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FOREWORD

It is our hope that this report be considered in the nature of a preliminary
study in the anthropometry of the feeble-minded. We have developed
the treatment of the data from the point of view of mental tests, as an aid

to diagnosis rather than as a contribution to anthropometry proper. Our
primary aun is to establish a definite objective means of interpreting the

measurements employed, measurements which are taken in nearly all

laboratories and clinics but interpreted in few. We particularly urge that

thosewho apply this method of interpretation consider the individual meas-
urements not so much by themselves as in their relation to each other in

the anthropometric curve, and that for individual cases due regard be
paid to special conditions afifecting each subject. These are, especially,

physical deformities, pathological conditions, personal history (including

nationality, parentage, previous health and nutrition, physiological status,

physical and social environment, et altera), examinational conditions (such

as time of day, season, weather), and other internal and external factors,

like incentive, emulation, or their negatives. Data regarding these con-

ditions and their effects could not be obtained in sufficient quantity or

reliability to be of value in this study, but their importance should by no
means be disregarded. The effect of these varying factors is illustrated

in a research by E. L. Kuhnes (Experimental Stvdy of Dynamic Periodicity

as Influenced by Diurnal, Weekly, Monthly, Seasonal and Yearly Efficiency,

Ped. Sem., Vol. XXII, No. 3, September 191S, pp. 326-346), from which

it appears that motive, incentive, and such almost uncontrollable internal

stimuli far outweigh all other factors. Only by controlled introspection,

an impossibility with feeble-minded subjects or young children, can these

effects be evaluated or allowed for.

Because our study is preliminary we have been constrained to avoid

making definite conclusions, except so far as these are summary statements

of results, and to refrain from any interpretation of the results. The
author hopes to overcome this deficiency by a later investigation dealing

with thebody proportions of the feeble-minded in relation to age and mental

ability. In view of the development of the theory that the feeble-minded

tend toward a condition of organic and functional infantility, perhaps more

general and complete than is ordinarily suspected, such a research seems

3



4 ANTHROPOMETRY

unusually promising. It lies, however, beyond the limits of our present

aims and means.

A preliminary report of this investigation was read at the 1914 meeting of

the American Psychological Association under title of The value of anthro-

pometric measurements in the diagnosis of feeble-mindedness, an abstract

of the same appearing in the Psychological Bulletin, Vol. XII, No. 2, Febru-

ary 1915, p. 72, and also in the Journal of Criminal Law and Criminology,

Vol. VI, No. 1 , May 1915, p. 1 14. Since then the entire statistical material

has been revised; new subjects have been added, mental ages have been

accurately verified, subjects with such physical defects as would affect

the measurements, and also subjects over 40 years of age have been ex-

cluded. The data have also been carefully surveyed for reliability of

measures.

Credit is due Dr. H. H. Goddard for his original studies in this field, and
for initiating the present study. Mr. S. C. Kohs first pointed out the

significance of the "slope" of the anthropometric curve and the method of

expressing this relationship. In particular I desire to express my personal

thanks to Miss Louise Bishop and Miss Edith Taylor, formerly research

students at the Vineland Laboratory, for their persevering assistance

in tabulating the data and preparmg the statistical tables. I am indebted
also to Prof. G. M. Whipple for helpful corrections of manuscript.



ANTHROPOMETRY AS AN AID TO MENTAL DIAGNOSIS

Introduction

As early as 1892, Porter (17)^ concluded from a study of 33,500 children

that there is a physical basis of mental precocity, that dull children are

lighter than the average child and precocious children heavier, that me-

diocrity of mind is correlated with mediocrity of physique. Christopher

(6) later reinvestigated Porter's conclusion and confirmed it. Smedley

(22), in 1899, further demonstrated that "the evolutionary ideal child

stood somewhere above the average in each measurement," and that

"the more advanced pupils stood higher in the physical measurements

than the backward ones. " In 1900, Smedley (21) confirmed his own results

of the previous year and from data divested of the influence of age and sex

showed the existence of a direct correlation between physical condition

and mental capacity, concluding that children physically superior were

superior in school efficiency, arid that this held true for all of his measure-

ments. Gratsianoff (13) and Sack (18), in Russia, and MacDonald (14),

Beyer (4), and DeBusk (8), in America, also found successful children

larger than imsuccessful. Galton (9) , on the other hand, with adults, found

no connection between success in literary examinations (at Cambridge)

and stature, weight, strength, or breathing capacity. West (25), too,

found an inverse relation between brightness and size, while GUbert (10,

11) found no relationship.

Goddard (12), in 1912, presented the first conclusive study of physical

measurements with the feeble-minded, although Tarbell (23), Shuttle-

worth (20), and Wylie (27, 28) had preceded him with studies based upon

comparatively few cases. Tarbell, in 1881, from data on perhaps 130

children concluded that the feeble-minded were both shorter and lighter

than the normal. Three years later Shuttleworth published a curve of

growth for mental defectives, constructed from data on about 1200 cases

from EngUsh institutions. These results agreed with those of TarbeU.

In 1899, and again in 1903, Wylie reported in confirmation of these pre-

vious findings, adding that variability is much greater with defectives

than with normals. Goddard, finally, collected data on approximately

' Numbers in parentheses refer to the list of appended references.

S



6 ANTHROPOMETRY

6000 feeble-minded males and 5000 feeble-minded females, ranging in age

from birth to 60 years, gathered from 19 American institutions for the

feeble-minded. His tables and curves unquestionably demonstrated that

with but slight exceptions the feeble-minded of both sexes are below the

normal averages, and that the degree of subnormality bears a direct re-

lation to the degree of mental defect, with the highest grades, the morons,

closely approximating the normal, this last in agreement with the con-

clusion of Miss Norsworthy (16), who had studied mental defectives at

Waverly, Mass., in 1906. To these studies may be added the recent con-

tribution by Mead (15). From data on 284 feeble-minded boys and 122

feeble-minded girls, compared with an approximately equal number of

normal school children, he concluded that "not only is mental defect re-

flected on the average in the height and weight of children, but the more
decided the defect the more checked the physical growth;" also that

"this is more evident in height than weight;" that "feeble-minded girls

more nearly approximate normal girls than do feeble-minded boys approxi-

mate normal boys;" and that defectives are more variable than normals

in height and, after the thirteenth year, also in weight. Thus all Mead's
conclusions confirmed previous results. This general relation of mental

capacity to physical growth is again found to hold among normal children

in the quite recent study by Baldwin (1), who afErms "
. . . .it may

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. "^

The investigations thus far referred to have dealt chiefly with measure-
ments of height and weight. In the field of measurements of normal
subjects a few of the studies of physical measurements, notably that of

Smedley (22), included strength of grip and vital capacity. A few studies
have been made upon normal subjects with special reference to vital

capacity or strength of grip, but with the exception of Wallin's (24) study
of manuometry with epileptics and feeble-minded we are not aware of any
study of these measurements with mental defectives. From these investi-

gations we may note briefly a few conclusions which are related to those
emanating from the present study. All investigators agree that in vital

'This historical review is purposely curtailed and sketchy. More complete and ex-
tended summaries may be found in Whipple (26, Tests 1, 2, 5, and 6) and in' Baldwin
(2). The latter contains an exhaustive annotated bibliography, including several his-
torical summaries. Goddard (12) gives an historical review with special reference to the
feeble-minded.
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capacity boys are superior to girls, and men to women; that the norm is

conditioned by weight; that there is a general increase with age, and a
dependence upon mode of life. Gilbert (10, 11) found an indifferent re-

lation between performance of bright and of dull children, but Smedley

(21, 22) found a positive correlation between school standing and vital

capacity, and DeBusk (8) also found bright children superior to dull.

In strength of grip males are superior to females; there is a dependence

upon the seasons, incentives, and social status. Smedley (21, 22), Schuy-

ten (19), and Miss Carman (5) foimd positive correlations between strength

of grip and intelligence, although MacDonald (14) came to a contrary

conclusion. Barr (3) has stated from observation that mental grasp and

hand grasp go hand in hand. Wallin (24) clearly showed high grade

epileptics superior in grip to low grade, and Dawson (7) found delinquent

children below normal children. All studies of dextrality in mental de-

fectives tend to the conclusion that mental defectives are predominantly

left-handed or ambidextrous. Goddard has for some years held that the

feeble-minded are markedly below normal in strength of grip, with left

superior to right, and that they are evemnore-subnormal in vital capacity,

with only an occasional defective approximating the normal. There

still hangs in the Vineland Laboratory a time-worn chart of the relation-

ship of physical and psycho-physical measurements to grade of defect, in

which both sets of measurements are below normal, with the psycho-physi-

cal much below the physical, the curves becoming increasingly subnormal

with the lower grades of feeble-mindedness.

With such concurrence of opinion it may seem unnecessary to offer

further evidence. But as yet there has been no single study of the feeble-

minded showing the specific relations of these several physical and psycho-

physical measurements to each other, or to mental defect accurately rated

in terms of intellectual levels. Moreover, preceding researches have dealt

always with absolute measurements. This report is unique in that it

deals with percentile comparisons of defectives with normals and treats

ali measurements in their specific relationships and in relation to exact

mental levels.

