 197.26 22 196. 99 17 196. 09 4 194.75 8 188.23 
18.0 5 198.22 1 196.81 6 196.77 11 197.35 15 197. 59 lJ 196. 94 4 197. 00 6 195.40 
19.0 1 198.22 2 197.35 2 197. 59 4 196. 94 4 197. 00 4 198. 90 

CBHB Measured Approxi.utel;y at Balf-Jearl;y Almlveraaries of BirthdaJs, Population Y. 

5.5  1 65.39 1 67.71 10 73.48 
6. 5 6 79.39 6 79.08 e 77.71 9 75. 28 28 85.38 6 81.05 11 78.12 4 78. 22 
7. 5 9 92. 56  8 90.41 15 89.08 16 87.17 32 97. 1o 10 93. 89  13 90. 03 5 88. 97 
8. 5 11 105.45 9 102.78 17 101. 82 17 99.41 35 109. 28 11 106.59 15 101.87 6 100.17 
9.5 11 119.73 9 116.89 17 116.47 17 111. 82 35 122.08 11 119.59 15 11.4.93 6 111.00 

10.5 11 135.36 9 133.11 17 130. 82 17 125.70 35 136.31 11 131. 50 15 127. 33 6 123. 00  
11.5 11 151.00 9 1.49.44 17 1.46.41 18 141. 17 35 148.71 12 144. 50 15 1.40. 60 6 134.50 
12.5 11 167. 36 9 162.89 17 159.42 18 15J,. 22 35 161.00 12 157. 58 15 153.27 6 1.46.17 
1J. 5  1 1  181. 18 9 175. )3 17 173.88 18 168.78 35 174.28 12 171.17 15 167. 00 6 160. 00 
1.4.5 11 190. 27 9 185.33 17 188. 00 18 180.<2 32 186.75 11 187.99 15 179.73 6 176.00 
15. 5  1 1  194.91 9 193. 78  1.4 195.22 18 190.78 30 195.01 9 194.99 15 188. 87 .6 185.83 
16.5 10 197.71 8 196. 66  13 198.22 18 196. 72 29 196. 70 7 197.56 1.4 194:73 6 194.83 
17. 5 6 19'/. 54 4 197.66 10 199.22 16 197.03 7 196. 70 4 197. 56 9 197.06 5 196.83 
18. 5 3 197.54 2 198. 16 2 199.22 4 197.03 2 197. 56 1 199.06 1 197.83 
19.5 1 197. 5,4 
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TABLE 24 

GROWTH TREIIDS IN THE AVERAGE NUMBER OF ERUPJ'ED PERMANENT TEETH, OF GROUPS 
OF GIRlS MENSTRUATING AT DIFFERENT AGES AND OF SUB-POPULATIONS MEASURED 

APPROXIMATELY AT BIRTHDAYS AND THE HAIJ'-YEARLY ANNIVERSARIES OF BIRTHDAYS 

Exact 
Ages 

Group A Group B Group C Group D Group E Group F Group G Group H 
Menarche Menarche Menarche Menarche Menarche Menarche Menarche Menarche 
Before 11-6 to 12-0 to 12-6 to 13-0 to 13-6 to 14-0 to After 
11-6 11-11 12-5 12-11 13-5 13-11 14-5 14-5 

N M  N M  N M  N M  N M  N M N M  N M  

Cases �leasured Approximately at Birthdays, Population X. 

6. 0 
7. 0 
8 . 0  
9 . 0  

10. 0  
ll.O 
12 . 0  
13 . 0  
14. 0  
15. 'J  
16. 0 
17. 0  
18. 0 
19. 0 

3 5 . 04 
6 8.37 
7 11. 54 
9 13. 97 

10 17. 75 
11 21. 45 
ll 24. 54 
ll 26. 63 
ll 27.45 
10 27. �5 

9 28. 39 
4 28. 6..\ 
3 28. 6..\ 
1 28. 64 

2 6 . 68 4 4 . 00  6 2. 50 3 5. 07 
5 9. 18 9 7. 25 17 7. 33 11 7 . 07 8 5. 88 
7 12. 58 14 10. 69 26 10.62 19 10. 80 11 8. 13 
7 15. 44 16 14. 05 28 13. 50 24 13. 38 14 11.67 
7 19. 15 16 17. 93 29 17.43 24 16. 80 17 16.03 
7 23 . 29 16 21. 93 30 20. 77 24 20.92 19 20. 38 
7 25.43 16 25. 81 30 24. 50 24 24. 42 19 24. 48 
7 27. 14 16 26. 81 30 26. 27 24 26. 21 19 26. 53 
6 28. 14 16 27. 37 30 27. 67 24 27. 00 19 27. 27 
5 28. 14 15 27. 84 29 27. 88 24 27. 38 19 27. 64 
2 28. 14 15 27.97 26 28. 03 19 27. 80 18 27. 81 
1 28. 1..\ 8 28.22 11 28. 21 12 27. 97 17 28.05 

1 28. 21 2 28. 47 4 28.05 
2 28. 05 

1 1. 30 
1 5. 30 

1 5. 75 4 9. 30 
2 9. 75 7 15; 30 
3 14. 75 12 20. 59 
4 20.75 12 24.�7 
4 23. 25 12 26. 50 
4 25. 75 12 27.67 
4 27. 75 12 27. 92 
4 28. 00 12 28. 00 
4 28. 00 ll 28. 27 
4 28. 00 7 28. 41 
4 28. 25 5 28. 81 
1 3 2 . 2 5  1 28. 81 

Cases Measured Approximately at Half-yearly Anniversaries of Birthdays, 
Population Y. 

5 . 5  
6. 5 
7. 5 
8. 5 
9. 5 

10. 5 
11. 5  
12. 5  
13. 5 
14. 5  
15. 5  
16. 5 
17. 5 
18. 5  
19. 5 

1 1.63 
6 5 . 63 
7 9. 13 

ll 13. 27 
ll 16. 82 
11 20.82 
11 24. 09 
11 25. 18 
11 27. 09 
11 28. 27 
10 28. 77 

9 28. 99 
4 28. 99 
1 28.99 

1 2 . 76 
6 5 . 57 10 6 . 76 10 4 . 75 9 4.39 1 3 . 25 
7 10.07 13 lO. o6 12 9. 15 19 8 . 61 1 7.25  1 7. 86 
8 12. 07 17 13. 68 18 11. 48 29 11. 66 5 12 . 25 10 11. 86 
9 16. 45 18 16 • .33 18 14. 26 34 14.90 10 15. 05 15 15 . 86  
9 20.45 18 21. 39 18 17. 82 3 5  18.46 10 18. 45 15 20.33 
9 23. 78 18 25. 17 19 22. 21 3 5  22. 12 10 22. 55 15 23. 66  
9 26. 89 1 7  27.46 19 25. 74 3 5  2 5 . o6  12 24. 75 1 5  26.46 
9 27. 67 17 27. 99 18 27. 18 3 5  26.75 12 27. 00  15 27. 53 
9 28. 00 17 28. 17 18 27. 51 34 27. 54 12 27.67 15 28. 00 
8 28. 00 14 28.24 17 27. 80 32 27. 88 11 27.94 15 28. 00 
6 28. 00 12 28.91 17 28. 21 27 28. 1) 9 28.05 14 28. 00 
2 28.00 4 28. 91 5 28. 21 13 28. 51 6 28. 55 12 28. 17 

228 

1 � 8. 51 1 28. 55 1 28. 17 
1 28. 55 

1 10.40 
5 10.40 
6 13. 00 
6 17. 17 
6 22. 50 
6 24. 67 
6 2 5 . 67 
6 26. 50 
6 26. 83 
6 27. 16 
6 28. 33 
1 28.33 
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3. Analysi s  of Basic Data by Chronological Age 

It has been noted that the detailed numerical data of Tables 16 to 
24 constitute the basic growth materials of this study. The numerical 
details, however, are meaningless as they stand and much further analy
sis is necessary to make clear the vari ous aspects of the data. For 
convenient exposition three major types of analysis, each wi th its dis
tinctive variati ons, may be di stinguished. This section presents meth
ods of analysis in terms of chronological age . Section four presents 
methods Of analysis and tables of derived data in terms of t ime inter
vals before and after the menarche. Section five presents methods of 
analysis and derived data in terms of time intervals corresponding to 
comparable points on the pattern of growth. The same types of analysis 
have been applied to the basic data for each of the nine measurements. 
However, for illustrative purposes the discussion of this and the fol
lowing two sections will be largely in terms of the data for standing 
heip;ht. 

