The correlation of mental and physical tests.

Contributors

Wissler, Clark, 1870-1947.
University of Glasgow. Library

Publication/Creation
New York : [Columbia University], 1901.

Persistent URL

https://wellcomecollection.org/works/pnqrépks

Provider

University of Glasgow

License and attribution

This material has been provided by This material has been provided by The
University of Glasgow Library. The original may be consulted at The
University of Glasgow Library. where the originals may be consulted.
Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org




xi ; 5 e N
P — 199 e T S

THE CORRELATION OF MENTAL AND o
PHYSICAL TESTS

BY

CLARK WISSLER, A.M.

SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
IN THE
FACULTY OF PHILOSOPHY
COLUMBIA UNIVERSITY

NEW YORK
I JUNE, 10901






THE CORRELATION OF MENTAL AND
PHYSICAL TESTS

BY

CLARK WISSLER, A.M.

SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
IN THE
FACULTY OF PHILOSOPHY
COLUMBIA UNIVERSITY

NEW YORK
JUNE, 1901



G@P 272 - 190




CONTENTS.

Embroduebion ;i i apnnR iR R

The Tests Employed .................

Class anvd: Sex THfferences ... oo iastiianiiniis

The Correlation of Weslls. ..o aiinaninaaasng
Tests of Quickness and Accuracy..........cooveviiiiiiinnn.n.
Memory Tesls s
College Bianding. . ..iimasniiiiiinisainanmiias
IR ORI | s i L im0 s s SR AR

Discussion of Results..................

L - L b e B S i B S T i i

14
23
37

34
37
42



PRERS OF

!
+
1




INTRODUCTION.

This research is occasioned by the fact that psychologists and
students of education have proposed certain tests, put them to
trial and recorded their results, hoping thereby to find a means
by which the fundamental elements of general and specific
ability could be isolated and valued. In this they have not been
without precedent, since upon the same assumption fitness for
the civil and military service, for academic degrees and honors,
for professional and technical licenses, etc., is usually determined
by arbitrary tests and estimated by numerical averages in grade
books. Our work is primarily with the grade book of the psy-
chologist. It is of both theoretical and practical importance to
know what relations exist between the results of his tests and
those of others. The contention that all tests are arbitrary and
futile has no weight in this connection so long as people go on
using them. Educational, professional, physical and psycho-
logical tests are with us and bid fair to remain, at least until
something better is found. Thus the times demand that the re-
sults obtained by the various tests be made an object of study.
The most obvious line of approach in this problem is through
correlation. If a test is general, then its results should corre-
late with many other special tests, and, in turn, if there is an in-
tegral relation between general and special ability, the results
of the latter should correlate with the former. Should two
tests show no correlation whatever, we can do no more than re-
gard them as defining two entirely independent forms of activity.
To determine the relative value of tests with respect to their
general or specific significance, we must find some way of esti-
mating the degree of correlation in terms of variability.

To the reader is due some explanation as to the methods of
treating data. It is not proper to demonstrate these methods
here, because they are not the objects of investigation, but, while
they are treated at length in the appropriate literature, the mode
of presentation is beyond the comprehension of all save the ex-
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pert or those few who can afford to spend their time working
up to them. So it seems necessary to give a few words to the
methods employed.

The first thing to learn is that when mathematical formulas
are resorted to it is only for purposes of convenient and exact
statement. Long ago astronomers and engineers discovered
that errors of observation are distributed in a certain orderly
manner and are consequently susceptible to mathematical state-
ment. By proper treatment they are able to estimate the pre-
cision of measurements, determine the number of observations
necessary to a given standard of precision, etc. It was soon
discovered that biological variation followed similar laws and
that such variation could be measured accurately, thus enabling
us to determine differences of race, type, species, etc. When
psychologists took up their side of the question as to the pre-
cision of observations they soon discovered that all human per-
formances, when objectified in units of space, time, etc., seem
to follow certain laws of variability, and that these laws are in
turn similar to those already worked out. In other words,
variability is no longer a barrier to the study of human
activity, because we can measure that variability. In more
recent times it has been found possible to deal with varia-
bility in such a way that the functional and structural rela-
tions between phenomena can be accurately estimated, or, in
technical terms, a method of correlation has been developed.
As may be inferred, these methods are based upon empirical
study, they have been attested by use and are the work of some
of the best mathematicians and scientists of the past and present
centuries. The reader who doubts their validity must look to
the authors themselves.

In the following pages only such statements of the method
have been offered as will enable the reader to understand the
force of the results. In correlation it need only be borne in
mind that we are using an accepted method to estimate the
relative necessary relations between the phenomena under con-
sideration. To make any such comparison at all we must
assign our results a place in a scale of values. This is what
the method of correlation does.
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It remains for the writer to define his relation to this re-
search. The tests were devised and conducted by Professor
J. McKeen Cattell and his associates, but for the methods of
compilation, together with all conclusions and opinions respect-
ing the results and the validity of the various tests, the writer is
responsible. The conception of the problem and the accumu-
lation of material must be credited to the former, while the latter
has only undertaken the compilation of results.

It is scarcely possible to mention the names of all who as-
sisted in making the tests, but special note should be made of
the fact that most of the tests on Barnard students were made
by Miss S. L. Cody.
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THE TESTS EMPLOYED.

These tests are made yearly upon sixty to seventy freshmen
of Columbia College and repeated with those who remain to the
end of the senior year. A preliminary report of methods and
class averages, published in 1896,' gives in detail the methods
of recording and preserving data. However, some recent ad-
ditions and changes make it desirable to repeat them.

The tests now made in the psychological laboratory are as
follows : length and breadth of head, strength of hands, fatigue,
eyesight, color vision, hearing, perception of pitch, perception
of weight, sensation areas, sensitiveness to pain, perception of
size, color preference, reaction time, rate of perception, naming
colors, rate of movement, accuracy of movement, perception
of time, association, imagery, memory (auditory, visual, logical
and retrospective). Records of stature, weight, etc., together
with data concerning parentage, personal habits and health, are
a part of the gymnasium tests required of all students in
Columbia College.

At the beginning of the tests in the psychological laboratory
a few words are said to the student concerning the object of the
tests and the value of the results. He is then told to write his
name, class and date of birth on the record blank; also to give
information as to any tests already made upon him and neces-
sary information as to how a copy of such measurements may be
obtained. While the student is thus engaged the observer fills
in the following :

What is his apparent age? (..... w)o LT (olaicins ofy I8 [ eanan]y IO visaivain s
0L aees s Yol ).