Material

The data of this study have been obtained from the file of anthropo-

metric data assembled since the establishment of the Research Laboratory

at The Training School. The earliest investigations of this Laboratory

included measurements of standing height, sitting height, and weight,

herein specifically referred to as physical measurements, and tests of right
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grip, left grip, and vital capacity, herein specifically referred to as psycho-

physical measurements. These measurements were made on most of the

"children" then at The Training School, and since then have been repeated

annually with many of them. The first examinations of entrants since

that time have also included these measurements, with later repetitions on

most cases. In 1912, Mr. S. C. Kohs made these measurements upon all

children in the School that year, and since then several research students,

carefully instructed in the methods of examination, have, with the writer

continued the measurements.

From this working file of data a single set of measurements for each

child, usually the most recent one, has been selected for the purposes of

this study. " Children " over 40 years of age as well as those having such

physical defects as would affect the measurements (lameness, broken limbs,

malformations, ataxia, paralysis, etc.) were excluded. These selected

measurements include all other children of the School of whatever mental

age or type and were taken, in practically all instances, in 1912, 1913, and

1914. Of the 477 sets of measurements which comprise the data, the

author personally obtained one-third, Miss Norma Cutts one-fifth, and Mr.

S. C. Kohs one-seventh. The remaining third were made by a number of

different examiners under close supervision. The treatment of the data

has been limited to conditions of mental age, chronological age, and sex;

information regarding race, nationahty, heredity, pathological type, and
special personal history has been available in some cases, but not in suflB-

cient quantity or reliability to warrant a study of the effect of these con-

ditions except for individual cases. The repeated measurements were not

available in sufficient number or reliability to be valuable for a study of

growth increments or coeflScients of reliability.

Method

The measurements have been made on the subjects in shoes and ordinary

clothing. The resulting error with respect to height is not considerable,

since the shoes worn by these subjects are practically heelless; there is

probably a constant plus error in standing height amounting to not more
than 1 cm. Typical clothing also is not so heavy as among normals, giving

a probable plus error of not more than 2.5 kg. Both these errors result in

an error of comparison in favor of the defective subjects. Were they
absent the conclusions would be even more positive.

Height was measured with a stadiometer graduated to mm., with adjust-

able cross-arm. The subject stood erect, heel to heel against the upright
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rod; head level.' (A decided qualitative symptom is often fomid in the

manner in which the feeble-minded subject stands up to the stadidmeter.

It is expressed by the stoop in the knees, the flat feet, the poor physical

tone, the round shoulders, and the sharp inclination of the chin in holding

up the head. Many face the measuring rod or place their feet astride the

base-board. The normal, intelligent child, on the contrary, seems at

once to know what is wanted and backs himseK against the measuring

rod with military erectness. It is not always possible to overcome the poor

physical tone of defectives, and there results a small minus error which

offsets to some degree the plus error of shoes.)

For sitting height the stadiometer was placed upon a chair of suitable

height and the subject seated on the base-board. (It is curious to note how
many defectives attempt to step up on the stadiometer in this position

instead of accepting, as does the normal child, the implication to sit.)

Weight was measured with a Fairbanks scale graduated to hectograms.

No difficulty is experienced in taking this measurement, except that it is

difficult to induce low-grade children to step upon the platform, and once

there, to keep them from holding themselves against the parts of the scale;

their sense of equiUbrium seems so easily disturbed (witness also ataxia-

graphic experiments) that it is with difficulty that they hold their position

upon the slightly-swaying platform.

Right and left grip were taken with a Smedley improved djTiamometer,

the subject standing. To suit the instrument to each subject's hand the

examiner adjusted the movable stirrup by trial and error so that when the

hand was loosely flexed and ready for the pull the instrument lay squarely

in. the pahn, facing upward, with the outer frame set firmly against the

fleshy base of the thimib and the inner edge of the stirrup touching the

second phalanges of the fingers. In most cases the experimenter also

lightly held the tip of the instrument to assist in proper procedure. This

is of some assistance to the subject in controlling the position of the instru-

ment and in keeping the dial in view, and is more necessary with low-grade

children than with the higher grades. Three trials were taken with each

hand alternately and the highest pull for each hand was recorded. (Quali-

tatively there is again considerable value in observing the reaction of the

subject to the test, the awkwardness of the hands, the enormous effort with-

out appreciable result, the facial distortion and spasmodic body move-

ments. The lower-grade cases, although unable in this test to grip 10

' For defectives it is advisable that the base-board should be not more than an inch

from the floor; the stadiometer may then be placed on a chair of suitable height when

measuring sitting height.
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kilograms, easily manage heavily-loaded wheel-barrows or lift exception-

ally heavy weights.)

Vital capacity was measured with a small-bore wet spirometer of special

type recording by single cubic centhneters. Expiration was made through

a connecting hose-tube fitted with ordinary sanitary wooden mouth-pieces.

(This test offer's much greater difficulty than the others with defectives.

The typical low-grade subjects are unaccountably timid in the experiment

and often refuse to approach the instrument. They ordinarily yield to

coaxing or cajolery, but may become excited at any insistence.) It was

necessary to give careful instruction, supplemented by personal demon-

stration, as to the manner of performing the experiment. Preliminary

inspiration and expiration without the tube was advisable before taking a

record. Again the best of three trials was recorded. (Observations of some

value can be made, such as blowing around instead of through the mouth-

piece, holding the mouth-piece in helpless or stupid fashion, blowing

through the nose, stopping the mouth-piece with the tongue, blowing

oftener than once, re-inspiring from the instrument.) It is remarkable

how almost unfailingly the record was below normal and in most cases far

below. Less than 8 per cent of the cases here reported reached the normal

average.

Treatment of Data

In seeking a means of accurately determining the amounts and kinds

of differences between normal a,nd feeble-minded children in these measure-

ments the Smedley percentile tables were selected as the best suited to

the purpose. In Child-Study Report No. 3 (21), issued by the Department

of Child-Study and Pedagogic Investigation of the Chicago Public Schools,

Fred Warren Smedley has classified into percentile tables the measurements

of several thousand school children with respect to standing height, sitting

height, weight, right grip, left grip, and vital capacity. This report is

now out of print; we therefore quote these tables in full in the appendix.

In the words of the report (21, p. 13):

"Tables have thus been produced which will be of especial service in the Child-Study

Laboratory and of value to all who make a study of individual children. By means of

these tables one can determine closely how a given child compares with others of his age.

These percentiles have been obtained in the following manner: The individual cards on
which the measurements were recorded when the child was tested were arranged accord-

ing to the size of the pupils in each measurement, grouped separately for each age in

years. The minimum measurement in each such group gave the zero percentile for that

group. To determine the ten percentile for that group, ten per cent of the number of

cards was removed, beginning at the minimal end, and the highest measurement on the

cards so removed was recorded as the desired ten percentile. Similarly the other per-
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centUes were determined, the maximum measurement being recorded as the one hundred
percentile."

These tables make it possible to compare the measurements of an indi-

vidual child with the normal averages for its age and sex. The tables are

also of value in showing the balance of growth and development, as shown
by direct comparison of the several derived percentiles with each other.

To derive a comparison percentile from the numerical tables one refers to the proper

table for age and sex, -and there, by inspection and a simple method of interpolation,

finds the exact position of the individual in each measurement on the scale of 100. Speci-

fically, to find the exact interpolated percentile of any measurement; first, find the table

corresponding to the subject's sex, and to his age at the last birthday; second, for each

measurement find the two percentiles of the table between which the given measurement

lies; third, subtract the value of the lower limiting percentile from the given measure-

ment; fourth, divide this difference by the difference between the values of both limiting

percentiles; fifth, multiply this decimal by 10 (the difference between the two percentiles)

and add to the lower limiting percentile.

For the treatment of values above the 100-percentile we have assumed the difference

between the 90-percentile value and the 100-percentile value (for each table and measure-

ment) to be a constant, appljang equally to hypothetical percentile groups beyond the

100-percentile; similarly for values falling below the 0-percentile value we have assumed

the difference between the lO-percentUe value and the 0-percentile value to be a constant,

operating equally to successive hypothetical percentile groups below 0. Thus, to de-

termine the percentile for a value which lies beyond the highest limit of a table, subtract

the lOO-percentUe value from the given value, divide this difference by the difference

between the 90-percentile value and the 100-percentile value, multiply this quotient by
10 and add the resiUt to 100. Similarly, for a value which lies below the lowest limit of a

table, subtract the 0-percentile value algebraically from the given value, divide this differ-

ence by the difference between the O-valiie and the 10-value, multiply by 10 and add to

0, retaining algebraic sign. This method is obviously open to error, but seems superior

to other methods which have suggested themselves. The error is probably not great,

and such as it is operates in favor of the compared value, since the difference between

values for the successive percentiles increases geometrically rather than arithmetically

as the percentile lies farther above or below SO, the median.

