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THE GRDI{.’TH OE . 5 NAVATL  CATETS,

By Hexry G. BEver, M. D., Ph. D,
Surgeon U. S. Navy.

The study of the growth and the development of the human
subject has always been one of great interest, not only to the phy-
siologist and statistician, but also to the general reader. While,
however, growth seems to be the most natural thing that occurs
in the animate world and in living things, some of the mysterious
laws that govern the process are still involved in obscurity.

One of the: means for the study of fAwman development is
anthropometry. By it we are enabled to record the progress that
has been made in the different dimensions from time to time, and,
providing our material is sufficiently large, to form our conclu-
sions accordingly.

Thus 1t has been the custom at the Naval Academy for the last
thirty years or more to make an annual physical examination of
every cadet in training at that school, and, at the same time, to
keep a record of certain anthropometric measurements of every
cadet undergoing such examination. As the material that has
accumulated in this manner is now sufficiently large, it would
seem as if it were a duty to attempt a systematic study of these
valuable records, with the view of contributing something to our
present knowledge of the subject of growth.

As regards the nature of the examination itself, it is well known
to all interested in the subject of anthropometry from the items
that are recorded, and needs, therefore, not be described in detail.
Up to a few years ago the height standing, perineal height, cir-
cumference of chest, waist measure and the lung capacity were the
‘only items recorded. Within recent vears the height sitting,
span of arms, strength of squeeze, acuteness of vision and hearing
have been added to these records. The number of observations
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under the first-named items is, consequently, much larger than
that under the last named.

The fact that all the measurements are taken and recorded by
medical men is sufficient guarantee of their accuracy and adds no
little value to the results we may derive from them.

The cadet who stays the full term of four years at this school
leaves on the books the records of five successive examinations
taken one year apart; after graduation two years are spent at sea,
after which time the cadet returns to the Academy for his final
examination, leaving the records of another physical examination.
This makes six in all. Since the age for entrance into the
Academy is limited to from 15 to 18 years, and taking six years
as the time necessary to elapse between the first and last examina-
tions, the period of growth covered by these records ranges all
the way from 15 to 24 vears of age.

The circumstance that the cadets for the Naval Academy are
appointed from all parts of the United States by their representa-
tives in Congress ought, in our opinion, to add considerable
weight in our attaching to whatever means or averages we may
derive from their measurements a certain value, more national in
character than can be attributed to the means and averages
derived from the measurements of merely local schools and
colleges. Besides, another point that is calculated to make our
records particularly valuable is the fact that a large percentage of
them are continuous records. The number of cadets that enter
annually may be said to have varied in the past between 60 and
80, and that of those who graduate between 30 and 4o.

It is perhaps also of some importance to mention the fact at the
beginning that, from the great preponderance of blue eyes and
light brown hair prevailing among Naval Cadets, it is safe to state
that the great majority of them are of Anglo-Saxon and Teutonic
origin. It is not impossible that the school may have exercised
and is still exercising a certain  degree of selection from that type
of men for its devotees.

StaTIsTiIcAL METHODS.

One of the greatest impediments to our progress in the study
of growth in this country has undoubtedly been due to the fact
that different observers have used different methods of recording
the results of their investigations, and, consequently, these results
are difficult of comparison.
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As regards the methods of investigation used in the present
inquiry and those of recording its results, I have adhered to those
used by Prof. W. T. Porter in his work on the “ Growth of St.
Louis Children ™ as closely as possible and with the view of mak-
ing my statistics strictly comparable to his.

A brief outline of these methods and our conception of them
seems, therefore, essential.

Based on Quetelet’s statements made many years ago, it has
since been most generally assumed that all anthropometric meas-
urements would be found distributed according to the laws of
chance; that a large number of measurements, for instance, of the
height of man would arrange themselves on either side of a true
height. It has, furthermore, been assumed that this arrangement
would be symmetrical on either side of the true height if the
number of observations were infinite and if only accidental influ-
ences had been at work in each individual measurement in a given
series.

(Quetelet’s theory has since been further developed by Stieda
and Ihring and also by Galton. In the same manner Bowditch
and Porter have adhered to the theory of Quetelet, and all their
investigations are based on this theory.

Quite recently Boas has made the following remarks regarding
the theory of Quetelet, viz ;: ““ Glancing over the curves represent-
ing large series of measurements, it strikes me that they conform
to the laws of chance only in a general way and that considerable
deviations occur quite frequently. . . . Assuming that there ds a
uniform ancestral type in a certain district, and that the conditions
of life remain stable, we may expect that the people representing
its offspring will be grouped around the type according to the
laws of chance. Assuming, however, that there were two distinct
ancestral types in adjoining districts, and that these types inter-
mingled, we cannot foretell what the distribution of forms among
the offspring will be. It may be that they will represent an inter-
mediate type between the parental forms, in which case we might
expect to find them distributed according to the laws of chance.
But it might also be that they showed a tendency to reproduce
one or the other of the ancestral types either pure or slightly
modified, in which case the resulting curve would not conform to
the laws of chance, but would show an entirely different char-
acter.”
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This view seems to be well taken and deserves our consideration
all the more for the reason that the intermingling of different
varieties of the same species is a well-known cause for variation.
In view of cautionary signals such as the above, some comfort
may perhaps be derived concerning our present material of obser-
vation from the fact above mentioned, that the preponderating
racial type of man under investigation is undoubtedly Teutonic
in character. At any rate, a sorting out of types different from
the prevailing one being entirely out of the question, especially in
the absence of all craniometric data, we have been obliged to
follow the example of previous investigators, and will make a
brief statement of the various methods employed in the present
inquiry, hoping that whatever correction may have to be applied
may apply to all alike in the future.

In Table I* are exhibited the observed distributions of the
heights of 842 Naval Cadets aged eighteen years.

AveErAGE—The average (A4) was calculated according to
Stieda, quoted by Porter, and which means the quotient obtained
by dividing the sum (2«) of the values (2) obtained in the individual

: Za
measurements by the whole number of nbsFrvatmns (n): A= ot

The adjoining Table II will illustrate the method.

Meax or MEDIAN VALUE (/) can sometimes be found by the
simple inspection of a series, if the number of observations is
sufficiently large, but is more exactly determined by the following
method, viz : The mean strength of squeeze of the right hand in
Table II is obtained by adding the number of observations from
above downwards until the sum cannot be increased by the next
number in the column without exceeding half the total number of
observations. Thus 111 is reached opposite 75 pounds; the next
number below in the column (40) would make the sum 151, which
1s more than half (112.5) of the total number of observations
(225). The mean is, therefore, greater than 75 but less than 8o
pounds. Its exact position is found by interpolation. Half of
the total number of observations is 112.5, which is 1.5 more than
the observations up to 75 pounds; 1.5 is 3.7 per cent of 40, the
observations at 80 pounds. Hence the mean is 75.46.

¥ The tables referred to will be found in the Appendix.
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Some statisticians take the average to be the nearest approach
to the typical value, and this seems to be the case whenever the
distribution of measurements follows the laws of chance; others
look upon the mean to be the better value as representing the
type, while still others hold that neither of these values in their
present application represents the true type. Bowditch says: “If
A represent the average value of all the observations, then the
value of M—.A will be a measure of the direction and extent of
the asymmetry of the curve 57 (curve of percentile grades), for
this value will be zero when the curve is symmetrical, positive
when the values of the lower percentile grades fall short of MW
more than those at the higher grades exceed it, and negative
when the reverse is the case.” An examination of his table and of
the curves constructed from it shows that the asymmetry of the
curves of percentile grades varies very much at different ages
both in direction and amount. Bowditch states distinctly that
“we must conclude, therefore, that the rate of annual increase,
both in height and weight, is different at different percentile
grades, or, in other words, that large children grow differently
from small ones, and, moreover, that between the ages of eleven
and fifteen years there is a striking difference in the mode of
growth between the two sexes.” We will refer to this point of
the difference in the growth between tall and small children in
some detail later on.

THE PropaprLE DEeviaTioN.—But neither average nor mean
gives us any information as regards the manner in which the
individual measurements of a series are distributed, and it is clear
that two series with an identical mean or average may vet differ
largely in respect of the dispersion of the individuals from the
middle value, as the following numbers, taken from Porter, will
show:

SR e 3 I S (o
9, g, 10, 10, II, II.

These have the same average (10).

A very convenient measure of the degree of dispersion or devia-
tion of the individual members of a series from their common
mean or average is that afforded by the “ probable deviation.”

Probable deviation (d) is that deviation from the middle value
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which, in a large series of observations, is as often exceeded as
attained (Lexis, Porter). According to Boas, the mecan deviation
is more accurate than the probable deviation, which is no doubt
true. Inasmuch, however, as the relation between the two must
be constant, and as it was one of our objects to make the results
of our investigations comparable with those of previous investi-
gators, the preference was given to the probable deviation which
was calculated in accordance with the following approximation
formula:
d = 4 0.8453 L
7

In accordance with this formula all the individual deviations
from the middle value (average or mean) of a series must be
added together without regard to whether they be plus or minus,
and the sum divided by the total number of observations as
shown in Table III.

The observed distribution shown in Table ITI must now be
compared with the distribution of the observations of an hypo-
thetical series constructed according to the calculus of proba-
bilities. The observed and the theoretical series should corres-
pond, providing the causes of the deviations are purely accidental.
Since it is absolutely required that such a comparison must be
made before it can be known whether the observations in any
series can be treated by the methods of the theory of probabilities,
Table IV is appended.

This table apparently shows that slight deviations do occur,
and DBertillon proved this some time ago. DBowditch, also, has
shown that the curves, showing the distribution of statures and
weights of children, do not follow the laws of chance, by having
pointed out the fact that during the period of growth a constant
difference exists between the average and the probable values, an
observation which we have also been able to confirm, as will be
seen later on.

In the preparation of Table IV, Stieda’s table, reproduced by
Porter, and shown as Table V, has been made use of.

In order to bring out the relation between the theoretical and
the observed observations still more clearly, Fig. 1 is appended,
which is a graphic representation of Table IV. It is perhaps
rather remarkable that the deviations of the observed from the
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theoretical curve are greatest about the mean, just where the
numbers are largest and where, therefore, the agreement should
be expected to be the closest.

Fig. 1.

The Calculated and Observed Distribution of the Height of 722 Naval Cadets aged 17.
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PErcENTILE GRADES.—Another method for calculating the dis-
tribution of the observations in a series is the percentile method
of Galton. According to this method the distribution of the
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" abservations is determined at intervals of 5 or 10 per cent from
the median value.

Table VI shows the percentile distribution of 841 Naval Cadets
aged 18 years according to this method.

Perhaps the simplest and, at the same time, the truest means
for showing the distribution of, for instance, the height (or any
other dimension) in a given series would be to arrange the mem-
bers according to increasing height at intervals oi, say, one-half
inch, expressing in numbers the members found between every
half inch. :

Tue PropaBrLE Error (£) of the average was determined by

the formula £ = £ ;{fﬁ (Stieda, Porter),

where /2 = the probable error of average,
d = probable deviation of an individual from the average,
# = number of observations in the series.
Table VII represents the values £ as calculated according to
this formula.