The XA and YA, the XB and YB, the XC and YC, etc. , sub-groups have 
been combined to give growth trends in average standing height at in
tervals of six months. The combined XA plus YA data will be referred 
to as Group A, etc. The method of making this combinati on may be most 
conveniently described by reference to Figure 128 Which gives the data 
separately for sub-group XA ( the lower of the three curves with obser
vati on points at age 6 .0, 7 . 0 ,  8 . 0, etc . ) ,  for sub-group YA ( the upper 
of the three curves with observati on points at age 6 .5, 7 . 5 ,  8.5, etc. ) 
and the combined data for Group A ( the middle curve ) .  The middle curve 
representing the combined data is obtained by averaging the points on 
the npper and lower curves at six month interval s .  For example , the 
spotted point at age 6 . 0  for cases measured approximately at birthdays 
is 110 . 22  centimeters , the corresponding point on the upper curve i s  
ll3 . 16 ( the average o f  109 . 36 and o f  ll6 . 96 a t  th e  age 5 . 5  and 6 . 5.) , 
the simple or unweighted average of 110.22 and 113.16 gives the point 
spotted for the combined data. This operation, may of course , be 
carried out in terms of the increment as illustrated in Figure 129. 
The two procedures give identical results . Incidentally, the almost 
pertect agreement of the two basi c curves in Ftgure 129 , each of Which 
is based on only eleven cases, should be contrasted with the false and 
true trends of Figure 126. The slight di sagreement of these two curves 
for the year ending at the age of 11.0 is not to be attributed to errors 
or unreliability. Cases in Group YA, Who were measured at the half
yearly anniversaries of birthdays, do not show a sharp peak increment 
because the timing of the measurements is such as to obscure the maxi
mum increments. While this procedure may seem surreptitiously to rein
troduce straight-line interpolation into the data, it is to be empha
sized that this procedure retains all of the original observation points 
whereas straight-line interpolati on of the individual records to exact 
birthdays automatically discards all but a tiny fraction of the orig
inal observation points. A more refined procedure for combining sub
groups ,  whi ch might have been applied and whi ch avoids all sembiance of 
straight-line interpolation, will be described in the next section. The 
small number of cases in some of the sub-group s and the extra labor in
volved have limited the appli cation of the more refined procedure to the 
special situation described in the next section. 
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Fig. 128. -Illustrating Method of Canbining Data !ran Cases 
Measured Within Three Months or Birthdays and From Cases Measured 
Within Three Months of the Half-Yearly Anniversaries of Birthdays 
to Give a Single Composite Curve with Observation Points at 81� 
Month Intervals. 
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4. Analysi s  o! Basic Data by Menarcheal Age 

Chronological agee have been exPressed as deviations !rom the advent 

or the menarche and the sixteen sub-groupe have been combined on this 

basi s .  The average agee at onset or the menarche in Groupe A, B, c, D, 
E, F, G, and H have been taken as 11.00, 11. 75, 12.25, 12 . 75, 13.25, 
13.75, 14.25, and 15.00 respectively. For Groupe B to G these are the 

approximate mid-pointe or the intervale. The actual average menarcheal 

age or Group A i a 11 .03. In the case or Group H i t  has been necessary 
to estimate probable menarcheal agea . !or cases with indefinite recorda, 

The median or the probable and reported menarcheal agee !or this group 

i s  15 . 00 .  I t  should be noted that Group A and particularly Group H 
represent rather heterogeneous groupe in respect to the advent or the 
menarche. Subtraction or these average menarcheal agee !or the groupe 
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from their respective chronologi cal ages gives what may be called devia
tion ages or physi ologi cal ages . For example, at chronologi cal age 12 . 0  
Group XA has a deviati on age or -1 . 00, Group YB has a deviation age or 
-.25, Group XC has a deviation age or .25, e tc .  Attention i s  called to 
the fact that sub-groups XB, YC, XD, YE, XF and YG have the following 
series or deviati on ages -3.25, -2 .25, -1 .25, -.25, . 75, 1 . 75, etc . ; 
that sub-groups YB, XC, YD, XE, YF, and XG have the following series 
-3 . 75, -2 . 75, -1 . 75, - . 75 ,  .25 ,  1 .25, etc . ; that sub-groups XA and XH 
have the following series -3.0,  -2 .0,  -1 .0,  0 . 0, 1 . 0 ,  etc . ; and that 
sub-groups YA and YH have the following seri es -2 . 5, -1 . 5 ,  -.5, .5,  1 . 5, 
etc.  These deviation ages deter�ine the me thod or combining the sub
groups .  In the case or Group A ( XA  plus YA ) and Group H (XH and YH) the 
combined data as described in the preceding section are employed and it 
is only necessar,Y to translate the chronologi cal ages into deviation 
ages .  The remaining twelve groups have been combined into three groups 
which will be referred to as Groups BC, DE, and FG. The details are as 
follows . The original surr.rrations of raw data were summed and averaged 
for the following pairs of sub-groups :  XB and YC, XC and YB, XD and YE ,  
XE and YD ,  XF and YG, and XG and YF .  The resulting XBYC and XCYB groups ,  
the XDYE and XEYD groups ,  and the XFYG and XGYF groups were then com
bined by the me thod described in section three. At this point a refine
ment in the method or combining the data which avoids any semblance or 
straight-line interpolati on has been included . The details of this pro
cedure for a portion of the XBYC and XCYB data for standing height is 
illustrated in the following tabulati on : 

Deviation XBYC XCYB Combined XBYC XCYB Combined 
Ages Data Data Data Data Data Data 

( 1 ) (2 ) (3 ) (4 ) {5 ) { 6 ) ( 7 ) 
-1. 75 140 . 80 139 . 01• 139 . 90 140 . 80 138 . 82• 139 . 81 
-1.25 144, 82• 142.47 .. 143,64 14.11 . 69• 142 .47 143,58 

-,75 148 . 84 146.41• 147. 62 148 . 84 146. 61• 147.72 
-.25 152 .09• 150 . 35" 151 . 22  152.42• 150 ,35 151.38 

.25 155,33 152 . 95• 154. 14 155 . 33  153.38• 154.36 

. 75 156 .97* 155 . 55 156 .24 157.26* 155.55 156.40 

In columns two and three the starred figures represent straight-line 
interpolation. The combined data or column four are the unweighted 
averages or columns two and three .  The procedure to this point is the 

one described in section three.  In columns five and six the data or 
column four have been used to provide the more exact interpolations 
indi cated by the starred figures . For example, according to column tour 
48 .4% of the increase !rom 139 . 90 to 147. 62 occurred in the first six 
months or the peri od or a year from deviation age -1.75 to -. 75 .  Apply
ing this percentage to the original figures gives the more precisely 
interpolated figure or 144. 69 instead or 144.82. In the case or w&ight, 
iliac diameter, chest breadth, chest depth, and skeletal age a moving 
average or three percentages centered was employed to give the more 
precisely interpolated figures, Column seven is the unweighted average 
or columns five and six. While column tour and seven may seem indis
tinguishable, calculation or the annual increments will show that same
thing is gained by thi s  procedure . 

Detailed numerical data derived in this manner tor the BC, the DE, 
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De via. 
fr0111 
Menar. 

-7.25 
-6.75 
-6.25 
-5. 15 
-5. 25 
-4.75 
-4. 25 
-3.75 
-3. 25 

� -2.75 
-2.25 
-1.75 
-1. 25 

- . 75 
- . 25 

. 25 

. 75 
1. 25 
1. 75 
�.25 
i.15 
3 . 25 
3. 75 
4.25 
4.75 
5.25 
5.75 
6. 25 

TABU: 25 

GROWTII TRENOO IN AVERAGE STANDIMG HEIGHT; SimRC HEIGHT, WEIGHT, AND Sm.r.l'AL 
AGE FOR TIIREE GROUPS OF GIRLS IR TERMS OF AGE DEVUTIOIS rJI(J( THE MENARCHE 

Group BC Group DE Group rG 
Menarche 11-6 to 12-5 · Menarche 12-6 to 13-5 Menarche 13-6 to 14-5 

N StaB SitH Vt SkeA N StaB SitH Vt SkeA N StaB SitB Vt SkeA 

2 113 . 30 63. 42  20. 54 
23 113. 16 62.98 20.44 72. 50 11 116.21 64. 3� 21. �0 

6 112. 09 62. 02 19. 22 71. 64 43 115 . 80 63.97 21.63 77. 76 12 118. 94 65. 38 22.46 83. 13 
17 115.29 63.82 21. 20 77. �4 62 118.73 65. 06  22.67 83. 56 24 121. 55 66.42 23. 72 89.00 
26 118. 56 65. 37 22. 96 84.01 71 121. 88 66. 53 23. 94 89.49 3:2 124. 10 67. 52 25. 00  95. 26 
33 121.66 66. 70 24. 48 90.05 88 124. 75 67. 80 25.29 95.46 39 127.08 68. 72 26. 34 101 . 39 
40 124. 74 67.94 26. J9 96. 07 98 127. 52 68. 92 26.67 101. 46 43 129.85 69. 77 27. 80 107. 56 
46 127. 77 69. 00  27. 88 102.38 104 130.21 69. 94 28.20 107. 66 46 132.31 70. 72 29.16 113 . 76 
49 130. 55 70. 06  L9. 58 109. 06  104 132.83 70. 94 29. 76 114.20 47 134.92 71. 76 30. 58 120.02 
49 133 . 39 71. 22 31. <6 116. 04 104 135.60 71. 94 31. 26 120.97 49 137. 60 72 . 86 32. 50 126.30 
49 136. 48 72. 48 33.42 123. 34 106 138. 57 73. 12 33. 04 127.97 49 140. 51 74. 02 34. 68 132. 78 
49 139. 81 73. 78 36. 20 130.84 107 141. 86 74. 54 35. 26 135. 21 49 143. 76 75. 46 37.28 139. 57 
50 143. 58 75. 51 39. �8 138. 53 108 145.62 76. 22 37. 78 142. 03 50 147. 37 77. 17 40. 23 146.)0 
50 147. 72 77. 62 42 .62 145.97 108 149 . 36 78 . 00  40. 56 148.44 50 150. 88 78. 82 42. 90  153. 03 
50 151. 38 79.44 45.80 152 . 76 108 152.75 79.87 43.64 154. 82 50 153.68 80. 31 45. 52 159.62 
49 154. 36 80.96 48. 70 159.48 108 155. 39 81. 37 46. � 5  161. 38 50 155. 76 81. 74 48. 28 166. 00  
49 156.40 8� . 18 51. 22 166. 55 108 157. 13 82.46 48.77 168.37 50 157. 16 82. 82 50. 32 172.48 
49 157.69 83. 06  53. 04 173. 76 108 158.25 83.34 50. 52 175. 14 50 158.05 83.45 51.83 179. 89 
49 158.63 83. 82 54. 04 181. 11 108 158.99 83. 99  51. 76 181.40 49 158. 60 83. 88 52. 89 186. 62 
49 159. 25 84.42 54. 69 187. 09 106 159.47 84. 45 52.77 187. 25 48 158.97 84. 18 53. 30 190. 96 
48 159.78 84 . 77 55. 42 191.21 104 159. 78 84.78 53.44 192. 12 46 159. 26 84. 44 53. 66 194. 08 
45 160. 17 85. 01 56. 25 194. 28 97 160.0J 85. 03 53. 96 195. 10 43 159.30 84.66 54. 11 195. 97 
45 160. 32 85. 16 56. 56 196. 14 95 160.23 85. 19 54.41 196.65 41 159.36 84. 79 54. 66 196. 90 
44 160.41 85. 32 56. 62 197. 10 93 160. 36 85. �-- 54. 76 197. 13 31 159. 52 84. 85 54. 94 197. 10 
42 160. 56 85.63 56. 54 197. 34 82 160. 35 85.21 55.20 197. 20 27 159.56 84. 90 54. 89 197.20 
36 160.70 85.68 56. 59 197.46 44 160. 42 85. 22 55. 26 197.20 12 159.62 84. 84 54. 74 197. 30 
23 160. 74 85. 65 56. 72 197. 55 22 160.49 85. 12 55. 20 197. 20 
12 160. 76 85.62 57.44 197.68 
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TABLE 26 

