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» - LETTER OF TRANSMITTAL

DEPARTMENT OF THE INTERIOR,
Brreav or EpreaTiox,
Washington, November 4, 1913.
Sir: There is & growing conviction on the part of teachers and
students of education that there must be & close relution between the
physical -and montal development of children and that this relation
mustbe known and respected. As yet, however, wo have little

-definite knowledge on the subject. Guosses and theories based on

scant and uhscientific observations are easily made and are numeraus.
Sound knowledge can be had only by careful scientific investigation—
thoughtful interprotation of accurate observations made undcr proper
control. The accompanying manuseript, b) Dr. Birfl T. Baldwin,
professor of psychology and odueation in Swarthmoroe Coll(“'v
émbodies tho rosults of a study of tho physical growth. aud the school
standing of a group of boys and girls between tho ages of 6 and 138
years observed consecutively and makes, I believe, & valuable contri-
bution to the literature of this sub* I r(\conunen(l that it be
published. as a bulletin of the Bureau Educuhon :
Respectfully submitted.
. P. P. Craxrox,
Commissiener.

L)

To the SECR;ETABY .OF THE INTERIOR.
o .
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. FOREWORD.

Tt should now be r/ecognizcd that every child-has at least five
parullel ages: A chronological age, in years, months, and days; a phys-
wlogical age, indicative of physical growth and maturity; a mental
age, significant of intellectual capacity and ability; a school standing,
or padagogical, ago, denotative of relative position in-school grades;
sund a mgral or rdigious age. Theso ages may or may not coincide
in their stages of development. In a first-class school the school
statlding, or pedagogical, age and the mental age would bo the same.’

~This monograpl,aims to present the results of a study of the phys-
ical growth, or physiological age, and the school starding of a group

~of boys and girls from 6 to 18 yvears of age when observed congpeu-

tively. .

‘The scope or ficld of the investigation includes:

(1) Ascries of norms based on the height and age distribution, and
weight and agoe distribution; the averages and average variations of
individual increments of growth in height, weight, and lung capacity;
and the individual growth curves in height, weight, and lung capacity,

_with health notes and weight-height and vitalindexes.

(2) An investigation on school stmegdipg in marks, grades, and ages.

(3) The relation of physical development. in hclght weight, and
lung. capacity to school standing.

(4) A brief historical summary of the work in this field, with an
annotdted bibliography. i

The chicf value of the monograph consists in the fact that it is the
first attempt to follow consecutively the same groups of children
through the elementary and high schools, either in physical growth
or school stnnding, or the relation of the two. Since the curves.and
rocords represent individual hlstonos, they will be of permanent value.
The monograph also aims to give the presont status gf the problem
of physical growth.

The contents of the monograph are dncussed from four points of
view, in ordor to meet the needs of the wide range of interests of the
md1v1duals into whose hands it may fall. The aim, ¢, motheds,
and results of the investigation are first discussed undeme headings?.
() The genergl problem, which suggests the salient points without -
data or proof the second section; {IT) Theinvestigation, mcludes a de-
tailed treatment with* specunen charts and tables with- proofs and

~
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8 . s FOREWORD.

comraents; the third section, (III) .The statistical material, gives
practically afl of the data for detailed study as a basis for further
investigations; and then follow the fourth section, (IV) An historical
summary of investigations in physical growth, and a fifth section, (V)
An annotated bidliography of 836 titles.

The conclusions drawn from the study are limited to the data at
hand, which have been ()btai.ped from a detfiled study of & limited
pumber of individuals in a special type of schools where the facilities
for measurement are excellent and where much attention is given
to physical examinations and remedial training. The children, as u
rule, come from “well-to-do” fumilics. The heredity and health
‘notes are given as far as possible for all whose growth curdes are
plotted. . The writer has been collecting his duta for several yeans,
and no effort has boen spared to sccure the best available material
in this counfry. .




A

"PHYSICAL GROWTH AND SCHOOL PROGRESS.

1. THE GENERAL PROBLEM. ' y

Tonchom pqv('holoomts physicians, and parents are necessarily
concerned with the physical ‘growth and mental development of boys
and girls. So much has been writtén within these two fields *hat
we are now in a position to ask more detailed and specific questions
in regard to particular periods or nodes of dcvelopment. In our
modern work in exponmentnl cducation we greatly need consecutive
studies through a long series of years, giving full, accurate, and syste-
mutic accounts of the physxcnl growth and school progross of the
sam¢ individuals. In previous studies, with a very few exceptions,
it has been the method to measure or sindy & large group of children
for one age, another group for the following age, nuother for the next
subsequent age, and so on for the series included, and to derive a
general average or conclusion from these data.  For example, 1,000

children were menasured for 6 years of age, another 1,000 at 7 years -
of age, and another at 8, and so on. The averago for these groups .

gave some insight into how one ehild grew from year to year. ™

Tho present investigation makes an individual stddy of childrens

from three of the very best schools in America, and presents consecu-
tive observations as far ns these were available.” Tt aims to show,
aside from the conclusions that the data furnish, the urgent need
and necessity of life historics in all phases of educational work, if our

N

subject is to be developed Scientifically. The period covered.is from .

6 to 18 years of age, and the children have been under school medical

inspection, directed play, and phyglcnl education. That these factors .

aro important’educatiqnal agencics is shown by the fact that, on the
average, these children from the Horace Mann School, the Univer-
sity of Chicago Elementary anA\ngh School, and the Francis W.

- Parker School are taller and heavier than any other group of chil-

dren so far recorded among over & million studied. The 33,840

" measurements‘are. unusually good, since they have been made con-

tmuously on nudé children by trained anthropometrists who recorded
the age in days, the measurements in small umts and the various
-health notes. .

imong the’ mportnnt questlons that this monograph aims to help

answer are the following: What is the normal rate of growth for 8

- —.//f
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- 10 PHYSICAL GB(;V;EH AND S8CHOOL PBROGRESS, %
child within a given group? How do children grow from yesr to
- year? What are the periods of accelerated or delayed growth$
What relation does the growth of any one age or period have to
subsequent periods? Do children retain their relative positions in
height, weight, and lulzas capacity throughout their school course?
If so, will these individual studies help to anticipate how tall a
. normal child will be at any subsequent year? What is the relation
_of growth in height to weight, and the relation of growth in lung
capacity to weight, since these arc the best criteria of nutrition and
robustness of an individual? Are some children more mature phys-
iologicallf at a given chronological age than otherst If so, what
relation does this accelcrated phS'siologjcal maturity bear to growth?
How is growth enhanced, how arrested ? " 1
We'shall never be able to answer all these questions*completely
- until we have complete individual histories for all classes of chil-
dren, but the individual records and the growth curves which we
have worked out should be of value for such comparative studies.
The individual records are given in Tables 4, 5, add 13 to 22 and
figures 1 to 28. : -

For purposes of comparison with a norm (or average child for this
group) the distribution Tables 2 and 3 may be consulted, and also the ;
averages in Table 3. The increments of growth or the amount the
child grows from year to year, or half year to year, may be obtained
from Tables 4 and 5, and the largest individual measurements with per
cents of gain from Table 8. The general conclusions are given on

-+ page 69, and while they have a very general application in various
directions, they -arc limited in their strictest.validity to the data
included in this investigation. _

. The second‘section (B) of the investigation follows the same indi-
viduals through their school subjects from grade to grade. The data
consist of 21,682 final term marks from the Horace Mann and Francis

- Parker Schools. It must be recognized, since we are investigating the
school standing age and since the promotions are based on marks,
that these records must be taken at their face value, because they

- represent school -practice and because they offer tangible criteria of

~ the efficiency of the individual and of the school. )
. The 11 charts give graphically the dverage mark, the age, and
-+ school grade from year to ybar in the school progress. These con-
* clusions may be found on pag% 79. t . .
Aftor the question of normal, accelerated, and retarded school.
.. .+ progress, has been discussed empirically, the relation of physical
et 7th to achool standing is taken up on pages 71-97 in regard to.
-Height, weight, and lung capacity, with educational corollaries.. The

tistical material follows, and after this the historical sunmary.
b 3 Sl A
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r *  PHYSICAL GROWTH ‘AND BCHOOL PROGRESS. 11

Il. THE INVESTIGATION. -
" (A) PHYSICAL GROWTH.
1» “THE DATA.

The investigation on physical growth, as here reported, is based
on the consecutive measurcments af yearly and half-yearly intervals,
or both, of 861 boys and 1,063 girls from the Univensity of Chicago
clementary and high schools, the Francis W. Parker School of Chi-
cago, and the Horace Mann School of Teachers College, Columbia
LUniversity. The records include consecutive messurements on the
same individuals for periods of from 3 to 12 years, giving a sum total
of 12,500 weasurcments for height, 11,220 for weight, and 10,120
for lun'g capacity, or 33,840 measurements. In the general averages
of Wie increments, the measurements of the Ilorace Mann School are
forfive or more consecutive years, and were taken, as a rule, at yearly
ntervals during the three fall months. The Francis W. Parker
records were taken semiamnually, during October and June, and the
University of Chicago sehools<semiannually in about one-fifth of the
records included and in the remainder annually. The individual-
*records from these latter schools contgin, in the distribution tables,
i few consecutive medsurements for periods of less than five years.

The measurements were made by the regular trained examiners
and anthropometrists in the various schools, except in a few instances
in the University of Chicago schools, where they were taken by the
writer.!  The children were nude, and .the records forshgight were
taken in millimeters or tenths of an inch; for weight they were
recorded in decigrams or in tenths of a pound; for lung capacity
deeiliters or tenths of a cubic inch were used. At the Horace Mann
School the unit of weight was changed from pounds to kilograms in
1905; at the University of Chicago schools-kilograms and inches
were changed to pounds and centimeters in 1904 and back to kilo-
grams in 1910. Tho units also varicd in a few cases at the Francis
W. Parker School. ” This changing of units necessarily introduces a
small crror involved in the reduction of a fractional part of a large
unit to a smaller unit, sinco it is more difficult to measure accurately
with largo units, and to further subdivido the'unit after the measure- *
ment has beed made inc}ea:% any slight error involved in messuring.

' The writer is indebted to Pross. Charles H. Judd, Walter F. Dmbofn, and Frank N. Fresman for
helpful suggestions in piethods of undertaking th@nvestigation; to Drs. Raycroft, J. Anns-Norris, Walter
D. Wood, Willlam H. McCastifhe, C1 { L. Vaughan, and toJ tte Beibert and Mise Ficra L. Cook
for amistance in obtaining records. The following graduate students have helped tp check some of the
tabulated resulta: Mimes Miriam E. Dotier, Carrie Baunders, and julis Coopar, of the University of Texm,

and J. A. Blackiixn and Graos W. Greens, of Bwarthmors College.
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-18 PAYSICAL GROWTH AND 80HOOL PROGRESE.

A ltirge majority of the measurements were reported in millimeters, .

tenths of pounds, and tenths of cubic inches, and these units are used
in the preparation of the tables amd charts presented in this study.

2. METRODS OF TABULATION.

In order to facilitate methods for using the data and to obtain the
yearly and half-yearly increments, each individual’s records, together
with the name or number, date of birth, and date of physical exami-
nation, were oopled on small cards and later transferred to large
sheets with the measurements and increments in opposite columns in
order that the correlations between the initial measurement and the
sppended increments could be noted. This made it possible also to
determine the effects of accelerated or arrested growth on succeed-
ing periods, since a number of increments on the same individual

" were available. S

Horace Mann School. 4

Name, .....; '3097 (boy); born Jpne? 1809,

‘Date of messurement.| Jan. 9, { Oct. 27, | Feb, 8, | Nov. 1, | Nov.19, m&r" Dec. 6, | Dec. 9,
1803, 1903, 1905 1905 1806. 1

. o [ . N
Age (yra. mo. e R e o i L A e
Weght, {pounds.. | 3625 | 4080 | 45.75 | 4190 | 424 | 68.54 | 69.72 | 6644
“gh 1650 | 1837 | 2076 | 2073 | 2420 | 2570 | 2710 | .2
. Height .cemtimeters..| 103.4 | 108.0 | 116.4 | 121.4 | 1205 . | 1304 | 1337 | 132
LUDE) oypieiches. .| 20 3 M .| % 108 108 18
Jy’ liters,. ....... .33 49 1.21 1.47 1.73 177 1.88 1.96
INDICES.
Welght-helght........ a0 am an| oaws| e 97 200 .17
v

fal...ooo.oll .019 026 .057 . 067 071 S .071 L0684

Height and weight measurements of Horace Mann boys, with yearly gaina.!

¥o.1. Goin.| ¥ | qain Gain Gain
Yo sereeeernneennennns 4 k15 | 13 W TP I T O 8 [......
Huight (oentimeters) . ... .... 164.3 |0, Ao UL 1.7 308
Neeeenoanninn, 1o Ll nyLaf w4l 2| s
!o.l.

W | | 18 ...
SET 7 2 FRURO I Wl
1.6 | 19.5| oo

- ] .
y-n) ................. O N VYR VY-S RN NS 7.+ S IO 10 |....... w L
g ¢ (centimeters). ... ..., b Y T RS 168.7 7008 ....L L ol s
Welght (pounds)..... ... et w20 | nns| s | o] 1008

£ 70 norumal helght of » Doy 1 year ol age ln 164 oxtimetars, spd the normal weight 108 pounds. -
' Specimen transfer sheel.

Tlns method is illustrated on the mcrement sheets that follow—
Tables 4,5, and 18-22, For averagesand average vmmons of inore-
menta, sxx-mont.h intervals were wsed. Foyexample: 12—12}, 124-13,
13-13§, 12—13, 124-13%. .

"%




- > — ; .
" THB INVESTIGATION. - 18 -

To find the i mcremeng of growth in height, welght and lung cafac-

ity for each individual, the ages at the time of measurement were
first found for years, months, and days. but, in order to place the
measurements for each individual into groups of yea.rly and half-
yearly intervals, those made within three months and nine months
above the year were considered as half years and the following interim,
between nine months and the next thres months, as full years. If
two measurements fell within a six-months’ period, the measurement
nearest the age required by the interval was taken. No child’s meas-
* urements, when placed in the yearly or half-yearly group, are more °
than three months from the exact age of the child, based on the
date of last measurement and the date of birth. All messurements
for more than a year’s interval were necessarily eliminated in the
calculation of the increment.!