To relate these derived percentiles to each other graphically they may be plotted on

graph sheets in which the separate measurements are represented along the abscissae

and the percentiles along the ordinates of artificially constructed coordinate points (see

pages 73 and 74).* To illustrate the specific computation and graphing, consider Plate II,

page 73, Ben , C . Here is a boy, aged 13.8, who measures 1518 mm. in stand-

ing height, 732 mm. in sitting height, 32.6 kg. in weight, 19.5 kg. in right grip, 20.0 kg.

in left grip, and 820 cc. in vital capacity. To compare this individual with the norms for

his age and sex we refer to the table of percentiles for 13-year boys (age always taken

to last birthday). Here we find that the given measurement for standing height, 1518,

* Record and graph sheets similar to those used in the cuts may be obtained at cost

from the Research Department, The Training School, Vineland, N. J. We are not aware

of their being published elsewhere.
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lies between the values for the 60 and 70-percentiIes in the table. By dividing the excess

of 1518, the given value, over 1505, the value of the lower limiting percentile, by 23, the

difference between the two percentile values, we obtain the quotient 0.6, which multi-

plied by 10, the difference between the two percentiles, and added to 60, the lower limiting

percentile, gives the desired interpolated value, 66. By inspection, the given measure-

ment in sitting height, 732, is found to correspond exactly with the 10-percentile in the

table and interpolation is unnecessary. And so on for the other values. The value for

vital capacity, however, 820, falls outside the lowest limit of the table; we therefore sub-

tract the 0-percentile value, 1500, from it, divide this difference by the difference between

the and 10-percentile values, 300, multiply the result by 10 and add the result, —23, to 0.

To graph the percentiles of the measurements, place a point on the graph sheet midway
in the space for each measurement at a height corresponding to the computed percentile

for that measurement. To draw the "curve" connect successive points by straight lines

from left to right. To draw the "slope" for the curve, average the first three percentiles

(physical), and the second three (psycho-physical); locate the physical average as an
ordinate in the space for sitting height, and the psycho-physical average as an ordinate

in the space for left grip. Connect these two points by a straight line. The significance

of this slope is discussed later.

The age for which each measurement is most nearly average may be found by seeking

the age-tables (for that sex) in which the measurements most closely approximate the

50-percentile, which may be considered the average (more exactly, the median) for each

age. Thus, in the case cited, the boy aged 13 is "at age" in standing height, is average

for 11 years in sitting height and in weight, for 12 years in grips, and for S years in vital

capacity. He is therefore average for 12-year-old boys physically, and may be said to

be one year retarded in physical development. The curve drawn for the age at which his

physical measurements are most nearly average has in this case the same character as

the first curve drawn at age. This second curve sometimes reveals shifts in the character
of the curve. It gives the child the allowance for the physical subnormality.

Smedley's tables for "twenty-one years and over" seem not so reliable as those for

the lower ages. For this reason we have compared the measurements of our subjects
who were over twenty years of age with the tables for age twenty.

Perhaps some of those who wish to apply our method and results may have need
of transferring their measurements from the English to the metric system of units.

For their convenience we cite these conversion values: To convert inches to mm.
multiply by 25.4 or divide by .0394; to convert pounds to kg. multiply by .0453 or
divide by 2.206; to convert cubic inches to cc. multiply by 16.4 or divide by .061.
To convert from metric to Enghsh units apply these constants in reverse order.

From the very first it was patent that such comparative measurements
were of distinct cUnical value in the diagnosis of mental defect. Compared
with the Smedley percentile tables the feeble-minded of all ages and grades
were clearly sub-normal in physical measurements, and even more sub-
normal in psycho-physical measurements; the amount of sub-normality
increased with the degree of defect. The specific character of the Smedley
anthropometric curve was also considered valuable, especially in regard
to its typical downward slope. In 1912, Mr. S. C. Kohs, then a research
student at the Laboratory, attempted to express the curve mathematically.
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He reasoned that by constructing a connecting line between the percentiles

of standing height and weight, and another between those of right grip and
vital capacity, the resulting triangles might be considered as geometrical

expressions of physical and psycho-physical capacity, and that their rela-

tion to each other might be expressed in a straight line connecting the

geometrical centers of these triangles. But the curve does not permit of

geometrical or mathematical interpretation, for the abscissae distances

are not functions of the ordinates but are artificially chosen; the relative

succession of the measurements is also artificial. We now consider that

the best expression for the slope is, as Dr. H. H. Goddard later pointed out,

the simple absolute ratio of the average of the three physical percentiles

to the average of the three psycho-physical percentiles; this ratio should not

be reduced to the decimal, since this does not show the position of the slope,

although it gives its angle. Later results show that this position of the

curve high or low on the graph is a better expression of the degree of mental

defect than is the angle of the curve as was at first expected.

The selected sets of individual measurements described above were

transferred to cards. The percentile for each measurement was then found-

by comparison with the Smedley tables as described. The first three per-

centiles were averaged and termed the physical average, the last three

percentiles also were averaged and termed the psycho-physical average.

The average of aU the percentiles was computed and termed the total

average. The psycho-physical average was then algebraically subtracted

from the physical average and the result termed the physical excess,

that is, the superiority of the physical over the psycho-physical average

with the latter reduced to zero. The cards bearing these data were then

classified by sex and by mental age, and by chronological age within mental

age. The data so classified were then treated statistically for means,

variabiUty, sex differences, and correlations. Percentiles were used

throughout the computations rather than the original measurements, be-

cause therein lies the chief diagnostic value of the measurements. So far as

the data are of value for comparative anthropometry instead of for diagno-

sis, it might have been better to have based the computations on the abso-

lute measurements. The percentiles, however, have the additional ad-

vantage of being directly comparable with each other and with the normal

average, and were expected to be divested of influence of age and sex.

This latter expectation was disappointed, since the theoretical elimination

of the influence of age and sex did not eliminate these conditions in relation

to normals. This proved to be an important addition to the other results.

Chronological age for each child was computed from the birthday pre-

ceding the date of measurements. Median ages, therefore, as in the
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Smedley tables, are in half years; age 8, for instance, means 8-9, median

8.5. Similarly, mental age for each child was that which obtained at the

date of the measurements and has been taken to the lower full year of

mental age as obtained from Binet tests; thus mental age 6 means 6-7,

median 6.5.

Data

Table 1 shows the original measurements for individual girls classified

by mental ages and arranged in order of chronological age. Table 2

shows the same for boys. Reading from left to right the columns show

years of age to last birthday, mm. of standing height, mm. of sitting height,

kg. of weight, kg. of right grip, kg. of left grip, and cc. of vital capacity.

For example, the first subject in Table 1 is a girl of mental age 1, whose

chronological age is 8, and who measures 1114 mm. in standing height,

595 mm. in sitting height, and 17.5 kg. in weight; she fails entirely in the

tests of grip and vital capacity, with a consequent measurement of for

each. The tables are not averaged, since the measurements are not

directly comparable unless divested of influence of chronological age. They

are presented for reference and for verification of the derived data.

Tables 3 and 4 show the percentiles derived from Tables 1 and 2, respec-

tively, according to the method described above. By columns, from left

to right, they show years of chronological age, percentiles of standing height

percentiles of sitting height, percentiles of weight, percentiles of right

grip, percentiles of left grip, percentiles of vital capacity, average of the

physical percentiles (heights and weight), average of the psycho-physical

percentiles (grips and vital capacity), average of the original six percentiles,

and excess of physical average percentiles over psycho-physical average

percentiles. For example, the first hne of Table 3 represents the comparison

percentiles of the original measurements for the first line of Table 1, and
shows a girl of mental age 1, whose chronological age is 8, whose height

corresponds to the 8-percentile for normal girls of her chronological age

(that is, would rank 8 on the scale of 100), whose sitting height is 2 ranks

below the lowest normal ranking for the same age and sex, and whose
weight is equal to the lowest normal of her age. In strength of right and
of left grip and in vital capacity she ranks, respectively, -20, -16, and -11,

on the scale of 100. In the average of the three physical measurements
(standing height, sitting height, and weight) she ranks 2 on the scale of

100, and in the average of the three psycho-physical measurements (right

grip, left grip, and vital capacity) she ranks -16 on the scale of 100. In
all six measurements taken together she ranks -7, and the physical average
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rank is 18 ranks above the psycho-physical average rank. Four sum-
mations of these percentiles are given in successive horizontal columns at

the base of each table; the mean average for each column, the mean vari-

ation for each column in relation to that average, the coefficient of varia-

bility, and the number of cases approximating the normal median average,

the 50-percentile.

The averages for the columns of Tables 3 and 4 are collected into Tables

5 and 6, with the coefficients of variability in Tables 7 and 8. To permit

of comparing averages by types of feeble-mindedness instead of by exact

mental levels, Tables 9 and 10 have been prepared to show the percentile

averages for idiots (mental ages 1-2), imbeciles (mental ages 3-7), and

morons (mental ages 8-11). Tables 11 and 12 are summation tables of

the number reaching the normal average (the 50-percentile) at each mental

age, with the percentage of all for each sex.