GROWTH TRENDS IN AVERAGF. ILIAC DIAMETER, CHEST DEPTH, AND CHEST BREAIYI'H FOR 
THREE GROUPS OF GIRLS TN TERMS OF AGE DEVIATIONS FROM THE MSNARCHE 

Devia. Group BC Group DE Group FG 
from Menarche 11-6 to 12-5 Menarche 12-6 to 13-5 Menarche 13-6 to 14-5 
Meno.r. I liac D Chest D Chest B Iliac D Cheal D Chest B Uiac D C!'lest D Chest B 

N M N M N M N M N M N M N �� N �� N M 

-7. 25 2 18. 36 2 13 . 14 2 17. 60 
-6. 75 18 18.92 23 12. 69 22 16.97 11 18. 75 11 13. 20 10 17. 52 
-6. 25 6 12. 78 6 16. 69 29 19. 30 41 13. 00 �1 17. 26 12 19. 18 12  1). )0 11  17. 40 
-5. 75 9 18. 74 15 13. 03 16 17. 17 39 19.70 60 13. 12 58 17. 53 13 19. 6L. 22 13 . 3£ 23 17. 76 
-5. 25 14 19. 28 24 13. 19 �5 17. 50 45 20. 10 69 13. 28 68 17. 82 u ;o. 1< 29 13 . 34 31 18. 09 
-4.75 23 19. 74 27 13. 1,0 29 17. 80 62 20. 51 84 13.46 83 18. 16 �9 2'). 65 32 13. 61 34 18. 48 
-4. 25 33 20. 23 32 13. 64 34 18. 17 77 20. 92 89 1,3 .  68 89 18. 56 36 21 . 18 3 5  13 . 88 37 18. 90 
-3 . 75 36 20. 74 38 13. 90  �0 18. 62 91 21. 34 93 13. 93 93 18. 98 u a . 65 35 1� . 17 37 19. 33 
-3. 25 �2  21. 30 39 14. 16 41 19. 08 98 21. 78 93 14.20 93 19. 43 45 22. 12 35 1 4 . 52 37 19. 78 
-2. 75 49 21. 92 42 14. 42 43 19. 56 104 22. 22 95 14.48 97 19.92 48 27. 62 40 14. 88 �2 20. ;>3 

� -2. 25 50 22 . 58 44 14. 76 45 20. 04 104 22. 76 101 14. 77  100 20. 40 1...8 23 . 21 1.. 1 15 . 19 �2 20. 65 
-1. 75 50 23 . 30 4J,. 15. 14 1..6 20. 56 107 23. 1,2 104 15.07 105 20. 88 �8 23 . 92 I,L 15. 52 �4 n. 1� 
-1.25 50 23. 94 �7 15. 50 49 a. 12 108 24. 08 105 15 . 36 106 21. 36 50 ?1.. . 60 47 1 5 . 88 �7 71. 7; 

- . 75 50 24. 69 48 15. 92 49 21. 75 108 24. 76 106 15. 74 107 21 . 86 50 25. ;:8 50 16. 24 50 22. 24 
-. 25 50 25.48 48 16. 29 49 2;:. 38 108 25. 52 106 16. 17 107 2;2.38 50 26. 02 50 16. 60 50 22. 70 

.25 49 26. 20 49 16. 58 �9 2< . 94 108 26. 15 107 16. 52 107 22. 76 50 26. 52 50 16. 95 50 23. 00  

. 75 49 26. 73 49 16. 90 1,9 23. 38 108 2.6. 51.. 108 16. 71 108 2 2 . 96 50 26. 69 50 17. 12 50 23 . 15 
1. 25 49 27. 10 49 17. 12 49 23. 54 108 26.76 108 16. 84 108 23. 10 50 26. 85 50 17. 26 50 23. 35 
1.75 49 27. 35 �9 17. 20 1,9 23. 63 108 26. 93 108 16.94 108 23. 26 49 27. 10 1,9 17. 38 49 23. 52 
2 .25 49 27. 45 49 17. 26 48 23. 74 105 27. 12 105 17. 02 105 23. 1,2 �8 <7. 28 48 17. 35 �6  <?3. 60 
2 . 75 48 27.49 48 17. 28 47 23. 80 103 27. 28 103 17. 04 102 23 . 50 46 27.39 46 17. 31 44 23 . 57 
3 . 25 45 27. 57 45 17. 34 �5 23. 84 97 27.41 95 17. 04 95 23 . 54 �3 27. 1,2 42 17. 18 �2 23.66 
3 . 75 45 27. 63 44 17.40 �1. 23. 96 96 27. 51 91 17. 08 94 23. 58 �0 27. 1..6 �0 17. 20 37 23. 74 
4. 25 44 27.69 43 17. 42 �3 24. 06 94 27. 57 86 17. 12 89 23. 65 30 27. 56 30 17. 31 26 23. 75 
� . 75 42 27. 73 40 17. 41, 37 24.08 82 27. 60 76 17. 24 75 23 . 72 27 27. 65 26 17. 3� 2� /3. 66 
5.25 36 27. 75 31 17. 52 29 24.08 44 27. 60 �3 17.39 39 23. 80 12 27. 58 12 17. 32 11 2). 71. 
5 . 75 23 27. 70 20 17. 56 19 24.08 22 27. 82 22 17.41 20 23. 80 
6.25 12 27. 58 12 17. 58 '9 2� . 1!, 
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TABLE 27 

GROWTH TRENDS IR AVERAGE SIZE; WEIGHTED CCMPOSITE OF EIGHT GROUPS SUPERIMPOSED 
ACCORDING TO TOORG OF PATTERNS 

St.aDd. Bt. Sit. Bt. Leg Length Iliac Dia. Ch. Breadth Ch. Depth Weight 

Age "' Age "' Age "' Age "' Age "' Age "' Age M 

6. 17 ll2.29 6.05 62.00 6. 15 49. 59 6. 43 18.85 6. 40 17. 04 6. 14 12. 76 6. 12 19. 82  
6.67 115.04 6. 55 63.28 6.65 51. 35 6. 93 19.29 6.90 17. 36 6. 64 12. 96 6. 62 21. 09 
7. 17 118.00 7.05 64. 58 7. 15 53. 01 7.43 19.73 7.40 17.64 7. 14 13. 12 7. 12 22. 23 
7. 67 121.02 7. 55 65.93 7.65 54. 74 7.93 20. 18 7.90 17. 97 7. 64 13 . 26 7. 62 23. 55 
8. 17 123. 92 8.05 67.21 8.15 56.31 8. 1,3 20. 6� 8. 40 18. 31 8. 14 13. 48 8. 12 24. 95 
8. 67 126.75 8. 55 68. ;18 8. 65 58. 06 8. 93 21. 0 8.90 18. 73 8. 64 13. 70 8. 62 26. 43 
9. 17 129. 52 9.05 69. 45 9.15 59.72 9. 43 21. 52 9.40 19. 15 9. 14 13. 97 9. 12 27.98 
9.67 132. 22  9. 55 70.46 9. 65 61. 43 9.93 21. 97 3.90 19. 63 9. 64 14. 23 9. 62 29. 49 

10.17 135. 03 10.05 71.56 10. 15 63. 09  10. 1,3 22. 52 10. /!0 20.09 10. 14 11,. 53 10. 12 31. 19 
10. 67 138.05 10. 55 72.75 10. 65 64.94 10.93 23 . 14 10.90 20. 57 10. 64 14. 84 10.62 33. 11 