3. HEIGHT AVD AGE DISTRIBUTION

The height and age dlstnbutlon table includes records of three or
" more measurements of pupils in the University of Chicago schools
and the Francis W. Parker School. The roman num®rals refer to
boys and those in italic to girls. The table otherwise is self-explana~
tory. In'genersl, there is a fairly normal distribution of individuals
slightly above the average or median height found by other investi-
gators. These norms were found in order to determine the relative
median heights.and weights (i. e., the measurements above which
and below which lie an equal number of individual measurements)?
of the Chicago schools for a means of comparison with the groups of
children studied by former investigators aad for comparison with the
norms used by Dr. Wood, of the Horace Mann School. ‘The derived
norms show, among other things, that the Chicago schools and the
Horace Mann Schogl form practically a homogeneous group in regard
to height and age distribution of pupils. , The differences of the two
groups will be, noted later, when a comparison of the growth curves
of individuals is made. - -

1 The writer wishes to take this opportunity 0 emphasize theurgmtmedolﬂongurluolommmvo
moasurements on the same group of individuals, taken at the mme time ol day, By the seine’ examiner,
at regular six-montha’ intervals from the child’s bmay.uumwgboutmmudm“h.

* The formuls fs m=211, \

-




girls, 703; total, 1,204,

[Number of individuals— Boys, 501;
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W. Parker School.’
total, 3,944.]

new

Age In years.
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In arder to accommodate Table 1 to the size of the printed page, -
it has been necessary to take out the following measurements from-
that table: S C

and two 6} years; at 111 oentimetars—giris, two 6 years old, two 6} years, and boys, one 8 years old, two
7} years; at 112 oentimeters-—girls, elsven 6 years old, one 7 years, one 8 years, and boys, three G\yoars old,
one 7 years; at 113 centimeters—girly, three 6 years old, ane 8) years, one 8 years, and boys, two 6 years old,
two 64 years, one 7 years, two 7} years, two 8 years; at 114 centimeters—girls, six 6 years old, one 8} years,
three 7} years, and boys, one 6 years old, two 8} years, four 7 years, ono 7} years, one 8} years; at 176 edhti-
moters—girls, one 15§ years old, ous 16 years, and boys, ane 14 years oid, one 15§ years, three 16 ¥ears, one
18§ years, twf 17 years, one 17} years, ons 18 yoars; at 177 centimeters—girls, one 17 yearsold, one 17} years, .
cne 18 years, and bdys, one 16 years old, one 16} years, one 17 years, one 17} years, ons i8 years; at 178
ecn.uinenem—glrh, one 14} years old, and boys, one 15 years old, one 15} years, one 16 years, two 17 years,
two 18 years; at 170 centimseters— boys, ane 14} years old, one 15} years, two 17 years, one 17§ years, two
18 years; at Iwoentlmenem—boys, one 15 years old, one 17} years; at 181 centimeters—boys, one 154 years
old, one 18 years; at 182 centimeters—boys, one 143 years old, one 16 years; at 183 centimeters—boys, one
144 years old, one 18} years; at 184 ceatimeters—boys, one 16 vears old; at 186 centimeters—boys, one 14§
years oid.

The extremes in growth to be noted are marked, in that the tallest
boy at 154 years of age i3 49 centimeters taller than the shortest ;
the tallest girl at 134 years of age is 39 centimeters taller than the
shortest. The widest range cf differences is during the adolescent
8ge, where there is a slight tendency toward bimodal distribution
(i e., two groups of cases appear with central tendencies for each);

. this appears for boys at“13 and for girls at 124. The boys are taller
than the girls from 6 to 11 Years of age; the girls then become taller
and remain so until 144, when the boys are taller. This is graphically
shown by the solid and the leader lines drawn transversely in the
charts. Those below these lines are tall individuals and those above

+  are short individuals,

4. WEIGHT AND AGE DISTRIBUTION.

This distribution, like that of height, was taken for the University
of Chicago schools and the Francis W, Parker. School, in order to
find a working norm. It is.to be noted there is & much’ wider range
of caseés here than in the height distribution, and a more irregular |
surface of frequency for each age. The widest range of differences
is found during the adolescent ege, and in particular ‘at the age of
15 years, where the heaviest boy weighs 110 pounds more than the
lightest, and the heaviest girl. 104 pounds more than the lighitest.
The boys are henvier than the girls from 6 to 124 years of age; the '
girls then become heavier and remain so until 16, after which the
boys again are heavier. The norms, like those of height, are above

- the averages derived by pther investigators whb have used but one
- measurement for each individual. .

... 'The table is self-explanatory and is uniform in construction with '

] > .
- that of height. . &
- . i e . . 2 z
5 @t o g 1
Bl = ° ) o ‘:‘,‘\_ g
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The norms obtained i in this table are, of course, least satisfactory
for the lower and upper} ages, where there are few.cases. For several
‘ages the same,individual measurements occur, thus making the table
approach what it would be if a homogeneous group were used for all
ages from 6 to 18. -

The weight table-is uniform in construction with the height table,
and the same individuals are used. Since the measurements here
were taken in pounds, in place of kilograms, the distribution of pounds
is retained for years and half years, and the kilogram equivalents are
given for every 5 pounds, beginning with 35 pounds.

7166°—14—2
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TasLr 2.—Weight

_[Number of individuals—Boys,

4%); 'glrh, 63%; to I.‘l,ms.

Agein years,

LG

|
B

i
Iz
|

iBla.

I
J6le

. . ]

e

e AN N ST N SN &SNS

ﬁﬁt‘ddt‘—c i m e =

i i

v e 02312131 LRI

.l12311-16!4641?!!!.14’”16!!‘l TR e T # e v ¢
T e 11324.114&..4.12.14.4 ]3]1‘2]232]I0»;P. 3R] ——

‘lll!'?llfu T~

———

G 245

Ty T 9.04.l4|:|4ﬂ. " Jifq L R T Sty

P N

o= I.)Z

T D JQ.‘?T.{?

. ullr..oﬁaelr.oﬂﬂ..o

N

GO NPT & P ND o

G R RN N

Y Ry

s wleh TS s EREEL R

5y L

0 .1211321311ﬂ243232
- uo..z.o‘.o...octl,ollun.m 73121911 T
: nl...r.o. 78 TR oA RE N TR ae ¥ S N e

e 22232.212]13 11121211111..121

-

A=

lll.f. e v RS TS

£

S L e — R

~

—

O [ TN I I Py Sy oy

B R L N R v v e =

oo ”1.2321 CIIEEE] Sy - e YY)

6}

Weight.

EANEEEEES L N o e et

B.1G.[B.

|
|

B.G

“
=5,

..
SN

P

[l
ey
i

1

R

Y:r;::;ﬁ 9 e
AL

o

Aruitex: provided by Eric

E



19

THE INVESTIGATION.

and age distribution.

Number of measgromonts—Bogys, 1,475; girls, 2,103; total, 3,35.]

Age In years.
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PHYSICAL GROWTH AND S8CHOOL PBOGRESS. . \ s !

TabLE 2.— Weight and age

Aga fn {mn i ’

8

80| 71{100 71| 83 3] 82| 00't09

Number of cases | . . .| 32 38 20| 38 38| 651 44] 67} 47| 1% 50 64| 5%
Median welght .|y 47 44 1| 4730 48) 38\ 4| 67| 51 0 g0, 9, 68| &) 49 o7) &5) 3] L
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" tq 17%ears of age. The individuals -are arranged ,in an ascending

" 5 MEDIANS OF HEIGHT AND WEIGHT. .

This table represents the median heights and median weights for

‘boys and girls, for six-month intérvals from 6 to 18 years of age, as
derived from a study of thé distribution of the two schools. -

TanLr 3.— Medians of height and weight.
v

s o |
Mexdiun height. T\l:‘m; of i Median weight, ‘\"L'}S;r d
Age. ' o e
. / Boys. ® Girls. Boys. | Girls. loys. | Girls. Bogs. | Girls,
/- . . o ,__________(
77| centi- F Cénti- Kile- Kilo- |
/ meters, | Inches. | metera. | Inchea. . "] grams. |Pound:.! grasrs. {Pound:.
(] 116 45.7 | 114 45.1 o8 41 21. 47.0 19.6 43.6 32 38
2] 119 468.9 117 4.2 pi'] ﬁ 3.1 51.0 21.2 46. 8 29 33
74 121§ 41.5 | ¥4 4.8 3 a 2.5 49.6 21.8 48.2 34 53
% 125 49.2 |7 133 48.4 47 54 25.5 8.2 22.2 449.0 43 al
8 128 50.3 125 49.2 52 T 25.9 57.2 2.2 51.3 47 2
84 131 51,5 126 40.7 43 71 27.2 60.0 25.2 55.8 50 [}
9 o131 5161 , 130 51.1 66 89 20.8 58.6 26.4 8
% 134 62.7 131 51.5 8 101 28.4 82.5 20.9
10 136 583.5 185 53.0 78 3 30.5 ‘61.2 29.7
104 138 84.7 137 5.2 76 31.2 68.31 20.8
1 139 54.7 141 514 103 110 32.3 L1 30.2
1} 142 85.9 14, 566 81 96 33.0 2.7 32.9
12 145 1 @ 67.1 146 57. 4 n2 n 3481 ULSs 342
12} 147 57.9 148 58.1 80 1t 35.2 ThE 87.7
13 150 59.0 153 60.2 g7 143 3%.0 .0 (. 43.0
134 152 59.8 185 0.9 3] 151 -30.5 8.0 43.1
- M 155 60.9 157 61.8 123 185 43.6 96. 1 46.5
14§ 159 62.6 1587 62.0 12 40.4 102.5 47.0
5 184 84.5 159 62.6 84 158 4.2 1075 50.8
15% 164 64.7 159 2.6 55° 97 49.1 108.5 50.2
+ 18 187 . 65.7 160 62.9° 52 109 5008 | M2.0 40.4
184 168 65.% 160 63.0 33 1) 51 114.5 51.0
17 170 66.5 160 62.9 4l 88 56. 124.7 51.4
173 170 68.5 101 63.4 2% 36 58. 124.5 52.8 .
18 170 | 68.5 162 63.8 i 28 771 5. INI0.5 ] 514
Total nutnber of cases...... ... 1,587 | 2,372 (........ \ ........
- Totul nvmber indNiduals ..... | 501 7001l ! .

" 6. INDIVIDUAL INCREMENTS IN HEIGHT, WEIGHT, AND LUNG CAPACITY.

. " The wrifer has aimed, as far as space will permit, ty give the origi- 4
nal data with results in such form that further compgrisons and cor-

" relations may be worked out. Tables 4, 5, and 13-22 give the
initiel measurements in height, weight, and lu pacity, with the
yearly increments and per cents of gain and loss for 50 boys and 50
girls from 7 t0.13 years of age, and for 50 boys and 50 girls from 12

' scale in accordance with thé initial height at 7 and 12 years-of age.
Many individuals with the longest series of measurements have been
~ omitted oneacgguat of the records having been made before or after
the interims included in these tables. All the individuals with long
records, however, are represented in the charts of individual curves

S
f,-"w.‘g
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which follow. the tables. The individuals represented in both tables
may be found by means of the cross references given in the explana-
tion of the curve charts. '

~ In the tables the serial numerals at the left refer to the regpective
individuals. Tho heights are in centimeters, the weights in pounds,
the lung capacities ia cubic inches; the- mspective increments are of
the same units of measurement. The per cent of gain is the pro-
portion of the increment to the previous measurement. The aver-
ages and average devigtions of increments and the averages of the
per cents it lllO middJe of the table are for the first 25 shorter indi-
viduals and those ay/ the bottom of the table are for the 25 taller
individuals. The ayerage height, weight, and lung capacity for each
year and half yearjat the bottom of the tables are for the 50 in each
group and offer 4 means of comparison between the medians or
vorms found in the distribution tables where there were more indi-®
viduals, but fewer repeated measurements. No myeasurements here,
as indicated in the discussion on the method of procedure, can be
more than three months from the exact chronologicél age.

These tables are given in'order’that the individual differences may
be closely noted, that the differences between gain in absolute incre-
ment and gain in percent may be com‘pared and:that these data may
be accessible for future comparisons in this study and for those who
wish to make further correlations.

The boys and gu‘ls are from the three schools and represent a fu.uly
normal distribution, except that the Francis W. Pdrker boys are
slightly inferior to the others in height and\the Francis W. Parker
girls, whe were measured more frequently than those of the other

_schools, show more individual fluctuations. *

. . 'y

5 . HEIOHT.

From the years 6 to 134, the yearly increment varids from 1 to 8
or 94 centimeters. At the age of 12 there is a surprising jump in the
« increase, which reaches as high as 12 centimeters; the repid increase
continues up to 17 years of age. The increase from 6 to about 73
bas no uniformity, aud seems to depend on the individual. From the
years 8 to 12 the usual increase is from 7 to 9 centimeters. Herr,
too, is the greatest uniformity of increase, that is more boys increase *
the same number of centimeters than at.any other time. "In some
sporadic ¢ases the increment is as much as 10 centimoters. From 13
to 17 the increment is larger

%5??‘1%3: g
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WEIGHT.