As was mentioned before, for the sake of uniformity and easy
comparison, we have, in the preparation and tabulation of our
material, adhered as closely as it was possible to the methods used
by Porter. The period of growth covered by our tables is from
15 to 24 years of age, or, practically, to the termination of the
growing period, although rare instances have occurred in which
growth has been noted to have taken place even later. But such
instances as these are extremely rare and can scarcely be called
the rule. The tables of both Bowditch and Porter practically
stop at the age of 16 years, for males at least, because their num-
bers after that age are very small and therefore not so reliable as
those of the preceding ages. It seemed, therefore, that the mate-
rial at our disposal might in a way be well calculated to comple-
ment theirs, and for this reason, if for no other, it would be very
desirable to tabulate it so as to make them both in all respects
comparable. We have, accordingly, calculated for every year
here represented the average and the mean, the median minus
average values, the probable deviations and the probable errors, as
well as the 35, 10, 20, 30, 40, 50, 60, 70, 80, go and g5 percentile
grades. The 25th and 75th percentile grades, given in some of
the tables, were obtained by dividing by two the sums of the 3oth
and 2oth and of the 8oth and 7oth percentile grades respectively.
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AVERAGES; MEANs; MEDIAN MINUS AVERAGE VALUES; PROB-
ABLE DEVIATIONS.

These values are shown in Tables VIII, IX, X, and XI, and
a brief discussion of them seems now in order.

According to Porter, “ the mean or average of the observations
at any age in the period of growth is typical of the child at that
age, and a comparison of the means at different ages will reveal
the law of growth of the type. Again, the mean of the observa-
tions at any deviation from the mean of the whole number, for
example of the height at a deviation of + & from the mean, or, if
Galton’s method be employed, the height at any percentile grade,
is the type of those who stand at a certain degree of deviation from
the type of the whole number. Thus the types of tall and short,
light and heavy children are secured. The types of the same
degree of deviation from the mean at all ages are as comparable
as the type of the whole number of observations, and reveal the
growth of the typically tall and short, light and heavy children;
but the comparison is less secure the greater the deviation from
the mean, for the probable error is inversely as the square of the
number of observations, and the number of observations rapidly
diminishes on either side of the mean.”

This beautiful conception regarding the theory of the growth
of tall and short children, however, has been quite recently most
severely criticized by Boas in “ Science.” Boas expresses himself
as follows: *“ We know of a number of facts which show plainly
that the assumption is incorrect. It has been shown in Dr. Bow-
ditch’s tables that Irish children are shorter than American chil-
dren. If the position of the American child is expressed in per-
centile grades of the whole Boston series and that of the Irish
child in the same manner, it will be seen at once that they diverge
more and more with increasing age. Pagliani’s measurements of
Italian children and my own of Indian tribes of different statures
bring out the same point still more strongly.”

Under these circumstances it would seem, perhaps, the safer
plan to look upon the averages and the means not as the types
themselves, but merely as the indices to the true types.

" A mere glance at the tables of the averages and means shows
at once that development and growth from year to year is any-
thing but uniform and regular.
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The praepubertal acceleration of growth in height, at first fully
established by Bowditch and later on confirmed by Kotelmann,
Roberts, Erismann and Porter, is also well shown in our tables.

According to Erismann, the period of accelerated growth,
beginning with the advent of puberty and ending with the full
establishment of sexual matunty, is completed at age 18.

We would add that a period of refarded growth follows imme-
diately upon that of accelerated growth, after which period the
curve again gradually makes a more rapid ascent towards the
completion of the intended height. From age 20 growth is ex-
ceedingly slow. This fact is well illustrated in Table XII, in
which, for the sake of comparison, I have added my own figures
and those given by Porter to a table taken from Erismann.

In all the tables given here the ages have been calculated from
the nearest birthday and not from the last birthday. The years,
therefore, do not in all cases indicate the absolute age to which
these hgures belong, on account of the unequal distribution of the
numbers within each year, that is to say, as the numbers between
15 and 16 years of age increase there must be a larger number of
individuals between 15 and 15} years than between 14} and 15
years, so that the average age must be slightly higher than 1s.
The reverse must be the case, of course, when the numbers begin
to decrease.

In connection with our averages and means, the measurements
of Gould, taken during the war of secession, of a great many
thousands of soldiers of different nationalities, are of some inter-
est. The ages of the soldiers ranged between 31 and 34,years, a
time of life when growth in height may most certainly be assumed
o have been completed. They are classified as follows:

True Americans, - - - - - - - 1736 cm.
Southern States, - - - - - - - 1750 ©
British America, - - - - - - - 1730 °
Englishmen, - - - - - - - - 1701 “
Seottish, -~ - = =0 oo = - o L phE
Irishmen, - - = = - - - - - 7171.7 "
Germans, - - - - - - - - - 1606 “
French, - - - - - = = < - - 760 “
Scandinavians, - - - - - - - - 171.8 “
Spaniards, - - - - - - - - - 1684 “

1686

Belgians, -
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Erismann believes that these different nationalities would not
have reached this average height in their own native country, and
that the different conditions of environment peculiar to this coun-
try caused this discrepancy. Topinard puts the average height of
Frenchmen at 165.9 cm., and Beddoe places the average height
of Englishmen in their own home at 169 cm., while the mean
height of Italians, according to Topinard, ranges between 161 and
166 cm.

Roberts, speaking of the most favored classes of English
people, in which class he includes naval and military men and uni-
versity students, puts their average at 175.26 cm.

It was mentioned in the beginning of this paper that Nawval
Cadets, being appointed from every part of this country, ought to
give us as nearly as possible an average that might be considered
national in character. Now, the average height, as found in our
tables of Naval Cadets, is 174.29 cm. at the age of 23, and the mean
height is 174.04. If we take the average of what Gould calls true
Americans and Americans from the Southern States we obtain
174.30, which is within 1-100 of a centimeter the average height of
our Naval Cadets. This agreement of these averages ought to
go far in establishing the average height of Americans as at
174.3 cm. when fully developed and of the class which these
records cover.

Examining our table of averages a little more closely we find:

1. Weght. In weight there is an almost steady increase from
the 15th to the 23d year, amounting in all to 37 pounds, the
annual increase declining, of course, as age advances.

2. Height—The greatest addition to height standing takes
place between 15 and 16 years of age, aiter which age the annual
increase rapidly declines and growth is distinctly retarded about
the 18th year, whence again a more marked increase occurs, which
comes to a close at the age of 21; a third upward curve leads to
the attainment of the final growth.

3. Height sitting practically comes to a close at 19 years of age.

4. Height perineal, which is the height from the heel up to the
perinaeum, closes at about the same age as the preceding.

5. Circumference of chest becomes highest at 19, to which it
attains at rapidly advancing rates, and thence becomes steady or
advancing only by small fractions of an inch.

6. Lung capacity, as ascertained by the spirometer, reaches its
maximum at 19 and continues steady or varies only slightly.
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7. Waist shows a continued increase up to the 23d year, remain-
ing, however, stationary from 19 to 21, and after that continues
to increase more rapidly. :

8. Span of arms—Ilts greatest increase takes place between 15
and 16 years of age; it then increases slowly but steadily until the
23d year.

9. Vision.—We notice here the significant fact that both right
and leit vision show a positive increase up to the 1gth and zoth
vear. This fact seems of some importance in apparently demon-
strating that the course of study at the naval school, and the
strain that is necessarily put upon the organ of sight, does not in
itself tend towards diminishing the degree of distance vision in an
otherwise normally constituted eye, but that, on the contrary, it is
rather advantageous in slightly but perceptibly increasing the
visual range. The slight decrease in distant vision noticed at the
23d year would indicate to my mind and to those acquainted with
life at sea and its requirements on those actively engaged in it, the
result of undue strain. i

10. fHearing—As to hearing, it is perhaps equally significant
that that organ is affected quite perceptibly, but in the contrary
direction; we may notice here a gradual but steady decrease for
both sides during the entire period under observation, and, no
doubt, the occupation of Naval Cadets would lead us to expect
just such a result.

11. Sgueeze shows a steady increase, with but slight and
unessential variations.

There exists some difference of opinion as regards the relation
of the period of accelerated growth to puberty. If growth and pro-
creation are, as they have been designated, antagonistic processes,
we must agree with Bowditch, in that the period of accelerated
growth is praepubertal in time. It would perhaps also follow
quite naturally that the fullest establishment of maturity should
be followed by a period of retarded greowth, as is apparently
shown in our figures of the annual growth. We do not find any
great cause for controversy with regard to this question, nor do we
consider it difficult to reconcile the opinions held by Bowditch on
the one hand and by Pagliani and Carlier on the other. The
beginning of the stage of puberty is not necessarily that of sexual
maturity. Nature prepares the individual for sexual maturity and
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the process of procreation by inaugurating changes that are ad-
vantageous to the species and by causing increased development
in various dimensions. This sudden wave of normal development
completed, it results in sexual maturity becoming fully established
and functional, and with its full establishment, growth in the differ-
ent dimensions takes a short and much-needed rest, during which
the organism at large sympathetically accommodates itself to the
new order of things.

It is more than merely probable that the exact time of life when
this praepubertal development begins is, within a certain limited
range, different for every individual even of the same type and
social class. In some it may come on a little sooner, in others a
little later, so that these two phenomena must neutralize each
other to a certain extent by this overlapping, and the probable
result must be that the absolute praepubertal increase is actually
larger than it is usually recorded. .

Neither the average nor the mean gives us any information as
regards the manner in which the individual measurements of a
series are distributed, and it is clear that two series with an identi-
cal mean or average may yet differ largely in respect of the dis-
persion of the individuals from the middle value, as was shown
above.

According to Boas, the mean deviation is the more accurate of
the two, and which is no doubt true; but inasmuch as its relation
to the probable deviation would be in all respects constant, and as
it was one of our objects to make the results of our investigations
comparable to those of previous investigators, the preference was
given to the probable deviation.

Table VIII represents the probable deviations for the items
that were available for calculation. It will be seen by this table
that they are small, even when compared with those given in
Porter’s tables, which indicates that one-half of all the observa-
tions deviate but little from the middle values, and which fact is
considered to be one of the fundamental attributes of all deviations
due to accidental causes.

It is extremely doubtful from present appearances whether any
further significance will ever be attached to the percentile grade
system in the future than that of using it merely as a means for
classifying anthropometric facts in percentages.

Boas, in his latest contribution to “ Science,” March, 1803,
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states that if the assumption is made that the same children remain
on the average in the same percentile grades, a certain very com-
plex law must follow; for any different law of growth, children
would change from one grade to another. And Porter remarks
that in order to determine the relation of the growth of the indi-
vidual to the growth of the type we must have material that
admits of the application of the individualizing method, and that
the present state of our knowledge of the subject does not permit
us the prediction of future growth.