Table 13 gives the Pearson coefficients of correlation between the per-

centiles and the mental ages, corrected for constriction of chronological age,

while Table 14 gives similar coefficients between percentiles and chronologi-

cal age, corrected for constriction of mental age.

Table 15 presents the raw Pearson coefficients of correlation between

the percentiles, and Table 16 gives these same correlations corrected for

dual constriction of age and mental age. Table 17 is of some interest

as indicating the rank order of these corrected coefficients and showing

the relative ranking for the sexes.

The coefficients of correlation have been derived through the formula

;• =
, where r is the desired coefficient of correlation; x represents

n ffi ci

the deviations from the average of the first term; y those from the second

term; n the number of cases; a\ the standard deviation of the first term;

and 0-2 that of the second term. Correction of r for constriction due to

one irrelevant factor affecting both of the original terms has been obtained

AB - {AC X BC)
through the formula AB • C = —/ , „, _=^' where A and B^ V(l - Ad") (1 - Bd")

are the original terms; C is the irrelevant factor affecting both terms; AB
the original r between A and B;AC the correlation between A andC; BC
the correlation between B and C; and AB C the correlation between A
and B corrected for the influence of C. Correction of r for two irrele-

vant factors affecting both of the original terms has been obtained

,. .,. f 1 ^D ^r, AB-C-iAD-CXBD-C) . , . ,

through the formula AB-CD = . _„, ,, .,-, m which
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A and B are the original terms; C and D the two irrelevant factors;

ABCD the correlation between A and B corrected for both C and D;

ABC the correlation between A and B corrected for C; ADC the cor-

relation between A and D corrected for C; and BDC the correlation be-

tween B and D corrected for C. These correction formulae are taken, with

change of notation, from Yule's An Introduction to the Theory of Statistics,

page 234, formula 12. The correlations are so obviously high in relation

to the number of cases that probable errors were not tabulated. They

may be derived through the formula P- E. r = .6745

—

y^, and will

be found to range from .03 to .05 for girls and from .01 to .03 for boys.

Figures 1 to 12 graphically represent the numerical percentile averages

in Tables 5 and 6. The accompanying text is self-explanatory.

The curves and certain of the summation tables do not include the

averages for mental age 1 1 . There are so few cases at this age that it hardly

seems fair to include them in the total results. Moreover, there is doubt

in some quarters regarding the reliability of mental age 11 as derived from
Binet-Simon tests, so that it might seem objectionable to include that age.
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Table 1

Original Measurements—9 Girls. Mental Age 1

AGK
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Table 1—Continued

Original Measurements—15 Girls. Menial Age 3

AGE
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Table 1—Continued

Original Measurements—15 Girls. Mental Age 5

—

Continued

AGE
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Table 1—Continued

Original Measurements—23 Girls. Mental Age 7—rContinued

AGE



DATA n

Table 2

Original Measurements—IS Boys. Mental Age 1

AGE
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Table 2—Continued

Original Measurements—iS Boys. Mental Age 2—Continued

hist.
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Table 2—Continued

Original Measurements—32 Boys. Mental Age 3—Continued

AGE
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Table 2—Continued

Original Measurements—26 Boys. Mental Age 4—Continued

AGE
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Table 2—Continued •

Original Measurements—46 Boys. Mental Age 6

AGE
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Table 2—Continued

Original Measurements—46 Boys. Mental Age 6—Continued

AGE
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Table 2—Continued

Original Measurements—41 Boys. Mental Age 7—Continued

AGE
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Table 2—Continued

Original Measurements—46 Boys. Mental Age 8—Continued

AGE



DATA 29

Table 2—Continued

Original Measurements—27 Boys. Mental Age P

—

Continued

AGE
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Table 3

Percentiles of Measurements—9 Girls. Mental Age 1

AGE
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Table 3

—

Continded

Percentiles of Measurements—15 Girls. Mental Age 3

AGE
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Table 3

—

Continued

Percentiles of Measurements—15 Girls. Mental Age 5

AGE



DATA 33

Table 3

—

Continued

Percentiles of Measurements—23 Girls. Mental Age 7

AGE



Table 3—Cont^^^^^^^^^^^^
Percentiles of Measurements—12 Girls. Mental Age g
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Table 4—Continued

Percentiles of Measurements—4S Boys. Mental Age 2

AOE
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Table 4—Continued

Percentiles of Measurements—32 Boys. Mental Age 3
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Table 4—Continued

Percentiles of Measurements-—26 Boys. Mental Age 4

AGE
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Table 4—Continued

Percentiles of Measurements—29 Boys. Mental Age 5



DATA 39

Table 4—Continued

Percentiles of Measurements—46 Boys. Mental Age 6

AGE
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Table 4—Continued

Percentiles of Measurements—41 Boys. Mental Age 7

AC5E
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Table 4—Continued

Percentiles of Measurements—46 Boy
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Table 4—Continued

Percentiles of Measurements—27 Boys. Mental Age 9

AGE
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Table 4—Continued

Percentiles of Measurements—20 Boys. Mental Age 10

AGE
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Table 5

Percentiles of Measurements

Averages for 141 girls arranged by mental age

MENT. AGE
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Table 7

Percentiles of Measurements

Coefficients of variability for 140 girls arranged by mental age

.UENT, AGE
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Table 9

Percentiles of Measurements

Averages for girls by types of feeble-mindedness

TYPE
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Table 12

Percentiles of Measurements

Number of boys reaching the normal average

MENT. AGE
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Table 15

Raw correlations between percentiles of measurements

GIRLS

TEBtU
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Table 17

Rank order of corrected correlations between percentiles of measurements

GIRLS BOYS

Stand. Ht.—Sit. Ht 79 R. Grip—L. Grip 94

R. Grip—L. Grip 75 Stand. Ht.—Sit. Ht 75

Stand. Ht.—Wt 62 L. Grip—Vit. Cap 73

Sit. Ht.—Wt 62 Sit. Ht.—Wt 70

Stand. Ht.—L. Grip 43 Wt.—L. Grip 69

Sit. Ht.—R. Grip 40 Sit. Ht.—L. Grip 66

Sit. Ht.—L. Grip 37 Stand. Ht.—L. Grip 60

Wt.—L.Grip 36 Stand.Ht.—Wt 59

R. Grip—Vit. Cap 36 R. Grip—Vit. Cap 49

L. Grip—Vit. Cap 36 Stand. Ht.—R. Grip 43

Stand. Ht.—R. Grip 35 Sit. Ht.—R. Grip 43

Wt.—R. Grip 35 Wt.—R. Grip 42

Stand. Ht.—Vit. Cap 33 Wt.—Vit. Cap 37

Sit. Ht.—Vit. Cap 28 Sit. Ht.—Vit. Cap 35

Wt.—Vit. Cap 15 Stand Ht.—Vit. Cap 31

Results

In considering the results it must constantly be recalled that unless

specified to the contrary the discussion deals always with percentiles of

comparison derived from the Smedley age and sex tables. The attempt

has been made to eliminate chronological age and sex by comparing the

original measurements with the Smedley tables, in order to treat the results

solely on the basis of their relation to each other and to mental level.

Wherever sex and age conditions are discussed, they are always in addition

to the differences already eliminated in the comparisons, unless stated to the

contrary. This necessitates discussion in terms of relations to normal

rather than in absolute terms. The discussion is further specifically

limited to the data in hand and general terms apply only to the groups of

subjects herein investigated.

In the discussion, conclusions are occasionally derived from data not

summated in the tabular form. These conclusions may be verified from

the original material if so desired. It has not been possible to put all the

material into tables; much of value can be gleaned only from the actual

handling of the material. These conclusions we have not hesitated to

state, feeling sure of the material and of the verification of such statements

in the data.

In comparing these results with the Smedley norms, it is assumed from

the type of distribution presented in the percentile tables that the 50
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parative variability for the present results. There is every reason to

believe, however, that the feeble-minded are much more variable through-

out than the normals. • This has already been demonstrated by previous

studies in this field.

Standing Height

Dependence upon mental level. The feeble-minded of all grades are below

normal in standing height. There is a marked dependence of the degree

of subnormaUty upon degree of feeble-mindedness. By exact mental

ages there is a positive correlation of more than .30 (P. E. negligible)

between mental age and height. By types of feeble-mindedness this

relation is more marked. The higher mental types, the morons, approxi-

mate the normal. These conclusions are in accord with the findings of

Flg.S- SEJt CUBVES SSAIIDIIIC HEIGHT

Goddard, Mead, and others with respect to the feeble-minded. They are

also in agreement with the conclusions of GratsianofI, Sack, Porter, Mac-

Donald, Smedley, and DeBusk, with normal subjects, that bright children

tend to be taller than dull.