From the years 6 to 7} there is little uniformity in weight incra-
ment, for it varies all the way from 2 to 15 kilograms. At 7} the
-increase begins to be a little more uniform, and a rough average can
be taken. This is about 4 kilograms. Tn-two cases there was a
loss, of 2 and of 5 kilograms, respectively; but loss is rare. The aver-
age stays almost the same up to 13 years. But some individuals
increased from 14'to 22 kilograms. These cases, were, however,
sporadic. The greatest uniformity occurs from 93 to 104 and again
from 14 to 15}. The least uniformity of increase is from 12 to 13.
The average inarement in the ages between 11 and 17 is from 6 to 10
kilograms. The greatest increase, 18 to 23 kilograms, is found to
occur between tho ages of 12 and 16}. In one case between 16 and
17 the increase was remarkable, 35 kilograms. There were four
cases of loss varying from 1 to 4 kilograms. The increase from 11 to
17 is so irregular as to make it almost impossible tq strike an average.

v LUNG CAPACITY,

As a rule, the greatest relative gains in breathing capacity occur °

“between the first and ‘the second measurement, which is probably
due to the fact tht the child has not learned how to use the spirom-

- eter, which involves a voluntary reaction as well as a physical meas-
‘urement. Thé cases where children lose in breathing capatity are,
a3 a rule, near the first measurements or are caused by eolds at the -
time of measurement. :

There is less uniformity in lung capacity than there is in weight.
For example, between the ages of 74 and 8} the increment varies from
8 loss of 16.cubic centimeters to an increase of 49. Before the age
of 7} there is absolutely no uniformity; after this the average may

" be roughly estimated at 8 to 16 cubic centimeters increase. In the |

. ages from 10 to 13 there is a great fuctuation; all the way from 2 to
22 cubic centimeters, and 2 cases of loss. Uniformity is almost lost
from 11 to 17. The ages-of greatest uniformity are from 13 to 15. ‘

To give a few examples of the extreme fluctuation, and to give an
idea of the difficulty in striking even a rough average, the following

. cases. may be cited: From 11 t0:12 years ofage the lung capacity

. varies from a loss of 2 ta a gain of 46 cubic centimeters; from 13to 14
© it varies froma loss of 18 to a gain of 56 cubic centimeters; from 14

“." 1o 18, from a gain of 2 to a gain of 68 cubic centimeters; from 186 to

;. ¥1,from a loss of 2 to a gain of 56 cubic centimeters. »




-

It is to be noted in reading fhme tables that the initial height,
weight, and lung capacity are given in the first column after the in-
dividual’s number. The yearly increment or gain in growth is given

increment. For example, number 1 was 112 centimeters tall at 7
years of age and 116.8 centimeters at 8 years of age. This girl grew
4.8.centimeters, or 4.3 per cent, during the year. At 9 years of age
this girl was 119.6 centimeters tall, and she had, therefore, gained 2.8
centimeters, or 2.4 per cent.

o

F . ‘ TRE INVESTIGATJON. C 95,

just after the initial measurement and the gain per cent just after the

.
Ry |
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TaBLE 4.—Increments of growth ¢n height for o group of 50
:
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_ girls from 7 to 13 years of age with consecutive measurements.
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TABLE 5.—Increments of growth in keight for a group of

12 years, 13} years. 13 years. 134 years. 14 years. , 144 years. |

13} years.
Per cent gain.

14 years.
Per cent galn,

f'er cent gain.

Increment
13 g
Per cent gain,
eight.
Increment , 124
Height.
Increment, 13—

Per cent galn.
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50 girls from 12 to 17 years of age with consecutive measurements.

15 yeans. 154 years, . 16 years. 16} yeans. 17 years. l

16—

crement, 154

18} yeu\

Per cent gain.

15 years.
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7. AVERAGE INCREMENTS IN HEIGHT, WEIGHT, AND LUNG CAPACITY.

‘A study of the individual measurements in height reveals different
correlations in growth fof“boys and girls above the median (average)
from those below. That is, the rhythms of fluctuations of growth
for tall-children differ materially from those for short children. This .

- 18 demonstrated by the norms found, which serve in this connection
83 & temporary expedient for estimating the relative heights of this
group of children and as & ineans for dividing them into two general
groups, those lying on and above the median and those lying below
the median. There are some who cross the median, and others whose
curves fluctuate toward or from the median. Those lying above
the median height begin and end their periods of acceleration and
arrest earlier than those below the median. The increment tables
following give the averages and average variations in yearly and
half-yearly increments for boys and for girls in height and weight in

. the two Chicago schools and in the Horace Mann School. .

- As will be noted, the results give the greatest absolute increment.
and the greatest average deviations during the adolescent period,
beginning at 12 years of age for boys above the median height and -
beginning at 104 years for the girls above the median. This marked
acceleration continues until 154 for boys and until 13 for girls.
For those below the median height the greatest average acceleration
begins at 14 years for boys, and at 1134 years for girls, and continues,

for the boys, until 174 and for the girls until 154. The tables also
show there is a period of slightly more marked acceletation or arrest
from 6 to 8 years of age, depending on the relative height and the
median. There then follows a gradual decreaso in 1bsolute and rela-
tive increment until the advent of the pubescent increase. The
results hold for each school separately aid for the groups collectively,

for boys and for girls, _

No individuals were eliminated whose messirements and ages were
found to be accurate, but as stated above there were some whose
ﬁ?st measurements were below the median and whose last measure-
‘ments were above the median; these were grouped with those above
the median. There were a few others whose first. measurements
were above the median-and whose last measurements were below

- the median; these were grouped with those below the mediap, .. The
+ . flustuations in the growth of these latter children tend to obliterate
- .the characteristics of ,thet;lwo mmain groups, i. e., they tend to destroy

3

= . rather than accentuate(@he most common pubescent tendencies. of
. each group, It did-not?however, seem best to form a separate divi-
_ - sion of these “‘crosses,” since it would be impossible to draw a dis- -
% - tinct line of demarcation between those above and those below the
%, s » Q -
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The rhythms and fluctuations of growth in height for the children
above the median show that these boys and .girls mature in physi-
loogical growth earlier than thosebelow the median, since their peripds
of acceleration and arrest begin earlier and end earlier. There are
individual measurements lying on either side of th. ‘e medians,
arranged in all probability in a normal distribution from "e tallest
to the shortest for each chronological age. If this is the ~ase, &8
the individual curves will show, we are justified in making a' erages
or medians only when the average or norm is based on the physio- ,

“* logical age instead of the chronological age. A new and very
important educational problem is evoked here: low may we
formulate a measuring scale for determining the physiological age of
the child? A careful study of individual growth curves, based
on consecutive measurements, it is hoped, will help tp answer this
question.

These significant characteristics of tall and short children, differ-
ing in their periods of acceleration and arrest, may also be noted in
the groups of 200 individuals whose heights and increments are given
in Tables 4, 5, and 13 to 22. ‘
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Since these. children were not all measured an equal number of

“ times and, therefore, individuals are constantly entering and leaving

the yearly and hali-yearly groups, the sum of the averages of the
half-yearly increments do not in all cases equal the averages of the
yearlyincrements. These conditions vitiate theresultsinso far that
we do not have a truly homogeneous group throughout. These facts
explain why it is not possiblo to get an average increment by taking
the diffcrence between the average measurement of two intervals,
since this method would in some cases give a minus quantity if a
majority of tall individuals were in the former and pot in the latter
group. The individual increments also help to explain why the'com-
posite curve of the average heights based on single measurements of
different individuals at different ages does not represent the, growth™

of any individual or any group of individuals. Therefore the method

of finding averages on single measurements, which has been univer-
sally used in the past (on account of lack of data based on consecutive
measurements), myst be abandoned as a method for obtaining norms.

The following are some of the greatest gains in height, weight,
and lung capacity amang all the boys and girls included in the entire
study. Those whoge numbers are below 200 have been taken from
the tables just given and the other ones from the groups of indi-
vidual growth curves. The largest increments of growth are as follows:

TasLe 8.—Largest individual increments in growth.

IncrEasEe 1IN HEelonr,

. BOYS BELOW TIIE MEDIAN HEIGHT.

= oo, B e I ek o

Numbers.! 2 Age. 1lefght. | Age. Height. ! Tnerense i height.
it SN VU [,

¥.m. 4. Cm. Y.m. d. Cm. m. Peret.
11.8 X8
9.8 8.7
11.0 8.9
10. 7 7.0
10.3 7.0
1.5 6.8.
9 158.6 |12 -9 7 188.71 + 10.2 6.5
0 0 HAS([1S 0 0 168. 3 9.8 - 9.6
2 6 156.1114 4 22 167.0 10. 9 7.0
3 9 159.3[15 4 18 160. 5 0.2 [ Y]

"GIRL8S BELOW THE MEDIAN HEIGHT.

18] 15|14 5 1| ueo] 0§ 0.8
30 154.3(14 7 20 183.0 8,7 5.6
0 137.0(13 3 0O 147.3 10.3 7.5
0 14,0114 5 2 153.1 1.2 7.9
4 L0012 ¢ 9 8. 8 10.2 7.4
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TaBLE 8.—Largest individual ingrements in growth—Contin
IncrEASE 18 HEleET—Continued.

GIRL8S ABOVE THE MEDIAN HEIGHT.

- v’ .

v 2 f i A
Numbers. Age. f Helight. . Age. : Height. | Tncreasein height.
1
m d! Cm. |Y. m. d. Cm. Cm. Per ot.
9 19 1443112 1 3 155.8 1.5 7.9
3 22 146.1 112 7 13 157.2 111 7.8
4 28 45,6111 8 9 156. % 1.2 7.7¢
10 19 1443112 1 3| 155.% 11.5 8.0
4 23 146.1 12 7 10, 157.9 11.8 8.1
10 12 R0 41 4 29, 151. 4 12,5 9.0
9 13 147.9 l 111 1w t 157.5 9.6 6.5
9 12 1ieg 1 7 4 1385 109 7.4
. o 8 1
LARGEST INCREMENTA OF GROWTH 1N WEIGHT.
’ BOYS BELOW THE MEDIAN WEIGHT.
Numbers. Age. Wolght. - Age. l Wolght. | Increment.

. e
| Lba. | Y.m. d |y Lbs. | Lda. | Peret
613113 8 19 K15, 212 32.0
S TEN RTINS u| 141.7| 2.7 211
. L —_— ! . —
BOYS ABOVE THE MEDIAN-W-ETGNT.
R — -
24.3 26.1
17.4 4.7
224 22.0
24.0 2.2
— e
519110 11 30| 77.2 23,3 4.2
97.91 M4 10 3, N3 10.4 19.8
W05 1 13 07.2 19.2 24.6
94.5(13 10 23| 138 19.3 20.3
W14 18 9R1 20.0 -25.5
LA 5 0] 1311 19.3 17.2
GIRLS ABOVE THE MEDIAN WEIGHT.
. ) - B .
- 99012 6 18] nse 35.7 45.5
1250012 @ 8| 1499 24.9 18.0
2201 2 20| e 24,8 34.3
104.5[12 -3 14| 12409 20.4 9.8
1220 113 9 24| 47.R|t 2008 16.3
108.2 113 7 24 124.2 21.0 20.3
e ! SULE . —
LaRuesT INCREMENTS o GROWTH 1IN Lux~a Capacrry, -
* .
BOY8 BELQW THE MEDIAN HEIGHT.
. Lung ca- ; lung ca-
Numbers. Age. [ TORTT] Are, p-mft‘. Increment.

Y.m d.| Cuin. (Y.m. d. | Cu.in. | Cu.in. l Peret.

14 4 8 18315 4 7 210 47 8.8
16 0 2 170717 1 3 220 50 28.8
16 3 ¢ 25117 8 3 266, 50 .2
10 10 1t 106 |1l 11 8.9

21 150 T4

-
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TaBLe 8.—Largest individual ipcremetils in growth—Continued. -

LARGEST INCREMENTS OF wrH IN Lung Caracrry—Continued.

ABOVE THE MEDIAN HIEIGUT.

.
: Lung Lung | ’
M. 5 ! Ago. ‘mpacuy. Ago. ca[,aclly Inc:emgnt.
4

Y.m.d. | Cu.in. | Cu.in. Perc'.
12 9 7 230 | 48 250

13 1 2 143 15 FEX
1410 13 218 66 6.8
o402 22 sl .
14 3 24 28 50| . o6
4.2 0 240 - 00 33

GIRLG BELOW THL MEDIAN UHEIGHT.

.. e .
n28l1z si 180.0 67.2 ' 5.5
130.0 | 13 137 by mo RN 1
7 Y 112.0 36.0 46,3
130.0 35.0 6.3
160.0 | 32.0 23.9
= e ek o o 2 o

0
150.2 63,2 .8
1080 | | 380 5.2
190.0 45,0 Ei R
190.0 6.0 | 2ty
234.0 Hoo! PER}

The greatest yearly gain in height for these boys below the median
is approximately 10 centimeters per year, and as a rule these gains
are made after 14 years of age; for those above the median the gain
is approxmately the same, but occurs at 14 or enrlier, The greatest
gain m(‘%elght for girls i)elow the median is from 9 to 11 centimeters,
and occlirs after 12 years; for those above the median height it is
from 104 to 11 and occurs before 12 yrars of age. &

The greatest gains in weight are after 123 for the boys below the
median and earlier for those sbove median heigirt, as a rule. For
the girls the greatest gains are after 13 for those below and before 13
£ for those abova the median. :

The greatcst gains inlung capacity are after 14 as o rule for the boys
below median height and before for those above median height. For
girls there is little difference between those above and those below
maodian height. o iy “a

In an extensive study on physical growth “based on single meas- -
urements, Dr. II. P. Bowditch® call8 attention to the asymmetyical -
nature of the trend of the growth curves and holds that large, tall
.children make their most rapid growth at an earlier age than.the smuall
ofles, since the averago and median values do not coincide. By using
- thesame dats, given by Bowditch, Dr. Franz Boas? applies supple-
.. mentary statistical methods and concludes that, Bowdltc'h’s conclu-

sions aro untenable. Hesays: ™ -~ *~ -

_ ~ . 'The asymmetry is not accidental, for there will be aa many children on & stageof _
meent corresponding to that of their age plua a certain length of ume a8 corre-
QL

ing to that of theu- age Minus a certain longv.h of time.

<, lBowdﬂch 11 . Growth of children. Ton'h s, rc'\.r.mn Dd. Dealth, 3= e i
- 'Bou,l'. On!‘owmmd wa’- lmutmtbn olochool pbndreno(n. Loub- 2 5
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In his several reports on the growth (f St. Louis children, Dr.
William T. Porter * finds tho same asymmetrical trends noted by Bow-
ditch and repeatedly calls attention to the difference between the mean
and average. Boas very plainly states: “I can not acknowledge
that the conclusions reached regarding the growth of {all and short
children are cogrect.” 1¥e finds the constant oceurring differénces
and their regular distribution between the mean and the average
furnish the best proof that the curves under-consideration are not
probability ‘curves. Ile believes, if thig is the case, neither the average
nor the mean, nor the most frequent value represents the type of the
age to which the curve refers. This ean be determined only by
detailed examination of the causes of the usyrr;ln('trips. '

To summarize briefly {he differences in the two points, of view

- Boas maintains that—

When we consider children of acertain age, we may say that they will riot all be on
the rame stage of development. Some will have reached a peint just corresponding
totheir age; whilo others will be a little behind, aild still others in advance of their age. .
Consequently the values of their measurements will not exactly corresPond o those
of their age.  We may assume that the difierence between their stage of-development

¢ amldhat belonging to their exact age is duo to accidental causes; so that just ad many
will be less develupéd as further developed than the average child of a particular age.

Or there will be as many children on a stage of development corresponding to that of

. their gge pluga certain length of tiue as correspondingsto that of their age minus a
certain length of time.— Science, n. s, 1., 227. .