I believe that the prediction of future growth, even after having
accumulated a sufficient amount of material which will permit of
the application of the individualizing method, will always form a
difficult if not doubtful task, for the reason that we are unable to
predict, at the same time, the causes that will influence individual
growth.

In the records at my disposal I find that their continuity is often
broken by the omission of one or more items for one or more
years in succession. This may be due to an oversight on the
part of the examiner, or to a temporary inability on the part of the
examinee to submit to that part of the examination. Hence if a
very large number of such continuous individual records were
required, even the material at my disposal would not be such as to
definitely settle this question practically; and if I were to rely on
broken records and put a larger number of these together and
average them, I would simply arrive at about the same curves that
are presented as the results of the whole number of observations.
In fact, our averages and means and the deviations therefrom are
the results of just such records, about 30 per cent of them being
continuous and, with the exceptions mentioned, unbroken for the
period of growth covered by them.

However, on searching these records I was able to find between
35 and 40 continuous records of individual cadets, each beginning
with the 25th percentile grade in height as well as in weight,
either at 15 or 16 years of age, and as many such as began with
the 75th percentile grade in the same items and at the same ages.
These, when examined individually and compared to the average
progression of their respective percentile grades obtained from
the whole number of observations that are recorded here, revealed
the fact that not a single one of them remained in the grade to
which it belonged.
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The exact number of individual records belonging to the 25
percentile grade as to weight is 40, and that of those belonging to
the 75th percentile grade is 36. As to height standing, there

were 39 belonging to the 75th and 37 belonging to the 25th per-
centile grade.

Fia. 2.
Height.—Percentile and Individual Curves Compared.
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The averages of these records have been tabulated together with
the 25th, soth and 75th percentile grades obtained from the whole
number of observations, viz, Table XIII.

The relation which these individual averages bear to the gen-
eral averages is best seen in Figs. 2 and 3 plotted from the tables.

The 25th percentile individual curve of both height and weight
shows a marked tendency to approach the soth percentile grade
curve or the mean of all the observations. As to height alone,
the 75th percentile individual curve likewise, but not so directly
as the 25th percentile curve, inclines toward the curve of the
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middle value. In both the height-curves there is, it would seem,
a strong aim at the middle value towards the end of the period of
growth.

The curves, shown in Fig. 2, and a detailed comparison of the
individual records with the normal percentile grades of their class,
wonld go far in convincing wie of the fact that individuals do not
necessarily vemain in the percentile grades in which, at some time
during their period of growth, they may happen to be found.

Fic. 3.

Weight.—Percentile and Individual Curves Compared.
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Continuous lines: normal, 75, 50 and 25 per cent,
Broken lines: individual, 75 and 25 per cent.

As, however, this question seems to be one of the greatest
importance, and inasmuch as a definite settlement of all doubts in
regard to this matter would be looked upon as a positive advance
of our ideas of growth, we have attempted to enter a little more
into the details of the matter.

We began by making a somewhat larger collection of indi-
vidual and continuous records. By allowing a broader limit than
a certain percentile grade to begin with, we have succeeded in
accumulating the data exhibited in the three Tables XIV, XV
and XVI, and have divided them into three groups for reasons
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which will become more apparent as we proceed. It was perhaps
to be expected that growth for tall boys would be found to be
different from what it is for short ones, and these tables seem to
prove this suspicion to be absolutely correct. When the averages
given in these three tables are compared it becomes very evident
that there is a well characterized law of growth for each of the
three groups, that is to say, it i1s seen that the short boys grow
more rapidly than the tall boys and also more rapidly than middle-
sized boys during the period under consideration. Thus we find
that the short bovs grow 4.2 inches, the middle-sized ones 3.3
inches, and the tall ones only 2.0 inches during a period from 16
to 22 years of age. Previous conditions may perhaps often deter-
mine the growth that follows, and the smaller a boy at a certain
age during the period of growth the greater will be his chances
for growing during the years that follow, while tall boys are very
much more apt to have their growth completed earlier than small
boys are. Still it seems we cannot deny that present environ-
ments and causes also continue to exert an unmistakable influence
on growth no matter what the preceding ones may have been.

In order to bring out the difference in the growth of the several
groups still more clearly we have made certain selections from the
larger tables between definite limits, and have calculated the aver-
ages and the probable deviations from different years. The selec-
tion was made at every year between the limits indicated on the
tables, and then the number of individuals thus selected was
carried straight through to the twenty-second year, as shown in
Table XVII. It will be noticed by a glance at the table (XVII)
that while the averages increase from beginning to end as well as
from above downwards during the same years or in the direction
from the lowest to highest average, the probable deviations
increase only from year to year; but when read from above down-
wards they very rapidly decrease. In the tall group the averages
increase but slightly from year to vear in each group and from
within the limits indicated; but when read from above downwards
they tend to decrease in spite of the limits from which they were
started growing steadily higher. The limit of this decrease, how-
ever, is soon reached and the averages increase correspondingly.
The reason for this behavior in the averages is that the number of
those that cease growing increases rapidly and consequently drop
out of the succeeding series which contains naturally the tallest
and the fewest.
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The probable deviations always show a rapid increase between
the first two years of every new series; they regularly decrease
from above downwards and approach more nearly the average.

Fia. 4.

Annual Growth of Average of whole number of
obs. compared with that of three
selected individual groups.
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['his increase in the probable deviation between the first two
yvears or at the beginning of each series is, no doubt, due to the
rapid scattering of the members in each series, and plainly shows
that they do not retain the same relation to each other in the next
series in which they were contained in the preceding series, and
which is additional proof of the fact that percentile grades do not
control growth.

The average values, showing the absolute annual increase, are
not necessarily the most frequent values, as is well known, and
consequently we must find out something of the individual growth
and their numerical proportion and distribution which produce
this average.

For this purpose we have calculated the individual growth
between two successive years from our original Tables XIV, XV
and XVI and tabulated the results represented in Table XVTIIL.
This table of the individual absolute annual increases in height
shows at once the distribution of growth, the most frequent
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values, and also, in a very striking manner, the number of those
who cease to grow and at what age. The difference in the growth
between tall and short boys is here brought out very strongly.
The figures show as clearly as one could wish that tall boys are
much more likely to have completed their growth at an earlier age
than short boys, and also that short boys not only grow more
rapidly and more extensively than tall boys, but also that they
continue to grow up to a later age than do tall boys.

The rapidly increasing numbers at zero, to be seen on Table
XVIII, prove conclusively that tall boys have completed their
adult stage of development in height at an earlier age than short
ones.

Fig. 5.
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In perfect agreement with this conclusion would seem to be the
probable deviation as shown in Fig. 5. In small boys this devia-
tion is seen to rise much higher than in tall ones.

PerceNTILE GRADES IN HEeigHT Stanping, WeicHT, HEIGHT
SITTING, PERINEAL HEIGHT, CIRCUMFERENCE OF CHEST,
LunG. CaraciTy, SpaN oF ArmS, Waist MEASURE,

AND RigHT AND LEFT HAND SOQUEEZE.

The percentile grades in these various dimensions are pre-
sented in Tables XIX-XXVIII, and those of height standing
and weight are also graphically represented in Figs. 6 and 7
respectively. With the help of these tables and plates the percen-
tile rank of any individual in any of the above-mentioned dimen-
sions may be easily and quickly determined.
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Supposing, for instance, the percentile rank of a cadet aged 17
years and weighing 134 pounds was desired. A horizontal line is
drawn from 134 in the column of weights on the left of the plate
to the curve of age 17, and a perpendicular is dropped from the

Fis. 6.
Heights of Naval Cadets.—Percentile Grades.
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point of intersection to the scale of percentile grades at the bot-
tom of the plate. The perpendicular falls at 75 per cent, and
hence the cadet in question is heavier than 75 per cent of the
cadets of his age and lighter than the remaining 25 per cent.
Likewise we may find the increase at any percentile grade dur-
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ing one or more years by measuring the distance between the
curves at that grade and comparing that distance with the pound
scale, which will give the number of pounds. In the same plate
the gain in weight of the 50 percentile grade cadet during the
vears of 15 and 18 is 24 pounds, and the gain in weight of the 8oth
percentile grade cadet during the same period is found to be 23
pounds.
Fig. 7.
Weight of Naval Cadets —Percentile Grades.
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In a somewhat similar manner the percentile rank of any cadet
at any age in any dimension included in our tables may be found
by a reference to these tables. Their value, therefore, as an aid
to the annual examiner of cadets may easily be estimated.

RATE oF GROWTH.

The ten tables XXIX-XXXVIII represent in percentile
grades the absolute annual increase in the various dimensions as
calculated from the whole number of observations and without
regard to whether they are large or small. By absolute annual
increase is meant the gain in height or weight during the preced-
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ing twelve months, obtained by subtracting the average or median
height or weight at, for instance, 18 from that at 19 years.

On account of the unequal distribution of the numbers between
the different years, the ages given in the column are not absolutely
correct, but the error is so small that it may be neglected here.

It will be noticed that the rate of increase in the various dimen-
sions differs considerably. The subject of the correlation of the
different dimensions to one another at the different ages and in
individuals of different statures is still to be determined. To
settle this question we need a large number of individual records.

Fia. 8.
Perineal Height of Naval Cadets.—Percentile Grades.
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As regards weight, we notice a steady decrease in the annual
amount of gain from the 15th to the 21st year, which decrease
becomes most marked from the 1gth year on upwards, and in the
highest percentile grades is even negative.

Height once attained is not so easily lost, but weight is easily
lost as well as quickly regained.
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As to height, the greatest annual increase is noticed to take
place between 15 and 16 years of age, the lowest between 18 and
19 years. In some of the highest percentile grades it apparently
becomes slightly negative as it does in the weight tables; this is
more especially shown between the 21st and 22d years, but also
noticeable between the 2oth and 21st years. The reason for this
negative annual increase is well explained by our Tables XIV,
XV and XVI, which show clearly that just about the 2ist year
our averages are less reliable than they are at other ages, and
therefore our annual growth tables do not in the least render
improbable the fact that height once attained is rarely if ever lost.

Weight and strength, on the other hand, are easily lost and
rapidly regained, and any decrease in these may therefore be easily
explained.

RELATIVE ANNUAL INCREASE.

The ten tables XXXIX-XLVIIT represent in percentile
grades the relative annual growth in the different dimensions
under discussion. Relative annual increase means the increase
for any year divided by the average at that year. Thus the rela-
tive annual increase in weight at age 18 is the difference between
the average weight at 17 and 18 divided by the average weight
at 17.

According to Porter (loc. cit.) the relative annual increase gives
a truer idea of growth than does the absolute annual increase, be-
cause of the latter being entangled with the size of the individual
measured. Porter also states that ** the absolute annual increase is
commonly greater in a bigr boy than in a small boy,and vet the rate
of growth may be the same.” This is no doubt true for that period
of growth which is covered by the material worked out by him.
For a later period, from 15 to 22 years, the rate of growth for big
boys is both absolutely and relatively smaller than for short boys.
This is not only well shown in our percentile height-curves on
Fig. 6, plotted from the whole number of our observations, but
also in our individual Tables XTIV, XV and XVI, as well as in
Fig. 4.