Is his apparent state of health good (......), above medinm (......), below
medinm (.vveus)y POOLr (voons. ye

Is he tall (..... .), above medium (......), below (......), short (......)?

Is his head large (...... ), above medinm (...... ), below medium (...... )
small (......)7

! Physical and Mental Measurements of the Students of Columbia Univer-
sity. Cattell and Farrand. PsvycHoOLOGICAL REVIEW, Vol. IIL., p. 618.
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Do you think his physical development good (......), above medinm (...... )s
below medium (......), poor (..... )7

Do vou think him likely to be as a student good (......), above medinm
| e ), below medium (...... Y. poor {...... }?

In these mental tests do you think him likely to be good (......), above me-
dium {......), below medium (...... Y poof (.aeee ¥

Of this blank the student is kept in ignorance. He is asked
whether he is right-handed for all purposes, the observer noting
independently the preferred hand in writing and the other move-
ments necessary in the tests.

Perception of Size.—This test is made first, in order that ret-
rospective memory may be tested at the end of the series. A
sheet of paper bearing a 5 cm. line is placed before the student
and a blank sheet of the same size on the right. Without mov-
ing them or altering much his point of view he is required to
draw a line as nearly as possible the length of the standard.
This done he is requested to bisect the line drawn and from the
middle draw a perpendicular as long as the whole line and then
bisect the right-hand angle. The student is required to do this
quickly.

Size of Head.—In measuring the head the maximum length
and breadth are taken with calipers. For length the directions
to observers are, to place one point of the calipers on the most
prominent point of the forehead, between the eyebrows. If in
this region very prominent bony ridges are felt, take a second
measurement from a point just above the ridges and note both.
Bring the other point of the calipers down to the posterior part
of the head and move it along the middle line until the greatest
length of head is found. For breadth of head take the maxi-
mum above the ears wherever found. Hold the calipers hori-
zontally and perfectly symmetrically. Make two measurements
of each diameter independently and record the results in mm-
in the order in which they were made. Repeat until the aver-
age variation of the accordant measurements is about 1 mm.
Leave a record of all measurements made.

Strength of fland.—This test is made with the oval dyna-
mometer. The student is shown how to hold the instrument
and makes the test standing. He is not to see the dial or the
record while making the test. The order is right-hand, left,
right, left—four trials in all.
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Fatigue.—The test is made with Cattell’s ergometer. The
pressure is applied by the ends of the index finger and thumb
and the tension of the spring registered on a counter dial. The
right hand is used and one trial of 50 efforts in a rhythm of
about one a second is taken as the result. The observer records
the reading for each ten efforts.

Lyesight.—These tests are made with Galton’s instrument
which gives the distance in cm. at which diamond numerals can
be read by each eye singly. The right eye is tested first, be-
ginning at a distance of 44 cm. From this the student proceeds
until a card is reached where he can read at least eight out of
ten numerals. The test is made in ordinary daylight.

Color Vision.—The subject is required to select the green
shades from the woolen skeins supplied by the Cambridge
Scientific Instrument Company in accordance with Mr. Galton’s
instructions.

Hearing.—The test is made in a quiet room with the ticking
of a stop-watch as the standard. 35 m. and above is taken as
the normal distance and under rm. as abnormal.

Perception of Pitch.—The test is made with a monochord
tuned so that F' below middle C is given when the bridge is at
75 cm. The directions for making the test are as follows : ““Give
tone F twice at an interval of about two seconds to the student,
whose back is turned. Then shift the bridge toabout 50and let the
student find the tone. He must be warned against humming the
tune and must probably be taught in advance how to use the
monochord. Record the position of the bridge and then give
the original tone twice and shift the bridge to the place where
it was left by the student in his first trial, telling him that it is
put back to this place. Let him now find the tone and record
the position. Ask the student whether he plays a musical in-
strument or sings and record his answers.”

Perception of Weight or Force of Movement.—In this test
the lift is vertical and the dynamometer gives a pressure of 1 kg.
to 10 cm. A mechanical stop is provided at a pressure of 1 kg.
to give the student his standard. In making the test he is told
to lift the handle to the stop three times and then make ten
attempts to lift it to the same height after the operator has re-
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moved the stop. Each lift is to be made in about 2 sec., with
equal pauses between. A graphic record of the lifts is taken
on a kymograph and filed with the other data.

Sensation Areas.—The points of the msthesiometer are 2 cm.
apart and the instrument is applied longitudinally to the back of
the left hand, between the bones of the second and third fingers.
Five tests are made, the student being touched with one or
two points in the order, two, two, one, one, two, and being re-
quired to decide in each case whether he was touched with one
or with two points.

Sensitiveness to Pain.—This is determined for the ball of
the thumb of the right and left hands. An algometer is used
in which the surface applied is of rubber, 1 cm. in diameter and
rounded at the corners. The instrument is applied with gradu-
ally increasing pressure by the observer and the student is told
to say as soon as the pressure becomes disagreeable. If he
show signs of discomfort the pressure is stopped. Two tests
are made on each hand in alternation, beginning with the right
hand.

Color Preference.—Rectangles (5x3 cm.)of red, orange, yel-
low, green, blue, violet and white are shown in an irregular
group on a black ground and the student asked to specify his
likes and dislikes.

Reaction-time.—The reaction-time for sound is taken five
times in succession with the Hipp chronoscope. After the re-
actions the student is asked whether he attended to the sound, to
the hand or to both.

Rate of Perception.—A blank is provided containing 500 11-
point capital letters, of which 100 are A’s. Each of the other let-
ters occurs 16 times and the whole series is arranged in an order
drawn by lot. The student is required to mark as quickly as
possible all the A’s, the observer taking the time with a stop-
watch. The blank is kept as a part of the student’s test record
and shows the accuracy of the performance as well as its quick-
ness.

Naming Colors.—One hundred 1 cm. squares of colored
paper (red, orange, yellow, green, blue, violet, pink, gray and
black) arranged in chance order on a white ground are to be
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named as quickly as possible., The observer takes the time
with a watch and notes the errors. This is really a test in rate
of reading or naming familiar things. Care is taken to see that
all students have a ready name for each color on the card be-
fore taking the test.

Rate of Movement.—A blank ruled into one hundred
1-cm. squares into each of which the student must put a dot,
completing the task as quickly as possible, constitutes this test.
The observer records the time with a watch and preserves the
record.

Accuracy of Movement. — Here a blank with 100 dots
arranged in the form of a 10-cm. square is provided, the stu-
dent being required to strike at each dot in succession, the
aim being to hit them as nearly as he can and as quickly as pos-
sible. The time is taken by the observer and the blank pre-
served for the computation of accuracy.