Porter's assumptions are based on Bowditch's data as well as his
own, and he maintains that— ’ B

The type of. § certain deviation from the mean of an age will show the mame degres
of deviation from the mean at any subsequent age; for example, & type boy in the 75

.percentile grade at age 6 will throughout his growth be heavier than 75 per cent of
Wys of his own age.— Transactions of the Academy of &cience of St. Louis, 4, p. 298,

Boas objects to this assumption and holds that the average chil-
dren do not hold theirpercentile rank. The individuabgrowth curves
~inclnded in the present investigation sheuld go a long way toward
solving this. much-disputed question. Jt will bo shown that both
writers are partially correct, but neither could seo the significance
of his conclusion from the data at hand.

-
14 Ay

S 8 INDIVIDUAL GROWTH CURVES. G

o ¢
B

(8) HEIGHT AND WETGHT.

The serics of. 28 charts show the individual growth curwes in height,
weight, and lung capacity for 170 individuals, giving in all 510 indi-
vidual growth curves for various periods between '3 years 9 months
snd 18 years 6 months} Rl N

In carrying out a gomparison graphically among formis so dissimilar
in absolute size as ‘those of height, body weight, and lung capacity, .

Py NE TR IS = g
Yo 0 b Porter, Wi T. The crawihof St Lowis childngh” ¥ PR G e
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it was thought best to use the following. units. In the height and
" weight curves the same base line division of 20 millimeters equals 12
months in age, while for the ordinates or vertical lines 40 millimeters
equal 20 centimeters in height and 10 millimeters represent 20 pounds
in weight. In the lung capacity charts a baseline division of 15 milli-
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7 meters is used for 12 months in age, and inthe vertical or ordinates |

"+ 10 millimeters represent 20 cubic ifiches in lung capacity. The origi-
: nal charts have been reduced isi size and the millimeter Jines taken
out. ‘l‘he bhick linies represent distances of 20 millitteters on the
height and “weight &ﬁﬁé sad 15 mmdt 10 nillimeters onrt]hq lung

oqpqﬁtyohm R

ST e - - £ ’ o, e o )




The s same Arabic numerals refer to ame mdmdua]s respec-
tively, for each of the 15 group&‘on.dl curves, for all health notes, and.
for all indices. The circles give the time of measurement; the ordi-
nates represent the measurements accurately to within 0.4 of a cen-
timeter or less, and the absciss® the exact age within 14 days or less.

It is at once apparent that the direction of the curves shows the
absolute increase, decrease, or umformlty'r of the increment of growth.
A straight line of uniform pltch indicates an absolute increment for
the same individual; therefore, in general, the degree of pitch of the
line (curve) shows the relative amounts of increase of absolute incre-

ments for the same individual, and a change of the direction of a line _

at any circle (or point of -measurement) indicates a decresse in the

absolute increment if the line turns toward the horizontal, and an "
" increase if it turns toward the vertical. The charts, therefqre, like

most growth curves, show graphically the absolute increments and
not the percentage of increase over the initial measugements from
period to period. The relative gain or per cent of increase or docrease
may. be obtaind from the preceding tables (4,5, and 13-"2) for com-
~ parison, if desired.

It should be noted that no attempt to select the individuals was
made in the charts except to include a few that are tall and a few
that are short in order that the height curves may be followed
. individually ffrm measurement to mehsurement. The wide distri-
- bution of ind 8ls from tallest to.shortest may be'noticed as &
general charac. _istic of this group; there is a range "of 35 centi-
meters in height between the tallest boy and the shortest boy at 14}

years. .Since this wide range of distribution is uniformly present for."

all ages, a comparison of the growth of some.yery tall children with
some short ones may be nicely pbserved when compared with ,the
dotted curve which is ““Boas’s normal curve’’ based on the measure-
ments of 45,151 boys for one measurement each.

A study of these height curves reveals at once that each boy holds
approximately his relative position in the group for the penods
included (Nos. 1, 8, and 9 are the only curves that cross, and in only
one of these mst.ances are two curves intersected), and on a per-
centile basis each would retain approximately his percentile grade;
and that the relative shifting of the beginning of the adolescent
acceleration from 124 years for the tallest boy (No.2) to 16 years
for the shortest boy. (No. 1) is & notablesgharacteristic which has
been referred to from tlmetotxmemthepmcedmgpages Occa-,
‘sionally there is a slight retardation before pubescent acceleration
begins; and this, together with the shifting of the period, causes the

_ourves to approximate in appearance.a series -of ‘concentric -arts of
. varying sizes where a chronological ‘péint in the lower or outér aree
ilmahed hmthminmn&'drupperm JFNoy lcum,whichu
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abnormal, is eliminated, there may be observed a fanning out of the |
curves from childhood to-adolescenes. When the individual growth |
curves in height for all the boys from both schools are ®@mpared, it
will be noted that there is frequently an individual fluctuation in
growth from 6 to 8 years of age, depending on the size of the boy, and
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.there is & remarkable uniformity in the increase of inérement after 6
or 8 years fo the period of pubescent acceferation, with & slight
" decreass just before the adolescent acceleration.

: The'girls’ curves illustrate at a glance smaller stature than that of
% theboys before 11 years and after 14, There is also hers a uniformity

in.regard:to relative stature foreach individual throughout the periods
included;. and..an ‘wlier‘ pubescant acceleration in the cases. where
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there is an increase during this period. The general trend of these
curves shows slight decrease in increments from 7 years to the
accelerated period, which like that of the boys, varies in’ occurrence
with the initial height; the period of rapid growth is earlier for the
taller girls; the shorter girls, like the shorter beys, reach their maturity
in growth at an older age. In Chart IVa(p. 42), for exagaple, the
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tallest girl of the group attained her maximum height ay 144 years
of age and the shortest at 17 years and 3 months.

When the curves for the girls are extended to the earlier periods of
childhood, there is a suggestion of change or variability in thé incre-
ments from 5 to 7 years of age, with & small range of differences
sindildr to the boys during these earlier yesrs.- There is a slight-drop_
. in thie curves, as a rule, between the ages.of 7 and 11 years, aside from
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42 PHYSICAL - GROWTH AND SCHOUL PROGRESS.

the curves No. 1 and No. 9 of Chart Va, for example, which show no
retardation or acceleration during the prepubescent and pubescent
periods; the drop is more noticeable with girls than with boys. A
period of marked retardation before adolescence is usually followed by |
a period of rapid acceleration during adolescence. If the increment of
growth before adolescence is relatively uniform, this uniformity tends
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to persist throughout adolescence; and, as may be noted with No. 1
in Chart Va (p. 43) and No. 1in Chart Ia (boys) (p. 38), when ther8 is
unusually rapid growth for the individual from 7 years to the beginning
of adolescence, there is 8 decrease during adolescence, i. o., % reversifm
of the cointmon rhythmio order. |

* . The Francis W. Parker boys, when compared with the Horace
i Magin ‘l_)‘gys, whow & closer range of distribution during adolescance;,
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they are inferior, on the average, in stature, and show more indi-
vidual fluctuations from measurement to measurement, which may
be due, in some instances, to slight variations of the conditions under
which the measurements were made, such as the time of day, the
reading of the stadiometer, or rhythms occurring’ during certain
times of the month or year, since*the meastrements were taken at
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F16. 5.—(Chart Va) HeighPhnd welght curves for Hrace Mann School girls.
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" such short intervals that the variation of a few centimeters would be

very apparent in the ourves as plotted. . _ : o
The 22 individuals in Charts XIIla and XI'Va arefrom the University-

of Chicago schools and from homes siilar to those of the Francis W.

Parker School, but they form part of a much larger bédy of students.

InChart Xiilla the individuals are taken st raxidont, bu in Chart XIVg s

81 effort was made to find cases of arrested growth. ‘The growth
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curves-in height for both groups, like all 'the Horace Mann School
children, show fewer individual fluctuations than those of the Parker .
School and, aside from No. 5 (Chart XIVa), there is a very close
parallelism between the varying heights and the varying weights of
the different individuals, i. e., the taller children are ths heavier. -
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No. 1 (Chart XIVa) is the tallest girl included in this study and her
weight curve deviates from the general tendency in that its form is
similar to the height curve. The per cent of increasein height incre-
ments over the initial heights for a given chronological ago from 6
to 18 isso eomparatxvely uniform for each individual that the growth
curves may ¢nsble one, in the futurs,.to -prophesy with consiGerable

wouracy how tall & child of riormal growth will be at any subsequent
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age within the interim, providing his or her relation to a given median,
or norm, be known. : '
The trend of the height curve, aside from the period just previous
to the accelerated pubescent growth, tends toward convemity. If
there is unusually rapid growth for the individual from 7 years to
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Fio. 7.—Chart VIIa) Height and weight curves for Horace Mann Sohool girls.
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the beginning of adolescence, there is & decrease during adolescence,
and there is frequently a reversion of the common rhythmic order,

" Of the 170 boys anid girls whose height curves are plotted for the
preadolescent and adolescent ages, & few show a regular uniform rate "~
of increase at pubescence, a much larger number show an accelerated
tate, and fower shiow a decrease in gain, ‘\

- N 3 v e

|




46 PHYSICAL GROWTH AND 8CHOOL. PROGRESS.

The cases of marked arrest, or retardation, in ,growth in helght
with this group of children occur usually during tire early.adolesceht
+  period and persist through tho period.

‘WEIGHT.

The individual weight curves have certain characteristics which
are interestingly significant when comnpared with the height curves.
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Fra. 8.~(Chart V1IIa) Height and weight curves for Francis . Parker School boys.

BSOS R
3 %\ $3 I
. Y i
: AN il s
. [N
\. \?\\?g i
d AR i

£

N \ \
E . \\
R NN N LN
With the exception of No. 9 (Chart Ia), who is heavier than the others
for his height, the boys’ heiglits and weights aro as a rule Yelatively
proportionate to eachother. Thefive boysbelow median height (Nos.
10, 11, 12, 13, and 14 of-the first chart) aro also the five lightest, with »
ﬁhe exceptlon of No. 10, whose nutrition is poor. The boys hold the

- same relative positions in the series in reference to both height and
' wo)ght
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Though there are more individual fluctuations in growth in weight {
than in height, there is also a wide range of individual differences, as |
shown by the fact that No. 2 of the first group at 14 years of age is
603 pounds heavier than No. 14. The striking differences between the
two series of curves are: The weight curves tend toward concavity
and the height curves toward concavity just before the pubescent
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‘acceleration, and then both toward convexity; the height curves -
never fall below the previous measurement, except in a few instances

, for a millimeter or two, and the weight may go above or drop below
the previous measurement. In several instances boys lost in weight,
and Yhese losses divert the curves from their relative positions within
the group, which may later be regained. . Wi
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The curves of weight show to a marked degremrease in rela-
tivo increment from 6 to 11 or 13 years of age, the latter limit varying
with the relative height and weight of the individual. After this
there is & marked acceleratiop. The uniformity of increase in height
and weight increments certainly tends, onthe whole, to cell attention
to the value of the vigilant watching and remedial exercises on the
part of the examiners in this schoel, and at the same time gives con-
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F10. 10.—(Chart Xa) Helght and weight carves for Francis W. Parker School girls.
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~ . crete evidence of the great value of physical examinations and medical
inspection for growing children.

Girls are relatively heavier than the boys, and the weight curves
show less tendency toward concavity, with slightly more individual

.. fluctuations.: Thers are no cases of & loss of weight previous to 16
~ years of age; in many idstances (Chart IVa, for example) the taller
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girls are as a rulo heavier, In a general way each individual retains
hegeelative position in regard to height. In Group V there are three .
cases of loss in woight after 17 yoars of age and two previous to this
age. No. 7 diverts from this.tendency of her group, being the heaviest.
after 8 years. _ '

There is apparent confusion in the complexity of weight curves for
Group VIIa, but if the curves of those whose growth in height was
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arrcsted are elimi'nated, and allowance is made for a decrease for the 0
last year of ‘the period in this chart, the remaining curves tend to
. follow those of the other groups. The continued retardation in the
curves in height is paralleled by a similar period of arrest in weight.
The instability in growth in weight is represented by & mass of inter- .-
sccting curvesin Chart XIa. No. 5 loses in weight in amannersimilar =~
"in’ height, bug-the loss in weight does - ...
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not occur until -a year and a half later than the loss of growth in
height. .In gvnernl an arrest of growth in height after 15 is also
accompa.med in this group by a cessation of growth in weight, which
is unusual. Some other unusual relationships between height and
welght are illustrated in Chart X1Ia; these are particularly evidentin,
the case of No. 1, who, while fairly tall, is symmetrical and fat, with

- a marked deviation from any of the previous weight curves, and
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P N 0. 5, who is also overweight, and iltustrates the same type df dévia-
tion. Most of the other girls are under weight, but show no unusual’
tendeneies. The weight curves of the very stout girls in this'group

28 are strikingly similar to those'in the other charts. A
i The trend of the weight curves in contrast from the height cnrves
o is toward conca\nty, with more marked concavity (or loss of incre-

s e ments of: gam bet’ween 8 and 13 years) for boys than for gxrls \v ;
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The weight curves are characterized by a period of rapid accelera-
“'tion during adolescence, except in cases of marked arrest, which aré
usually ‘accompanied by marked arrest in growth in height. There
are very few curves of a uniform increment of growth during*
adolescence. . :
~ aMarked arrests of growth in weight, like ghose of height, occur

.dunng the adolescent period. . ‘
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F16. 13.—(Chart XTIIa) Height and weight curves for University of Chicago Elementary and High-school girls.
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The heavier boys and girls are the taller boys and girls, and there
is a close parallelism between the relative rank in height of a boy or
girl and his or her relative weight within a group. s

The boys and girls below median height have their periods of rapid
pubescont acceleration in weight later than those above, since the
J?ln.me general principles of physiological age hold for weight as for
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‘ (b) LuNG caracrTY,

It will bé noted in the boys’ lung capacity curves that No. 9, in’
the first ¢hart, who is relatively heavier than the others for his height,
also has more lung capacity. This is significant, since tho other boys
hold approximately theit relative places for height, Weight, and tung
capacity. For example, in the third group (Chart ITIa) there are a
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0. 14.—(Chart XIVs) Haight and welght curves for University of Chicago Elementary snd High-school girls.
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*. number of shdrt, light boyg in the group, and, as would be expected,