So far as weight is concerned these tables show the same
gradual decrease in the annual rate as the height tables. This
decrease is here most abruptly marked between 19 and 2o, becom-
ing negative with the 21st vear.
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TaprLes XLIX-LVIII.

The material here presented would admit of still further elab-
oration. The dimensions of correlated parts and their ratios to
one another ought to be worked out. The difficulty, however,
that presents itself here is the same that was encountered in con-
nection with the rate of growth and its difference between tall and
short boys. The facts so far would indicate that, for instance, the
ratio that exists between growth in height and chest girth is differ-

Fiz. 9.
Chest Girth of Maval Cadets.—Parcentile Grades.
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ent for short bovs from what it is for tall bovs. This work must
be done on material admitting of the application of the individual-
1zing method and separately for small, middle-sized and tall indi-
viduals, to be of value and conclusive.

The tables XLIX-LVIII, however, will prove useful, admit-
ting, as they do, of ready reference and comparison and contain-
ing a great deal of information in a small space.
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APPENDIX.
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TasLe VII.
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* Number smaller than under the
indl;Fgual 75 percentile grade, and therefore this grade is not
ot .

ing years, especially in

T Refers to the averages derived from the whole number of obser-
vations, expressed here in percentile grades,

TanLe X,
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S|Pl S e e Bt S T (G A Sl | B T e
- < = = ] 7
49.316 | 163.20 B4.12 .67 z.920 63.70 | 163.83] =z7.3:1 25,58
15 131 |10B.5 g . 240, g;.::; 2g.952| 178.2 25.13 Gy.50 Go.o o, 4
. 53.025 | vhy.13 | H5.34 502 7599 3.172 65.45 165.67 gu.‘ﬁ‘ 29,48
16 395 [r16.9 65.Bog| 33.500 33.B30| 3n.1o1f 193.% 25.77 G6.80| 6GB.a fig.
gh.f10 | 0.8 | H{E-.E|| g7.88 | Sr.z2g 3.421| #67.18 172. 48| 34.10 | 33.33
17 =3z 1zy4.8 fiy.000 3|.|E-al 34-600| 31.895| 208.8 26.45 67.00 75.2 735
597 170,78 | #7.06 | 8800 | B3.0 3.588 13 | 74.70| 35.14 | 34.01
18 B41 |131.8 65633 34-630 s3g.007 32685 31g.0 37 .33 G8.55] s7.% 5.0
Gz.14 | 171.83 | Bg.o7 | 39-5D| B4.45 3.736) go.ze | a7s.33| a3v.aag | i
19 750 |137.0 G7.651| 35.055 35.243 33.250| 228.3 aj.bo | 69.03] Bz | 1.5
Gz.823 | r73-35 | Bg.53 | Ep.68 | Es.3g 3.818| 7r.06 | zpb.ay gﬂ.m 3719
o0 fi4s |13B.5 68.252 35-254 ggjlu 33.588) =335.2 27.98 6. 4o g.E I B2.0
3-004 | 173.25 | go.or | B9.76 | B5.47 3.801] po.33 | 277.62| 3B.gr | 3B.32
21 4093 lg‘f-g t8.215| 35.445 35.340, 33.056) 232.29 27.69 | 6gp.93] 25.8 | By.5
gry | 173.60 .;r:| g0.14 | B5.77 3.883) go.63 | a7h.78 g .55 | 38.00
22 323 |138.7 6E.352| 35.320  35.402 33-155 237.9 | 27.81 | &9.6of ds.o | 83.B
Gz 732 | 174.04 59-?3| 9255 -3 3.872) go.8y | 174.02) 40.37 35'-55-
2 |1 a3 lzgfy | oBisaa g5.33) 35884 33873 ab.3 | a789 ] Gyl Bgo | Esee
Tasve XI.
Median minus Average Values,
e sl h}l‘;:‘?‘:‘_ Ages at nearest Birthday and Median minus Average Values.

_ ment. 15 16 17 | 18 19 | 20 21 22 23
T T pounds, 1.5 |= 1.1 |—o.z |— 1.5 [—2.7 |—2.7 |—1.1 [—2.6 [—5.7
Height, standing «....-. inches, 0490 — 0.125— ©.05 - 0.343— o.2qg— o.298(— o 385|— o,uggu- 0.
Haeight, sitting.. ........ | inches, = L.000— 0.830— 1.120— 1.445=— ©.516/— o.555/— 0.6 = o
Height, perineal...... .| inches. |4 1.725== 0.030/4 o600 = 0.407/— o.E57 == 0.3104 1,340 o.492 4 o.yg
Chest circumference. ... (ch, inches.|— o, 548 — o.56g|— o.605 — 0.775/— 1.706=— o.F12(— o.044)=— “-SHI'—‘ o.GaT
Lung capacity......... |eb.inches.|— 4.8 |f=— 7.5 |—E.2 = g.0 |— 11.7 |[— 5.8 |— 8.8 |— 8.1 |— 5.7
Waist circomference.... | inches, |4 o.03 — o.23 |— .7 — o.68 |— z.00 (— 6.y |— 0.09 |—o.gg |— 1.3
Spanof Arms...........| inches, |4 o.fo |— 0.583 |— o0 |— 0.7 |— 1.0 — 0.70 |— 0.94 |— o.60 |= 1.07
Squeeze, B. H.... pounds. |— 1.0 |— 3.5 |— 2.27 |— 3.5 [— 3.0 [—3.3 |[—2.3 |—z1.8 |4 2.4
Squeeze, L. H...... pounds, |— 3.6 \—50 |—3.1 |—50 I—1.s I—3.0 — 2.9 l=—2.0 |4 0.3
Tasre XII.

Showing Annual Growth of different Nationalities.
Nocs Beyer, | Bowditch, | Kotelmann,|] Roberts, [Erismann,|] Porter,
E®5:| ¢ 'm. €. m. e.m. | e.m. e. m, . m.
Av, Mean
13-14 fi.8o0 5.79 L 5.4 3.48 5.67 5.57
14-1 .54 .10 5.31 1 5T 545 6.33 6.39
e 6.50 7.46 | 5.6 8.53 | 5.37 6.0z
16-1 2.84 .10 5.35 6.7 5.38 4-86 4.73
17-18| o0.60 1.6a .49 3.9 3-19 5.38 4.50
8= 1.54 1,40 l.% 1.ka
19=30| I.G0 I. o. Bo
To-21 (12
21-22 .38
sa=231 .43
TamLe XIII.
Comparison of Mormal * with Individual Records.
I.—Height. -
Ages at nearest Birthday.
I. 1] d
e 15 | 16 [ 17 | 18 | 18 | 20 | 2F
MNormal.........75| 66.20| 67.61| 68.70| 69.39| 69.51| 60.86] &g.83
Individual......75) 66.18] 67.45 ﬂl.:ﬁl gg.',rﬁ Gg.10| 6g.15 .Bo
Normal....s....50] 64,39 65 B5| 67.00| 67.63 67.65| 68.35| 68.21
Individual .....25| 62.20 64.44| 65.62| 66.70 E6.65 EE.&: 68.07
Mormal..oeeee. 28| 6208 Gy.04° G250 646,18 66,54 75! 68,74
1I.—Weight,
Individual ...... 75| 117.0] 120.3] 13B.0] 144.0 14B.0] 150.0] 152.0
Mormal ... ....75| 1rB.5| 137.B] 135.0| 143.0 147.5| 140.6] 140.9
HNormal. .......50| 10%5.5 :15.|;|| 1z4.8| 130.8] 137.0] 138.5 135.9
Individual .... .25 og.5| 157.5| 123.0| 130.0] 130.3] 137.0] T34.4
Mormal...cou.a.s 25! gs.gl 1oz 1eg.4l r3e.gl pzvaa) a8, | 139.3
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Individual Continuous Measurements in Height, Standing. Short Group.
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Taere XIX. The Height.