� 11. 17 141.39 11.05 74.13 11. 15 66.79 11. /,J ;;J. 82 11. 40 21. 07 11. 11. 15. 17 11. 12 35. 43 
11. 67 145. 07 11. 55 75.75 11.65 68. 85 11.93 24. 54 11. 90  21. 64 11.64 15. 50 11 . 62 38. l4 
12.17 148.77 12.05 77. 56 12. 15 70.71 1:? . 43 25 . 26 12. 1,0 22. 19 12. 14 15.91 12. 12 41. 15 
12.67 152.01 12. 55 79. 31 12. 65 72. 30 12.93 25. 9.G 12.90 22. 66 12. 64 16. 31 12. 62 44.19 
13.17 154. 56 13.05 80. 83 13. 15 7J . J5 13. 1,3 26.48 1) . 1,0 23. 00  13. 14 16. 66  13. 12 46.94 
13. 67 156,37 13. 55 82 . 03 13. 65 14. 08  13 . 93 26.78 13. 30 23. 20 13. 64 16. 88 13. 62 49. 29 
14. 17 157. 58 14.05 82. 97 14.15 14.37 14 • .GJ 27. 01 14.40 2J , J4 14. 14 17. 06 14. 12 51. 16 
14. 67 158.J7 14. 55 83. 67 14.65 74. 58 14.93 27.21 14. 90  23. 48 14.64 17. 15 14.62 52.60 
15. 17 158.91 15. 05 84.19 15. 15 74. 58 1 5 . 43 27.37 15. 40 23. 58 15. 14 17. 25 15. 12 53. 56 
15.67 159. 29 15. 55 8.G . 56 15.65 74.67 15. 93 27. 48 15. 90 23 . 63 15. 64 17.27 15. 62 54. 14 
16.17 159". 54 16.05 84.81 16. 15 74.61 16.43 'J.7. 57 16. 40 23 . 70 16. 14 17. 29 16. 12 54.65 
16. 67 159.71 16. 55 84.98 16. 65 7.G . 68 16. 93 '17. 62 16. 90 23.78 16.64 17.30 16. 62 55. 11 
17.17 159.86 17.05 85. 09 17. 15 74.68 17.43 27. 86 17. 40 23. 83 17. 14 17. 35 l7. 12 55. 51 
17. 67 159.92 17. 55 85. 16 17.65 7.G . 75 17.93 27. 70 17.90 2). 84 17. 64 17. 40 17. 62 55.65 
18.17 160. 00 18.05 85. 17 18.15 74.76 18. 43 27.75 18. 40 23 . 94 18. 14 17. 1,6 18. l2 55. 65 
18.67 159.99 18. 93 27. 71 18. 90 23 . 91 18. 64 17. 52 18. 62 55. 76 

19.12 55. 80 
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and FG groups for standing hei ght, sittin� height, we ight, and skeletal 
age are reported in Table 25 while comparable data for iliac diameter 
chest breadth, and chest depth are reported in Table 26 . Thi s operation 
was not applied to the data for sternal height and erupted teeth. There 
are such very small di fferences in the number of cases from measurement 
to measurement that only one set of figures showing the minimum number 
of cases has been reported.  

5 .  Analysis of Basi c Data According to Patterns of Growth 

The most striking feature of the data i s  the similarity of the pat
terns generated by the annual increments of each of the eight menarcheal 
groups. Figures 19 , 38, 45, 55, and 56 are excellent illustrations of 
this similarity, In these charts both chronologi cal age and the advent 
of the menarche are i gnored and, i nstead , corresponding points on the 
pattern of growth are arranged in the same vertical line . A single 
curve generali zing all the data of such charts was desired for the pur
pose of making comparisons between measurements as in Figure 57. Such 
data for each of seven measuremen ts are reported in Table 27. 

The first step was to superimpose the curves of the eight groups so 
that corresponding points on the pattern were arranged in the same verti
cal line . In the case of standing height and sitting height the maximum 
increments have been aligned. In the case of other measurements whi ch 
lack clearly defined maximum increments the whole pattern has been con
sidered.  Table 28 sets forth the points on the patterns whi ch were su
perimposed for the purpose of these computations . In the case of stand
ing height, for example , data for Group A at age 1 1 . 0  were combined with 
data for Group B at age 11.5,  with Group C at age 11.5,  with Group D at 
age 12 .0,  etc . The weighted average of corresponding points on tne pat
tern of growth was then computed, the weights being the number of cases 
in the smaller sub-group . In order to give tne resulting data a time 
referenc·e , weighted average ages have been computed in the same manner, 
Although all charts employing such generalized data are in tenns of in
crements or rates of growth, the derived data for each measurement as 
reported in Table 27 are in terms of gross size . Since all measurements 
on all 248 cases are summarized in such data the trends are excepti onal
ly smooth even for such measurements as cnest breadth and chest depth, 
It is suggested that specialists in the art of curve fitting should be
gin w1tn these data , 

6. Standard Deviations 

Table 29 presents standard deviations for each of the eight menar
cheal groups and for the total population tor standing height, sitting 
heignt, weight, and iliac diameter, Standard deviations are given 
separately tor measures or gross size and tor annual increments. The 

distributions from which these standard deviations were calculated were 
originally prepared separately for each of the sixteen sub-groups or 
cases at each age level, The XA and YA distributions, the XB and YB 
distributions, etc . ,  were then combined giving age intervals such as 
7 . 7'o, to 8.74, 8 .75 to 9 , 74, etc . ,  the mid-points of which are 8 .25, 
9 .25, etc . Standard deviations of gross measurements opposite a given 
age are for measurements taken at that age, while standard deviations 
of annual increments opposite a given age are for the increments ending 
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TABLE 28 

A<ml WHICH WERE SUPERIMPOSED IN COO'Irl'ING GE!WALIZED 
PATTERNS OF GROWTH 

Groups: A B c D E F G H 

Standing Height 11.0 11. 5 11. 5 12. 0  12. 5  13. 0  13. 5  13. 5  
Sitting Height 11. 5 11. 5 12. 0  12. 5  13. 0  13. 0  13. 5  1.4. 0  
Leg Length 11.0 11. 5 11. 5 12. 0  12. 5  13. 0  13. 0  13. 5 
Iliac DiBllleter 11. 5 11. 5 12. 0  12. 5  12. 5  13. 0  13. 5  14. 0  
Chest Breadth 11. 5 11. 5 12. 0  12. 0  13. 0  13.0 13. 0  13. 5 
Chest Depth 11. 5 12. 0  12. 0  12. 5 13. 0 13. 0  1.4.0 14. 5  
Veigbt 11. 5 11. 5 11. 5 13. 0  13. 0  13. 0  1.4.0 14. 5 

at that age . Interpolated figures have been included in these calcula
tions. Values are reported only where ten or more cases are available . 
Since the data or th1s table are distinctly subordinate to those or 
Tables 16 to 24, neither the number or cases nor the averages incident 
to the calculations are reported. The number or cases may be obtained 
from the basi c tables. 

These data have been employed in section three or Chapter III , in 
the preparati on or Figures 25 to 29 or Chapter v and 1n the selection 
o1'variables for the correlational study or Chapter XII .  While the cen
tral problem or this study has necessitated the subordination or the 
analysis or variabilities, it should be understood that the problem or 
changing variabilities is entitled to intensive study on its own account. 

7. Growth Trends of Cases Classified by Menarcheal Age 
and by Age or Max1mum Growth 

Tables 30 and 31 present additional basic data for standing height 
resulting rr<xn an analysis in terms or both menarcheal age and age or 
maximum growth in standing height, Since sections five and six or Chap
ter V describe the methods or analysis, it is only necessary here to 
present the numerical data and to discuss certain technical details. 

It Should be noted particularly that classifi cation or cases accord
ing to the age period or maximum growth must be 11m1 ted to such highly 
reliable measurements as standing height ( or sitting height) which show 
clearly defined maximum increments. That is, classification or cases 
according to the period or maxiun.un grOWth in weight or chest depth 
would involve grouping of many cases according to Sheer errors or mea
sure.ent. Hence, this procedure has not been extended to other measure
•nts. On the other hand, much might be learned by the classification 
of cases according to maximum growth periods in standing height and then 
stud71ng the growth patterns of the resulting groups in respect to other 
.easureaents. Considerable work or this type has been done, but none 
of the findings are presented since the resulting patterns tend to re
peat those obtained from classification according to menarcheal age. 

The exclusion or 74 cases from this analysis also requires a few 
CCIIIDents. SCIII8 or the excluded eight cases w1 th abnormal or unusual 
patterns of growth might well have been included 1f the data had been 
more rigorously edited ,t .

. 
the outset ( see sections one and four or 
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� 

Age Group A 
Mid-Pt. <J4 

TABLE 29 

STANDARD DEVIATIONS OF GROSS MEASUREMENTS (GI) AND OF ANNUAL INCROOliTS (AI) 
FOR EACH OF EIGHT GROUPS OF GIRLS .MENSTRUATING AT DIFFERENT AGES AND FOR THE TOT/t.L 

POPULATION IN STANDING HEIGHT� SITTING IIEIGJIT, WEIGHT, AND ILIA� DIAMETER 

Group B Group C Group D Group E Group F Group G Group H 
AI GM AI GM AI GM AI Sill AI Gt-1 AI GM AI GM AI 

Standing Hei@t Centimeters. 

8.25 6. 50 . 85 4. 84 . 78 4.98 • 73 5 . 72 . 74 
9.25 7. 00 1. 25 5 . 00 1. 13 5. 58 . 89 5 . 64  . 79  

10. 25 7. 80 1 . 3 5  � . 98 1. 52 5 . 94 . 90 5.90 1. 12 
11.25 7. 62 1 . 22 5. 70 1. 57 6.33 l. J7 6 . 30 1.26 
12.25 6. 51 1!. 29 5 . 37 1. 84 5. 43 1. 38 6 . 78 1. 34 
13.25 6. 88 1. 78 5 . 00  1.48 5.00 1 . 84 6.2/.. 2 . 02 
14.25 7. 80 . 80 4.96 . 77 5. 16 . 85 6 . 00  1.20 
15.25 6.84 . 66 5. 56 . 76 4 . 68 . 56 6.00 1. 03 
16.25 7. 08 . 44 5 . 37 . 42 4. 80 . 1,6 5 . 70 . 48 

Sitting Height, Centimeters. 
8. 25 2. 75 . � 9  2 . 21 . 61 2 . 22 . 92 2 . 88 . 55 
9.25 2. 82 . 68 2. 12 . ':)0  2 . 38 . 70 2.96 • 54 

10. 25 3. 39 . 87 2.46 1 . 10 2 . 65 . 76 2.97 . 73 
11. 25 3 . 21 . 75 2. 49 1. 08 J , o6  1. 21 3 . 39 1 . 08 
12.25 2.76 1. 26 2 . 82 1. 04 2. 86 . 92 3.76 . 96 
13.25 2. 88 1. 08 2.44 . 96  2.1,8 1. 31 J , J6 1 . 30 
14. 25 3 . �8 . 90  2.�0 . 94 2.24 . 83 3 . 22 1.01 
15. 25 2. 88 . 86  2. 46 . 78 2 . 32 . 68 3. 12 . 78 
16. 25 2. 88 . 66  2 . 24 . 90 2.32 . 67 2. 90 . 80 