‘there are a n ber of boys with inferior lung capacity. The fluctus-
- tions in growth in height in the case of No. 11 are also apparent in
the lungcapacity development. Like weight, lung capacity shows
obchsional ‘Josses; and the turves tend toward concavity, which
shows the increments increase less from 9 ¢o 13 than during any other
pmod\fgﬁ.b_uyn The’ rapi s and logses at' the beginning may. |
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be due in several instances to the new factor of voluntary control
required for this measurement and the mental adjustments necessary
- to meet such & test. These curves, like the others, show compara-
* tively few cases of crossing'when the large numbers of possibilities
are considered. The range of differences is not so marked as in
. height the curves are more closely grouped than those of weight.
There is a close massing of the curves for the Francis W. Parker boys.
Among the girls some striking similarities to growth in height and
weight may be noted in regard-to the normad direction of lung capacity
curves. For example, in Chart Va, No. 1 shows Jittle orno accelera- -
tion at adolescence; the same is true for No. 9 in height and lung
capacity; No. 5’8 curves are very similar, as also are those of Nos. 4
and 10. It is apparent the girls’ lung capacity curves show less
concavity or decreasé in absolute increment between 9 and 14 than
the boys. This may be explained on the basis that the girls are
becoming superior to the boys in height and weight during this
period, only to drop back later in height, weight, and lung capacity.
The lung capacity curves of the girls differ in their general trend from
those of the boys and follow the same tendency as the weight curves”
of the girls. :
In Chart XIVb thesame arrests in lung capacity areillustrated as
in height and weight. This is particularly true of Nos. 4,7,and 11,
~'fpd also of No. 12, who is very light, but tall, and has an exception-
ally small lung capacity. The lung capacity curves, like thoso of
height and weight, are irregular, and are indicative of instability of
uniform inerease in development. The long interim between meas-
urements is responsible in some instances for the crossing. In Chart’
VIIb there is a peculiar massing of curves, due to the arrest of Nos.
5,6, 8,10,and 11. No. I's position may be due to some after effect of
pneumonia. The close relation between weight and lung capacity
'is again illustrated in No. 1 of Chart XIIb, who is extraordinarily
. stout, with large lung capacity; No. 3 shows the same retardation
in lung capacity as in hoight and weight. :
" While there are several‘ cases of parallelism in relative positions in
height, weight, and lung capacity, there are some intepesting excep-
“tions. In Chart IVb, Nos. 2, 6, and 8 are underweight and have less
- lung capacity than their heights would seem to justify. No. 8has a
= - poor health record, and -the other cases would help to sugment the
suggestion previously made that there is a clbser relationship between
lung capacity and®weight than with height. This is contrary to
popular opinion, and will be discussed more in detail later. The girls
.+ areinferior to the boysAn lung capacity in the later adolescent period,
- % . which' may be explained to some extent on the basis of hygienic

- . ' m
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' the data. .

- age, aftd"which he gradually loses his relative position. Accelerated

- & No. 10, Chart Ia, has the characteristic rhythms of growt,h in height

i

The boys have greater lung capacity than the girls at all penods
except between 13 and 14 years. ;

The annual increase in lung capacity is shghtly less regular than. .
that of weight, and the curves tend toward the same concave form.

The concavity of the lung-capacity curves, like those of weight, is
more marked with boys than girls. -

Marked arrests in height and weight ate uniformly accompaniel
by arrest in growth of lung capacity. -

There are a few cases of uniform increase in increments of growth
in lung capacity during adolescence.

The boys and girls of greatest lung capacity are almost, invariably
those of greatest height and weight, and each frequently maintains
his or her relative position within the group.

The boys and girls above and below median helght, differ in thexr
periods of dccelerated growth in lung capacity in a manner similar
to the differences in hieight and weight.

T 9. THE RELATION 'OF PHYSICAL DEFECTS T GROWTH.

It is not possible to discuss in detail in this bulletin. the relations
between physical "defects, diseases, and nutrition, and growth in
height, weight, and lung capacity, but the data, as far as available
from the physicians’ records, are included in order that compunsom
and further conclusions may be made by those who wish to follow
up these details. The aim here, as'in all phases of this investigation,
is to present the source material in such form that future inductive
studies may be pursued by the writer or by others who wish to use

. In general, it may bestated that there are more marked relations be-
tween defects or diseases and growth in weight than in height, although-
the height is affected by conditions of long standing. For example,
No. 1, Chart Ia, is the tallest individual in this group until 13 years of

growth and resistance to disease go hand inhand. Adenoid growths
materially affect physical development. ‘

and almost. none in weight. The welght. height and vital indices
indicate subnormal nutrition. ‘This is even more marked in the case
of No. 14. ‘A child may of course be short and light and stHl have
normal growth in height .and welght, providing the weight height
relationship is normal, .

" Notee on the. phyowal condition . of sndividuals whose curves in Imght umght and L%
) . aapacity are given in Charts Ja and b,
(Those appearing in the group of 100 in Tables 31 and 23 are: 1=150; a—ur 6= 104; Tea196; e 191’
10 114; 1w 170; 121605 13 111; 14m 108.)
1. Health good at entrance; at 7 heart irregular md intemitwnt. cautioned wnh
ngud to. exmiae (note mpid growth in height md wdght), momiq a8 (notq’dmp

pres
= c{m ,:xvp:s\:;w ]
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60 PHYSICAL GROWTH AND SCHOOL PROGRESS,

corrective exercises; at 14 injured knee. Parents American.

2. During childhood had whooping cough, mumps, measles, scarlet fever, and
inflammatory rheumatism; at 104 heart was irregular and continued to remain slightly
irregular. Mother American, father English.

3. Health good at entrance; slight hereditary tendency to nervousness; had measles

- between 6 and 7 and chicken pox and bronchial pneumonia between 7 and 8; just
previous to measurementa of § years was recovering from measles; at 10 tonsils slightly
enlarged, remaining 8o until 11.

4. Health excellent at entrance, but had had whooping cough and measles; rhinosis
at 94 which continued until 11} years, after which condition improved.

* 5. Health good at entrancc, but had had measles at 3; at 5% posture poor;! at.7}
posture poor; heart glightly irregular at«8; astigmatism; corrective work begun in .
gympasium at 84; bronchial cold at last messurement. .

6. Condition good at entrdhce, but tendency to colds and had had whooping cough;
at 14 condition good; shoulders round at 16; improved at 17. o
7. Excellent health, but had had scirlet fever, complicated with mastoid opera-
tion; measles, chicken pox; adenoids removed (note rise in weight curve); condition

good during remainder of the time. Mother American, father German.

8. Weak throat at 11; condition good at 14. Mother American, father English.

9. Health good at entrance, but had had scarjet fever, whooping cough, ail malaris;
at 14§ had malaria, flat feet, enlarged tonsi , and follicular conjunctivitis; at 154
improvement; at 18 good, under occylist's . Parenta American. .

10. Atentrance had had measles and bronchitis; tendency to bronchitis; fair health,
tires easily; poor nutrition, slight pigeon breast at 7; health better at 8, also eyes,
which were weak; at 14 left eye injured. .

11. Health generally good; eyee weak between 13 and 14; gave trouble between 1§
and 17 Parents American. . '

12. At entrance had had whooping cough, chicken Pox, scarlet fever, mumps;
restless; at 18 had operation for appendicitis; at- 154 cdhdition good, followed by
bicycle accident: , '

13. Excellent health,.but has had measles; nervous child; shoulders round; fore-
ekin long, bad habite at 8; condition fair, but restless at 10; at 11 condition fair;
posture poor at 13. . .

14. Health good on entering, but had had whooping cough; tendency to tonaillitis;
8t 8 had tonsils and adenoids removed; at 9 well until severe attack of tonsillitis; at
10 condition good, but foreskin inflamed; also at 11 and 12; nervous temperament,;
high arched palate. i 5
. [The health notes for the other individuals may be fourd in Section III, Statistical
Material, pp. 118-124.] .

Y

in weight curve); at 10 heart regular and normal; -at 11 special shoes for fiat feet, also

'10. WEIGHT-HEIGHT AND VITAL INDICES,

One of the most useful and most practical indices of growth is the
weight-height coefficient, whi¢h expredses the comparative solidity or
,Yobustness of the individual, and, ‘therefore, other things being equal,

bis general nutrition. The following table gives the weight-height and

also the vital indices of the pupils whose heights, weights, and lung
capacities are expressed by the curves given in Charts Ia and Ib to

: XTIV, inclusive. ' The weight-height index is obtained by dividing the
.. "¢ weight (in kilograms) by the height (in centimeters); this gives the
w o+ 7, fraction of a kilogram which the individual possesses in weight for
o !\ bouig cough betweenBand 7 (slfghs.de '
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each centimeter of height. The vital index is obtained by dividing
the lung capacity (in liters) by the weight (in kilograms); this gives
the fraction of a kiloliter which the individual possesses in lung
capacity for each kilogram of weight. ” :

The numbers at the top of this table refer to the successive meas-
urements shown by the circles in Charts Is and Ib and indicate the
age in half-year periods; the numbers at the left in the vertical col- -
umn refer to the individual curves as numbered on the charts. Tha .
upper row of figures in hundredths express in each case the weight-

* height index; the lower row in thousandths, the vital index. :

The weight-height indices increase steadily in nearly all cases from
5% to 18 years of age, which shows that weight increases more rapidly
than height. The lowest ratio in this group of boys is 0.15 at 6 yeurs
and-the highest 0.40 at 17} years of age. There is little or no appar-
ent difference, as a rule, between tho tall boys and the short boys,
except that the tall individuals have high indices early. This

. clearly substantiates the two important conclusions previously stated
that the development in height and weight, as a rule, go hand in
hand, and the second conclusion that any normal physiological
change in the height or weight occurs earlier for tall children. For
example, if we take the index 0.23 as representing a given physio-
logical stage of development, it will bo noted that the timo shifts
chronologically in a fairly uniform manner between 7 and 8 years of
age with No. 1 to 144 years for No. 14. .- »
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64 PHYSICAL GROWTH AND SCHOOL PROGRESS.

"The gain in lung capacityor vital ixl(lex;&}]so increases with age and
in general follows the tendencies just indicated for the weight-height
indices.
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BRI 1 e 'meému. GROWTH AND S0HOOL PROGHESS, CE

It will be noted that the averages destroy the individual charge.

. teristics of the relation of the growth in weight and height, since the
fluctuations due to physiological maturity counteract, egch. other in
8 manner that neutralizes rhythmic tendencies. It may be dbserved
that the weight with boys in proportion to the height increases just
over 100 per cent from 5} to 174 years; the increase with the girls
is slightly less than that of the boys. It is very difficult to observe
nodes in the relationship of thetwo aspects of grewth, but appar-
ently there is’ an ipcrease at 104 and another at 144 years of age. .
This substantiates the previous conclusion that the pubescent accel-
eration in weight precedes that of height, and that weight continues

" to increase mauch more rapidly than height after 14} years for boys.
These two nodes may be noted to appear approximately at 10 .and -
.13 for the girls. * ' -

There is less increase in relative growth in weight in proportion to
lung capacity than in the case of height, For boys the increase from
5} to 17} is from 30 to 40 per cent when averages are taken, and for

.agirls there is less increase. These average results, as in the case of
the weight Indices, are not representative of individnal development,
since they are averages™ ’

11. THE CORRELATION OF GROWTH IN HEIGHT AND, WEIGHT TO SEXUAL
' DEVELOPMENT.

Selecting the individugl growth curves of the girls whose first men- )
struation had been carefully recorded in years, months, and days,
and placing them in a chart (No.XVa), it is'at once apparent there is *
a direct correlation between physiologiédl age as evidenced by height
and weight and the advent of menstrual functions. The tellest and .
heaviest girl (No. 1, ChartIVa) in the group from the three schools -
%g&n her pubescent acceleration in height with the usual accompany- -
"+ ing changes in weight at about 10 years. This is unusually early, but
. is accounted for by the previously established conclusion that her
height, weight, and healthy constitution indicated an early phgsjo-
logical development. As indicated by the cross line in the chart, the
~ ., menses appeared when she reached 12 years of age. o '
. The second and third girls (No.3, Chart V1a, and No.1,Chart Va)are
- gach tall and heavy:. The second, or Heavier one, had her first men-
* struation as'early as 11 years, and the former at 114. Both of these
*. .girls were apparently in.good health' at the time; hoth had pre-
" o viously had. adenoids removed. - Y ’
- The fourth girl (No. 3, Chart VIa), who is anembsmr neither as tall -
', Dor as heavy as either of the others, but sbove median height, began
. menstruation at 13 yeats 3 months; The fifth girl (No. 2, Chart .
. XIHa), who'is above madian height and weight, began menstruation - {
» 86.12. yours: & months; the sixth (No.3, X1ITa), alio aboye tedian -
~ b RROGRS TR - s -\-,,f‘ -ﬁa\,‘:;:\-‘g; LIl o BN e o=t
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height, at 13 years 3 months; the seventh (No. 4, X1IIa) at 13 years

8 months; the eighth (No. 5, XIITa) at 15 years 3_months 17 days;
‘the ninth (No. 12, XIVa) at 14 years; the tenth (No. 6,XIVa) at i3
years 9 months; the eleventh (No. 9, XIVa) at. 13 years 9 months; the
twelfth (No. 9, XIIIa) at 16 years 7 months; the thirteenth (No. 10,
IVa) at 16 years; the fourteenth (No. 14, XIVa)'at 15 years,
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Height ‘and weight, therefore, "it would appear, offer excellent
. objective criteria for. teachers and parents for determining the advent
of menstruation as a factor in pubescgnt development and the onset —
of maturity. ' If the girl ix tall, hoalthy, .and well nourished, thig
physical stage may be reached an eatly as 11 years in a nornml girl; if
tall, but under weight, it-miay bedelayed; if very short and markedly
ol it gy bo dolagedvntil 10 youmot age, |
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These conditions have wide educational application bagh in phys-
ical training and school work. They emphasize the fact that the
smaller child should be treated as a younger person whd has not had
the physical development and the sccompanying mental. disturb-
ances and experiences which would séem to be indicated by her

~ chronological age in years, and which, too often, has been used gs a
basis of classification, training, and social activities." '

The prevalent idea that menstruation should occur betiween the

~ages of 14 and 16 is also untenable, since the extremes.in these cases
represent normal healthy girls of differbnt physiological development.