Rhythm and Perception of Time.—The present test is of the
ability to follow a given rhythm. The student makes with a
telegraph key taps in the rhythm of sounds which occur one
per second. He is told to continue tapping fifty times at the
same rate after the sounder is stopped, which is after ten beats.
The standard is given by a telegraph sounder operated by a
clock. The student’s tapping is recorded on a kymograph with
a clock line in parallel.

Association.—A blank is provided containing the following
words in bold-faced type: house, tree, child, time, art, London,
Napoleon, red, enough. The observer explains the test to the
student, and, when everything is ready, the blank is handed
to the latter, who writes after each word as quickly as possible
what it suggests to him, preferably a single word. The observer
takes the time and files the blank.

Imagery.—The student answers the following questions :

Think of your breakfast table as you sat down to it this morning ; call up
the appearance of the table, the dishes and food on it, the persons present, ete.
Then write answers to the following questions :

I. Are the outlines of the objects distinet and sharp ?

2. Are the colors bright and natural ?

3. Where does the image seem to be situated ? In the head? Before the
eyes? Ata distance?
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4. How does the size of the image compare with the actual size of the
scenet

1. Can you call to mind better the face or the voice of a friend ?

2, When " violin '’ is suggested, do you first think of the appearance of the
instrument or the sounds made when it is played ?

3. (@) Can you call to mind natural scenery so that it gives you pleasure ?
(&) Music? (¢) The taste of fruit?

4. Have you ever mistaken an hallucination for a perception, ¢. £., appar-
ently heard a voice or seen a figure when none was present? If you answer
‘““yes,"’ describe the appearance on the back of this sheet.

Memory.—Four different tests are made in the order given
here. The observer instructs the student as to what is expected
of him in each case.

1. Auditory.—Each series of numerals in the following is
read at a rate of about 2 per second, after which the student
writes it from memory :

4 ] 3 7 I g 1 2
T 5 & @2 # & § 17
3 7 5 2 9 6 4 B8

2. Visual.—Corresponding numerals are shown at the same

rate.

3. Logical.—The following passage containing 100 words
is read to the student, who then writes as much of it as he can.
He is directed to give the words wherever possible, but attempt
to give the thought completely.

“ Tests such as we are now making are of value both for the advancement
of science and for the information of the student who is tested. Itisof impor-
tance for science to learn how people differ and on what factors these differences
depend. If we can disentangle the complex influences of heredity and envi-
ronment we may be able to apply our knowledge to guide human development.
Then it is well for each of us to know in what way he differs from others. We

may thus in some cases correct defects and develop aptitudes which we might
otherwise neglect.”

4. Retrospective.—At the beginning of the test a 5-cm. line
was shown the student in the size test. At the end of the hour he
is reminded of the line and requested to draw it from memory.
This was devised as a test of memory for a thing which one
had no special object in remembering.
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During the test as opportunity may offer the observer fills
in the following :

Forehead : straight (............ ), rather straight (............), somewhat slop-
g (. oeienieea )y Blopiog o)

Hair: black (............ ); dark brown (............), light brown [............ Ys
Hasat [..iovvevinin )meed ye

Complexion : dark ( ...... .....), ratherdark (............ ), rather light( ......... };
light (...........}? clear(............}, fairly clear (... .)s not clear
| e i ), blotched [............ y2

Eyes : g1a¥ [.cciierenres Y Blae (eeeriiieain )y BOOWEL [l nscsusanasa ) iF

Hair: straight (............ ), slightly wavy (............), somewhat curly
([EERIERane s BTV s vani wns o

Nose : convex (....ccoe. ), slightly convex (............), slightly concave
o T ), concave (............ }? Elevation: high [............ ), above
medium (...... vornna )y Delow medinm (....ooeieene)s 10W (coneranienes 33

Ears: large(............ ), above medium (............ ), below medium (......... Y
smallif.. ..o ); projecting (...coseeeees ), somewhat projecting {.........),
rather close (........... eloas il niinia | ¥4

Mouth: large (............), above medium (............ ), below medium
[ovennmonanna )y BmAll (....o0coci. s

Lips: thick (............), above medium (........... .}, below medium (....... =
thin(. ... )0

Hands (in relation to size of body): large (............ }, above medium
| P ); below medium (............ }, small {.....c...... )2

Fingers (in relation to width of hand): long (............), above medium
(-eeeneeenes )y below medinm (......ocoinn ) Short (coovnennenes )?

Face and Head : note asymmetry, also any abnormality, as malformation
of ears, squint, ete.

After having discussed the subject the observer fills in the
following :

Do you think his state of health good (.......c.... ), above medinm [.....coocee )
below medinm (............J, poor (............ ) ?

Do you think his physical development good (............ ), above medium
| +)y below medium {(............ Yy POOL (sevrsarsnnaa ) P

Do you think him likely to be asa student good (........... .}, above medium
(-eiineess. ), below medinm (........... e PR  ird

Do you think that in the mental tests he has done well (............), above
medinm (............ ), below medium (............ ); POOTLY (oenrarcnnes )?

In understanding what was wanted, was he quick (.......... ..); above me-
dium (............), below medium (............ Js BLOW [ecinssnnes A I

Was he talkative (............ ), above medium (............ 3, below medium
SRS Yeoguisk [l )?

Do you judge him to be accurate (............ ), above medinm (....opveeen ), be-
low medinm (............ ), not accarate (............) T

Do you judge him to be straightforward (.......... ..}, above medium (......... )

below medium (............ ), not straightforward (............) ?
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Do you judge him to be intellectual (............), above medium (............ 1
below medium (............ s not intellectual (............) ?

Do you judge his will to be strong (............), above medium (............},
below medium (............ ) weak {..cnaiiies 3P

Do you judge his emotions to be strong (............ }, above medium (......... ) B
below medinm (...coevevaas Yo mmalE i )

Would you call him well-balanced (............), above medium (............ Y,
below medinm (............}, not well-balanced (............ I3

Would you call his temperament choleric (............), sanguine (.....cooeans)s
melancholic {............ 1, phlegmatic (............ s

The students are taken through the tests singly. Students
and officers of the department act as observers and the aver-
age time required to make the test is 43 min. The above
enumeration of tests is the order in which they occur on the
blank, but as three freshmen are usually taken through during
the same period and it being impossible to duplicate all the
apparatus the regular order of the blank is not followed, and the
tests are arranged in definite groups in separate rooms and each
group given in the order of its occurrence in the blank. In all
cases the size test is made first and the fatigue and retrospec-
tive memory tests at the end of the series. By keeping a
record of the order of the three observers for each test period
it is possible to divide the students into three groups in each of
which all followed the same order.