5. 14 1. 20 
6 . 00 . 80 
5 . 96 . 69 
6. 27 1 . 14 
6.�2  1 . 09  
6. 20 1. 49 
6.32 1.27 
6. 48 . 86 
6. 48 . 57 

2. 50 1 . /,6 
2 . 1,8 . 68 
2.60 . 58 
2. 79 . 86  
2. 88 . 9� 
2.94 . 78 
J , OO  . 98 
2 . 84 . 84 
2. 88 • 72 

7.M 1. 10 
7. . 88 
7. 48 . 83 
8.04 1 . 26 
8.43 1. 30 
8. 24 1 . 54 
7.48 1. 73 
6.92 . 94 
7. 44 • 55 

1. 55 1.10 
3 • .32 . 58 
3 . 25 . 60  
3 . 38 . 93 
3 . 54 . 96 
3 . 28 1 . 02 
3 . 12 1. 12 
3 . 18 . 89  
2.92 . 90 

J , 70 
3 . 98 • 70 6 . 08 . 92 
3 . 68 . 86 6. 66 . 92 
3 . 78 1.05 6. 69 . 94 
3. 81 1.22 6. 54 1. 22 
4 . 20 1 . 40 7. 12 1. 34 
4. 04 2 . 06  7.72 1 . 64 
3 . 92 1.20 7. 68 1.92 
) . 75 . 50 8. 04 1.48 

2 . 03 
1. 86 .�0 2 . 89 
1.62 . 67 J, 77 1. 06 
2.08 . 78 3 . 6� 1. 01 
2. 56 . 70 3 . 82 l. OJ 
2 . 54 . 72  3 . 92 . 74 
2 . 20 1. �0 4. 60 1. 16 
2 . 00 1. 11 1, . 64 1 . 29 
2 . 02 . 72 � . 70 . 92 

Total 
G1 AI 

6.08 . 96  
6.40 . 96  
6 . 84 1. 22 
7. 62 1. 58 
7. 68 1. 65 
7. 16 2 . 18 
6. 64 1 . 89 
6. 60 1. 38 
6 . 30 

2. 79 . �  
2. 80 . 60  
J . lO . 83 
J, 53 1. 18 
3. 80 1. 12 
3 . 52 1. 18 
J , J4 1.21 
3 . 14 1 . 02 
3 . 04 . 85 
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TABLE 29 (Continued ) 

STANDARD DEVIATIONS OF GROSS MEASUR»>ENTS (<JI) A1ID OF ANNUAL INCREMEHTS (AI ) 
FOR EACH OF EIGHT GROUPS OF GIRLS MFNSTRUATING AT DIFFJI'IIm AGES AND FOR THE TOTAL 

POPULATION IN STANDING HEIGHT, SITTING HEIGHT, WIGHT, Alii> IUAC DIAMETER 

Weight, Iilograms.. 

Age Group A Group B Group C Group D Group E Group F Group G Group H Total 
Mid-pt. ()14 AI GM AI GM AI GM AI GM AI ()14 AI ()14 AI G M  AI ()14 AI 

8.25 . 5 . 22 3. 57 6. 57 2. 24 4. 14 1 . 21 2. 88 1. 02 � . 38 3. 57 10.14 1. 60 
9.25 5 . 70 1 . 38 4. 11 1 . 02 7. 98 2 . 45 4. 62 1.1,7 3 . 00  . 95 5 . 85 1 . 96 3 . 72 . 85 2 . 82 5 . 34 1.63 

10.25 7. 23 2 . 80  4. 56 1. 39 9. 09 1 . 93 4. 89 1./,l 3 . 66  1. 34 6. 00 1. 16 4 . 38 1. 19 3 . 81 6. 27 1 . 82  
11. 25 9. 51 2. 61 5 . 46 2. 53 9 . 48 2. 20 5. 79 2 . 45 3,q3 1 . :n 7. 50 1. 82 5 . 34 1 . 39 3 . 90  1 . 77  7.62 2. 54 
12. :?5 9. 75 2 . 97  6. 36 2 . 78 6.48 2 . 37 7. 32 2 . 38 4. 83 1 . 85 9 . 21 2. 42 6.00 1. 56 4. 35 1. 55 8. 37 2 . 43 

� 13. 25 10./,4 2 . 88 7 . 32 1 . 58 6. 63 3. 12 8. 01 2. 76 5 . 16 2 . 20 9. o6 1.89 6.00 1. '13 6. 00 2 . 04 8. 73 2. 54 
14. 25 10.92 2.81 6. 63 2 . 48 6. 18 2 . 3 5  7. 26 2 . 67 6. 27 2 . 59 10. 62 2. 59 6. 69 3 . 44 7.29 2. 33 8. 58 2. 93 
15. 25 11. 37 1 . 81 7.38 '2. 76 5.22 2 . 04 8.64 2. 89 6. 57 2. 34 11. 37 1. 93 6. 84 2 . 40 7. 86 2. 28 8. 76 2. 59 
16.25 11. 55 2. 64 7. 14 1 . 05 5. 55 3 . 03 8. � 6  1 . 98 5. 73 1. 77 11.40 1.61 8.01 2. o6 8. 04 2.85 8. 58 2 . 36 

Iliac Di�eter, Centimeters 

8. 25 1 . 61 . 42 . 96 . 31 1.�4 . 54 1. 22 . 32 . 99  . 34 1. 38 . 80  1 . 36 . 48 
9.25 1. 44 . H 1 . 05 . '28 1 . 66 . 49 1.46 . 48 . 91 . � 7  1 . 49 . 71 1.04 . 81 1 . 40 . 49 

10.25 2. 15 . 58 1 . 31 . 65 1 . 62 • 52 1. 46 . 51 . 94 . 53 1.34 . 47 1. 30 . 38 . 96  . 63 1. 54 . 59 
11. 25 2 . 40 . 62  1 . 3� . 57 1. 61 . 62 1. 58 . 58 1. 01 . 52 1.62 . 51 1.26 . 57 . 89 . 38 1. 74 . 61 
12. 25 . 2. 53 . 76 1. 50 . 56 1. 35 . 68  1. 59 . 58 1. 16 . 56 1. 78 . 74 1 . 22 . 44  1 . 48 . 34 1. 83 . 63 
13. 25 2.19 . 63 1.�6 . 74 1 . 37 . 80  1 . 69 . 64 1. 20 . 59 1 . 72 . 48 1 . 22 . 42 1 . 26 . 63 1 . 76 . 66 
14.25 2.20 . 67 1. 57 . 56 1 . 28 . 48 1. 47 • 75 1 . 18 . 65 1. 82 . 71 1. 51 . 81 1 . :<6 . 61 1. 66 . 75 
15.25 2. 24 . 58 1. 59 . 50 1 . 28 . 68 1.�8 . 61 1. 17 . 53 1. 88 . 78 1 . 60  . 79 1. 61 . 83 1. 64 . 70 
16.25 2. 13 . 54 1.68 . 41. 1 . 23 . 51 1. 1: 5  . 47 1. 19 . 52 1 . 78 . 65 1. 77 . 64 1. 53 . 73  1. 63 . 57 
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TABLE 30 

GROWTH TRENDS IN AVERAGE ST.A.NDIIIG HEIGHT OF EIGHT GROUPS OF CASFS 
MENSTRUATI!IG AT DIFFERENT AGFS ; ANALYSIS BY �IEIIARCHFAL AGE .A.ND 

AGE OF .MAXIMUM INCRD1ENTS 

Group A 
Menarche 

Before 11-6 

Aver. N 
Age 

M 

6.21 
7. 21 
8. 21 
9. 21 

10. 21 
11. 21 
12. n  
13. 21 
14. 21 
15. 21 
16. 21 
17.21 
18. 21 
19.21 

8 113.69 
13 119. 1...\ 
15 125 . 31 
18 130.95 
18 137.62 
18 146. 51 
18 152.69 
18 155. 57 
17 156.91 
15 157. 56 
12 157.99 

5 158 . 08 
3 157.98 

Group E 
Menarche 

13-0 to 13-5 

Aver. N 
Age 

M 

5. 48 
6. 48 
7. 48 
8. 48 
9. 48 

10.48 
11. 1:8 
12.48 
13. 48 
14. 49 
15. 48 
16.48 
17.48 
18. 49 
19.48 

1 108. 26 
11 115. 56 
26 uO. SJ 
37 126. 57 
40 131. 84 
41 137. 07 
41 142. 88 
41 151. 15 
41 157.08 
41 159. 80 
40 161 . 09 
17 161. 70 
34 161.98 
13 162.23 

1 161. 53 

Group B 
Menarche 

11-6 to 11-11 

Aver. N 
Age 

M 

5 . 47 
6.1,7 
7. 47 
8 . 47 
9. 47 

10.47 
11. 47 
12. 47 
13. 47 
14. 47 
15. 47 
16. 47 
17. 47 
18. 47 

1 109. 65 
5 117. 1,5 
8 123. 11 

11 128. 80 
11 134. 70 
11 141.26 
11 150. 06 
11 155. 88 
11 158. 51 
11 159. 99 
11 160. 59 
10 160. 93 

6 160.98 
2 161. 13 

Group F 
Menarche 

13-6 to 13-11 

Aver. N 
Age 

M 

5 . 90  
6. 90 
7. 90 
8. 90 
9. 90 

10. 90 
11. 90 
12.90 
13. 90 
14.90 
15.90 
16. 90  
17. 90 
18. 90 
19. 90 

2 109. 53 
7 114 . 13 

13 120. 09' 
20 125. 99  
22 131 . 37 
24 136. 58 
24 142. 53 
24 150.78 
24 155 . 83 
24 158.28 
21 159 . 16 
20 159. 59 
15 159. 92 