Since writing the above conclusions, I have had access to Weissen-
berg’s Das Wachstum des Menschen, and he substantiates my ob-
servations with alimited number made by him. He finds the girls
who have had their first, menstruation before 13 years of age taller,
~ asarule, than those who have not reached this stage in their physio-

- ‘logical development before 15 years of age. * His results are (p. 200):
Age of menstruation. ] )

| B :
First menstruation on | Stfuation
or before 13 years of "mg
age. before 15 g g
years of age.
. Ageat t ’
- Helght. | menstrus~ Height. »
tion. o ‘ -
e .
'
Centimeters Years, | CenMimeters,
152.0 1.0 | —
14.0 12.0 148
157.0 - 1.0 148
154.0 12.0 150
157.0 11.0 148 “
140.0 13.0 JJ45
147.0 3.0 158
1.5 12.5 19
145.5 1.3 181
" {f0000000000d boosceseanoo . 151 M
o Jaeecseceecccficsiniinnnn. 148

. It is at once ‘apparent the first group pf girls aro above normal
- height, which Weissenberg finds to be 144.5 centimeters for this age,
‘while the others are comparatively short, since the norm for this'age
is 150.5 centimeters. o )

" . Weissenberg*® also studied the advent ‘of first menstruation for
*. 1,273 Jews and 768 Russians, and found the average age for the Jews .
. . 14 years 2 months and for the Russians 14 years 11 months. Jama- [\

- "saki found the-age 1o be 15 for Japanese girls and 17 for Chinese, on

. theaveragdy .-~ o T . -

5 4 These differences in ages are no doubt greatly influenced' by racial = |
*.. - and,climatic conditions, but the conclusions of ‘this investigation, so -
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* the period. . . .
* Growth' in height is affected by the inception and-rémoval of 4
lenoids;-but'the common children’s diseases apparently h\we little: .3

THB INVESTIGATION, (iy:]

far as I am able to determine, hold true for individuals within & race
and under similar environmental .conditions, i. e., the taller, heavier
girls, with extensive lung capacity, mature physiologically earlier
than those below the median or average in these respects. .

Other signs or criteria of physiological age are the early appearance
of the teeth and the development of the bones of: the wrist, changes
of the voice and pubescent changes during adolescence. The appear-
ance of first menstruation is one of the most significant signs.

12. CONCLUSIONS.

Growth in height.—That these boys and girls form a select group.imd

that school medical inspection, directed play, and physical training

are important educational agencies is shown by the fact that on the
average these children are taller, heavier, ‘and have better lung
tapacity than shy group in a series of 112, extendipg from Quetelet’s

~ first study in 1836 to 1913 and comprising over 1,000,000 individuals.

The boys are taller than the girls from 6 to 11 yegrs of age, and the
girls then become taller and remain so until 143, #¥8r which the boys
arc again taller. The widest range of individual differences for boys

and girls is_during adolescence. :

The per cent of increase in height increments over the initial heights

for a given chronological age from-6 to 18 is 8o comparatively uniform -

in many cases that the growth curves may enable us to prophesy
with considerable accuracy how tall :a child of normsl growth
should be at any subsequent age within the interim, providing his
relation to a given median or norrh be known. : N

The trend of the height curve, aside from the period just previous .

to. the accelerated pubescent growth, tends toward convexity. The

. “decrease in increments of growth in height just before the acceleration

is more marked with boys than with girls.. If the increase before

adolescence is uniform, this uniformity tends to persist throughout .

adolescence; if there is unusually rapid growth for the individual from
7 years to the beginning of adolescence, there'is a decrease during
adolescence, and there is a reversion’of the common rhythmic order.

Of the boys and girls whose height curves are plotted for the pre-
adolescent and adolescent ages, & few show a regular uniform rate of
increase at pubescence, more show an aocelerated rate, and fewer show
a decreaso in gain. S : :

The ¢ases of marked arrest in growth in height with this group of
*hildrer: oocur during the early adolescept period and, persist through

effect on increase in stature.

. N
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- " The average increments of growth of those above and below 'the
~ median height, the individual increments of growth in the four tables
of boys and girls, the individual growth curves, the advent of maturity
with the girls, show that the children above median height between.
 the chironological ages of 6 and 18- grow'in stature and in physiological
* maturity in advance of thoge below the median height, and they may
be physiologically from 1 to 4 or even 5 years older than those below
the median height. Those above the median height have their
characteristic pubescent changes and accelerations earlier than those
below;there is a relative shifting of the accelerated period according
‘to the individual’s relative height. " .
"For the girls included, there is a direct correlation between the
advent. of first menstruation and djfferent heights of the individuals.
The taller girls mature earlier than the ones below~the median.
€rowth in weight.—The boys are heavier than the girls from 6 to
- 12 years of age, and the girls then become heavier and remain so until.
16, after which the boys surpass them. _ i
. In many cases it would bepossible to prophesy the approximate .
- weight at any later age within the interim from 6 to 18 years of age.
However, the weight curves show morg marked individual variations
and fluctuations than the height'and in some cases show actual loss of
" weight. _ . ' o
The trend of the weight curves, differing from the height curves, is
toward concavity, with more marked concavity (or loss of increments
of gain between 8 and 13 years) for boys than girls.

-.The weight curves are characterized by a period of rapid accele-
ration during adolescence, except in cases of marked arrest, which are
usually, accompanied by marked arrest in growth in height. . There
are very few curves of a uniform increment of growth during adoles-
cence. g . :

. Marked arrests of grqwth -in we’iglit for these children, like those

- of height, osur during the adolescent period.. < ° -

‘ Growth in weight"is materially affected by the inception and
removal of adenoids and the inception of or recovery from disease.

*- . The heavier boys and girls are the taller boys and girls, and there is _

- - afair parallelism between the relative rank in height of a boy or girl .
e 8nd his or ber relative weight withina group. . , '
. .~ " The boys and girJebelow median height have their periods of rapid

- { plefation in Wweight later than those above, since the

. same general principlgs of physiological age hold for weight as for *
-\ " height a5 a rule: . N I

10X 5 Growth in lung capacity —The boys haye greater lung capacity on .
¢h "'ve:;gge. than the girls for all periods except between.13 and 14

f age..

b b A . . , . oo . Lo
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The annual increase in lung capacity is slightly less reéular thanthat -
-of weight, and the curves tend toward the same concave form. The -

individual fluctuations are more like those of weight than height. -
The concavity of the lulig capacity curves, like those of weight, is
more marked with boys than-girls.

Marked arrests in height and weight are uniformly accompﬂéni'ed by

arrest in growth of lung capacity.

There are a few cases of uniform increase in increments of growth

in lung capacity during adolescence. o
Growth. in lung capacity is materially affected by the inception of

and recovery from disease. .
The boys and girls with greatest lung capacity are almost invariably

those of greatest height and weight, and each maintains his or her

relative position-within the group as a rule.

The boys and girls above and below median height differ in their
periods of accelerated growth in lung capacity in 8 manner similar to
the differences in height and weight. ) :

(B) AGE, GRADE, AND SCHOOL STANDING.

t

1. CURRICULA AND ME’I'fIODS OF GRADING,

"The st;bject.s of instruction in the Horace Mann S.chool, in the dér ‘

memtary work, include arithmetic, art, composition, French, geog-
raphy, grammar, ‘history, literature, manual training, nature study,

penmanship, reading, science, and spelling; and the high-school sub-

jects are algebra, biology, chemistry, Cicero, civics, English, French,
German, geometry, history, Latin prose, manual training, physics,
trigonometry, and Virgil. The Francis W. Parker School includes
English, French, German, handwork, history, mathematics, reading,
science, Apelling in the elementary schoo), and Latin in addition in
the high‘school. Both schools have 12 grades above the kinder-
garten. The Horace Mann School marks begin in the third grade
and the Francis W. Parker School marks as low, in gome instances,
as the firstigrade. _ : ’
With thejexceplion of a very few individuals the school marks were
recorded infithe letters A, B, C, D, E, and F, and for these are sub-
stituted the'following equivalents given on the report card: A =97¢;
B=90; C=80; D=72}; E=65; F=30. .In the few instances where

the Jumbers 1, 2, 3; 4, and 5 were used the following equivalents,.

récommended by the head of the school, are used: 1=96; 2=80;
3= 50; 4 =30, o o
The record card is shown on the next page. The marks for music

-and applicatian are not ingluded in this study.
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[Record card.] ‘
Horace ManN ELEMENTARY BemOOL.

190 101
T TR

Penmanship -

Mathematics

Application

Dec. 1 ‘

Feb. 1 [ ¢ ! I
Apr. 1 i | _ 3| _ :
ganel AN .

[Reverse side.]

|

Principal.

Parents or guardians are earnestly re-

In order that a pupil msy be promoted

he must secure the mark ID or above on

. his last report, and on at least two others,
quested to examine this report, sign below

with no mark below E.

and retumn.

June 1

3
<

Feb. 1

g
8

. A—95-100. B—85-95. C—75-85. D—
70-75. E—60-70. F—0-60."

2. THE DATA.

The average school mark, for the 42 Horace Mann School boys is
'81.9 per cent and is based on 8,625 final marks; the average mark
for the 46 Horace Mann School girls is'85.9 per cent, based on 10,063
“final matks; the average mark for the 26 Francis W. Parker Schoo]
boys is 77.7 per cent, based on 1,601 §nal -marks; and the’ average
mark for -the 21 Francis W. Parker School girls is 80.9 per cent,
based on 1,393 final marks. There are fewer subjects included in
the Francis W. Parker reports, and the marks reported are yearly
marks; in place of quarterly marks. This, however, should not make
. much material differepce in the results, since the teachers computed
- ‘their owh term averages. The study thus includes 10,226 final term -
o ¢ Inarks for 68 boys and 11,456 final term marks for 67 girls, or 21,682
' final term marks for 135 individuals. No marks for a longer period
. . than four years were available-from the University of Chicago ele-
- . mentary and high schools, and therefore they were omitted. :
R 3. METHODS- OF TABULATION
=i - “The following table gives the average school standing,
ié6:.0f marke. considered,-and. the grades for: each ye

P PR =R g
: . Yoo L

‘the number
for.the'l4 indi- "¢




T 'THE INVESTIGATION. N f:]
viduals whose growth curves in height, weight, and lupg capacity .
are plotted in Chart Ic. The Arabic numbers from 1 to 14, inclusive,
refer to the number of the individual curves in the chart; the ages
.in years and months refer to the individual's age in June, when the
first average school standing was computed, and all the subsequent
average marks are for yearly intervals from this age; the average
per cent is the average of all the subjects for.the four terms for each
year from-September to June; the number of cases includes the
number of marks giving the average mark for each subject for the .
four terms; the small figures above and to the right of the averages
i~ licate the school grade, the high-school work beginning at the
cighth grade unless otherwise indicated. The general averages and
total cases are for the entire scholastic life included in this study.
The 10 additional tables which follow are uniform in construction
with Table 11, ’ ' '

The marks for No. 1 begin at 10 years 9 months of agein the fourth”
grade, with a yearly average of 81 per cent. for 37 marks. One year
later this boy advanced to the fifth grade and received an average of
82 per cent for 44 term marks, and so on until the eighth grade was i
completed. The final average school standing for this first boy,
based on 187 marks, is 85 per cent. o

The final scholastic standing of No. 2 is 80 per cent, based on 252
marks. This boy was absent from school in his fourteenth year, but
returned and continued the work with the class the following year
and graduated at 18 years. It should be noted that No. 9 was absent
from school during the fourteenth and No. 12 during the seventeenth

~ year, which delayed their advance to the next grade for one year.
It is important when interpreting these tables to keep in mind
-that the averages in the elementary grades are based on a larger -
number of subjects than those in the higher grades, and that in-
-some instances where-the number of marks is small the child was
absent for part of tho year, as indicated in the footnote. Assuming
83 a basis for normal progress that a child of 12 years of age should
be in the sixth grade and one 16 years of age in the tenth grade, it
will be noted that Nos. 1 and 14 are retarded one year; Nos. 11
and 13, two years; and No. 9 becomes retarded one year at 14, and
No.'12 one year at 17. Nos. 4, 5, 6, and 10 are one year in advance
* of their grade. While the chronological age is not tHe most rational
besis of grading, judging from what has been learned from ghe pre-
vious data included in this investigation, it is the basis on which
these schools have ingthe main been graded, where no systematic
allowances were malx for the physiological age or for differences -
between boys and girls. It would appear that such a standard is
" applitable to these schools as indicated by their curricula and methods
.. of promotion, although Tiuye attention-is given to individual differ-. =
ences than in‘the average school, . ..~ <.*. " e s :
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Aruitoxt provided by Eic:

-

‘TasLr 11.-—School standing (_for Chart Ic. "Horace Mann boys— Average mart, grade, age, and number of cases).!

PHYSICAL GROWTH

AND 8CHOOL PBOG%

. moren, | ERAREEIAARESRE

0381048 ERNY

SRIZINRRBBILY

Age in years.

19

18

IY

g

2 Age when marks began.

| e | R e Ras
R
ey | RERA | 9398
T ke, | aask Raan nter
wee) | 9138 I2RIT (9RB
| |5 2R RARE ;§3§5
T o | 2398 gza: RIaT

13

e | SEBR gm gé&%&ﬁ
ey | 3IBRT IIBT ILR 153

N 0 0 .

|k, | BRER (236 G
W) | HIINVILY (IS 28

T | SBERZIAS B 33
--mol iBhve 81!

o — :

1 The tables for Carts 1o to XIo may be found in Seotion I1I, Statistical Material, pp. 134138, .
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S8CHOOL PROGRESS IN THE HORACE MANN 80HOOL. £

The average mark is 81.9 for all the ‘Horace Mann School boys
included in the tables, and the curves which follow express the
individual averages in the table. This average is based on 8,625
final marks for this group of 42 boys. The median, or middlemost -
mark, for the group falls between 81 and 82 per cent, and therefore
the average may be assumed as a norm for a basis of ,eomparison
with the height, weight, and lung capacity norms. The grade norm
has been established on the basis of age and grade, asxsummg a boy
of 12 years of age should be in the sixth grade and a boy of 16 years
of age should bo in the tenth grade. The two variables in the dis-
tribution of marks and grades make it extrcmely difficult to estab-
lish one norm of school progress. This norm may be illustrated best
perhaps through graphs, and a series of charts accompan)es each of
tho tables on age, grade, and school standing.

Itis at once apparent that there are 5 boys in Table 11, Ic, who are
above the average school mark, or norm (81-82 per cent) for their
group, and all of these boys except one aré retarded by gra,de . There
are 6 boys below the norm, and the 3 who were irregular in attendance
‘are retarded by grade. In Table 24, Ilc, there are 6 boys above the

" norm in mark; 2 of these are retarded by grade and 1 accelerated by
grade. In the second group 4 boys fall belows81 per cfnt and 3 are
retarded by grade and 1 accelerated by grade. The irregular attend- - .
ance is equally distributed betwien those above and those below
normal mark and normal grade. In the: third group (Table 24, IIIc) 3
boys are-above the average or normal mu'k and 1 of these is acceler-
ated by grade. Eight boys’are below the norm in mark, and 3 of
these aroe retarded by grade.