It is proposed to add tests of attention, apperception, sug-
gestion, etc., to the above series, but so far no very satisfactory
method has been evolved. In case of apperception, supplying
the missing words in the following was tried :

The manner in which.. O I PR U Ry SR - 111y ol 11|
TRy e R follc-wea::h other t'llmugh [ | PO e
|| T Ap—— Ghibibad s Seinpreaia e flight of one 1dea before the next the
.................................................. our minds make between things wide as the
ST R e p e Lo L e e «oasunder, transitions which at first sight

Ty . ..ug by their abruptuness, but which, when
sasararsrasasstsnanss P . cln-sely, ofteu reveal.......... PR— ensnssnens links
BN s iy o e g kel e 2 naturalness and.......ccooeeecemuiirmnereccnanisinan. oAl
thass. .. e R e S A ahra s AR e R ii reaiy streaming has
from time immemorial excited the......cooeeieiiiinininr e of all those

...happened to be caught by its....... St s inar b S a3
mystery.

This, like most mental tests, is in the nature of an experiment.
No one can tell offhand what will make a good test for a par-
ticular function.
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In the observer’s blank it will be seen that certain ready es-
timates of the student are required. The data thus obtained is
more for estimating the precision of such methods of observa-
tion than for affording information concerning the subject him-
self. In many cases it is possible to compare the judgment of
the observer with actual measurements. By some such pro-
cedure it seems possible to determine the general probable
error of ordinary judgments.

In connecton with the gymnasium measurements the student
1s required to supply the following information :

Birthplace Date of birth
?J’ of father of mother
=
g | his father her father
E | his mother her mother
o R
I i
:|E | £33 |5
L = EE &5 | A -
o o @ O
Living ? (if so,
Tt 8T T E R
Deceased ? (if so,
give year of death and age at time
S T e R TR e J
Canse of death, |
if deceased . & e ; |
DMost serious dlseaﬁﬁs from Whll:h |
they have suffered . . .. ; :
: _.-_ R -_--_-.__I_:I :_ |_3_ 4 5 & _etvz-
Vour mother's born. |
children . . . gdeceased , E ,

[Write B for brother and 5 for sister in the order of age and in the proper
column. Include yourself designated by X. After B, 8 or X write date of birth
thus : B. Feb. 10, '84. In case any brothers or sisters have died, write date and
cause of death after ' deceased.’]

How many brothers did your father have? ( J, how many sisters? ( )
was your father his mother’s 1st ( Yo 2d Y, 3d ( ), 4th ( 1
sth ( )y 6th ( })y or what ( ) child ?

How many brothers did your mother have? ( ), how many sisters ?
( ), was your mother her mother's 1st ( ), 2d( ), 3d( ) 4th
( )s 5th 3, 6th ( }, or what ( } child ?
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Which side of the family do you most resemble in physical build ?

Previous to your birth did your parents live in the country, town or city?

What portion of your life has been spent in the country ( Js
town | ), ity ( ) ?

Occupation of father previous to your birth ? at present ?

Health previous to your birth of father ? of mother ?

How many hours do you sleep ( )?

At what time of day can you study best ( ¥

In addition to the above, a series of questions concerning
general health are submitted, supplemented by inquiries as to
personal habits of eating, drinking, smoking, exercise, work, etc.

The idea of those responsible for these tests was to secure
as many data as possible concerning the individual in connection
with his college record and his life history. It seems certain
that the correlation of such results will give us an insight into the
elements that make for success in daily life, as well as point the
way to scientific progress. In the following research only a
part of these data has been worked over. The standpoint of the
writer being largely psychological, more time has been given to
the tests made in the psychological laboratory than to those of
the gymnasium or class-room.
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CLASS AND SEX DIFFERENCES.

Besides some 250 freshmen and a small number of seniors in
Columbia College, we have the results for a number of young
women in Barnard College. This enables us to compare the
sexes and to estimate the changes among men during their col-
lege life. In Table I. are such results as can be easily reduced
to averages. Here are the totals for freshmen, seniors and
women. The probable distribution of cases around each aver-
age is computed according to the formula

p=0.6745 [ ¥

=1

In length of head, for example, # = 4.3, and 194.0 * 4.3 is
understood as defining the limits between which approximately
50% of the cases will fall. # expresses the probable variation
in the group, and the limits of the group may be estimated as
average £ 5 p.

In estimating the certainty of a difference between two aver-
ages the rule is to proceed upon the principle that the combined
error of these averages is equal to the square root of the sum of
the squares of their respective errors. The relation of the
actual difference to this combined error furnishes the basis for
estimating the certainty of the result. In Table I. this is
expressed in terms of unity under the heading C.'

For the sake of clearness the important class and sex differ-
ences are shown graphically in Fig. 1. Here the averages
for freshmen are taken as a base and the direction and amount
of difference plotted accordingly. In reading these curves,
above means superiority in size, strength, sensitiveness, accu-
racy, quickness, quality and quantity. The amount of differ-
ence is expressed in terms of # and indicated on the ordi-

1 For methods of calculation and deduction of formulas see Merriman, A

Text-Book of Least Squares; Westergaard, Die Grundziige der Theorie der
Statistik, ete.