7 159. 96 
1 159. 96 

Group C 
Menarche 

12-0 to 12-5 

Aver. N 
Age 

M 

5. 75 
6. 75 
7. 75 
8. 75 
9. 75 

10. 75 
11. 75 
1:<. 75 
13. 75 
14. 75 
15. 75 
16. 75 
17. 75 
18. 75 

4 113 . 06 
11 118.91 
16 125. 26 
20 130. 85 
20 136. 34 
20 142. 61 
20 150. 89 
20 156. 58 
20 159. 00 
19 160. 01 
18 160. 53 
18 160. 65 

9 160. 68 
1 160.08 

Group G 
Menarche 

14-0 to 14-5 

Aver. N 
Age 

M 

7.33 
8. 33 
9. 33 

10.33 
11. 33 
12. 33 
13. 33 
14. 33 
15. 33 
16. 33 
17. 33 
18. 33 
1Q. 33 

2 116.63 
10 121.43 
11 126. 56 
12 131. 26 
13 135 . 81 
13 141 . 55 
13 149. 18 
13 154.19 
13 156. 60 
13 157.65 
12 157.ru, 

9 1S8. 26 
3 158. 26 

Group D 
Menarche 

12-6 to 12-11 

Aver. N 
Age 

M 

5.31 
6.31 
7.31 
8. 31 
9. 31 

10. 31 
11. 31 
12. 31 
13. 31 
14. 31 
15. 31 
16. 31 
17. 31 
18. 31 
19. 31 

1 108. 15 
18 112.95 
26 118.75 
34 124. 72 
35 130. 05 
35 135 . /,0 
35 141.1:7 
35 149.94 
35 155. 26 
35 157.64 
33 158. 86 
30 159. 33 
26 159. 57 

8 159.71 
1 159.71 

Group H 
�lenarche 

After 14-5 

Aver. N 
Age 

6. 89 2 
7. 89 4 
8. 89 9 
9.89 11 

10. 89 11 
11. 89 12 
12. 89 12 
13. 89 12 
14. 89 12 
15. 89 10 
16. 89 10 
17. 89 8 
18. 89 4 

M 

117.78 
117.68 
172.20 
176. 89 
131. 85 
136.64 
142. 10 
149. 52 
154.05 
156.62 
158.05 
158. 50 
159. 28 

Appendix A ) .  Similarly, the excluded nine cases whose records cover too 
limited a range or years to derine the maximum increment and the exclud
ed seventeen cases where the maximum increment is determined by an in
terpolated rigure might have been included ir the clasairication had 
c onsidered the pattern as a whole rather than the maximum increment 
alone. The rorty cases in which the maximum increment does not exceed 
adjacent incrementa by halt a centimeter represent, in the judgment or 
the writer, instances in which the accidental timing or annual measure
menta obscures the maximum increment . That is, ir these cases had been 
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TABLE 31 

GROWTH TRENDS IN AVERAGE STANDING HEIGHT OF NINE GROUPS OF CASF.'l 
WITH MAXIMUM INCROONTS IN STANDING HEIGHT AT DIFFERENT AGES 

A M . I .  �1. ! .  �1. I .  M. I . M. I .  
Age 1 1.08 Age 12.02 Age 12.99 Age 14. 06 

Age N �1 N �� N �1 N M N M 

Cases Measured at Birthdays, Population X 

6.0 5 113. 42 10 111.96 1 110.75 1 106. 55 
7.0 8 119. 50 22 118. ;>1 13 115. 55 2 111.25 
8. 0 12 125.)1  JO 124 . 27 20 121.19 4 116. 85 
9.0 13 130. 80 31 129. 78 26 126.98 6 122. 20 

10. 0  13 137.02 34 135 . ;>3 27 13:?. 26 7 127.38 
11. 0  13 145. 48 34 141 . 18 28 137.61 7 132. 81 
12. 0  13 152.02 34 149.61 28 143. 69 7 137. 52 
13. 0  13 155. 53 34 155. 58 28 151 . 79 7 143 . 59 
14. 0 13 157. 18 34 158. 28 28 156.24 7 151. 19 
15.0 12 157.96 33 159. 63 28 158. ;>2. 7 155.20 
16. 0 11 158. 35 32 160. 2.3 24 159.06 6 156. 90 
17. 0 9 158.47 31 160. 61 22 159.49 6 157.80 
18. 0 2 158./,2 12 160. 63 17 159. 75 5 157. 82 
19. 0  1 160. 63 4 159. 70 3 157. 95 

Cases Measured at Half-yearly Anniversaries of B irthdays, Population Y 

Age 10. 50 Age 11. 55 Age 12. 50 Age 13.43 Age 14.50 

6. 5 2 117.78 14 115.98 11. 115. 12 1 112. 54 
7. 5 3 1:?4. 07 20 121 . 81 20 120. 57 3 117. 84 1 116. 74 
8. 5 6 130. 18 24 127. 50 33 126. ')7 16 1:?3 . 37 2 1:22 . 58 
9. 5 6 137. 04 26 13'). 17 37 131. 66 18 128.84 4 126. 88 

10. 5 6 145.97 26 139.61 37 136. 8') 18 133. 56 5 131. 52 
11. 5  6 153 . 15 26 148. 37 37 142 . 64 18 138. 51 5 135.92 
12. 5 6 156.71 26 154. 57 37 150. 87 18 144 . 25 5 140.92 
1'). 5  6 158. 72 26 157. 1,2 37 156. 49 18 152 . 21 5 146. 68 
14 . 5  6 159.27 26 158. 85 37 159. 00 18 156. 89 5 154. 1,6 
15. 5  6 159. 50 25 159. 31 36 160. 09 18 159.26 5 158�76 
16. 5 6 159. 63 23 159.64 32 160. 55 17 160. 10 4 160. 24 
17. 5 2 159. 74 17 159. 74 30 160. 77 16 160. 42 4 160. 80 
18. 5 2 159.34 4 159.32 9 161. 04 9 160.91 3 160.92 
19. 5  1 159. 52 1 161. 04 1 161. 31 1 161.52  

measured a t  semi-annual intervals, individual curves o r  annual incre-
menta would have shown clearly defined peak increments in the great 

maj ority or cases. Arranging the increments or these cases so that the 

two largest increments are in the same vertical line and averaging in-

crements on corresponding points or the resulting pattern gives the 

following series or incremenba : 6 . 07, 5 . 93, 5 . 31, • 5 . 74, 7 . 27, 7 . 36 ,  

3 . 86, 1 .59, . 87, .34, .21, and' . l4 tor years ending at average ages 

ot approximately 8 . 0, 9 . 0, etc. to age 19 . 0 .  A chart o r  these figures 

superimposed on Figure 36 agrees exceptionally well with points on 
the solid curve at corresponding ages. 
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TABLE 32 

AVERAGE STANDING HEIGHTS OF SHORTFST, MIDDLE, AND TALLEST 
GIRLS SELECTED FRa.l AMONG CASES �IENSTRUATING BE'l'WEEN 13-0 AND 1)-6 

Shortest Cases Middle Cases Tallest Cases 

Age N M N M N M 

6. 5 3 1()9. 82 2 114. 35 5 121. 53 
7. 5 4 114. 72 6 119. 35 7 126. 53 
8. 5 7 120. 15 10 125 . 18 10 132 . 80  
9 . 5  10 125.39 11 130. 76 10 138.45 

10. 5  10 130. 21 11 135. 83 10 143. 38 
11. 5 10 135. 89 11 142. 11 10 149. 53 
12. 5 10 143.58 11 149. 50 10 157. 82 
13. 5 10 149. 98 11 155.49 10 163. 71 
14. 5  10 153 . 20 11 158.66 10 165.97 
15. 5  10 154. 18 11 160. 27 10 167.42 
16. 5 7 155. 05 11 160. 78 10 167.61 
17. 5 7 155. 30 11 161. 02 9 167.94 
18. 5 2 155. 15 3 160. 85 1 168.24 

TABLE 33 

GROWTH TRENDS IN AVERAGE STAHDING HEIGHT, SI'M'ING HEIGHT, ILIAC 
DIAMETER AND WEIGHT OF ITALIAN AND lfORTH EUROPEAN GIRLS MENSTRUATING 

BfFORF AGE 12-6 

Italian Girls North European Girls 
.N StaB. Si tJI • Ild. Wt. N Stall. SitH. IlD. Wt. 