Dependence upon chronological age. In absolute units the increase in

height in relation to age continues up to the age of about 16. The feeble-

minded not only grow at a retarded rate but also cease growing at an earlier

age. By comparison with the Smedley measurements for normals there

is a correlation of nearly — .20 between percentiles of height and chrono-

logical age. This confirms Goddard's similar conclusion, but negatives

for the feeble-minded at least, the theory affirmed by some writers that

children who grow at a retarded rate continue their growth to a later age.

Variability. In general, there is considerable variabiUty in height in

relation to mental capacity, the coefficient of variability is only once less
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than .50 and decreases with increase of age, showing the lower grades of

feeble-minded more variable than the higher. The average coefficient of

variability for all feeble-minded is approximately .75.

Sex differences. Sex differences are noticeable, but not very significant.

The mental age curve for boys is superior at six ages and inferior at four

ages to that for girls. The correlation with mental age is 26 per cent

higher for girls. The total average height is 14 per cent nearer the normal

for boys. Boys grow to a slightly later age than girls and at a slightly

less retarded rate. Girls are more variable than boys. These conclusions

are the more apparent since sex differences were allowed for and should

have disappeared in obtaining percentiles of comparison. So far as the

sex differences are apparent they are opposite to those found by Mead.

Relation to other measurements. Standing height is less subnormal than

sitting height and more subnormal than weight. It is at all points closer

to normal than strength of grip or vital capacity. It is most highly cor-

related with sitting height and least with vital capacity.

Diagnostic value. With so marked a dependence not only upon mental

defect but also upon degree of defect, it might be expected that compara-

tive height might be of some value as a symptom of mental retardation.

Such is actually the case, but only to a limited extent. Of all these feeble-

minded, only 30 per cent- attain the normal average. Moreover, the cor-

relation of more than .30 between the percentiles and mental age shows

a positive tendency for these percentiles to be somewhat symptomatic

of degree of defect also. On the other hand, variability is high and the

individual diagnosis is limited by heredity, nationality, race, disease,

^
environment and the like. Nevertheless, although comparative standing

height alone cannot be seriously considered in diagnosing mental defect,

it is confirming evidence when foimd in combination with other symptoms
: in determming defect, since only one third of all feeble-minded approxi-

mate to normal measurements. The better diagnostic use, however,

I is in connection with other anthropometric measurements rather than by
this measurement alone.

Sitting Height

Dependence upon mental level. The feeble-minded of all grades are

below normal in sitting height. The degree of subnormality is closely

correlated with degree of feeble-mindedness; the Pearson correlation be-

tween percentiles of sitting height and mental age is more than 0.40. By
types of feeble-mindedness the dependence upon degree of mental defect

is even more marked than by mental age. The highest types, the morons,
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approximate the normal average. There are but few comparisons for this

measurement on defectives in the literature.

Dependence upon chronological age. The same influence of age obtains

here as in the case of standing height. There is a correlation of about

— . 30 between comparative percentiles and age. The feeble-minded

develop at a retarded rate and cease growing earlier than normals.

Variability. In relation to mental age, sitting height is quite variable.

The coefficient of variability seldom falls below .60 for any mental age,

with an average of .85 for all ages. There is decrease of variability with

increase of mental age.

Sex differences. Sex differences in average sitting height are negligible.

The percentiles for girls show slightly more correlation with mental age

and slightly more dependence upon chronological age than do those for

boys. Average variability is almost exactly the same for both sexefe,

being very slightly less for girls.

rig.4- SS3C CURVES SlTVlVd HCIDUT

Relation to other measurements. Sitting height is consistently more

subnormal than standing height. Otherwise it bears the same relation as

standing height to the other measurements, being more subnormal than

weight and less so than strength of grip or vital capacity. Sitting height is

most highly correlated with standing height and least with vital capacity.

Sitting height also shows shghtly higher correlation with weight than does

standing height. In general, the correlations between sitting height and

other measurements are about the same as those between standing

height and these measurements.

Diagnostic value. Seventy-five per cent of all feeble-minded fail to reach

the normal average in sitting height. This gives a fairly high diagnostic

value. The degree of subnormality is also somewhat diagnostic of the

degree of defect. That sitting height is more subnormal than standing
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height is important when the two measurements are used together, or in

connection with the other measurements. For individual diagnosis the

same objections and advantages hold good as for standing height.

Weight

Dependence upon mental level. The averages in weight for boys are

below normal at all mental ages but 9; those for girls are above normal

after mental age 5. The relation of weight to mental age finds expression

in a correlation of about .30. The dependence upon grade of feeble-

mindedness is better shown in the averages by types. The higher types,

the morons, exceed the normal average, slightly for boys, but markedly for

girls. These results agree with those of Goddard and of Mead. Investi-

gations by Porter, Smedley, and DeBusk with normal children also show

dependence of weight upon mental abiUty.

rig.6- SEX otravES tteigbt

Dependence upon chronological age. Both girls and boys continue to

increase in weight to a later age than is the case with height. The rate

of growth in weight is not so markedly subnormal. The comparative per-

centiles are not at all affected by age for boys and only slightly for girls.

Variability. The coefficient of variabihty is seldom below .50 with a

total average of about .65. The decrease of variability with increase of

mental age is marked with girls, and is apparent, though not so consist-

ently, with boys.

Sex differences. Boys are slightly superior to girls at five mental ages

and markedly inferior at five. They are slightly more variable. The
correlation with mental age is greater with girls than with boys. Girls

increase in weight at a less retarded rate and to a later age than do boys.

After mental age 5, girls are above the normal average, but boys are always
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below except at mental age 9. Moron girls are above normal in weight

and moron boys reach the normal. These sex differences agree with those

found by Mead.

Relation to other measurements. Weight is closer to normal than either

standing or sitting height. It is also superior in this respect to strength

of grip or vital capacity. For boys, weight is most highly correlated with

sitting height and for girls is correlated equally with standing and sitting

height. The correlation with height is approximately the same as that

found by Schuster for Oxford students (.66) and higher than that for Cam-
bridge students (.49).

Diagnostic value. Taken alone, weight has but little value for diagnosis

of feeble-mindedness in the highest mental ages, but has some value in the

lower ages. Approximately 40 per cent of all feeble-minded reach the

normal average, but the per cent appUes chiefly to the higher types of

defect. In relation to the other measurements, weight is of importance

for diagnosis. In the typical case it is highest of all the six measurements

and is close to normal. This superiority of relative weight over relative

height may be considered of some diagnostic assistance in connection with

other symptoms.

Right Grip

Dependence upon mental level. Barr has aptly said that strength of

mind and strength of hand accompany each other. Our results tend

strongly to confirm the statement. Strength of grip is so markedly sub-

normal that frequently the measurements faU outside the norms of com-

parison. For such measurements we have applied the somewhat arti-

ficial rule described on page 11. A close relationship is demonstrated

between right grip and mental age; the coeflScientof correlation is nearly

.70. At no mental age do the averages approximate the normal, and

, only 10 per cent of all individual cases do so. By types of feeble-minded-

ness the dependence of degree of subnormaUty upon degree of feeble-

mindedness is even more marked; even the highest types faU to reach an

approximation to normal. This general relation to mental ability is

abundantly confirmed by other investigators by other methods of study,

with both normal and feeble-minded subjects.

Dependence upon chronological age. The comparative percentiles do not

eliminate all the influence of age upon strength of grip; after allowing for

influence of age through the Smedley tables there is still a correlation of

— .45. Increase of age, therefore, tends to emphasize instead of to elimi-
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nate the effect of the mental defect, for with increase of age there is greater

subnormality of grip.

Variability. In relation to mental age, right grip is extremely variable.

The coefficient of variability is seldom below 1.00, with an average coeffi-

cient of more than 2.00. Apparently there is increase and then decrease of

variabihty with increase of mental age. This is to be accounted for by the

high percentage of absolute failures in the earlier ages which tends to elimi-

nate variability in those ages.

Sex differences. Girls are markedly closer to normal than boys in strength

of grip, and show a somewhat higher correlation with mental age. The

influence of age is the same for both sexes. Girls are also much more

variable than boys.

-30

Fig.7- SEX CUflVEE RIGHf CRIP

Relation to other measurements. Right grip is more subnormal than

standing height, sitting height, or weight. It seldom approximates the

normal and usually is very markedly below normal. Its highest correlation

is with left grip, its second with height, its third with weight and its least

with vital capacity. The greater dependence upon height than weight

is somewhat surprising, in view of the usual statements of relation of grip

to weight.

Diagnostic value. Strength of grip has a high diagnostic value. Ninety

per cent of all feeble-minded fail to reach the normal average. Strength

of grip is associated with degree of defect as well as of defect itself, with a

correlation of nearly .70 between percentiles and mental age§. On the

other hand, variability is very high and this tends to lessen the diagnostic

value. But the value for diagnosis is much increased when this measure-

ment is considered in connection with other physical and psycho-physical

measurements. The relation, for instance, of the percentile of grip to the
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percentiles of height and weight bears a highly diagnostic value, partic-

ularly in combination with other symptoms. Taken alone, grip must be

considered in relation to physique as well as to mental capacity.