Among the Horace Mann School girls the marks are much higher;
the median and averago both lying between 84 and 85 per cent. -In the
fist group (Table 24, IVc)” there are 3 girls above the norm in mark

. and these are in normal grade. Thero are 4 below the nerm in mark,

and 2 of these are retarded by grade and 1 accelerated two grades.
* In the second group (Table 24, Vc) 3 girls are above the norm iggmark,
and 2 of these are retarded by grade; there are § below th® orm,
and 2 of these are retarded by grade and 2 accdlerated by grade

In the third group, (Table 24, VIc) there are 4 girlsabove the norm in

mark and 7 below the norm, of whom 3 are retarded by grade. The

last group of Horace Mann girls (Table 24, VIIc) contains 3 above
the norm, of whom 2 are retarded by grade and 2 below the norm who

are also retarded by grade. .

There is & higher average by. grade and by mark for the gxrls than

for the boys, and there is. morefirregular attendance among the girls,

. which has:-a retarding influence both as to.grade and mark whan
e compo.red mth the other gxrls whose uttendmco is-ir
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THE PRANCIS W. PARKER BC!OOlJ..

- The average marks for the Parker School are bolow those of the
Horace Mann for both boys and girls. In the first group of boys
(Table 24, VIIIc) there are 5 boys above tho rorm (77-78 per cont),
and l'of these is accolerated by grade. Thore are 5 helow the norm
in mark, and 2 are ¢etarded by grade. In thé second group (Table
24, IXc) 10 boy8 are above the norm in mark, and 2 of these aro
rotarded by grado There are in this group.4 below the norm if
miark, and 1 is accelerat®d by grade and 2 are retarded by grade.

The average mark of the girls for this school is 80.9 per cent, and
the median is close to this. In the first group (Table24, Xc) 8 girls
areabove the m'edi&r;ki]n marks, and 3 of theseé are retarded by grade.
"Among the 3 below 8be norm in mark, 1 is retarded by grade. In tho
.8econd group (Table 23, IIc) 5 are above the norm in mark, and 4 of
theso are accelerated by grade. Of the 4 below the norm in mark,
3 are rotarded by grade.

Notes on the achool standing of individuals whose marks and grades appear in Table 11
and Chart Ic,

’ 1 Left school at the end of first year of high school.
2. Out of school one year and returnéd in second year of hl{Jl school; remained four
years with low marks; graduated.
3. Good work in elementary school; conditioned in Latin and French first year of
high ‘achool (eighth grade); did not take full work second year and withdrow at end

of term.
(’ 4. Outsof school first two terms in sxxth grade; conditionad in Latin and German
during ninth; promoted to ténth; absent much in second term of cleventh; withdrew.
6. Entered beginning of third term in sixth grade; conditioned in arithmetic,
grammar, French, during seventh; in biology during eighth; in Latin during ninth;
in English du.rmg tenth; in Latin, French, chemmtry, geometry, dunng clev emh
graduated after two years in twelith.
7. Graduated.
8. Conditioned in algebra and French during ninth grade; in algebra in eleventh;
gmduawd from twelfth.
A)letmned in Latin:during eighth grade; in English und ka during ninth;
!mled to graduate.
10. Entered third grade but did not take.full work; umttonuve during sevenl.h; .
withdrew at end of eightb, S
11. Absent during fourth term of fourth grade; conditioned in Lntin chemistry, -
algebn, and geometry after much absenco during third term of' elevem.h graduated
at end of twelith.
12. Entered seventh grade but extended absence during aecond and third terms;
*  withdrew from achool for one year st end-of tenth; condmoned in Latin durmg elev-
¥ " euth; gnduated.
* . 18. Repeated part of ﬂnrd-gmde work, (ondmoned/ in arithmetic dunng fburt.h;
in English during fifth; improving steadily; still in school.
14. Abeent during thnd and fouith terms of fifth ’gmde cdnditioned in Latin and
history during ninth} stiil in achool.

[The notel .on school standing for the other hfviduala may be found in section

]
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4, CHARTS OF BCHOOL STANDING. a

Expressing thesa tables in school standing in graphic form where .
20 millimeters in the horizontal equals one year in age and 30 milli- |

meters in the vertical equals one school grade, the two variables, age
ke ) T 11, °
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Fia. ao—«;hm Ic) School-standing curves for Horace Mann School boys. )
and school grade, may be-expressed in the form of & continuous line.
A thu'd' Varmble, or the average mark for each grade, may also be
. expressed assuming- the first 6 millimeters in the vertical within

gradf to represent a standing betweem50 and 60 per cent, the second
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6 millimeters, between 60 and 70 per cent; the third, between 70 2nd

80 per cent; the fourth, between 80 and 00 per cent; and the fifth,
: 3
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0. 31,—(Chact Xlo) gohoolmnmg ourves for B‘m Mann School boys.

betwean 96 and 100 per ceis. Thus it will be noted in the chart thet
the uppermost curve represents the most precocious child and the
. lowest-curve the most retarded from standpoint of ege aind grade.
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No. 6 is the most precocious mCha.rt Ic from the standpoint of age-
until he reaches 164 years, and No. 11 the most retarded throughout
his school life. On the contrary, comparing the average marks within
tho grade, No. 11 has higher marks than No. 6, as’ may be seen by
noting the height of the circles in each grade.

Itis atonce apparent that 3 of these 14 boys in the first group losta
grade during the periods inclyded. In two cases this was due to
absence from school for a year, inthe other ¢ase to the gradual lower-

* ing of the averago mark of a boy who was being promoted in advance

of his age on low grades. The nine additional charts w}:uch follow
are uniform in construction With Chart Ic

» 5 CONCLUSIONS. }

In these schools whore there is co.reful'gradmg, the widest range of
individual differences for tho 135 pupils is four years'in any one grade
with uniformly a wider range for boys than for girls..

1f 12 years of age is taken as normal age for thesixth grade and,16
years for tho tenth grade, thore are in this group of 58 boys and 57

*girls 27 boys and 26 girls retarded for one year or morc during the

school course and -13 boys and 11 girls acgelerated for one year or
more.

Girls maintain a higher school standing than boys; there are a.lso
moro ropeaters among. the boys; gnd fewer cases of “skipping” a
grade. In the fourth and fifth grades the boys and girls aro approxi-
mately of the same age, but in the last year of high school the boys
are older on the average.

There are only 9 instances of boys droppmg back : grade and 4
instances with the girls; there sre 4 cases of boys skipping ¢ grado
and 8 cases with girls. These are confined to tho Horace Mann School.

Puplls who are relatively poor in tho first few. grades are relativaly
poor in the upper grades; that is, poor marks in the early school
course are indicative of low standmg throughout the school course,
Boys and girls of normal school age or under maintain a better school
standing both as to grades and marks than those over agoe for grade. -

.The age of entrance and the grade entered after 6 or 7 years deter-

-mines the age for completing the school. With few exceptions these
children progress through the clementary school at the rate of one -

grade per year, regardless of the chrgnological agoat entrance.
“There are waves or nodes in

individual, the most prominersit drops coming at the entrance to the
ligh school and in the fourth and fifth grades. .

marks from year to year for gach )
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: (C) THE RBLATION OF PHYSICAL GROWTH TO SCHOOL STANDING. .

1 BCHOOL BTANDING AND 'GROWTH IN TWO. EIMNTABY B8CHCOLS. -

We now see the fundamehtal questions are: How do children
progress through school? How do’ children mature physiologically
during their school life? What is the relation between these two
aspects of development when both are studied consecutively through-
out the elementgry school ¥

It must be reoogmzed that since we are mvesugatmg t.he school
standing age and simre promotions and school efficiency are based-on
marks, these records must be taken at their face value, because they
‘represent school practice and because they offer tangible criteria of
the eﬁicxency of theindividuals of the school.

Each school. has 12 grades above the lnnderga.rten 'The depart-
mental method of instruction is more og less in vogue in all grades;
and the same tenchers, in some instances, have marked the pupilsin |
their respective studies for severa] years. The teachers are among
the best trained in America and the pupils are glven 8 great, aeal of
mdxwdual attention.

A more careful study of md1v1dual marks revea.ls that there are
waves or nodes in the marks from year to year for esch mdxvxduai

. The two most prominent drops are at the entrance of high schoo]l and
*  in the fourth and fifth grades. The lower averages are most marked _
in the transition to the high-school grades, wirere the number of sub-
jects .also decreases In these schoals the best marks are found in
‘. the sixtlt and seventh grades for boys and girls, *and during these
. grades the greatest number of subjects are included.

* Tun.n 12a.—Average marks_and average number of subjects Lar pupils in the elrmenlary
A, school on quarterly term mari
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from each pupil’s ma.rks in each gubject for each penod and from the
‘ growth curves. '
‘The variability of marks and the changing dxstnbutlon in their
rankmg show that many pupils are not doing the kind of work given
them i some subjects during these intermediate grades. What these
subjects are for the Horace Mann School, and how they change from
grade to grade, is shown in the followmg table, which-gives the sum-
maries of the marks that are verypoor, poor, or only fair. -

TasLe l2b —Number oj puptls in each study in the'varsous grades doing only fair or
*“"ﬂaa‘wcre work.

ot BOYS.

. .

- Grades, and number of pupils in grade. III-19. | TV-30. VI38, | VII-s&
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+  The very poor marks for the boys are: In the third grade, history 7,
arithmetio 3, spelling 3; in the fourth grade, mathematics 10, penman-
shig @, spellmge mtheﬁfwbh grade, penmanship 9, mathmtm«i
* history 4; i the sixth grade, history 3, mathematics 3, penma.nihip 2
in ¢thé seventh e, 8pe) 7, penmepship 6, qmatics 8.
-= " For thomﬂs%zdverypgﬁgmﬁhm Ifnthemg?f?%md spejlingz‘ 44
* in ths fourth grade, mathematics 9, penmanship 5, googmphy 40 .
the fifth- giale, a5, history 4, gedgraphy 2;in the sxxthgmm‘lu ‘g
mathematics 1; in the seventh Me, geognphy@ ' history 4,anch B
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"~ The second significant explanation of the fode or drop in the dchool

: / oapacity, and sbhod] standing for all the individuals ineluded in the

e  fsons for each group. -

-~ .5 )
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‘ _A\mong these boys and girls, these of normal school age or younger
maintain a better school standing, both as to-grade and mark, than
those over age for thegrade. Thisis important; why do these pupils
of normal school age or under maintain this better school standing ¥ -
A careful study of sustained, abgences does not account for the condi- ;
tions, though absence and a study of diseases and acoidents aid some-
what. The explanation lies in the advanced maturity of the pupils.
Since we have no recourse to consecutive mental tosts throughout the
elementary school life of these pupils, but since we have recourse to
their consecutive physical measurements in height, weight, and lung
odpacity, the problem resolves itsai-iAto finding the relation between
growth and school standing. The vious study of these indi-
viduals, together with their weight, height, and vital indices, diseases,
and physiological changes, shows that the taller, heavier children
mature physiologically irradv f the shorter, lightef ones; and a
study of ages, grades, and th rks of the boys shows that those
above the average height of the group, i. e, thosé whose physiological
age is accelerated, complete the last grade of the elementary school
6t 12 years 9§ months of age with an average of 84.35, and those below
average height or of retarded flfysiological development complete
the elementary sshool work at 13 years 744 months of age with an
average of 81.72. ' .

- {The taller, heavier, or physiologically sccelgrated boys and girls,
aomplete the elementary-school at an earlier age and with a. highey

avérage mark than the short, light, or physiologically retarded boys

and girls. In following the present investigation the reader should be

. . -

[

careful not to confuse brightness or precocity with stages of mental
maturity. A mind may be more nearly mature than another and
still be of inferior quality. The former has certain-instinets and
mental traits associated with growth which the latter ‘has not expe-
rienced. The former is accelerated in growth physiologicaily.

standing of the fourth grade lies in the rate of development jn physio- °
ical matutity of the boys and girls st these ages. The growth
arts show there is less physiofogical growth in height, weight, and

lung capevity before the adolescent adbeleration than at any other

- time before the cessation of growth after the adolescent-ecceleration.

y 2: sonoo_x.' s'rmmmq ANI{ GROWTH xN'msnam. ..,
/. Sinoe, we'lmye-the individual curves ‘for both height, Weight; lung - -

data for comparison; e very-general underetanding of the-correla-
tlons or relationships ln'.ayrbe-gg‘:tten by miling individual comppai-
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Comparing the boys’' curvesin Group I as given in Chart Ia for

" hoight and'Chart Ic for school standing, it will be noted that—
The boys who are in advance of their normal grades, Nos. 4,5 and
6, are gbove median height, and No. 10, who has low school marks, is
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slightly below median height, Of the boys in this -group Who are
roterded, Nok.'11, 12, 13, afd 4 are below mediah helght, snd Noo1
dropped below his relative height durisg 4he preaddlescent period
was anemio. No. 9 became Yetarded at 14 years on ‘acoouns of - -
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absence and again at'18. He has asomewhat irregular growth curve in
height during adolescence and is frequently ill. - .
The school standing of the boys in the sscond group (Chart Ilc) of
. 15 presents two cases of “skipping a grade,” Nos. 13-and }5. No. 13
* is retarded one year at 12, and No. 15 one year; after skipping a
grade the latter again becomes retarded at 18. In this group Nos. 7
and 12 are in advance of their grades for the short periods attended |
in the elementary school, the former being above mediandeight, the
latter below. The retarded boys are Nos. 10, 11, 13, 14,’and 15. All
of these are below median height except No. 10, who is sneemic, has
appendicitis,and enlarged tonsils. .

Chart IITe shows the same general tendencies for each boy to hold
his relative pdsition in regard to school standing and in his ranking
with his companions from the elementary to the high school.

In this group 2 boys, Nos. 7 and 13, are in advance of their normal
grades. The former is above median height and the latter left school
before.12 with an-average mark below passing for the last two years.
No: 7 has the highest school average of the group. ,

The retarded boys are Nos. 4, 5, 6, 8, 10, 14, and 15. No. 5 skipped
a grade at 13; Nos. 6; 10, and 14 were late entering from another
school; Nos. 8, 10, 14, and 15 are below median height.