6. 0 12 113 . 06  62. 48 18. 58 20. 47 
6. 5 4 114 . 12 63. 76 19.61 20.99 27 116.44 64. 23 19.22 21.96 
7.0 5 117. 0� 65. 06  20. 0� 22. 9� 33 119. 56 65. 65 19. 81 23. 39 
7-. 5 6 120.08 66. 26 20. 40 24. 54 40 122. 56 66 . 96 20.28 24.98 
8. 0 7 122. 84 67. 30 20. 92 26. 02 46 125.66 68. 26 20. 74 26. 76 
8. 5 8 125. /,L 68.14 21. 40 27. 46 50 128.68 69.40 21. 72 28. 55 
9. 0 9 128.32 69. 09 21. 87 29. 34 53 131. 57 70. 56 21.65 30.:?8 
9. 5 9 131.35 70. 30 22.47 31. 12 53 m . 59 71."!9 22. 18 32. 18 

10. 0 9 134. 65 71.66 2). 20 '33.29 53 137.86 73. 10 22. 87 34. ll.  
10. 5 9 138.18 73. 08 :n. 89 36. 18 53 141.�6 74. 65 23. 60 37.20 
11. 0 9 142.16 74. 80 24.65 39. 08 54 145. 30 76. 47 24.33 40.47 
11. 5 9 145. 97 76.74 25. �2 41. 73 54 149. 10 78. 3� 25. 10 43.83 
12. 0 9 149.06 78. 51 26.10 44. 86  53 152.40 80. 02 25. & 46. 84 
12. 5 9 151. 54 79.95 26. 66 �7. 76 53 154.92 81.4� 26.48 49. 57 
13. 0  9 152. 96 80. 76 27.12 49.98 53 156.7� 82. 62 26.96 51. 90 
13. 5  9 153. 87 81.31 27.49 52.20 53 157. 94 83 . 53 27.25 53. 55 
14. 0 9 15� . 78 82 . 04 27. 67 53. 68 53 158. 76 84. LO 27.46 54. 58 
14. 5 8 155.32 82.65 27. 86 54.37 53 159.37 84. 71 27. 60 55. 3� 
15. 0 7 155. 5� 82. 89 27. 99 55. 02 52 159.81 85.04 27.67 55. 99 
15. 5 6 155.72 83. 16 27.95 55.98 50 160. 11 85. :?6 27.76 56. 50 
16. 0 5 155. 89 83. 52 27. 92 56.06 50 160. 30 85.48 27.84 56.91 
16. 5 5 156. 11 83.75 27. 94 55. 87 48 160.43 85.62 27. 87 56.90 
17. 0 5 156. 31 83.81 27.9� 55. 90 45 160. 5� 85. 80 27. 86 56. 75 
17. 5 4 156.46 83. 80 28. 28 55. 56 34 160. 58 85. 85 27. 87 57.02 
18. 0 2 156.49 83. 55 28. 55 55. 28 19 160.56 85. 74 27. 87 57. 60 
18. 5  11 160. 58 85. 73 27. 66 57.98 

5 160.66 85. 86 27.46 58.46 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


TABLE J4 

GROWTH TREHDS IN AVERAGE STANDI� HEIGHT, SITI'IIG HEIGHT, ILIAC 
DIAME'm! A1ID WEIGHT OF ITALIAN A1ID MORTS EUROPEAJ GIRUl MENSTRUATING 

If 

6. 0 
6. 5 2 
7.0 6 
7. 5 7 
8.0 8 
8. 5 10 
9.0 lJ 
9. 5 14 

10.0 14 
10. 5  14 
11.0 14 
11. 5 14 
12.0 14 
12. 5  14 
1).0 14 
1). 5  14 
14.0 14 
14. 5  14 
15. 0  14 
15. 5  11 
16.0 10 
16. 5 10 
17.0 10 
17. 5  9 
18. 0 
18. 5 

BETWEEN 12-6 AND lJ-5 

Italiu Girls llorth Furopeu Girls 
StaB. 

110.61 
11). 71 
116. 8) 
119. 85 
122. � 
125. 59 
12d.26 
1)0. 88 
1JJ.78 
1)6.96 
140. 29 
143. 95 
147.)0 
150.17 
152.18 
15).45 
154-48 
154-94 
155. 12 
155.48 
155.75 
155. 86 
155.92 

SitH. IlD. Vt. If StaB. 

11 112.18 
61. 89 19. )6 Z7 ll5.08 
6).62 19. 28 20.69 JJ 117.92 
65. 16 19. 84 22.32 4J 120. 8) 
66.}6 20.42 2). 65 66 12). 87 
67.49 21.02 25.)0 77 126.76 
68. 56 21. 40 26.92 80 129.48 
69. 64 21. 81 28.48 8J 1)2.22 
70. 7) 22. 29 )0.20 84 1J4.9J 
71. 88 22. 89  )2. 0) 85 1)7. 72 
7). 18 2). 56 J4.08 86 140.81 
74.75 24.21 )6. 62 87 144. "'9  
76.52 24. 84 J9.48 87 148.08 
78. 29 25. 50 42- 44  87 151.66 
79. 92 26.16 45. 78 87 154.76 
81.08 26.63 48.48 87 157.06 
81. 94 2&. 92 50.47 87 158. 51 
82.T7 27.22 52.20 87 159.50 
8J.J2 Z7. 52 5). 59 85 16o.l9 
8).57 27. 70 5). 90  82 160. 68 
8). 82  27. 64 54. 00 79 16o.95 
8) . 99  27. 56 54. 10 78 161.19 
84 . 10 27.68 54. )8 74 161.)8 
84.26 27.77 55.28 52 161. 44 

28 161.47 
12 161. 50 

8, Tall Versus Short Children 

SitH. IlD. Vt. 

62.69 18.60 20. 1) 
6). 74 19. 07 21.3) 
64.T7 19. 48 22.1.7 
65.97 19. 86 2). 51 
67. )4 20.27 24.76 
68. 57 20. 66 26.12 
69.66 21. 08 27. 56 
70. 70 21. $0 28.98 
71.71 21. 91 3(). 40 
72.78 <2.40 )2.08 
74.0J 22.98 )4.04 
75. 57 2). 62 J6, J5 
T7. J2 24. )2 38.94 
79.08 25. 05 41. 82 
80.74 25. 74 .44. 74 
82.08 26. 26 47.20 
8).11 26. 56 49- �  
8). 89 26. 76 50. 74 
84 . 48 26.94 52. 02 
84.96 27.12 5). 01 
85.2) 27.28 5).48 
85.42 27.40 5).98 
85. 55 27. 51 54. 51 
85. 54 27. 55 54.79 
85. 47 27. 55 55.10 
85.)9 27. 64 55.00 

Table 32 presents the numerical data 1nc1dent to the d1scuss1on ot 
the growth patterns ot tall versus short children presented 1n section 

s1x ot Chapter IV. The data are selt-explanatol')'. Th1s cype ot analy
sts should be extended to each ot the sixteen sub-groups and the data 
recCIIb1nec1 attar the manner ot the methOds suggested 1n section seven. 
Extension ot th1s type ot analysts not only to all cases but to other 
118asurements and to 1nd1ces ot body bui ld would add greatly to our 
UDC1erstand1ng ot how. children grow. 

9. Racial Differences 

The selection ot cases and procedures tor the study ot racial dif
ferences are given 1n tull 1n Chaptsr XI . It 1s only necessary at th1s 
point to present the 11U118r1cal data which are reported 1n Tables 33, 
34, 8Dc1 36. 

243 

Copyright © National Academy of Sciences. All rights reserved.

Sexual Maturation and the Physical Growth of Girls Age Six to Nineteen
http://www.nap.edu/catalog.php?record_id=18836

http://www.nap.edu/catalog.php?record_id=18836


TABLE 35 

GROWTH TRFliDS IN AVERAGE STANDING HEIG!IT, SITTING HEIGHT, ILIAC 
DIAMETER AND WEIG!IT OF ITALIAN AND NORTH EUROPEAN GIRL'3 MENSTRUATING 

AFTER AGE 13-5 

Italian Girls North European Girls 
N Stall. Siti!. Ild. Wt. N Stall. SitH. Ild. 

7. 0 2 111. 76 63. 84  18. 32 21. 02 9 114. 80 6). 1,5 19. 43 
7. 5 3 111 • •  71 64.66 18. 82 21. 74 10 117. 66 64. 55 19.8€-
8. 0 3 116. 61 65. 50 19. 33 22. 54 16 120. 64 65. 86 20.10 
8. 5 6 119.01 66. 38 19. 82 23.46 31 ln. 59 67. 21 20. 36 
9. 0 8 121 . 36 67. 26 20. 38 24. 36 36 126.39 68. )8 20. ?0 
9 . 5  9 12). 81 68.34 20. 79 25.07 44 129. 08 69.45 21. 06  

10. 0 9 126.21 69.40 21 . 13 26. 14 49 131. 64 70. 44 21. 54 
10. 5 9 128. 66 70. 22 21. 62 28.00 49 131,.26 71.47 21.98 
11. 0 10 111.25 71.08 22. 12 29.62 51 136.92 72. S2 22. 42 
11. 5  10 134. 05 72.30 22. 67 31.20 51 139.63 73 . 58 22. 91 
12. 0  10 137 . 06  73. 74 2). 36 33. 24 51 142. 60 74. 82 ?.3. 50 
12. 5 10 140. 22 75. 36 23.98 3 5 . 62 52 145. 82 76. 24 24. 12 
1) . 0  10 143 . 40 77.04 24. 54 38. ;:>6 52 149. 19 77. 80  24.77 
13 . 5  10 146 . 07 78. 50 25.25 40. 92 52 152. 18 79. 35 25.44 
14. 0  10 148.12 79. 75 25. 80 43.44 52 154 . 65 80. 84 26. 05 

Vt. 

19. 91 
21. 22 
22.92 
24. 63 
25. 86 
27. 76 
28. 58 
30. 12 
31. 84 
33. 71 
35.92 
JiUS 
40. 76 
43. 50 
46.22 

14. 5 10 149. 56 80. 72 26. 10 45.62 52 156. 64 82. 09  26.48 48.47 
15 . 0  9 150.65 81. 61 26. 32 47. 56 52 158. 02 8). 01 26. ?1 5o.:w 
15. 5 8 151. 32 82. 27 26.62 48. 89 51 158. 99 83. 72 26.96 51 . 62 
16. 0  7 151. 63 82.48 26. 90  49. 65 50 159. 62 84. 23 27.18 52. 72 
16. 5 7 152 . 06 82. 73 26.86 49. 82 46 160. 04 84. 59 27 • .35 53. 57 
17. 0  6 152 . 52 83. 30 26.92 50.26 44 160.29 84.85 27.46 54.24 
17. 5 5 152 . 69 8). 60  27.06 50. 57 38 160. 45 85. 09 27. 57 54 . 80  
18.0 4 152.91 83. 52 27. 10 50. 24 31 160. 62 B5. n 27. 74 55.32 
18. 5 3 153. 22 83. 79 27. 09 51. 07 22 160. 58 85. 16 27.86 55.42 
19. 0 11 160. 56 85. 09 27. 83 55 . 62 

10. Graphic Methods 

Suitable graphic methods are peculiarly important tor developmental 
studies or physical grOWth since tne bare numerical data are almost 
li terally unintelligible. Tne tact tnat the reproduction or charts by 
photoli thoprinting process is actually less expensive than special t¥P
ing and reproduction or text has led to the preparation ot a large num
ber or charts which under othllr circumstances might seem extravagant. 
Metnods or cnart construction are explained at the outset or Chapter IV. 
Table 36 records the numerical details which are essential to tnis meth
od or construction. It is or some interest to note that these data plus 
the data or Table 3 constitute the only averages tor children in general 
which it has seemed necessary to report . 