Left Grip

Dependence upon mental age. Left grip bears the same relation to mental

age as does right grip, save that it is somewhat more highly correlated

with it.

Dependence upon chronological age. Left grip is markedly affected by age.

After eliminating age through the comparison percentiles there still exists

a high negative correlation with age in general, and this is very high for

boys. In general, the effect of age is the same as upon right grip, but is

more marked.

-so
age

PlB.e-SEX CURVES LEFT GRIP

Variability. Left grip is highly variable, particularly in the middle

mental ages, imbecility. The dependence of variability upon mental

age is approximately the same as for right grip.

Sex differences. Girls are closer to normal than boys at all mental ages

but one. They also are less variable than boys, show less correlation with

mental age, and less dependence upon chronological age; these differences

are opposite to the relations for the sexes in right grip.

Relation to other measurements. Left grip is closer to normal than right

grip, but not so close as height or weight. Its highest correlation is with

right grip. The other relations are quite different for the sexes; for girls

there is more dependence of left grip upon height than weight, whereas the

reverse is true for boys. For boys the correlation of left grip with vital

capacity is much higher than is the case with girls. These relationships

are much affected among boys by the serious correction of the coefficient of
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correlation for the irrelevancy of chronological age. In the raw coefficients

left grip bears about the same relation to other measurements as does right

grip-

Dextrality. The feeble-minded of all grades are predominantly left-

handed in strength of grip, as is shown by the superiority of the averages

for left grip over right and the high correlation existing between them.

These results do not show a tendency toward ambidexterity but toward

sinistrality at all ages and grades. This tendency is even more apparent

in a detailed examination of the data. (Cf . 26, p. 107.)

Diagnostic value. Strength of left grip has a highly diagnostic value in

relation to normal standards. It is highly correlated with degree of defect

as weU as with mental defect itself. Only about IS per cent of feeble-

minded cases reach the normal average. Variability, however, is quite

high, although the correlation with mental age is also high. In relation to

other measurements the diagnostic value is increased ; left grip is closer to

normal than right grip but not so close as height or weight. The per-

centile must be considered in relation to height and weight as well as to

mental capacity. Sinistrality is in suspected cases a symptom.

Vital Capacity

Dependence upon mental age. As in strength of grip, so also in vital

capacity all feeble-minded are markedly below normal. The degree of

,s
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Dependence upon chronological age. There is a little dependence of per-

formance upon chronological age in addition to that which is found among
normals.

Variability. In relation to mental age, vital capacity is highly variable.

The coefficient of variability is seldom below 1.00, with an average of about

1.50. The relation of variabiUty to increase of mental age is the same as

for strength of grip, showing both increase and decrease. The increase

in variability during the lower mental ages, idiocy, is again accounted for

by the higher percentage of absolute failure among those subjects, which

tends to reduce variabihty.

- Sex differences. There are practically no sex differences aside from those

existing among normal subjects.

Relation to other measurements. Among boys, the percentile of vital

capacity agrees very closely with that of right grip, but with girls it is the

lowest of all measurements. Its correlations with mental age are the same

as for the grips and much higher than those for height and weight. Vital

capacity shows the least dependence of any upon the other measurements.

The highest correlations are with strength of grip and the least with height

and weight. The high correlations between height and vital capacity

found by some investigators, and between vital capacity and weight by

others, are not strongly corroborated by these data. Distinct positive

correlations are apparent, but are not nearly so high as those previously

reported (notably Schuster who found a correlation of .57 with height

and .59 with weight).

Diagnostic value. Vital capacity is highly diagnostic of mental defect

and also of degree of defect. The subjective reactions of some subjects

have already been noted (page 10). But considering that it shows the

greatest subnormality of all these measurements, that it shows the least

dependence upon height and weight, and a high correlation with mental

age, and that only 8 per cent of all feeble-minded reach the normal average

it could safely be taken alone as a highly reliable single index of mental

incapacity.

Physical Average

It is possible that the average of the three physical measurements might

prove of greater value for diagnosis than any of the physical measurements

taken singly. It is possible, too, that such an average might have less

variability and a greater dependence on mental ability than each of the

measurements alone. It is also desirable to have a single value for expres-

sion of the physical measurements in relation to the psycho-physical, as

will appear later.
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Dependence upon mental level. In general the physical average, as might

be expected, parallels the average for height and weight. This average,

however, is more regular than any of the three single measurements. The

correlation between the average and mental age also represents what would

be obtained by pooling the three individual correlations. In general,

the average for morons of both sexes approximates the normal. By types

of feeble-mindedness the dependence upon degree of mental defect is

more marked than by mental ages.

Dependence upon chronological age. The correlation between the phy-

sical average and chronological age is —.21, approximately an average

of the individual items.

Variability. The physical average shows noticeably lower variability

than any of the single measurements. Variability is high, however, with an

average coefficient of variabiUty of about .60. The decrease in varia-

biUty with increase of age is marked.

rig.6- SEX CURVES PHYSICAL AVBtUiG

Sex differences. Sex differences are about equal; at four ages girls are

closer to normal than boys and at four others boys are closer than girls,

by about equal amounts of superiority. The average for girls approxi-

mates the normal after mental age 5 because of superiority in weight.

Girls are sUghtly less variable than boys in the total average variability.

Relation to other measurements. The physical average approximates

the mean of the three physical measurements. Its most important re-

lation to other measurements is found in the relation it bears to the psycho-

physical average, as will be shown later.

. Diagnostic value. Seventy per cent of all feeble-minded fail to reach the

normal physical average. This is a fairly high diagnostic percentage.

Nevertheless, individual differences in relation to mental age are serious,

and many conditioning factors of race, environment, health, et altera must

be considered. The diagnostic value is greater for idiots and imbeciles

than for morons. Its value is also greater in connection with the psycho-

physical average.
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Psycho-Physical Average

As the physical average presents some advantages over the individual

physical percentiles, so the psycho-physical average is, for some purposes, of

greater value than the individual psycho-physical percentiles. This

average is also of great importance in relation to the physical average.

Dependence upon mental age. In general, this average represents the

mean of its three elements. The dependence on mental age, however, is

more marked and more regular than for any ©f the individual measurements

;

the correlation with mental age is somewhat higher than that of the pooled

correlation of the individual terms. By types of feeble-mindedness the

dependence upon degree of defect is very pronounced. At no point is

the normal average approximated.

Pig. 10- SEX CUKVES PbYCHO-PUYSICAL AVBRACT:

Dependence upon chronological age. The influence of chronological age

is expressed in the correlation of approximately —.40.

Variability. Average variability is less for the psycho-physical average

than for any of the individual psycho-physical percentiles, but is very high;

the average coefficient of variabihty is, roughly, 1.50. The increase and

succeeding decrease of variability in relation to mental age is about the

same as for the siagle terms.

Sex differences. Girls of all mental ages but one are closer to normal

than boys. They are also less variable than boys. Boys show a higher

correlation with mental age and a greater influence of chronological age.

Relation to other measurements. For boys the psycho-physical average

is dose to the averages for right grip and vital capacity, for girls to right

grip and left grip. The average is at aU points much more below normal

than the physical average. The especial significance of this relationship



62 ANTHROPOMETRY

is discussed under the section Physical Excess. This relationship

also determines the slope of the curve and its diagnostic value.

Diagnostic value. Taken alone, the psycho-physical average has a highly

diagnostic value, higher than any of its individual components. Only

7 per cent reach the normal average, and the correlation with mental age

is quite high. The diagnostic value is even higher for mental defect of all

grades and very high for diagnosis of feeble-mindedness by types. Varia-

bility, however, is high and some allowance must be made for physical

capacity and for chronological age. In connection with the physical

average, the diagnostic value is much increased and is expressed in the

ratio of the physical to the psycho-physical average both absolutely and

fractionally, which is graphically expressed in the slope of the curve.

Total Average

It is conceivable that the total average of all the six measurements

might present valuable conclusions not apparent in any of the individual

Pig. 11- SEX CURVES TOTAL AVERAGE

measurements. This average has been computed also for use in consider-

ing all the measurements for a single pooled comparison with mental age

and with normality. That this average is actually of considerable value

for some purposes is apparent from the tables.

Dependence upon mental level. Rather surprisingly, the total average

shows a greater dependence upon mental age than any of the physical

measurements or the physical average, and equal to the psycho-physical

measurements and their average; the correlation with mental age is approxi-

mately .60. The curve showing increase in average in relation to increase

in age is quite steep and regular. At no point does the average reach the

normal average. By types of feeble-mindedness the relation of degree of

subnormality to degree of mental defect is distinctly evident.
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Dependence upon chronological age. The total average percentile is

affected by age; with increase of age there is decrease in average, which is

expressed in the correlation —.35.

Variability. The average coefficient of variability for all ages is about

the same as for the psycho-physical average, but the dependence of decrease

in variability upon increase of mental age is the most pronounced of all the

terms, decreasing from a coefficient of nearly 4.00 for idiocy to approxi-

mately .50 for moronity.