Age at nearest Mo. of Values in Inches at the following Percentile Grades,
Birthday. oburwlions 5 | 10 | 20 30 40 | B0 | 60 | TO &) 90 ) %
15 131 -507 60,310 61,363 62,553 63.457 64.200/64. 855 65,764 &5.55'3 £7.717/69.390
16 393 1.750!62.549 63.714 64 zz:ﬁs 250 65, 805 66, 45 67 200/68.050 Eg.mnljm.q.nﬁ
17 Faz 163,130 64.217 65.165 65 B53/66. 434 |67.000 67.626 6B.317/69. 100 70.32071. 320
18 Bax Elq. Ggolﬁs .000, 65,886/ 66.483/67.044 | 67.633 68,251 68.920/69.665 ?ﬂ.mft,m
19 760 25060, 844 [67 . 424 | 676510 [68. ﬁmﬁg. 243|69.786|71.00a]71.
20 G4g ISJ, -g-ﬁnqlﬁs zq_:;. 66,413/ 67,004 67675 63,252 (68,8 -477(70.253| 71. 260|72. 120
21 493 B4.970|05, agﬁ G7.054 15-; ﬁﬁ; 6B, 215688 -483|70.1E0| 71 120|72.000
22 328 Gg.045 65, 831 |66 67.200/67. 762 68, 352 68. g6 .69 770032 ?!-54‘3]*#-155
23 332 Ifig. 287 6. Boo' 66, 5204‘5; 3&&6& o1a EE 52260030 6. 15 70. 307 71.240173 000
Tapre XX. The Weight.
Apeat nearest No. of Values in Pounds 2t the following Percentile Grades.
Birthday. [ observations.| & 10 20 B0 | 40 | 50 | 0O | TO | BO ;80 | %
15 131 Fo.c| 85.3| g3.0| 98.8 103.8) 108.5| 112,60 116.5| 120.5| 127.3) 132.0
16 505 94.0 93-3 103.6| 108.9| z14-3| 116.9| 1zr.4| 235.4) 130.5| 137.2] T4b.2
17 a3 102.4 | 106.8 | Tiz.0| Ti6.g) 120 -0l 124.8 128.5| 132. -5 137.5 t“.g 151.5
18 g4t 195.2 | 113.3| 130.0| 123.9f 127. g 13c.8] 135.9) rqo.0) 146.0 Jsa. i58.0
19 750 114. 3' 1z0.0| 124.8| 120.5 133.3] 137.0] 142.3 l.i 3I 149.7| 158.0) w65.x
20 45 6.0 12g.2! rab.s| 131.2| 134.0) 13B.5) 142.5 152.3| 160.9| 167.8
21 493 117.7| 132.0| 127.0| 131.6| T35.3| 13B.0 143.0 14'; 2' 15-;.% 160.7| 167.3
b szl 117.2{ 122.1 | 12B.0| 132.0| 13%.3| 138.7] 142.9] 14 El 153.8| 160.0] 163.1
a3 233 1180’ r22.z ! a26.7) 130.0l 134.7' 138.3' 142.2) a46.4 351.8! 163.8' 170.0
Tapre XXI. The Height, Siting,
.ﬁ,sq: at nearest No. of Values in Inches in the following Percentile Grades.
Birthday. | observations. | 5 10 | 20 j B0 | 40 | 50 | B0 | O | B0 | 0D | 85
& |
16 110 31.0%50{31.000 | 32,2 af {3z, ﬁ-u: 3. lm 33.500(33.E93/34.285 34.680 35,180 gg.s:?
17 235 32.008 32,4003 133,460 34-180(34. -500/34 34.821'35.240|35.800(36. 135
18 243 32.015 33174 33 548 33.021 .i-i !:r |34.630 35- ﬂm |35- 044 35.677 7|36-074|26. 6oz
19 200 33.950 33.333/33-889|34.307|34 - 700 35.055/35-333/35-611 3 ;E -BBE 36, 462 |36, Bso
20 165 35-185|33.543 |34 150/ 34. 562134975 35254 35 5 35~ =137 3'5+E= 37.000
21 103 33-643(34- 100 |34 540(34-995135- 222135 445(35- Ew 35.Fo3 36 235 36.683|36.907
o a 3326633604 | 34,325 35, ﬁi'lilﬂ! ~O5G| 35 320035, 00X 38 . 30936, E:? 3 ~i§!
o 46 34-018 34.38834.450!34.737/35-026135. 333135.640'35. 9{53‘5 3w 36.646136. 823
Tapre XXI1I. The Perineal Height.
Apeat nearest No.of '!"alucs in Inches in the following P'-:r::ntill: Grades,
Birthday, |obsscwatious, | 8 1y TROVIRRY 200: 13D 3]l W AT oo UL AR
15 i G 0. 545 | 31000 3,: 45 32, 0303360033, 725133500 33. 875 |34 - 401 |35.332(|35.- 722
16 235 33-150 31,570 (32. 6; 32.987 33.411(33-850(34.245/34.657(35. 118135808 ig-mr
17 4o 33084 |32. 583 [33.287|33.780(34.213) 34. 600 35.000/35.401 36, 121136, 537|137, 030
18 490 [33.500)33.135133.800 34.200|34.63435.007)35. 357135, 707/36.110/36. 781 |37. 3 14
19 434 [33.033|33.480 |34. 150134 525|34. Bon 35,243 35- B0 35.874(36.331]36.885 137 554
=0 395 |33.-200 33.679 (34-245|34.618/35.000 35. 310 35.620 36.071|36.440 536,970 37. 720
21 3:8  |32.926 33.45034.180|34. 600|35.013 5. 34935670/ 36.000/36.483136.973 37 670
a2 FiE [33-272|33.771 |34- 348 | 34. 800 |35. 176 35.492|35.810 36.221(36.779 37, 00|37 . 900
23 i6a 133.50034.000'33. 576/ 38.040 35.350'35. 654 35.961 36.535'36. 700 37.177137. 650
Tance XXIIL
The Circumference of the Chest midway between Inspiration and Expiration.
Age at nearest No, of Vilues in Inches in the following Fercentile Grades.
Birthday, | observations.| B 10 | 20 B0 | 40 | 50 | 60 | TO | BO | D0 | 05
15 132 261 foo 15 z6z 28.070 2k, 1:&.:9 « 300 20052 (30, 470| 31 uﬁj 31.664(32.483]|33.000
16 395 27,980 |28. 464 |20. 333 | 30,071 |30. 884 3= 101 31,635 37. 000 32.713(33- §13|34. 150
17 33 2B. 740 |25. |'.r~u 30.480 | 30061 131.478/31. 895 |39, 334(32. 758 |33 347 | 34- 221 | 34843
18 'H B|30.588 31 322 |31. 83252275 3.= 5(33.135(33. 71534 3543510038 813
19 75D 30,814 |30.300 | 32011 | 33. q:S!J: Bag 13- .150 3370|3418y H,;g 35-4B1|35.g
20 bys 31.07831.500 | 32. 153 |33 700,33 165 33 BB/ 34.000/34- ﬂz 34060 35. Eog|36. 5
21 496 31.152 ) 31.580 | 32.280  32.720(33.270 33.656 34, ﬂss 34546 35.06035. B34|36. 680
22 328 31.231 31744 |32 384 [32.990(33. 345 35776, 34 -208 | 34.B40|35. 142 |3b.000/36. 83
23 232 3H.255 31000 33474 33.000'33.451 33.873' 34. 265054 . 640 35.065/35. 85536, 832
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Tance XXIV.
The Lung-capacity ascertained by means of the Spirometer.

3=f

Age at nearsst No.of Walues in Cubic Inches in the follawing Pﬂ.".:f.'lli.lf Grm_ie_a;

Birthday. |observations.| 5 10 20 | B30 i | &0 | &0 0 | B 0 45
15 | 132 117.3| 132.0| 148.4| 156.4 lﬁﬁ-zi 198.2| 190.0 1g8.g9] 205.5| 219.5] 233.5
16 | 195 143.2| 152.1( 166.8| 176.3| |E5.g. 193.5| 199.4! 210.7| 224.0 237.0| 253.5
17 | 232 150.4) 171.0| TBi.g! 1g2.7| 7ob.B| 2o8.8| 316.8 228.5) 233.8| ze.7| 3b63.1
18 Byt 17¢.0| 180.0f 192.3| 703.5| 212.5 i:g.n 237-7, 236.0| 245.7 2bo.o| 273.2
19 | L0 181.0| 197.3| 203.3 ::3.2i zzo. 8| 228.3| 235.6, 243.4| 253.1] 268.6| =287.0
a9 | 645 1f8g.6| 104.3| 206.0| 215.8| F34.0| 233.2| 243.0 :4-3.6 abr.o| 277.6| 200.7
21 493 185.7| 194.6| 207.0| 219.5| 334.1| 232.3| 740.0] 24 E 259.0| 277.4| 287.5
L 3:3 19§ 203.4| 204.5| 222.5) 230.1| 237.9 ﬁ'.|5,.ﬂ 254, I !-53,.3 !5!5.!,. :!93-..5,
L 233 194.7 " 204.0 201.5! 221.0| 230.0' 336.30 745.3 I55-1' 20y.0° 270.3] 2¥5.5

Tapre XXV,
The Span, in Inches, of the Arms,
At‘ At nearest Ng_ .nf | v;llt:: in I;h: fvl;\"nwint Per:enﬁh: G:r;.dl:s,

Birthday. |cbservations.| 5§ | 10 | 20 | 30 | 40 | B0 | BOC | TO | BO 90 | 8b
15 33 o, 65 6165 G2.52 | 63.25| G4.05| 6y.s0| 64.07) 65.s55| 67.48) 68.35| 68,
16 110 [ | ﬁq.m! fy.54 | G5.42) Gb.25| 66.B0) 67.44| 8.15| Eg.oo| Jo.25| 7i.83
17 azg | 3.6 ﬁ;.ﬁll 65.74| 66,57 G7.27| G7.03| 6B.54| Bg.27 70.74 ?1,54.! T2.57
18 243 G4-47) 65.23 66.16| 6i7.14] 67.91| 68.55| 69.23| €0.81) go.Bo| j3.12| 73.c0
19 00 | B4:45/| 5. 66.go| B7.60) 68.34| 6g.03| 69.64! 7o.40] 71.35! 72.50| 73.55
a0 15 64.88| 66.13| 67.15| S7.97| 68.70) bg.40 7o.13| Fr.07| 71.82| 73.34) 73.Bo
21 103 63.32| 67.03| 68.12| 68.91) E9.44 O9.93| 7o.63| 71.32| 71.96) 73-34| 74-02
a9 GE fi5.10| Gh.oo| G7.00 63.::5*; ﬁﬂ.g Egﬁ-n[ Fo.35| 7i-23( 72.28| 73-50) 74.43
28 46 67.05! 67.43! 68.60! 6g.27] 69.b0' 69.93! 7o.60| 71.27! 71.8s) 72.85 73.8%

TasLe XXVI.
The Cireumference, in Inches, of the Waize.
Ageat nearest Ma. of Values in the following Percentile Grades,

Birthday. |observations.| B 10 EoT 30 | 40 | S0 | 6D 70 L] b 05
15 T34 z1.67 | 22.67| 23.50 i‘l-ﬁ' 24.02] 25.12| 25.53 Eg.gj 2b.53| 27-00| 28.61
16 395 23.23| 23.75| 24-47' 25. | 25.41) 25.77 26.18| 26.71| 27.31| 27.97| 28.80
17 123 23.84 | 24.38| 35.73 :5.;5! iﬁ-.oui 26.a8) 26,90 27.42) 27.06) 28.78| 29.48
18 B4z 2420 | 24.86| 25.60 | z6.28) 26.75| z7.72| 27.70| 28.21| 28.59| 29.68) 30.43
18 750 24.33| 25.20| 26.03| z6.60) 27.15| =7.60 28.05| 28.53( =g.o2| 29.83| 30.65
20 ygs 24.68 | 25.32| ab.1g| 26.B3) 27.33| a7.08 af.26| 2B.53 :u;..g,ﬁl go. 66| 31.40
| 493 @4.58 | 25.23| a0.07 | 26,66 27.31| 27.60 zb.a1| aB.85| 29.62| Zo.54| 3n.19
20 328 25.00| 25.53| 26.24| 26.76) 27.28| 27.81 2B.35| 2B.91( 20-46| 30.25| 31.00
28 232 24.97 ap.e3! 26,40l a7.03! 27.460 29.%0] 28.38) 20.13! 20.84' 30.88 3n.70

Tasie XXVIL
Right Hand Squeeze in Pounds,
Ageat neareat| ©  No.of Values at the following Percentile Grades.

Birthday. | obscrvations. | B 10 20 | 30 | 40 A0 (1] ] £0 1] a5
15 46 38.0 | 42.6 | 46.3 | 53.0 | 58.6 | 6o.0 | f4.0 | 68.0 | 70.3 | 79-0 | Bo.o
16 120 1.0 | 55.5 ig.n EE!.'I 65.z | 6.0 | 0.7 | 73.5 | ';rﬁ.g B1.2 | go.o
17 335 g7.1 | Go.7 X | 0.0 | 72.5 | 75.2 | 78.0 | B1.0 | By.2 | H5.4 | g4.0
18 743 Ez.8 ﬁs.g 8.0 | 70.4 | 74.5 | 77.2 | Bo.x | B3.1 | 6.6 | gr.7 | gE.8
14 200 65.6 | 6B, 72.6 | 75.9 | 78.8 | B2.0 | 85.2 | 8B.1 | gr.6 | 97.6 |102.3
20 165 Gb.2 | 6g.7 | 74-7 | 77-8 | Bo.3 | E3.8 | 86.8 | By.B | g5.2 | 99.0 |103.0
21 10 b7.1 zal.o 5.8 | 75.6 | Sz.7 | 85.8 | 8y.5 | gx.7 | 0.7 [1o2.I |107.0
2 & 6.0 4 | 2.5 | 77.0 | B1.6 | 85.0 | B7.1 | Bp.7 | gy.4 | 9B.0 |1o5.0
3 46 68.g ! y2.0 | 8.6 ' B3.8 | 86.7 | 8g.0 " g2.1 | g5.5 ' g7.6 ! 99.7 1og.n

Tavee XXVIIL.
Left Hand Squeeze in Pounds.
Apgeat nearest Mo. of Values in the following Percentile Grades.