15

g8 | z€ |6 Lt |t9 e |l I iremmin | jsenanes 1 ipitg _ St | oSz [ umm) sous—Azowmam sanpadsonay
_“g “r a'cl m.-.mm.- ...... - ﬂ..m._.. w ﬂ...m_.H _ ﬂ.mﬂ. _m.ﬂ. | 1°11 m.-.Tw_. I (s ) S GRGRECEEREEEEEEEEEEEREEEEERE A_w_“___- thEH-HH .H..N.UHMH-_.H
(5| vo |0 | = | [t (4 © |¥o | €A ¥ |So _ 6g 7 ZRE P c o p [ensiA
oo | o |94 So |94 P | 6 Go |E£L et |Po |9 oar oo pajjesaz EEuE:H|h.E.Euﬁ L1oypay
¥ | o1z | &b | 1€z |g€S | =€ | 66 |ogz |gbL | 68 |6zz |GG | XLp [ereereereee sesssecsse{ 936 ) JM-UOIBIJ0SSY
nm.m ------ _ anew smrmum e | mEmeas paaadEss | BEsss g | mesmw & | dmsmmamad | oEmmnnnrs | mmmees ﬂ..nu _ m.._u. “ W_n ----- ﬁ-—H—”H—Hd..- 10115—
T ...... _ I i e o B i e B U i £4 e _ ............ - Ll | mamess ﬁ..h | _n_a.m.w__ _ Wm_ ..... .—“.U__.wm”_ ..un_.-._.._l._ﬂﬂ_ﬂ.ﬁh__.ﬂ.—ﬂ .u.u ._.__-..Uﬂ.u__._.uu.rq
75 _n_m.mw gz _W.Mﬁ .............. | ¢t g |ob o9 Pz Cof ey _ - S PPN SRR (*098) AMI)-JUIWIAOTYL
m (19- QT | O'6L | e _ o 66 g _ 1-5g of |zb1 | gy _ g eeeoee PR _“.u_u_m_._._ MW} —S10[00 001 Summey
66 | Lo ‘1 ot |iP | SE o |61 o€ &t | o1 o A (5 A AR pajmo §,y—
w3 66- __ €or (6gg | gz |(#Sox| SE | 66 |1'g |Z16 2F |EZEr [ Toor | Ol [eemresiiasene (-02s) amn—s,y Mo SnrjIvg
= ' | ooz £lS1 | oor jovor | Lk | 66' |L:e |6Egr| ¥ | 6gr | LgSI| QST |rrccecrreserees messsstssssiine (2) ammp-nonaeay
E MM | 90 [€1 gio [ gir | aE | e et kit s g0 L1 | Lex [reeeeee(t98) 10119—'395 O1 JO UOREINSH
L) % | &x |&® L |I'C St | zh |1E p€ P |oE te | €z e e (cmm) 20a39—2718 jo wondadiag
= | &2 [LE ¥ |9l ¢ | 86 |6& g g | &F |zL | Sgp | serersssceGUIns WD S WO J0II3—1L
= o | Lo |gz 60 |PE £E i |geo |t ek (60 |L-E BOE |Jrosessssiiis € 0y 091100 "AE—SEAIE UOIJESUag
P i1 ﬂ.ﬁ m..w .w..H ﬂ_w. w._mr mm. I'T .v_.ﬂ ﬂ.w_. 'L ﬂ.ﬂ EN Jorrama s sassssEEEn gassEmEEm MHU .mv.m_m...n .w
) So- | ' | &S gt |bg | SE | 66 |1 Fe & (¥z |68 ER)E; ||ravmerateassintnstanis () puery ypdr—ureg
L ot ol Ve | B seesime fomiivie: | pge | il | ool SE S ViRPr| EBE PreecereenyiE) .._.u.:mIrEmﬁu._..__. jo nondasiag
L L sessan | ssswsssn | wessas waaswsse | wewesn Coy* 1GE .nu._m.._.w He olr ” n.ﬂm | BT eereemesesrs srsssssisssssssiimaiisii H._._"m_“_ ﬂﬂ_.mﬂ._..ﬂuﬁ
L | 0§ |oZE |6 |#bC | SE | 66 |S€ |Sir | ¥ |L¥ |S€E | o1 |- suenerees v PI—
S |68 |z [ €5 |o S¢ | 66 |9€ |ooz | b 6k |9 | orp [ (%) WqHu—puey jo yySuang
m..._ me € g-Cey wpﬂ CLCr .—Hm.. mm. _H..m. H-W.—u“_.. A m..ﬂ G z8r __.__.mN 44sEEEEERssspERERE LARERERRSE i ﬂ—.uﬂ-ﬂﬂhﬂ.l
- ggo| ¥+ |[ES61| ot |1B6r| ¥ | 660 |gS |(Sagr| ¢ |TF |o¥6r| lgT |-ooeeeeeeccereecees(-mm) qI@oa—pooH
_ _ | |
_M ¥ wy L Ay | sased | #7 Wy | sesun F | av | -sase) |
a2 'SIOINDE S ETHTEREE | 3 | U0 AL WA _
"EIITAIIPL FEUD __ "EIAUNRIAPT XIE

‘[ 18V,

I



16 CLARRK WISSLER.

nates in a scale of 10 #. In this way we are able to express the
relative differences for all averages and so have a common unit
of measure. In Table I. these differences have been translated
into probabilities and we have assumed that when the probabil-
ity of a difference is 0.go, or 2.5, it may be taken as a dif-
ference of considerable certainty. This limit we have indicated
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by the parallel broken lines. A difference of 5 7 has a prob-
ability of 0.999 which may be regarded as sufficiently certain
for all purposes. In Table I. a certainty of 0.82 may be re-
garded as indicating a probable difference and 0.50 as equiva-
lent to no difference. In reading the curves the probability of
all differences should be estimated according to the above.
Readers unfamiliar with such methods of treating data should
bear in mind that this is only a way of estimating the allowance
that must be made for accidental variation.

According to this we may say that the women are approxi-
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MENTAL AND PHYSICAL TESTS. 17

mately equal to men in fatigue, perception of weight, sensation
areas and logical memory ; they surpass the men in sensitive-
ness to pain, perception of pitch, marking out A’s, naming
colors and in visual memory ; they are inferior to them in size
of head, strength of hand, reaction-time and association-time ;
they are also probably inferior in movement-time, perception of
size and auditory memory.

With the seniors and freshmen we have the record of each
individual for comparison, and it is these differences that are
plotted, except where the line is broken. So far as we have
data, the seniors surpass themselves as freshmen in width of
head, perception of pitch, estimation of time, marking the A's
and are inferior in sensation areas: they are also probably su-
perior in length of head, strength of hand and reaction-time and
inferior in the perception of size. As compared with the class
results of freshmen they are superior in movement-time and logi-
cal memory. It will be observed that in case of pain, association-
time, and visual and retrospective memory they are actually above
the freshmen averages. The other tests not represented in the
plotted differences may pass without comment.

In addition to the results given in Table I. the following
seem of sufficient interest to deserve mention.

One and a half per cent. of the freshmen were color blind, but
no cases were found among the women. In color preference 42%
of the men chose blue and 42% of the women red, these being
the preferred colors. The total distribution of likes and dislikes
is as follows:

.F;'u.-.:;hmr:nl. : . Womet.
| Like | Dislike | Like | Dislike
Red i 22 - s | s
DUERTIE - ciisisitsissesaioneasds sosbus ieimoiiniss 5 25 | 3L
R LA i mee s wameins i mm s e b S s e | 2 | 32 5 | a$
L A e RO T T PR o | i | 15 g | 21
LT e P e o | 42 12 g 23
R e e e L e 1g 3 Ig ‘ g
TR e e AL | 3 I ! o

Of the 28 seniors 20 showed the same preference as when
freshmen and of these 8 were for blue. All the senior prefer-
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ences fell upon red, blue and violet except two. In brief, the
tendency seemed to be a shifting toward the violet end of the
spectrum as age increased.