Sex dijfferences. For mental ages 5, 6, and 7, girls are closer to normal

than boys, being about equal at other ages. The correlation with mental

age is considerably higher with girls and variability is lower; the influence

of age is the same for both sexes.

Relation to other measurements. The total average percentile is approxi-

mately the mean of the six individual percentiles, but in its variability

and correlations more closely resembles the psycho-physical than the

physical terms.

Diagnostic value. The total average is highly diagnostic of mental defect

only 14 per cent of individual cases reach che normal average. The cor-

relation with mentalage is also fairly high and the relation to typeof feeble-

mindedness is pronoimced. But variability is high, particularly in the

lower mental ages.

Physical Excess

It has been anticipated that the greatest significance of the measure-

ments lies in the relation of the physical average to the psycho-physical

80
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It may then be questioned whether either the amount of this superiority

or the integral value of the ratio is affected by any of the conditions pre-

viously considered. The algebraic difference between the two averages

has therefore been computed to investigate this possibility.

Dependence upon mental level. Only 7 per cent of all feeble-minded fail

to show a superiority of physical over psycho-physical average. The

extent of the superiority bears an inverse relation to mental age, with a

correlation of approximately —.35. The relationship is more pronounced

for types of feeble-mindedness than for exact mental ages. (The normal

average is in this case 0, instead of 50 as for all other terms.)

Dependence upon chronological age. There is practically no influence

of age upon physical excess.

Variability. Variabihty is quite high; the average coefficient of varia-

bility ranges near .50. There is no decided relationship between varia-

bility and mental age.

Sex differences. The dependence of excess upon mental age is more

marked with boys than with girls, although for the total group regardless

of mental age there is but little sex difference. Correlation with age is

higher with boys and variability is higher with girls. Influence of chrono-

logical age is slight but opposite in effect.

Diagnostic value. Physical excess itself is highly diagnostic of feeble-

mindedness, but the degree of excess is not very highly correlated with

mental age. The absolute ratio, as well as the reduced ratio, of physical

to psycho-physical average must be considered in a diagnosis. Excess of

physical average may ordinarily be considered diagnostic of feeble-minded-

ness (so far as a single group of tests ever is diagnostic), and the absolute

ratio of physical to psycho-physical average, that is to say, the position

of the curve up or down on the graph sheet as well as the slope of the curve,

is valuable in the diagaosis of type of feeble-mindedness as well as of feeble-

mindedness itself. This absolute ratio cannot be used for determining

exact mental ages.

Summary of Diagnostic Values

I. In the typical feeble-minded subject there is significance in the re-

lation of the individual measurements to each other and to the normal.

a. Standing height is below normal and the degree of subnormality is

correlated with degree of mental defect.

b. Sitting height is more subnormal than standing height, but closely

associated with it.
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c. Weight is closer to normal than either standing or sitting height and

approximates the normal average, often exceeding it among girls. Weight

is associated with height.

d. Right grip is more subnormal than either height or weight and degree

of subnormality is closely associated with mental age.

e. Left grip is closer to normal than right grip but is more subnormal

than height or weight. It is closely associated with right grip. The

typical feeble-minded person is relatively stronger in left grip than in right.

(SinistraHty in grip does not necessarily imply sinistrality in other manual

activities.) Both right and left grip are associated witli height and weight.

/. Vital capacity shows the most marked subnormality of all the measure-

ments, particularly among girls. It also shows a high correlation with

mental age and the least dependence upon the other measurements.

II. The physical average is more reliable for diagnosis than each of its

three elements,except for the relation of the three to each other and to the

qormal.

III. The psycho-physical average is closely correlated with mental age

as well as with mental defect itself and is highly diagnostic taken alone.

Some allowance must be made for physical measurements and for chrono-

logical age.

IV. The total average is closely correlated with mental age as well as

with mental defect.

V. The excess of physical average over psycho-physical is characteristic

of all feeble-minded. The amount of excess is not so reliable in a diagnosis

of degree of mental defect as is the absolute ratio of the two averages.

There is 75 per cent probability that in connection with physical excess a

psycho-physical average between -j-lO and -f50 indicates moronity,

between -|-10 and —IS indicates imbecility, and under —15 indicates

idiocy.

VI. In all of the averages variability is high, and reduces the diagnostic

value of the individual measurements when considered alone. The central

tendencies at the several mental ages are not sufficiently exclusive of each

other to permit of satisfactory classificatory value. This is true even of the

total average. The method of limits might be appUed and found to serve

for this purpose, though the author does not advocate it.

VII. In individual diagnosis considerations of race, nationaUty, heredity,

environment, physiological development, health, exercise, physical d<;fects,

and special personal history must never be omitted. The limitations of

the comparison tables must also be recognized.
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VIII. There is reason to believe that the measurements are ako of value

in detecting pathological or clinical varieties of feeble-mindedness, such as

insanity, epilepsy and Mongolianism. Table 18 was constructed from data

on 22 Mongolians included in the general tables. The typical curve from

these averages, compared vdth the total feeble-miaded curve shows the

Table 18

Percentiles of Measurements—22 Mongolian Feeble-minded.

8 Girls

IRHT. ACE
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minded characteristics. The specific characteristics of epileptic and in-

sane types in the measurements are not yet entirely clear. In general, such

clinical types show the general characteristics of the feeble-minded re-

actions but not their specific nature. Thus, for instance, a typical insane

case has the excess of physical over psycho-physical average, and also the

psycho-physical subnormality, but the dependence of the measurements

upon mental level is not consistent, as is the case in "pure" feeble-minded-

ness and the specific relationship of the individual measurements to each

other is not such as obtains with typical normals nor with typical

feeble-minded. A study was made of the insane feeble-minded cases and

showed that such cases deviated markedly in either direction from the

tj^ical feeble-minded averages. But these deviations neutralize each

other in averaging the measurements for the group, and the resulting

central tendency is the same as the typical group.

IX. Allowance must be made for the absolute values of the two averages;

there is good reason for believing that if the psycho-physical average is

above normal (the 50-percentile), excess is not so significant as when this

average is below normal. This physical excess in conjunction with a

psycho-physical-average above 50 is rarely found with feeble-minded sub-

jects, but occurs among normal children and especially among adults.

Experience indicates that the method is not applicable to normal subjects

above say 21 years, and with feeble-minded subjects decreases in reha-

bility witli increase of age beyond this point.

Reliability of Diagnostic Values

So far as any one test or group of tests is rehable for diagnosis, this

group of six tests when treated as described above has an unusually high

diagnostic value. This value is increased for practical purposes by the sim-

plicity of the tests and the ease and rapidity with which they can be used.

Three minutes ordinarily sufiice for taking the measurements, and perhaps

two more for deriving the percentiles and curve. This should make the

tests particularly desirable in necessarily hurried examinations of large

groups of subjects or in preliminary examinations for purposes of classi-

fication. The tests are of especial value when a differential diagnosis is to

be made from the results of examinations in several groups of tests.

But since this study deals primarily v/ith only feeble-minded subjects

it may be questioned how reliable the findings are among other groups of

subjects as controls. Unfortunately, large numbers of measurements of

individual normal children were not available, but such as were have been



TABLE 19

Percentiles of Measurements—21 Potential Feeble-Minded

6 Girls

MENT. AGE
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TABLE 21

Percentiles of Measurements—35 Normal— School Girls

AGE
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TABLE 22

Percentiles of Measurements.— 35 Normal— School Boys

AOB
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used. Table 20 presents measurements on 3 girls and 6 boys, unquestion-

ably normal or super-normal children who had been examined at the Vine-

land Laboratory. Tables 21 and 22 present data from 70 Westchester

Normal School students, 35 of each sex, 5 at each age from 15 to 21 years.

These measurements are from individual percentile curves constructed

under the direction of Dr. H. H. Goddard by a student at the Westchester

Norma] School. They are based on gjmmasium measurements taken with-

out clothing; strength of grip was measured with a CoUin dynamometer

(oval type), and vital capacity with a large bore wet spirometer. From the

Vineland Laboratory files additional data were collected relating to 21

cases of "potential feeble-mindedness, " subjects who at the time of examin-

ation did not show the three years of mental retardation which is customarily

regarded as necessary for a diagnosis of mental defect. ° These subjects

are all included in the major tables and curves, but the data presented

here are from first measurements on them instead of last, and are not

necessarily the same. First measurements were chosen in order to get

data on each individual when retardation was least apparent. These data

are shown in Table 19.