Birthday. | observations. | 5 10 | 20 | 80 | 40 | 50 | B0 | TO | B0 | %0 25
15 36 33.0 | 36.0 | 43.0 | 49:6 | 54-2 Eﬁ,q. ; .0 | 2.5 | 6.6 | 710 | 758
16 110 45-0 | 50.9 | 55.6 | 5.0 | fz.1 s.ulﬁﬁ.y 68.6 | 72.0 | Bo.o | Bs.o
17 3% g5.0 | gB.g | Gy.7 | 6B.6 | 7.6 | 73.5 | 76.1 | 99.4 | B2.7 | B7.5 | ga2.7
18 245 57:5 | G1.6 ﬁﬁi 69.0 | 71:6 55.0 | E?.ﬁ 8.0 | B4.5 | Bo.z | 94.8
19 206 G4.4 | 66.8 | y0. 74.4 | 78.3 1:5 3.1 | 86.1 | Bg.5 | gb.3 | 0o.6
20 T 63.3 | 66.8 | 71.9 | 76.0 | 79.3 | 82.0 | B4.6 | go.o | 94.0 | GU.4 |TO4.2
21 1 67.7 | 71.5 | 75.7 | 78.5B | 1.7 | B4. 87.3 | go.o | 03.7 | g9-7 |104.8
2 3 G52 gj.'l 2.0 | 77.0 | Bo.o 33.5 EE.E 5.4 | 04.5 | 594 |T03.2
23 46 G66.5 ' fg.0 ' 77.2 ' 8o.4 ' Ba.7 ' B5.0 ! B7.3 ' Bg.6 ' gz.3  g7.2 1o4.2
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Tasre XXIX.
The Absolute Annual Increage in Weight in Pounds.

Age at nearest

Values in the following Percentile Grades.

Birthday, fi] 0 | 2 a0 40 | B0 ) 80 | M |_BD | 00 7 85 | Average.
15-16 14.0 | 13.3 1e.6 | 10.1 E1.4 B.q E.B Eg | 10.0 g:8 | 14.3 1L.0
16-17 By | 79 By | Bo | 6.8 | 7.9 | 7.2 7.1 7:¢ | T2 | 5.4 .0
17=14 6.5 G.8 f.o0 7.0 G.g 7.0 g,.u, 7.5 8.5 9.3 LY 5.4
1&-19 5.1 6.7 -8 | 56 | £.4 | 5.3 2 | 5.3 2 | | pie 6.32
19-20 Lo 5.2 1.7 1.7 1.6 1.5 o4 1.6 2. z.q 2.7 1.5
=21 1.7 3.2 .5 - B 0.4 - 0.5 n.g 6.3 [m—d2 |—0.5 —
o)-x2 — g o1 1.@ Q.5 0.0 |=—0.2 |==0.1 o 2.9 |=o. .2 —
22-23 2.8 o1 1.3 l=—1.3 l=0.6 l=0.4 |l—0.7 |=1.4 |—z.7 3.% fi.g I,

Tance XXX.
The Absolute Annual Increase in Height, Standing.

Apge at nearest Values in Inches in the following Percentile Grades.

Birthday. |~ 5 | 10 | 20 [ 30 40 | 50 [F1] 1] 8 | 8 05 | Ave
16-16 2.243| =.239| f.151| Z.037| 1.793| 1.515| x.570] 1.536| 1.357| r.283] 1.197 2.
16-17 1.380 1.ﬁﬁ| T.451| 1.373 :.324 1,195 1.17z| t.1x7| .00 r.330| 0.0T4 I.
17=18 1.083| 1.283] o.73x n-fén o.Gie) o.633 o.b634) o.fa3 o.g565 o.708| o.z10 Q.24
18-19 o.487| o.30r| ©0.364] ©.361] o.380] o.018B| o0.340| ©.333| o.12r| o.480] o.3%0 o.61
189-20 o.282| o.152] o.103] ©.280| @.251) o.bor| o.zi0| o0.234] o.487| o.280| o.z40 a. 65
20-21 ©.008 | 0.077 ©.030|—0.040|—0.008 —0.037| 0.043 ©.000|—0.073—0.100(—o0. 120 ©.0%
Z21-22 —o0.025| o0.211| 0:147| ©.146| o0.095( ©.I37| 0.108| o.444| ©.4%52| o.423| o0.258] —o.1g
22-23 0.342|—0.031) ©.000] 6.100° 6.248) 6.170 o0.070l—0.302!—0.325'—0.3031- 0.258 o.17

TasLe XXXI,
The Absolute Annual Increase in Height, Sitting.

Ageat nearest Values in Inches in the following Percentile Grades.

_Birthday. | 5 | 10 | 20 3 | 40 | KO | 8D 0 | E0 80 | 9 | Average.
16-17 o.058| o500 o.813 0. 768 a. 713 o. 6% 0.607| ©0.530 o0.500| o.650) o.558 O 50
17-18 e.go7| o.774 o405 o.461] o0.445| ©.450 o.500| o.223] 0.437| o.a74] o-407 o.75
18-18 o.135| o.i50) o.341 0.386) o.42z| o0.475| ©.333| ©.5067] o.zxi]| o. o.248 0.75
18-20 o.135| o.210] o.26i) o.255 o©.275 o.19g9| o.195| o.18g n.:;g 0.745| o.1%0 o3
20-21 o.458( o.557] o.399] ©.433] @.247 0.19I| o.142| o.093] B. —0.034|=—0. —0.2%
21-28 —3.77 |=—o0.456|=0. »384{=—0.230|—0.273|—0. 135 —o.078| —o.029) o.o74| oO.% o5 0 0D
22-23 o.7521 0.644' o©.225 o.0f2l—c.024] o.0130 0.048] o.0B2|l—0.009'—0.2B1] ©.300 000

Tanre XXXII.
The Absalute Annual Inerease in Perineal Height.

Age at nearest Values in Inches in the following Percentile Grades.

Birthday. b 10 | 20 | &0 40 50 il T | B0 | %0 95 | Average.
15—1E 1. @.270| o.724| ©.807 o Tﬁt a.705| 0.745 o.782 u.ﬁﬂ'; a.586| ©.75% .30
]E-la 0.4 1.363| e.g0ig] ©.793 a.770| 6.745 a,;g 1.003 O0.735| ©.553 o.Bo
17-18 o.410| o.552] e.s13] o.480 o. 411 o:407| ©:357 o 0.097| O.744] 0.2 o.60
15-18 9.533| ©0.345| o©.350] ©.2065| o0.186) ©.230| ©0.203 oO.1 0. 330 0.104] O.240 1.30
19-20 0.166| o.193| e.o95] o093 o.zen) o.0by| e.obg| o.197] O.109| o.085) o.@ —. G
20-21 —0.273 |—0.23) [—0.of5|—0.018| o.o12| ©.030| o.o4r|—o.071| O.043 O.o00z|—0.050 —1.00
2]-22 0.344| o.321| @.x a.200| o.rhy| o.152| @.140] o.zar| oO. o.538| o.230 1.00
22-23 o.220! o.319] e.228] o.240! e.174l e.162l eo.agrl o.314l—0.07g/—o.3231— .035 0. 00

Tasce XXXIIL g
The Absolute Annual Increase in Circumference of Chest.,

Age at nearest Values in Inches in the following Percentile Grades. L

Birthday, B | 10 0 an 40 50 60 | _T0 | 80 | 00 | 96
15-16 1.383| 1.203 1.203| 1.37%| E.384| 2.949| ©.105 o©.937] 1.048| r.030| 1.150
16=17 0.757| o©.706 1.147| o.0p00] o0.804] o0.704| o.623g] o.751 u E],;l a. o.6g3
17-18 1.388| 1.418' .43 e.771] o.707 ﬂ ool o.Biz| o.ghy o7l o o.470
18-19 c.786| o.712 o©.08| o.5p6| o-5659 o.575| 0. 465 1:| 33! o.381| o.131
19-240) o.20y( o.z00! o.143| o.272] 0-32% l;- 335 0.200| ©.305 0.335 0©.333 0.532
20-21 o.074| o.o0Bol o.127| o.c30] o.10% 0,055 . ugg?l :anl 00 o 104
21-22 o.079| o.164 e.104 o.180] o.07s n ::Bu ©.153 o.0ff3| 0.1 o.193
ptrtai ] o.024 o0.150 c.o90l o.13p! 0.066] o.og97] o.057 o- ool —o. nﬂ;.r-n T45 =—0. 051

TanLe XXXIV.
The Absolute Annual Increase in Lung-capacity. (Spirometer.)

Ageat nearest Values in Cubic Inches in the following Percentile Grades.

Birthday. | 5 | 10 | 20 _|_80 | 40 | 60 60 | 70 5 s 0|
15-16 ab.0 | z0.1 | 18.4 | 19.9 | 9.7 | 15.3 g.4 | 11. 1B.5 | 17.5 | =0.0
16-17 13.2 8.9 | 15.¢ | |g 4| 139 | 1%.3 | 7.4 | t7.8 | 148 ! 15.7 g0
17-18 144 9.0 | 1o.4 | 10.B| 13.7] 30.2 | 10.9 1.5 .9 Trg g-1
15-19 1.0 | 13.3 | 1.0 a.7 8.3 9.3 7.9 g.q. 74| 8 14.8
16-20 4B 3.0 3.6 2.6 3.2 5.0 L .2 7.8 | g.o 3-7
m-21 o.1 0.3 o.1 3.7 01 0.0 | —2.0 | =1.3 | =2.0 = L.02/— 3.8
21-22 B.3 8.8 7.5 3.6| 7.0 eyl =x.8 6.3 |I 4.8 | rg.x 15.0
o223 G.7 0.6 30 —0.5 | —i.0 ! —1.6 ' —o.5 ' 0.8 0.8 —1o.3 l—13.0
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Tasre XXXV, !
The Abzolute Annual Increase in Circumference of Waist,
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at nearest