In eyesight there is no certain difference between the sexes
unless it be in the variability. The seniors as a class are neither
better nor worse than in their freshmen year, though some in-
dividuals have lost and some improved. The distribution of
cases was as follows:

EvEeEsicuT TESTS.

Freshmen. | Women.
Cm. e e LR =
E % L % | R4 L&

85 o z s} o
72 I5 14 10 5
61 26 i 20 22 21
52 26 | 34 40 40
44 13 | 12 22 19
37 12 l 7 o 5
31 7 o 2 4
26 o ; 2 2 2
22 0 | 0 o (3]
19 1 | o o 2
16 o 5 3 2 2

—_ — mrua

- T

According to cephalic index freshmen and women were dis-
tributed as follows:

Index 70-74 75-79 80-84 85-89
Freshmen 1% 50% 335 6%
Women & 50 a9 5

So far as these results go it can not be said that there is a
real difference between the sexes.

Ellis' has brought together certain results which lead to the
conclusion that to reach the maximum at the first trial with the
hand dynamometer is a sign of weakness and that this is further
evidenced by the predominance of such relation among women.
The results of these tests furnish data bearing directly upon this
point. Among the freshmen in Columbia College 61% reached
the maximum with the right hand at the first trial in the test
and 63% with the left. The distribution is apparently the same
for both hands, but the student who reaches the maximum
record on the first trial with the right hand is no more likely to do

'Man and Woman, p. I51.
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so with the left hand than those who do not. Taking those who
reach the maximum on the second trial, we find them not among
the strong men but equally distributed among all grades. So it
appears that this variation is independent of absolute strength.
However, we find that 80% of the women reach the maximum
at the first trial for the right hand and 66% for the left. This
may be an accidental difference, but should it prove to be a
secondary sexual characteristic the explanation cited aboveis an
unwarranted assumption.

The association test furnishes a large number of associations
for each word. In the senior and freshman tests we have two
sets of associations with an interval sufficient to eliminate
memory interference. Of these 34 cases we find the number
of identical associations in the two tests as follows: for house,
93 tree, 8; child, 10; time, 4; art, 9; London, 9; Napulécn,
73 red, 10; enough, 5. On the whole this is more of an
agreement than we should have supposed, and indicates a per-
sistence of early associations.

A classification of associations shows that 25% of the Bar-
nard tests give particular associations, as Barnard House, 49th
St., etc., while the men give but 6% such associations. From
reading over all the lists we get the impression that the women
excelled the men in particular and personal associations. Asto
the kinds of association, no particular difference between the
sexes appears. The comparative results of freshmen and
seniors give no marked changes in the character of associations.

The answers to the questionnaire on imagery show no impor-
tant sex differences. Questions as to the nature of our mental
images are always difficult to answer and are probably espe-
cially so for people not psychologically inclined. The seniors
who answered the questions after an interval of four years show
great variation, the greatest uniformity occurring in the two first
questions of each group in the blank. Eighty-five per cent. of the
freshmen and 88% of the women found the outlines distinct and
sharp, 68 and 6g% could image a face better than a voice. With
respect to real hallucinations, 20% of the freshmen reported as
against 40% of the women. About 65% of such experiences were
auditory. More than half the freshmen reporting experienced
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repeated persistent hallucinations of being called by name and
of these about half were usually recognizable as ¢ mother’s
voice.” As this is a subject of general interest we give a few
typical reports :

¥ Besides having heard the voice of mother when young while she was some
1500 miles away, I now and then hear scraps of conversation (which I have
never heard) float before my ears and also voices of friends call me by name.,
This, however, is seldom, and I think occurs only when I am greatly fatigued in
mind or body.”

In cases of visual experience the image is usually that of an
unknown person, but one often saw faces belonging to persons
known to be dead. Here is the one striking case of a familiar
figure :

“One night I awakened from a deep sleep and saw my father standing at
the foot of the bed. The image was perfectly clear and appeared to my mother
a few nights afterward."”

From the senior reports we may see what changes have come
during four years. Ten seniors reported cases in the freshmen
tests. In the senior tests no new cases were reported, one
reported no recurrence of the experience, four reported per-
sistence of the same experience and five recurrence with
modifications. The last show a slow development of the ex-
perience. One reported that when at a preparatory school
he sometimes heard his mother’s voice when a piano was played.
Now when playing the piano away from home usually in the
midst of a selection he hears his mother call in a loud voice, al-
ways causing a break at that point. This is a constant experi-
ence and becoming more and more frequent.

Although the number of cases 1s small the tendency seems
clear; that the majority of such experiences are auditory and
of these the hearing of one’s own name in a strange or familiar
voice is most common ; that, whatever the nature of the experi-
ence, it is usually persistent and develops along its own beaten
paths—those who had visual experiences have them still, etc.
All seem to have their origin before college life begins. How-
ever, these are to be taken as suggestions rather than definite
conclusions.

In the memory tests for numerals a decided interference
effect is often observed in that the second series is confused with
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the first. This is especially true of seniors and mature students,
with whom the probability of the first trial being correct is much
greater than in case of the succeeding, Inretrospective memory
the error may be measured in two ways, according to the devia-
tion from the standard line or according to the deviation from
the line actually drawn in the size test. The results show that
the average error for the latter is about half as large as for the
former. This difference is doubtless due to a constant error in
the individual.

The miscellaneous data found in the wvarious blanks do
not differ materially from those given in the preliminary report.
As a brief summary, we find freshmen in Columbia College
about 18 years of age, about 9o % are regarded as having brown
hair, their eyes are about equally divided between gray, blue
and brown, 70% have straight foreheads, 60% thick lips, 75%
are of clear complexion and about 2% are left-handed.

Since sex and class differences are incidental to the purpose
of this research, no attempt has been made to compare these re-
sults with other data published elsewhere. Difference in method
of testing rendering such comparison difficult in any event, it
appears best to limit this section to a statement of specific results.

It remains to consider the differences between the freshmen
tested for each year. Taking length of head as a special case,
we find the following :

Class. , Cases. Av. | £
1900 | 6o ! 193.5 -= 4.4
1901 . 66 ; 193.6 ' 4.0
1902 | 82 | 194.4 i 5.0
O _59 - 193.9 . 4-7

The maximum difference is 0.9, which has a probability of
0.54, or equivalent to an accidental difference. As to how far
this is true of other tests may be inferred from the following
table of probabilities similarly determined.