In the first group of 11 gil:ls (Chart IVe) No.2 is two grades in
advance of her normal grade at %2 years, of age, if the same standard
for age and grade is used for girls as for boys. Since both enter the

-schools at about the same chronological age and are promoted on
the same basis, this uniform norm seems justifiable, as previously
-stated. No. 9 is one year in advance of her grade at 16. No. 2 is
° above median height, and No. 9 below, with good health and excel-
lent school standing extending back to the third grade, which w&s
completed at the early age of 8 years 7 months. ‘

The retarded girls' of Chart Ve are Nos. 3, 6, 7, and 8, who are
fairly close to median height. .No. 3 missed a year and later skipped -
agrade. No.7 haslow average marks and No. 8 poor health. No. 11
repested a grade and is short in stature and nervous,

InChart VIc of 13 there are 4 cases of girls skipping grades and
byt -onp case of a girl failing ¢ advance a grade each year, which -
wps not due to low marks. . Thers are 3 cases of retardation before 12

_ Years, and not any at 16, since thede girls later omit s grade, Nos' 5,
"~ 8,and 7 akipped & grade during the period of moat rapid growth.:

N8 8 alous a marked arrest in phiysical grawthi in height, at 14,

which lasts until 18 and probably after, and the chool marks also take

: ~a decided drop aﬂg remain low until I8. No:'9'g growthis arrested

e it e T e e ko pawtoc vouy wih e

. exdeption, at10 yeem, whure it is ] per cent higher than st 12, The

_ . semgis true« , Whose growth is arrested b mucu 5.
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The marks of this group (Chart VIIc) are pnmarr for the period
between 12 and 18. There is a wider range of individual differences
here than with the previdus group. Since the group gives 4 cases of -
marked arrest during the adolescent period, it is worth whﬂe to note
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the corresponding changes ih schqol standing, It may bp nozed all
& of these girls are retarded. bygradenxogptNoml ands whomabom
"ﬂm%h:ﬁh ;hpuummmm but
i o 0i8 x average mark, but w
" _refarded one one grade. atrest in ‘?

md lnd m troubla.“' No. 6’
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'growth in hmght began to be most noticeable between 12 and 13 and
. continued until 17, and the final average mark begtn to fall between
14 and 15, and continued until 18. No. 6's physical growth was
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school marks between 14 and 15 continued. No. 11’s arrest in
physical growth-in height occurred at 16 and the lgwering of marks .
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occurred between 16 and 17 and pontinued. These 5 glrl_p ?m‘e also
- retarded by grade at:12 and 18 Years. =~ . -

. With ;hﬁ ¥rancie W. Parker School boys is fuund,remarhue
umfonmty from grade. to gnde and from ope uvenge mark to the:
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next. No skipping, no dropping, and few individual fluctuations.
There is, however, a wide range of individual differences, and the
final average marks are in practically all cases low. In Chact VIIIc
1boy (No. 2) is above gverage grade for his age, and 3 (Nos. 6, 7,and
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w7 P8 —{Chert VL) _Bzixool-;hntl_h; cnrvu!or‘ﬂom Mann School girls.
8) ate below, No. 2 is above median height; No. 6 is below, and
Nos. 7,8, and .10 #hout, median heigh¢; No. 12 has the lokest macks
dmm‘lp: ¢ . % ¥ o : N
It ahould be stated here'thas the Parker School is & comparatively
~wadl achosl, which keeps reeords and marks glosely, although little
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Chart Xc shows remarkable uniformity of grades and marks and

a narrow range of differences. This close uniformity makes it diffi-

- cult to find correlations between the large number of individual

differences and fluctuations in physical growth and school standing.

Four of these girls are retarded by grades, Nos. 1,4, 9, and 12. Two

are above median height and 2 below. All show marked indi-

vidual fluctuations. No. 12 has the lowest average, is of shortest
stature, and shows more fluctuations than the others.

The girls, like the boys of this school, have lower average marks

than the Horace Mann School puplls In thisgroup (Chart X1Ic¢) the

of their normal grade for their age, if we use our previous hypothesis
that & year of school is equivalent to a grade. Ingeneral, the average
marks of these 5 girls iare higher than the others.

There are 3 girls (Nos. 2, 5, and 7) who are retarded by grade,
and No. 2 is bolow mébdian stature No. 5 shows marked arrest from
12 to 18, and has low average marks No. 7 shows arrest from 14
and has low marks. 'As a rule the children above median height
are in normal grade or acpelerated. '

3. 8CHOOL #TANDING ANID GROWTH IN WEIGHT.

“In his mvatlgatlons on the physical basis of precocity and dullness,

Dr. Porter! found on the .basis of age and grade distribution that
““precocious are heavier, and dull children lighter, than the mean
child of the same age. This establishes a basis of precdcity and dull-
ness.” The basis of precocity, for Porter, was found in the unusually
favorable physical development. Boas® found several serious objec-

" tions tg this conclusion,'and maintained that “children who remain
out of school for a long time will lag behind; vigorous ones will
advance more rapidly.”” This is no doubt true, but the number of

have little effect in vitisting geeral conclusions. Another objection
raised by Boas, which is very significant, was that thése children

- were not ¢dull, > but “retarded,” and a fetarded child may develop
and become quite ‘“bright.”” .

In an attempt to ascertain the relatxon of precocity to phymcal
development, Boas used data colleted by Dr. G. M. West-at Toronto,
who, in tufm, used. the’ teacher’s judgment in regard to the child's
bnght,ness, “The results were dxamm'lcally opposed to Porter. Here

- " again, there is an-apparent contradiction, due to an attempt to corfe-
- late “brightngs,” when based on the teaqher 8 judgment, with phys-
ical dev.elop " ‘mstead of co

THE INVESTIGATION, a - 89

final of all is 81 per cent, but 5 of these girls are one year in advance .

v

such children among the many thousands studied by Porter would

rrélating a more deﬁmte criterion of &~
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physical growth, instead of seeing that physical gtowth and mental
growth are correlated; Boas’s mistake was te assume that a teacher’s
* estimate of a child’s “brightness” at one age could be used as.a .
standard for measuring mental development er mental maturity
through several years. B .
MacDonald, in his Washington studies, used the teachers’ estimato
) of brightness as a basis, and Smedley in his study of Chicago children
' used the age:and grade and both found that ““bright” children are
taller than “dull” ones. This conclusion is also claimed by Gratsi-
anoff and Sack in Russia, but Gilbert * discovered no constant corre-
lation between height and mental ability.

The same conclusions hold for weight as for height; Porter and
Smedley found a positive correlation, West a negative correlation, and
Gilbert no constant relationship. % 1

Theimportant conclusion here was long ago anticipated by Porter,
but on account of the doubtful attitude of these other investigators |
toward his result, it has received little or no attention. He .very
wisely says; ‘“No child whose weight or height ? is below the average
(median or norm) for its age should be permitted to enter a school
grade beyond the average of its age.except - after such o phymcal
examination as shall make it probable that the childs strength ls
equal to the strain.” ' : .

4. SCHOOL S8TANDING AND.GROWTH IN LUNG CAPACITY,

That there is a possible correlation betwoen school standing an

lung capacity is indicated by the fact that, if the 5 boys or 5
"with the greatest lung capacity are selected, the average schoo
marks for thege are invariably above the average school marks of
any 5 with the lowest average lung capacity. This hélds true for
each group, but it is, hewever, not a complete or accurate test, since
all cases are not included and the grades and lung capatity are both
matermlly influenced by the agg. of the boy or girl. '

- If the average lung capacity for the same period included within
the school standing is taken, it throws some light on the correlations -
of the two_variables, but only.when'the chronologlcal and physio-
loglca.l ages are taken intb -consideration, since the lung capacity
increases with "age and the marks tend® on the average, to decreaso -
in the upper grades. It is apparent, then, that any attempt at
correlation will have to take into consideration ‘the median lung

'. capatity for. dlfferent ‘ages and the median mark for- the different

| Ages ‘within the same group. But sincé there are so fow individuals

S etudegt 'tlnn a g;ade and since the marks vary so little for the .

: 'sé-,' same mdmdun]s from"grsde to grade, it is suﬁiclen.t to ‘take, the -

 average mark for ‘éach :ndnm:lual a.nd oumpa.re it m{ﬂg “thie ﬁnal \"
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; in lung capacity, Nos. 6 and 15 are retarded one year in grade,

~ No. 7 is one grade below and frequent.ly absent.

.above aversge grade, which-would helﬁ ex:phin their low mark. ~ No, 6

TAE INVESTIGATION. . . @ ‘ 21

average.mark of all the individuals from each &chool and determine
whether the individual is above or below average school mark, making i
proper allowance for retardation gnd acceleration.

The median lung capacity for %ﬂ and girls for different ages gre
those previously found for the Francis W. Parker School and the
University of Chicago elementary and high school and are approxi-
mately the same as those used at the Horace Mann School by Dr .
Wood. ’

Selecting the 5 in Chart. Ic whose standing is above a.vers.ge
mark for the group, Nos. 1, 3, 11, 12, 14, the first 4 are above the
median in lung capacity; No. 4 is retarded by grado,.- which will
help to explain his high' average mark. No. 7 also has high lung
capacity,"but he is in advance of his normal grade. '

Of those below the average grade, No. 4 has good lung capaclty
but entered this school late and apparently poorly prepared. No. 10
has comparatively low lung capacity and is below ave}'a.ge mark and
retarded in grade.

Those whose marks are above the awerage in Chart Ilc are Nos
1,4,5,6,7,9 and'15. Nos. 1, 4, 5, 7, and 9 are above the median

which would help to explain their higher average mark.

Of those below average mark Nos. 2 and 3 are above median lung
capaclty, Nos. 8, 11, and_12 are below medjan lung capacity, No. 10
is below median lung capa,cxty part of the time and below grade,
No. 13 below median lung capacity but above grade, and No. 14
below median lung capacity and grade.

In ChartIIIc those below the average mark, 81 per cent, are Nos.
2,3, 8,'10, 11, 12, 13, and 14, and all are below median lung capagity
except No.: 10, who is slightly above median and two years
retarded by grade; Nos. 2 and 3 are above median lung capacity
but are in normal grade and only_1 per cent below the average mark.

Those above the avetage‘school mark in Chart.IVc are Nos. 4, 5,
and 9. The first two girls are above medmn lung capacity, and No: 9
is below with no apparent cause.

Those below average school mark aré Nos. 1, 2, and 7. No. 1 is
above the median lung ¢apacity, and Nos. 2 and 7 are above during-
most-of the school course. No. 2 is two grades above normal, and

Those above average ‘mark in this.group (Chart Veyare Nos. 3 5,
and 12. No. 3 is above median lung capacity, but below grade,
No. 5 is above and No. 12 about median lung capacity. Those below-
ayerage magk are Nos.2, 4,6,7,0,and 11a., Nos.2,4,6, nnd?areabbve
and Nos..9 and 11 belo‘vrme&mn luig capacity. 'Nos. 2 and 4 are

a record for but oné year} No.9is retuded and No. 11 in Mlsmd
‘nda ona,yen. =

o
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Those above aversige mark in this group (Chart VIc) are N os..2, 3,
6,and 9. Nos. 2, 3, and 6 are above median lung capacity, and No. 9°
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No. 5 is above median lung capacity, but gradually drops in school
standing; No. 7 is below median lung capacity and below grade;
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F10. 8,~(Chart TXo) School gtanding ourves gt Frandls W, Pasksr Sohool eys: .

No, 8 13 above mediun g capacity; butslightly below sversgoifinrk;
===No. 10 s below median lung capacity, Below grade, and below svesrage

_ mak; Nos.11,12, md‘ié-m{beloyzhi'ggiiq.n lung capacity. ‘
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94 * PHYSIOCAL GBOW'TH AND BCHOOL PROGRESS,

In Chart VIIc those abeve average mark are N@.2,3,and 8. Nos, ‘
2 and 3 are above and No. 8 below median lung capacity, but No. 8
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v Fro.3.~(Chart Xo) Bchool standing curves for Prancis W. Parkar School girls,
is two years below normal gride at 12 years, which helps t» explaim
b the high mark. Those below average mark are Nos, 5, 9; 10, and.11.

. In Chart. VIIIc those sbove “4vernge mark are Nos..3, 2,6, 6, and 9.
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. . THE INVESTIGATION. i 95

Nos. 2, 3, 5, and 8 are above median lung capacity and No.'9 above

durmg later school life. No. 2 is also above school grade. |
Those below average school mark are Nos. 4,6, 10, and 12, No. 4 * '

is above median lung capacity for the first part of the school work
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and two gmdes retarded, but is later above in lung capacity and
- gradtally increases in average mark. No. 10 is below median lung
capacity and is three grades retardled No. 12 is below median lung
capacity.
In this group. (Cha.rt IXcy there areﬂboys below the averags school
muk for. the Francxs W Puker ‘Sohool boys No 213s one grade
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above ngymal, but has uniformly low standing. Nos. 10 and 14 arg
retarded one grade, No. 14 is slightly above median lung capacity,
and No. 10 starts high, but drops below Juedian lung capacity, and
No. 13 is below. - . _

In this group of Francis W. Parker girls (Chart Xc) Nos. 1, 3,4, 5,
8,9, and 11 are above average mark. Nos. 1, 3, 4, 5, 8, and 9 show
many fluctuations, but on the whole are dbove median lung capacit v,
and No. 11 is below median lung capscity. Nos. 1, 4, and 9 are below
normal grade. Of those below average mark, Nos. 2, 6, 6a, 7, 10,
and 12 are slightly above median lung capacity and in-normal
grade; Nos. 6, 10, and 12 are below median lung capacity; and No. 7
generslly above median lung capacity. ‘

Those above avurage mark are Nos. 1, 4, 6, 8, and 9. Nos. 1,4,°

and 8 areabove median ling capaeity; No. 6 is above, but takes a
decided drop at the last measurement; No. 9 is about median fung
capacity. Those-below average mark are Nos. 2, 3, 5, and 7 No. 2
is below median lung capacity; No. 3 above; No. 5 usually below;
No. 7 above and retarded one grade. As a rule, the children above
the median in.lung capacity are in normal grade or accelerated.
This is a little more marked than in height, or weight.

Checking the individuals whose curves have been plotled for age,
height, weight, lung capacity, school grade, and school mark, and
.giving the results graphically, it will be seen that the majority of
children above median height are in or above normal grade and above
the average in marks. Of those below median height the majority
of children are below or in normal grade and below average mark.

Figure 40 refers to therelation between median height and school

: standin\,g. The coefficients of correlation between the height, weight,
lung capacity, and school standing for all individuals are being
worked out, but are not included in this bulletin.

6. EDUCATIONAL CONOLUSIORS WITH .  COROLLARIES.

~ The general conclusion to this section of our study is that if peda-
- gogical age be accepted as a fair equivalent in these three efficient
schools to mental development, the tall, heavy boys and girls with
good lung capacity are older physiologically and further along in
their stages toward mental maturity as evidenced by school progress
than the short, li<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>