Yalues in Inches in the following Percentile Grades,

|
i 10 20 | 80 40 | GO | 60 il B0 B0 | 85 |Awerage
i 1.50 1.08 o.0F S.9F | 079 o.6r | o.65 | o.78 | 0.78 | o.37 | Q.1 . 0T
| oubr o.63 . 66 .51 e.590 | 068 | o.72 | o.70 o.65 | o.8r | o.68 1.36
|  ©.37 .48 . 56 .7 0.75 | o727 | o.Bo| o.75 o.63 | o.9o | o0.9% .54
o.12 0-34 a.34 | o.32 | o.42 | o.38 | o.35 | o.33 | o.4 o.14 | ©.23 .50
0,35 | o.12 | 0.16 | ©.23 | c.27 | ©.38 | o231 | o0.30 | 0.56 | 0.8y | o.75 G.T
| —o.10 |—o.0p [=0.012 |[=o.17 —0.11 |[—0.79 |—0.05 | G.00 | ©0.84 —0.12 |—0.21 o, 06
| @5z o.30 a.t7 | o.1a | .07 | 0.12 | 0.14 | o.06 —0.16 |—o.23 |—0.19 0.1z
| —a,33 -H-T o 16 Q.37 o.18 | o.0f 0.13 0:22 0.3 | o.50 | O, 0 O 4
Tanre XXXVI.
The Absolute Annual Increase in the Span of Arms.
Values in Inches in the following Percentile Grades.
Gion)l 07y BOC T 90 40 | 00 80 ) TO | B0 | B0 | 96 |Average.
o.ay | 1.35 | =03 | 32y | 2.20 | 3-30| .47 | 280 | 1.52 | 1.go| 3.08 3:43
z.71 1.61 1.0 1.15 1.02 | 1.30| 1.10 | .12 1.24 | 1.3 | ©.74 .77
.86 o, bz o.43 .67 o fig | .05 .69 0. 54 o, 50 o.58 a. 46 1.35
—_— 0 .43 0. 74 .46 .43 .48 .48 S.80 o.58 | a.32 a.EBE a. Bo
0.43 o.47 | oO.25% @.37 2.30 | .37 | o.48 | o.67 | o.47 | o84 | ou35 | —0.02
2.4z | @.g0 | 0.97 u.gz 0. 74 | .53 | o.sx | o.25 | oz | .00 | o83 .57
—1.30 |—I.03 |—o.g2 [—o. =o.84 |—0.33 |[—o0.2B |—o.09 | o.32 | o.44 g | —o.47
2.0% | 1.43 1,40 T.22 o, 70 I 0.33 | o.ag l=o.06 [—0.33 |=0.95 |—0.58 | =—0.80
TapLe XXXVII.
‘The Absclute Annual Increase in Right Hand Squeexe.
Values in Pounds in the following Percentile Grades,
5 10 USRI DS SIS0 S0 P80 FL R0 ) 98- | Aweragh.
:g.u T T 9.1 6.6 B.o .7 55 f.5 | 31| e 10. 50
a1 5.2 7.1 79 73 7.2 7-3 75 74 73] 40 5-97
5,; 5.0 J.g .4 T.0 2.3 2.1 3.0 2.4 2.3 =.B 3.53
2. 3-1 4 5:5 4-3 45 51 50 50 5.9 | 57 4 o0
a.h o.g 2.1 J.g 1.5 1.8 1.6 1.7 3.6 1.4 1.2 2 .00
0.9 :.a 0.9 T. 2.4 2.0 2.7 2.0 1.8 3.1 | 3-3 1.00
—1.1 2. —3-I 2.6 | =21 | —0.B | —2.4 —315 —-2.3 | =—3.2 | —2.0 | =—I.50
2.0 3.6 G.1 6.8 5.1 P 5.0 | .3 3.2 | o8B 2.1 . 10
Tasry XXXVIII
The Absolute Annual Increase in Left Hand Squeeze,
"Jalu:; in Puu.nds in the following Percentile Grades.
i 10 | 20 BOI jm 40y 50 60, T0 | B0 | B0 | @5 |Average
12.0 14,0 1z.6 | 0.4 7.9 8.6 Bz s igiol | g g | §.% 10.0
10.0 .o g.1 | g.6 9.5 8.5 9.4 | 10.8 | 10.7 75| 7.7 6.6
.1 2.7 1.8 o | a.0 1.8 1.5 [ o6 | 1B 1.7 | =z 34
7.3 5.3 43 | B4 L fi.5 E.g b.1 £.0 7.1 4.8 E
—_— (-1 1:1 | 1.6} 1.0 o.5 1.5 3.9 ! 4:5 3.1 | 4-6 3.0
43 4.7 3.3 | Z= 2 i 2.4 2.5 .7 0.6 | —-n-.g ﬂ-.3 1 b Tad
—2.5 | —4.4 | —3.7 | =—I. 31 —1.7 | —o.7 | —o.5 | —o.b O —.3 | —1.6 —1. 0
1.3 1.9 o L T ] 2.7 1.3 o8| 0.2 | =23 | =32 10l —=1.1
Tarce XXXIX.
The Eelative Annual Increase in Weight. (Pounds.)
I.\!a't NEATESt Values in Per Cent. in the following Percentile Grades.,

Birthday. 65 | 10 2 B 0 | 50 | 60 0 ) | 90 | 95  Average.
15-16 I3-1 | az-4 .0 | 9.4 | 36:56| %Bo| 8.3 83| g.3| oG.2z| 132 10,
16-17 x| AT .1 E.a 8| 6.7 6.0 ﬁ.g E.g g.o i.ﬁ i ﬁ.g
15-18 5.4 54 | 6.4 5.6 5.5 g6 6.2 6.0 6.8 Tk 5T | 6.7
15-1%9 3.8 1 37 4.2 F 4 4.7 4.0 | 2. 4.0 53 | E.O
19-20 .2 3.7 L3 1.2 1. T T ©.3 % | |.g 2.1 2.0 TaT
20-21 .3 23 0.3 0.3 0.3 0.3 0.3 0.2 2.2 | —0.1 | —0.3 —o.8
2122 —0.4 | Out 0.7 .4 a0 | —o.4 | —o.1 6.4 | 6. | —o.5 | —3.0 —1.0

. Po-ng 2.0 | o1 | =0.g ! =08 | —0.4 | —0.3 | —0.5g | —1.0 | =1.2 3.7 4-0 3.0

o Tance XL,

L The Relative Annual Increase in Height, Standing. (Inches.)

g€ at nearest Values in Per Cent. at the following Percentile Grades,

Birthday. 5 10 20 ., 40 50 | 680 | T #0 B0 | 95 | Average.
15-16 3.5% [ 3.8z 1.8 | 3.17 | 2.92 | 2. 3';r | 240 | zodr | zom4 | z.or | 1.84 3.34
16-17 2.0 2:53 | =io0 | 2.93 | 179 .73 | T.pr | a.64 | =02 | 1.08 1.90
17-18 1.5 1.91 r.o7 | o3 || o.g | o -;|3. ogl | ogo| oBy| o.30| o.3r .36
18-19 .72 o.gB | o.54 | o.53 | o.56 | o.o3 | o.52 | o4y | ez | e.72 | 0.8 .ot
18-20 .41 .z c.zy | ©.37 o.37 | o8| e300 | o0.34 | 0.68 | o4r | o35 o.0%
20-21 G.001 | G.O01 0.003 —0.058 | —o.0i2 —0.038) o.obi| 6.008]—0.107 —0.232|—0.175 0.073
2-23 —o.o3f o Jﬂlj'l 13_3:_,| @214 u.:r]_ﬂ-i O.200, 057 O, ﬁ,,,'n o.0647| ©.616) ©0.367 =o0.215
-3 o.gon —o.045| 0,000 oc.ghl o.3be' 0.l 00100 —o.gel—o.g7l =00 442/ —o. 377 @248
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Tasre XLI
The Relative Annual Increase in Height, Sitting. (Inches.)

Age at nearest Values in Per Cent. at the following Percentile Grades.

Birthday. § | 10 | 20 ) 80 | 40 | 50 | 8 | W | 8 |_ %0 | 8
168-17 2.87 Z.42 .44 | 2.30 | Z.17 | =.04 1.8z | 1.8 1.68 | 1.95 1.9%
17=18 z.60 | =z.30 .39 | z.30 | .27 | 1.21 1.43 | o84 | z.25| o.78 | &
18-19 0.38 | o.4a | ©.95 | 1.08 | :.38 | 2.08 | o.93 | 2.58 u.g 1= .
19-20 .37 | o600 | e.71 o.70 | 0.95 | o.52 | o.52 | o530 | o o.68 | o.42
20-21 1.33 1.55 | 1.12 1.2t | o.6p | e.53 | o.39 | o.27 | o.20 |—o.08 (—o.27
21-22 —r.08 |—I,26 |—o. —0.g0 |—o0.48 |—0.35 [—o.21 |—0.cB | 0.30 | o0.6B | x.46
22-23 2.10 1.0 o.bz | .17 |—o.07 | o.03| o.13 | o.23 |—o.02 '—o0.77 .08

Taere XLIIL
The Relative Annual Increase in Perineal Height. (Inches.)
Apge at nearest Values in Per Cent. at the following Percentile Grades. ML

Birthday. 6 __10 | 20 ; 80 | 40 | 60 | 80 |_T0 , 80 | 90 | 95 |Awe
15-16 5.00 | o.70 | z.26 | 271 | 2a.30 | 3.20 | =z.33 | 2.44 | 2.05 | 1.83 .36 3.50
1“-17 s, 81 | 410 1 2,16 !.33 2.41 2.32 .34 2.24 3.0:! .20 I. F, 4K
17-18 1.33 | 1.03 I.51 1.43 | 1.24 1.20 | 1.05 | o.go| o309 | ou7a mg T.7
18-19 1.5¢4 | 1.00 1.00 Ou74 | 248 | 0.65 | 0.58 | 0.4y ¢-g.| o.30 | o.70 3175
19-20 .46 o.55 o.2b o.2b | o.tB | o9 | o039 | o.55 | o.30 | o.24 | 046 | —2.50
20-21 —0.40 =0.33 [—0.09 (—o.027| o.020] 0.04 | 0.103 =—o0.10 | o.06 | o.003]—0.07 | —1.4
21-22 u.gﬁ | o, o.47 o.57 | o.47 | oO.42 0.39 | 0. o, 82 1.46 | o.by 2.97
22-23 o.br | o.Bd .4 o 66| o0l o.45 | o0.42 | o,90 |—o.23 l=o.go |—o.Bg . 00