Reaction-time, 0.98
Marking A's, 0. 75
Naming colors, 0.68
Association-time, 065
Logical memory,  0©.50
Piteh, 0.25
Pain, 0.52

Strength of hand, o.16
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Thus, with the exception of reaction-time, we find all the
maximum differences between the freshmen of the various col-
lege classes within the limits of accidental variation. This ex-
ception, however, is not very important, since it is found to be
a difference of but 3.5 2.

The import of this result is that with respect to these tests
freshmen entering Columbia College from year to year are sim-
ilar, or represent a type. This is also borne out by the regular-
ity of the distribution for the various tests.
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THE CORRELATION OF RESULTS.

The most important consideration in a series of tests is their
correlation. It is desirable to know to what extent ability in
one case assures us of ability in another. This is the real ques-
tion in all tests. But before going into the subject proper some
attention must be givento method. Let us take for example the
stature and weight of students, as a case in which we should
expect some correlation. In Table II. the cases are grouped in
differences of 5 kg. and 5 cm. and so arranged that the weight

TaeLe II.
Stature in e,  |— ?’Ejgh..t_if_ki_r'__ . | Total.
4552 | 51-35 ﬁﬁ-ﬁn | &1-65 | G670 | 71=75 | 76—3\: 1 B1-8g |_ B
155-160 I I | I | ' 3
161-165 I 2 7 1 1 2 | | | 13
166-170 I 5 7 | 10 g 1' 26
I71-175 2 9 | T | Al ot | 33
176-130 4 11 6 | a| 2] =2 28
181-185 I 3 3 | 4 2 16
Iﬁﬁ—lgu i I I
— — e e L - _I S R e = J
Tnta.l : 10 2B | 37 22 | 9 5 120
Av. E‘-tatnre. 162,5 166.5 | 160.8 | 172.8 | 173. 6| | 1785. ﬁ 178. 5 {EI b 172.5

of any group can be compared with its stature. The average
stature of all is 172.5 cm., weight 63.4 kg. At the foot of each
column is the average stature for the corresponding weight.
Here we see that those of average weight are also of average
stature and that weight increases with stature. Had there been
no relation between weight and stature, the averages for the
columns would have been approximately the same.

These relations may be presented in graphic form as in Fig.
2. Let AR represent the place of average statures, if there
were no correlation; CJ) their place in perfect correlation;
the point of intersection, the place of the group having both
average stature and average weight; then plotting the actual
averages gives the line £F.

! See Grammar of Science, Pearson,
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In estimating the degree of correlation it is customary to
proceed by the formula

in which x and y represent the variations of an individual from
the respective averages of the two distributions to be correlated,
/, and g, the mean square deviations of the distributions and »
the coefficient of correlation. When » equals unity correlation

c

~
™

Fic. 2.

is perfect, when equal to zero the correlation is that of chance.
Applying this formula to the data for stature and weight (Table
II.) we find » =0.66." This coefficient expresses the relation
between the averages for the successive columns, or arrays, in
the table or the place of £F in Fig. 2. The probable varia-
tion of an array may be found from p v'1 — 7*. Since » = 0.665

I Matural Inheritance, Francis Galton. Mathematical Contributions to
the Theory of Evolution, Karl Pearson, Transactions of the Royal Sociely of
London; also Grammar of Science, Revised Ed. The Cephalic Index, Franz

Boas, American Antlropologist, Vol. 1., Ne, 3, N. 8.
2No account was taken of differences in age.
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this expression becomes 0.75 #; calculating 2 for all staturesin
the table gives 4.6 cm., from which it follows that the probable
variation for an array should be 3.3 cm. Calculating the actual
variation in statures for weights of 56-60, 61-635 and 66-70
we obtain 3.5, 3.7 and 3.8. The significance of » = 0.66
is now apparent; if we select students according to weight,
their statures will fall within approximately 3{ the limits for
students selected at random. In the same way it may be shown
that a coeflicient 0of0.43 = 0.90 p; 0.66 = 0.75 #: 0.87 = 0.50 7}
0.97 = 0.25 p: etc., from which the significance of the various
coefficients in the following pages may be estimated.

Since the coeflicients of correlation depend upon the mean
square deviations, their own probable errors can only be esti-
mated in the same terms. According to the method employed,
it appears that for the following data differences greater than
0.10 have considerable certainty.

In order to save time the writer used another form of this
method which may be illustrated by an actual case. In re-
action the cases may be divided roughly into four groups as

(1) 68+ 70 + 55 + 63 =256
and in the A test
(2) 57 + 804 66 L 53 =236,

Now, if a mere chance relation held between these tests, the 68
cases in reaction should be distributed in series 2 as

57 8o

, 66 , 53
256 T 256 T 256 R

256
or

.15.14 + 21.24 + 17.50 1 14.07 = 67.95.
Counting through, we find these 68 cases actually distributed as
15 + 20+ 15 + 18 =68,
Taking the 63 in series 1, the chance occurrence should be
14.02 4 10.68 4 16.24 + 13.04 =62.68.
The actual order of cases was
12 = 21 4 18 - 12 = 63.
Thus we find the correlation approximately that of chance.

The method can be shortened by calculating the number of cases
probably agreeing in the corresponding groups in series 1 and 2.
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In the same manner for stature and weight,

(1) Stature 42 + 33+ 45 =120
(2) Weight 41 4 37 4+ 42 = 120.

The 42 short men in 1 occur in 2 as
25+ 12+ 5=42.
By chance they should be

14.4 + 12.9 4 14.7 = 42.0.
The tall men occur

54144 26=45.
By chance,
15.3 + 13.8 + 15.7 = 44.8.

Thus we find evidences of correlation in this case.

In a series of tests like the following, where there are over
six hundred possible correlations to consider, a shorter method
still will be useful. Correlation may be detected by simply
taking account of the distribution of cases. Returning to Table
IT. we find in regard to stature about the same number above as
below the average group. Arranging the 42 short men, the 45
tall and the 33 average men according to weight, we find them
distributed as follows :

Short men, Bosan B T e T2 Gaiin Bl e B e 0 0D
‘Tall men, (o s P Gl S [ R e R T s
Av. men, N mtvm A T i RN i ST I R o

Total, Brwmas IO cwwe: 28 Gida 37 veae 32 Lewa Qe SRS BNETIC)

That tall men are heavier than short men is now evident.
In practice we need but find the distribution of cases with high
and low values, say above 4+ # and below — #. A judicious
use of this method makes a rough-and-ready estimate of the de-
gree of correlation possible in any case.