From the averages of these tables, 19, 20, 21 and 22, we are able to con-

struct type curves (pp. 66, 73, 74). It is at once clear that the normal

curves are significantly different from the general feeble-minded curves and

that the potential feeble-minded curve very closely resembles the general

feeble-minded curve. We wish particularly to call attention, however, to

the accelerated physical development of these potential feeble-minded. We
have long since observed that some children at the point of complete men-

tal retardation show physical acceleration, but have vainly attempted to

account for this fact. A half-dozen explanations offer themselves, but no

one of them is satisfactory or is free from serious objections. Possibly the

explanation may Ue in physiological precocity, but then this also must

° Obviously, an individual can not be three years retarded before a. certain age; it

requires a certain length of time before a child predestined (by reason of heredity or

"accident") to feeble-mindedness, shows the full degree of defect. Most cases of feeble-

mindedness arrive at their final mental level after a process of gradual retardation, al-

though there is evidence showing that some cases develop quite differently. The exact

nature of this retardation is a most important question already under investigation, as

is also the means of diagnosing such cases before mental arrest is complete. (Cf . E. A. Doll,

Preliminary Note on the Diagnosis of Potential FeeUe-Mindedness, Training School Bul-

letin, Vol. XIII, No. 3, May, 1916.) As McCready points out (Medical Record, Aug.

23, 1913), it is most important to diagnose these types early in their history and, if pos-

sible, before the complete feeble-mindedness is manifest. The data in Table 19 are

exceedingly important as aids to this diagnosis.
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be explained. At present the very important point to be emphasized is \

that individual cases of ultimate feeble-mindedness do show the typical

feeble-minded characteristics in their anthropometric curves, with some-

times the addition of physical precocity, and fail to show the typical char-

acteristics of normal curves.

Tables 18-22 and the type curves are important not only in showing typi-

cal characteristics of normal and feeble-minded measurements and curves,

but also in verifying the underlying theory of the entire argument and the

reliabiUty of the method.

Limitations

Such an investigation as this necessarily has its limitations. It may be

well to specify such of these as appear to affect the value of the study and

the vaHdity of the conclusions.

I. 'Subjects. The subjects of the research are few in number. They
represent all grades and cUnical types of feeble-mindedness except those

having significant physical defects. The analysis of the data by conditions

of mental age and sex gives but a small group of cases for each condition

studied. The control groups are limited in number.

2. Method. The measurements though reUable are incidental, selected

from a file of routine research material. While this may relieve them of

any possible suspicion of bias of examination or selection of subjects, it

makes them open to variations due to examiners, time of day, season, in-

centive, and the like. To admit the possibility of such variation does not

at all admit any really serious lack of homogeneity of experimental data;

these variations of experimentation are all exceedingly limited in their

effect upon the original data, aud the diagnostic values are sufBciently

marked to offset them.

More serious as a matter of method is the absence of second and third

sets of measurements to permit of calculating the reliability coefficient.

Such repeated measurements were indeed available on many of the cases

but not in sufficient numbers to warrant the enormous amount of addi-

tional statistical study that would be entailed in their consideration. From

a survey of this material and from our own experience we feel safe in main-

taining that the reliability coefficient, if obtainable, would be sufficiently

high to support the conclusions already presented.

Conditions of race, nationality, heredity, environment, personal history,

and clinical types of feeble-mindedness have not been statistically con-

sidered. Here also data were available, but not in sufficient quantity or

reliability to warrant statistical treatment. Nevertheless, the importance



76 ANTHROPOMETRY

.

of such conditions is fully avimitted. Again we feel safe in assuming that

the conclusions embodied in previous studies with respect to these influ-

ences apply to the feeble-minded as well as to normals. In particular we
have not been able to consider the effect of relative physiological develop-

ment. So far as chronological age covers this point, its effect is apparent,

but we are by no means certain that the same relation of physiological to.

chronological age which has been found with normals holds good for the

feeble-minded. That relative physiological development is a most impor-

tant consideration there can be no question, although we are not at all

agreed to assign to it such grave importance as does Crampton in main-

taining that "statistics for groups of individuals respecting weight, height,

strength, mental or physical endurance, medical or social conditions, that

are not referred to physiological age are inconsequential and misleading."

In this connection it may be stated that most of the cases coming under

our observation and of those included in this study which are exceptions to

the general conclusions here set forth are at the preadolescent ages 9-12.

Whether these were cases of unusually early physiological maturation we
have not been able to determine.

3. Comparison tables. This study is also open to the hmitations of the

Smedley tables which have been used for comparison. These tables may
themselves be open to the errors of too few cases, of varying examiners, of

selection of cases, et altera, not forgetting the limitations of the percentile

method of presenting results. But during the seven years that these tables

have been used at the Vineland Laboratory they have proved eminently

satisfactory for the purpose outlined in this study. If they err it is in

favor of the argument rather than against it. The tables are constructed

from measurements of unselected school children, but also include some
feeble-minded. Since all studies show that these measurements materially

depend upon mental ability, these norms are too low rather than too high.

With the backward and feeble-minded children eliminated it is quite pos-

sible that the normal average would be at the 60-percentUe or higher, in-

stead of at the 50. Our experience with normal subjects tends strongly to

confirm such a suspicion. (See section Reliability.)

There is undoubtedly some error in deriving the percentiles which fall,

outside the Smedley tables, those below and those above 100. This has

been imavoidable, and the method used appears to be as little open to

criticism as any.

4. Normal average. We have assumed throughout that the normal av-

erage lies at the 50-percentile for all measurements, basing the assumption

upon the type of distribution presented by the tables. For the individual

measurements this is probably fair, although, to be sure, it may not at all
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hold for the physical, psycho-physical, and total averages, nor yet for the

physical excess. The warrant for assuming that it does, lies in the theo-

retical distribution of individual measurements. We are satisfied that the

assumption is reasonably correct, but to just what age it holds for the ex-

cess cannot be determined. The normal variability also should be deter-

mined. Suffice it that several years of examining strongly verifies the

validity of these assumptions. Until a similar investigation has been made
with normal children we must rest on these assumptions which seem theo-

retically justified.

5. Comparison percentiles. The percentiles were originally adopted in

order to permit of comparison with each other and with mental ages un-

affected by age and sex. It was expected that these percentiles could then

be pooled for any purpose. That the percentiles did not entirely eliminate

chronological age and sex has been demonstrated, but from the demon-
stration several important conclusions have been developed. The objec-

tion may be made that the original measurements should have been used

in the correlations and then corrected for irrelevancies of age and sex. This,

however, would have destroyed the diagnostic value of the material, which

lies in the inter-relations of the comparative percentiles and in the physical

excess. Such a study, moreover, would have been valuable in itself alone.

Furthermore, a test-case in computing correlations from individual absolute

measurements and correcting for irrelevancies, gave coefficients closely

similar to those derived from the percentiles. The enormous amount of

additional statistical computation involved was prohibitive considering

the slight return. Such computations can be made, however, by such as

desire; the original data are presented in full.'

' The results of this test-case (from the data for girls) are summed up in the following

table:

TEEMS
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6. The results are not explained nor are definite conclusions drawn, ex-

cept for diagnostic purposes. To explain the results would necessitate a

far more thorough understanding of the physiology and biochemistry of

each case than is avilable. This falls outside our field, and if it did not

would entail untold research in itself vastly exceeding the present investi-

gation. We are content to present our results as facts, hoping that the

setting forth of them may encourage others to delve more deeply than we

could possibly go.

Notwithstanding these avowed limitations and fully admitting the pos-

sibly limited applicability of the results it is perhaps not too much to hope

that the study fuUy justifies a point of view and has suflSciently proved a

theory to warrant its more complete investigation under other and better

circumstances.
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APPENDIX

Smedley's Percentile Tables

Percentiles.—Four-year-old Boys. No. of Cases, 58

PES CENT
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Smedley's Pekcentile Tables—Continued

Percentiles.—Seven-year-old Boys. No. of Cases, 432

PEE CENT
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Smedley's Percentile Tables—Continued

Percentiles.—Ten-year-old Boys. No. of Cases, 399

PER CENT
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Sjiedley's Peecentile Tables—Continued

Percentiles.—Thirteen-year-old Boys. No. of Cases, 353

PEE CENT
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Smedley's Percentile Tables—Continued

Percentiles.—Sixteen-year-old Boys. No. of Cases, 174

PER CENT
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Smedley's Percentile Tabids—Continued

Percentiles.—Boys, Nineteen and Twenty Years. No. of Cases, 44

PEE CENT
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Smedley's Percentile Tables—Continued

Percentiles.—Five-year-old Girls. No. of Cases, 116

PEE CENT
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Smedley's Percentile Tables—Continued

Percentiles.—Eight-year-old Girls. No. of Cases, 401

PER CENT



88 ANTHROPOMETRY

Smedley's Percentile Tables—Continued

Percentiles.—Eleven-year-old Girls. No. of Cases, 341

PER CENT



APPENDIX 89

Smedley's Percentile Tables—Continued

Percentiles.—Fourteen-year-old Girls. No. of Cases, 425

PER CENT



90 ANTHROPOMETRY

Smedley's Percentile Tables—Continued

Percentiles.—Seventeen-year-old Girls. No. of Cases, 413

PER CENT



APPENDIX 91

Smedley's Percentile Tables—Continued

Percentiles.—Twenty-year-old Girls. No. of Cases, 175

PER CENT
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