TasLe XLIIIL

The Relative Annual Increase in Circumference of Chest.  (Inches.) |

Ageat nearest Values in Per Cent. at the following Percentile Grades.
__ Birthday. b 10 20 | B0 | 40 | 5O B0 | 7D ] B0 a0
15-16 4:5¢ | 3.93 | 4.94 | 4.50 | 437 | .77 | 3Z.82 | 3.6m | 3.40| 3.37
18-17 2.3 | =.33 | 3.63| 3.13| 9.8z | =3.z0 | may| =.38 | z.0r | =03
17-18 3.06 4:36 | 3.go| =m.ay | =45 | gy | 250 | 207 | 300 | a7
18-19 .34 .13 ; z2.06 | .78 .70 | z.70 :.g‘z 1,41 1.14 1.04
19-20 ©.75% | ©.57 o.40 | o.80| o.91 | o.gh | o. E o.g0 | o.67 | o.g2
20-21 o.21 | 0.23 | o.37 | o.0b| 8.3 | cizo| 8.3 a.16 | o.30 | o.09
21-22 G.23 0. 47 .30 | o.52 | e.ar | ©.36 | o.44 | 0.30 | 0.33 | D.47
2803 e.07 | o.45 | 026 0.36) caag |l o.28| 0.36 | o0.01 |—0.25 |—0.42
Tasre XLIV.
The Relative Annual Increase in Lung Capacity. (Chb: Inches.)
Age at nearest Values in Per Cent. at the following Percentile Grades,
Birthday. 3 10_|_20 | 80 | 40 |_ 60 |_60 [_T0o | B0 | B0 |
15-16 14:3 | ©0.1 | 1.0 11.0 1.0 B.g a.: 0.4 10.1 9.5 1l.0
16-17 6.5 75| 9.4 B.z Gog 7. G| Bg| 73| 7B 47
17-18 6.6 4-B i £.0 6.3 47 5.0 4.0 3.7 3.a 4.3
18-19 4.8 a8 5.4 43| 3.7| 42| 25| 33| 33| 8 6.6
16-20 1.0 1.5 ©.8 1.1 1-3 2.5 2.7 2.2 3.3 3.8 .6
. B0-21 .04 o.04 o2 1.6 o.04] o.o0] —o.83 —u.zq —a. By —o.43 —r.a
21-22 3.40| 3.2 3.65| wod3 a.ge z,gjl .37 2.61| =200 7.30] 4-
0993 .28 —1.23' o.24| —0.60| —o,45] —0.60' —6.206' o6.30] 6.33 —4.200 —5.39
20 10
P.G. P.G.
Tanre XLY.
The Relative Annual Increase in Circumference of Waizst. (Inches.)
Ageat nearest Values in Per Cent. at the following Percentile Grades.
Birthday. | &5 | 10 | _20 | 30 | 40 1] 60 |0 |_® 80
15-16 6.ar [ 4.30 | 3.6 | 3.B6 | 3.38 :.Es 2.35 | 2.15 | 3.50 | ©.§@
16-17 2.3 | 342 | 254 | 20| 237 | 2.64 | 9.77 | @77 | 250 3.1
1%-18 1.34 t.95 | soq4 | a.s9g | 2,93 | 2.B1 | a2.g2 | 390 | =.30 | 3.38
18-19 ©43 | 1.3 | 1.33 | 101 | 1,43 £.36 | z.25 | .11 | 1.54 | B:-50
19-20 1.23 0.42 o.56 | o.Bo| o©.55 | .33 | ©.73| 1.50 | 2.00 | 3.00 |
a0-21 —-0.3%5 |—0.37 |=0.43 [=0.60 |—0.35 |—1.01 |—0.17 | ©.07 | ©.14 43 .
21-22 1.77 | 1.04 | o.60| 0.34 | i34 | o042 | 8.49 | ©.31 |—0.55 |[—1.00 —0.
o.og |—c.76 | oo | o.s51 oup3 ! 062! 0.28' 045! 096 | 132! 173
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Tarre XLVI.
The Relative Annual Increase in Span of Arms. (Inches.)

331

at mearest Values in Per Cent. at the following Percentile Grades,

irthday 510 | 20 | 30 | 40 ) 50 [ 60 | T0 | 80 [_90 |_9 | Averaee,
15-16 0.30 211 3.158 3.B6 | 3.8 g.060 | 3.B6 | 410 | 2.38| z.97 | 4.70 5.37
16-17 4 oy 2.40 3.78 | xegr | r.mp | z.63 | 2.63 | TG | z.79 | 1.Bo | mooe | 1,14
17-18 1.96 .1 o.61 1.00 | .95 | 0.5 | r.ol .71 a.92 | e.72 | o.63 i 1.83
18=1% —0. a2 o.6g 1.06 | o.66 | o.62 | o.b6y | o.6t o.85 | o.79 | o.46 | o.79 | 1.1§
18-20 o. 61 o637 ©.35 | ©@.%52 | o.57 | o.52 o.68 | o.g5 | 0.67 .19 | 235 | —0.03
0-21 . 5o 1.28 1,38 1-34 £.05 .35 a.74 9.35 | 0.20 O.00 .17 | o.81
21-22 —1.70 |—1.45 |—1.30 |—I.21 |—0.70 |—o0.46 |=—0.40 |—o.13 | 0.45 | o.02 -—a.:',r| —. G
2-23 420 2.03 2.00 1.73 n.0e ! 0.47! 0.35 —o.08 |l—o.bx |—1.35 I—0.B2 114

Tanre XLVIL.
The Relative Annual Increas= in Right Hand Squeeze. (Pounds.}

at nearcsi Values in Per Cent. at the following Percentile Grades,

irthday. b 10 o) 30 40 | 60 |_ 60 | T | 80 | W | 95 | Average
16=16 2.3 D4 d 0.8 5.0 0.8 13.1 if.0| g0 100 £, 1 16, 4 17.3
16-17 B.5 7.2 10.0 | 12.0 | 10.2 1.1 9.2 | 10,5 | 10.3 [+ 10.2 5.0 8.3
17-18 7-3 G.4 2.4 a.5 2.6 | 3.00 2.7 | 27 3.1 3.0 3.6 45
18-18 3.5 3.8 5.7 6.8 5.3 5.5 6.3 | 6.2 6.2 y.{-‘:, .0 5.0
1820 Q.7 1.0 3.4 2.2 1.7 2.1 1.8 | 2.0 i T. T.4 I 2.3
20-21 1.0 1.5 1.0 z:1 z.7 7.3 BaE | 3.3 I.7T 3.5 3.8 | I.I
a1-22 —f.z2 | —3.00| —3.5 | —=3.8 | —1.2 | —0.9 | —2.7 | —4.00 | —2.6 | —3.6 | —2.2 | —1.7
20— 2:3 4.3 7.3 7.8 5.0 4.6 5.8 Lt B | 0.9 3.4 .1

Tapre XLVIIIL
‘The Relative Annual Increase in Left Hand Squeeze. (Pounds.)

Ee at nearest Values in Per Cent. at the following Percentile Grades.

Birthday. b 10 20 (_B80 | 40 |_G&0 |_60 | 70 | _80 |_90 |_ 85 |Average.
16-16 0.0 | 5.0 | 210 1.0 | 13.1 14:3 | 14.5 | 18.0| 3.3 | 15.0 | 1I5.% 6.6
16-17 143 1.4 13.0 13-7 13.5 1%.1 13:4 15, i 15.3% 16.7 1.0 5.1
17=18 3.7 1.5 7.3 0.5 .0 3.0 2.0 o.8 | 2.3 2.3 2.7 4:
16-10 S0 el S| | e e e | (e | 38
19-20 —1.3 .0 1.3 1.9 r.2 | o.6 1.8 4.7 5.4 | 3.8 5.5 3.4
20-21 5.0 5.5 4ok 3.3 2.8 | f.g 3.3 0.8 | =—0.3 .3 o.7 z.B
21-22 -3, | —5.0 | —4.3 | —2.1 | —2.0 | —o. —o.6 | —0.7 | ©.9 | —o.3 | —1.8 —1.B
22-13 gl amla G0 4.0 .ol 1y o6l ——a2|l—25|—235l1 12 —1.3

Taere XLIX., The Height, Standing.
e “ - | o
.| | B : » o ad Eu' u o [
= L LE |PAZ¢leoG| e =.|®%.| =. ;
EHEEEE e | S8 52 |8, 8 SER| 258 Td |58 | S| G2
EE|gfl=g| E [258 | B8 |S=sE|SSs |55s | 9B S5% |pid| 5at
= K= =1 EI'-EE g a8z 3.—: U=t EG 'Eadl s HUEE
2-gl ¢ |RM<d | ag |SoTe| 2l (el = g |
Eﬂ 2| = - <) =° E‘
= ra F A
16| 331 ﬁ;-hin.raﬁ =+1.96 2.65% Gz.058 | 64.200 G6.208|4- o.450
16| 39s| 65.03|=0.080 |F1.56 2.36 2.13 3.34% | 64.747 | 65.B50 67.610|— o.125
17| 722 f7.08|+0.080 ih;g 2.37 1.12 1-50 5.500 | 67.000 |68.70B|— o.oge
18 g-u b7.2g|=0.057 |S=1.68 Z.50 LT o.36 | 66,184 | 67.633 Gg.303|4 0.343
18 y50 Gy.gol=to.054 |T1.50 Z.21 o.61 o.97 | 66,547 | 67.651 |6g.514|— 0.240
20| 645 68.xx|to.060 |Z-1.50 218 6.6 0.05 | 66.753 | 68.2582 |6g.B65|— o.208
21| 493 68.6o|4o.071 [F1.58 z.30 0.05 o.073 | 66.743 | 69.215 (69.B31|— o.3Bg
& 338 68, 45| fo.0db |-x.g6 2:87 |—0.15 |=—0.215 66.%4;; 53.351} 0. 280 — o.0g8
2 232 68.6a'to.009 |=1.50 2.20 @.17 o.248 | Gb.g40 | 68,532 Y6g.gBol— o.ogB
Tarre L. The Weight.
£ g 4 . ; | 28 sde (52l Bslofs 2 [53 | & ;
galsc(SE| & 288 | 22 |eRcglcucsE|SemEne = 98 =]l
g9 YRS g8 = a8 E Slows=|2 ool Eg|Seg| Ea| 2z
=2lcBl=g| B | 285 | 83 (2552 HESSEcZEs nER ST nERISEE
sbmG)S2l & | BEE| 2% |2BSilEcaslinaieta "ES[R85| 58| 252
Bl A8 < | M| A [BeF At Es M ey AT R | & -
2 = f < < i
= E o afA
16| 137 1970|4002 |+i10.60 | 10.0% | 16.7% g5-.9 | 108.5| 118.5/<4- 1.5
18] 395/ 113-:!-%:&;531 +i1o.56 8.9 1.2 | 11.0 | 10.3%(106.2 | 116.g| T27.B|— 1.1
1 E:ﬂ 125.0/f0. 370 E =T E-g 8.6 ;.o 6.0 |104.4 | 124.8] 135.0/— 0.2
1 I 133.4(F-0.400 |[F11.28 4 20.0 4| 6.7 [121.9 | 131.B| 143.0/— 1.5
1 gg 139.7 o300 |4 .86 .0 :u:rz 6.3 | 5.0 [127.1 | 137.0| 147.5]— 2.7
5 4130371 (4= 0.43 6.7 20. 1.5 | z.1 [128.B | 13B.g| r4g.6|— 2.7
4 140,00 456 i:o.u 7.2 20.4 |—1.2 |—o.8 [z33.3 | 138.0| 240.9!— z.2
3z 141, 3| 0. 500 g.o7 | B4 0.6 |=1.3 |=1.0 [130.3 | 138.7| rgo. ]— 2.6
232 L4400 768 |411.B1 8.2 21.0 2.7' 2.0 '1aB.g ! 138.3 149.1'— 5.7
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