For the most part the charts speak tor themselves and only a few 
CODmlents are necessary. The critical student will note that selection 
or ages eight and seventeen as basic points tor tne purpose or chart 
construction ·involves a choice or points wh1cn tall outside the age 
range or changing growth intensities and w1 thin the age range tor whicn 
substantial numbers or cases are available. No one unvarying method is 
sati sfactory, hence the alternative charts or Chapter XII I .  The accu
racy or all charts, involving over 18, 000 plotted points, has been 
checked and tne more serious errors have been correcte� . A systematic 
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TABLE 36 

AVERAGE SIZE AT AGE EIGHT ( 7-6 TO 8-5) AND SEVENTEEN OF ALL AVAILABLE CASES 

Age Eight Age Seventeen 

�leasurements II M N M 

Standing Height 173 123 . 6  192 159. 5 
Sternal Height 173 98. 6  192 130. 3 
Sitting He ight 173 67. 3 192 84.9 
Iliac Diameter 89 20. 5  . 188 27. 4 
Chest Breadth 103 18. 1  188 ;n. 5 
Chest Depth 102 13. 3  187 17. 2 
Weight 173 25. 3 191 54- 3 
Skeletal Age 193 92. 9  190 195- 4  
Erupted Teeth 163 10. 9  136 28. 2 

count or points wni ch were not corrected shows a total or only 36 which 
are incorrect by one and a halt millimeters or more as originally drawn . 
Since the charts have been reduced about 40% in reproduction this means 
that only one titth or one per cent or all points as rP-produced are in 
error by more than a millimeter. It is  to be emphasi zed that no smooth
ing whatever has been applied in any case. In a rew charts, however, 
psychological considerati ons have suggested features whi ch are not 
strictly correct. It is specifi cally noted in the text that Figure 4 
i s  a caricature . In Figures 7 and 9 broken lines have been added to 
destroy the illusion that the range or error in the slopes or curves 
alternately increases and vani shes, but tnese have been omi tted tram 
Fi gure 27. Figures 25 to 29 involve certain approximations due to tne 
necessary confli cts between methods or computing growth trends and or 
computing standard deviations. Freedom has also been exerci sed in plot
ting or omitting points in the age range rrom 6 . 0  to 6 . 0  and rrom 17 . 0  
t o  19 . 0  where trends are etten determined by a very rew cases. 

11. Sul!lnary or Appendices A and B ;  The Limi tati ons ot the Harvard Data 

The catalogue or limitations or tne data or the Harvard Growth Study 
presented in Chapter II needs to be revised at thi s point in the light 
both or the procedures employed to overcome these limitations and or the 
findings presented in the text. Overlapping ages and records ( i tem 7 )  
are actually sources or strength since they alleviate the difficulties 
due to random gaps ( i tem 6 ) , to systematic gaps ( item 9 ) ,  and to possi
ble changes in methods or measurement ( i tem 2 ) .  Selective !actors ( item 
6 ) ,  random and systema. ti c gaps ( i terns 6 and 9 )  , tne absence or measure
ments on birthdays ( item 10 ) ,  and irregular intervals between measure
ments ( 1tem 12 )  have almost vanished as limitations. Even the limi
tation imposed by inaccurate or erratic measurements ( item 3) has 
been partially overcome . The absence or supplanentary data ( item 13) 
makes 1t impossible to carry out studies or vital importance, but the 
absence or such data has not been a handi cap tor the specific purposes 
or this particular study. Simi larly, measurements at annual instead 
or at semi-annual or quarterly intervals ( item 11 ) precludes the deter
mination or certain racts . The combination or systematic gaps ( item 9 ) ,  
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erratic measurements ( item 3 ) ,  and measurements over clothing ( item 1 ) ,  
plus the difficulties or accurate measurement and the small changes 
which take place during tne age range involved conspire to seriously 
limit tne value or tne data tor cnest deptn and chest breadth. Even 
so, the ei ght menarcheal groups are surprisingly well differentiated by 
these measurements. Unverified birth-dates ( item 5 )  constitute a limit
ation which is believed to be technical only, but there are clearly no 
errors in tne time intervals between measurements. Attention should 
also be called to the tact that analysis or tne data in terms or devia
tion ages before and after the menarche, in terms or corresponding 
points on tne pattern or growth, and in terms or maximum increments in 
standing height is not influenced by possible errors in the birth rec
ords . The most serious llmi tation or the data is the uneatistactory 
methods employed in collecting the menarcheal age records ( i tem 4 ) .  
Again, however, this limitation almost completely vanishes when the 
data are analyzed in terms or both menarcneal age and age or maxlmum. 
growth in standing height. The writer suspects that certain menarcheal 
records are in error, but the very high multiple correlation between 
physical data and menarcheal ages reported in Chapter XII should be 
convincing evidence that even these records are substantially correct. 

12. SUmary or Appendices A and B ;  Hethods or Analysis 

The major features or the analysis which seem important are so in
timately interlocked and so mutually interdependent that it is d1tt1 cult 
to separate and label "them tor the purpose or convenient SUIIIIIal'Y· In 
the following discussion only two features have been 1dent1!1ed but the 
attempt has been made to indi cate ramit1cat1ons or each. 

The tl rst and most important point, at least tor this study, 1s the 
central role or the growth increments . The original data consist or 
measurements or gross stze at successive ages, but tne basic and funda
mental data consist or the measured changes or increments rrom age to 
age . The avai labili ty or measured increments tor each 1nd1v1dual con
st1 tutes the most distinguishing reature or long1 tud1nal data and de
termine methods or analysis 1n nearly all directions. A rapid review 
or the entire study rrom this point or view will be 1llum1nat1ng. While 
the discussion or Chapter I I I  was tol"'mllated in terms or the advantages 
or longitudinal over cross-sectional data, the real point 1s that di
rectly measured increments tor each individual are tar superior to 
"increments" tor children in general which are only 1nterent1al and 
which are necessari ly di storted by sampling errors. Negative incrementa 
exceeding errors or measurement provide the most convincing ground tor 
the reJection or erratic t1gures (Appendix A, section one ) .  It 1s the 
increments which 1nd1cate that the data tor chest depth during the sec
ond autumn are not comparable with earlier and later years (Appendix A, 
section two ) .  The sensitivity or the increments to elapsed t1me makes 
regular intervals between measurements important and determines the 
method or adJustment tor irregular intervals ( Appendix A, section s1x ) .  
I n  making interpolati ons tor gaps i n  the data the two year increment 
shown by the individual record haa been apportioned between the t1rst 
and second year 1n accordance with the annual increments or cases with 
complete data (Appendix A, section seven ) .  Analysis or the data 1n 
terms or increments 1s essential in dealing with overlapping records 
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(Appendix A, section eight; Appendix B, section two ) .  The high relia
bility o! the patterns generated by the increments or very small m.unbers 
ot cases makes it possible to divide and sub-divide the population into 
small homogeneous groups (Appendix B, sections one, seven, eight and 
nine) . Charts or increments are much more precise and meaningful and 
reveal contrasted patterns o! growth much more clearly than charts or 
average size ( Chapter IV, sections two, three and tour) . The age period 
in which the maximw. increment falls and the magni tude o! the increments 
at selected ages are much more closely associated with the advent or the 
menarche than is mere size at any age ( Chapter XI I ) .  Hov�ver, it should 
not be necessary to urge the primary role or the increments . Size at a 
given age should be regarded as merely the cumulative sum or all earlier 
increments and should be treated as an important datum onlY where the 
detai led data on the earlier increments are not available1• 

The second· feature o! the statistical procedures employed may be 
described as a process or analysis and synthesis in which both the 
analytic and synthetic phases are mutually necessary and complimentary. 
The analytic phase consists o! the division and subdivision ot the 
avai lable population into a large number or homogeneous groups .  Thus 
the cases have been divided according to the timing or measurements 
relative to bi rthdays, according to menarcheal age, according to the 
age periods in which maximum growth in standing height occurred, ac
cording to tallness versus shortness, and according to race . Thi s sub
division into groups each or which contains a very small number or cases 
relies on the tact that growth trends are reliably determined by com
paratively small numbers when longi tudir�l data are available. The 
synthetic phase does not merely · recambine these small groups into larger 
groups, the process brings out sane feature which was not apparent in 
the original data. For example, after dividing all cases into two 
groups depending on the timing or measurements relative to birthdays, 
the cases are not canbined in such a way as to wipe out the original 
division; instead, they are canbined in such a way as to give observa
tion points at intervals o! six months (Appendix B,  section 3 ) .  In 
this instance the data are still expressed in chronological age, but in 
other instances chronological age is ignored and the data are canbined 
in te:nns o! time intervals before or after the menarche or in terms o! 
corresponding points on the pattern or growth (Appendix B, sections 
tour, five and seven ) . Thus, while the analytic phase o! the procedure 
pays strict attention to chronological age, the syntheti c phase may 
arrange the data in terms o! time units which are more meantngtul than 
chronological age. 

l znc t.d e n t o l l r ,  where �row t h  data are ava i l a b l e ,  there o re toad •o t he •o t t c o l  

frounda for f t t t l n t  curves t o  t h e  d i ffe r en t ia l  ra t he r  t han t he l n te l ra l for• of 

t he da ta . Se e 8o t e l l l n f ,  (ZBJ , 
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