The data discussed in the following pages were first arranged
according to this last method ; then the actual distributions were
compared with the theoretical chance distributions; finally all
the important tests and all giving any evidence of correlation
were treated by the Pearson formula and the coeflicients taken
as the basis of discussion. Thus the treatment has been suffi-
ciently thorough to give a reliable conclusion as to the general
degree of correlation between such tests as are considered.
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TesTs oF QUICKNESS AND ACCURACY.

Reaction-time and marking out the A’s furnish 252 cases in
common. The reaction-time for each individual is the average
of five to three valid reactions, observers recording five re-
actions. In the A test it has been proposed to lengthen the time
recorded proportionally to the numbers of A’s missed.! DBut
this is unnecessary, since » = —o0.05 in case of A times so ad-
justed and —o.05 for them regardless of errors. It appears,
then, that the degree of correlation between these tests is ap-
proximately zero, or a chance relation. In other words an
individual with a quick reaction-time is no more likely to be quick
in marking out the A’s than one with a slow reaction-time.

The other correlations for tests of quickness may be enu-
merated as follows:

Cases, r
Reaction and naming the colors 118 .15
Reaction and association 153 0.08
Marking A's and naming the colors 159 0,21
Movement time and naming the colors 97 .19
Movement time and reaction G0 0,14

The remaining possible correlations in this group of tests are
movement time with A’s and association, and naming colors and
association, but when tabulated the distributions were such as to
make a very low degree of correlation certain. Thus it ap-
pears that the time required for naming the colors correlates
better than any test in this series, yet the coeflicients are too low
to be of much significance. (pv'r — (0.20) = 0.98p). The re-
sults are given in tabulated form for reaction-time and A’s
(Table IIL.) and naming colors and A’s (Table IV.).

Though these tests fail to correlate with each other, it may
yet be true that the individual who happens to hold the same
rank in two tests will tend to hold that rank in all and so divide
our subjects into groups one of which correlates and the other
not. This question may be answered in the following manner:
From the value of p (Table I.) we may divide the individuals
tested into four groups, approximately equal. In reaction-time
and the A test there are 68 and 57 cases, respectively, in the first

! Cattell and Farrand, PsycHoOLOGICAL REvVIEW, Vol. IIL, p. 618.
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TasLe III.

. Marking A's.
Reaction time. ST Total.

fo-fig | so-79 | Bo-Bg | go-g9 | voomtog | 110-11g | 120-129 | 130-119
-— — e e - - | | | .

100 . e I I 2
116 | 4 | & I I T B 18
120 2 5 i Il ] e s 25
130 1 3 | | e T I i 29
140 2 4 6 | 10 | 7 5 | 5 2 | 4I
150 1 ) Rl T ] T L T | 26
160 i (] i | L B 3 2 2 | 28
170 3 ol Sl il e 5 2 27
150 = 4 6 5 I 19
1g0 1 6 3 I 1L
200 1 2 2 2 1 I I 10
210 2 3 2 2 | g
220 2 2 2 I ‘ 7

Total. | 12 20 | 535 | 68 | 44 28 | 15 | 12 | 252
Av. 145 | 143 | 162 | 151 | 160 | 350 | 344 | 140 |

group, or upper quarter. Of these 15 are identical, or the
number conformable to chance. In the classes of 1902 and
1903 there were 30 cases in the upper quarter for naming colors ;

TasLE IV.
Time ﬁo_:r_ Time for nami.ﬁl_x mh;.:r. Sk
' g f—— = = e | -
b S"l So=50 | {5y i Toe=74 | Bo=Bp : o | 100=104 | 1T0=1134 | 120=120 | 130=130 |
ek | _ | | = 25
669 | | 1 WEE WS ol M (7
o o] I A I S N T el (ke Tl R W e
- i, ot - TR TN B & S SR O S i [ o (W L | | 38
| 2 | 10 | 2 | § byl b | 2 | 34
100-109 | [l :-'|4|4i4 " T W T
110-119 | 3 6 2 3 2 | I O [ [
120-129 | |50 2 | r | | | e
130-140 | ! 2 e it an | | R
14 sl it st [ Lo L fad . i 3 |
| [ | | |
Total. 15 33.39-24;1?|9Iﬁ[?-7;159
Av. 9 | 95 | 95 | 98 | o7 | 1oz | !

99 | 119 | 115

this test seemed to correlate in a way with reaction and the A
test, yet there is but one case identical in the upper quarters of
the three. Theoretically, the chance agreement is 0.4 of a
case. The other quarters give corresponding results.

The cases are not sufficiently numerous to warrant giving
more space to this correlation. At least the results indicate that,
though we find some reasons for assuming double correlations
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between certain tests, the rank of the individual in the whole
series of time tests seems subject to chance. This conclusion is
out of harmony with all general belief, since we usually assume
that quickness is a fundamental thing characterizing the indi-
vidual in every respect. But the discussion of this point must
be deferred.

Having now considered tests of quickness, we may take up
those whose results are generally expressed in terms of accu-
racy. In the size test there are three similar requirements:
drawing a line, bisecting it and bisecting a right angle. Some
correlation appears between the former, 0.38 (123). The errors
in all cases are about equally divided between positive and nega-
tive, and those who underestimate the line are no more accurate
in its bisection than those who overestimate it. Curiously
enough, when we come to correlate these results with bisection
of the angle, no agreement save that of chance appears.

The length of the perpendicular line involves an illusion and
is not so easily correlated. On the average this line is  of the
actual base, only 2% drawing it longer than the base.

The tests for accuracy of movement (striking the dots) and
the perception of weight (force of movement) correlate neither
with each other nor with the test for size. Also, no correlations
were found between these tests and the accuracy of estimating
time intervals or of following a given rhythm. The A test may
be considered here also, since it may be graded according to
the number omitted, but this fails to correlate with the above.

It may be well to consider the relation of speed to accuracy.
In case of A’s they hold a slight inverse relation, » = —o0.28.
The time required for naming the colors which seemed favor-
able to correlation in the group of time tests does not correlate
with any of the tests in this group. There is an apparent cor-
relation between the accuracy of movement test and the time
taken to do it; however, the writer regards the results of this
test as uncertain, because any individual can hit all the dots if
he goes slowly enough.

It may be urged that in many cases failure to correlate is
due to want of precision in the tests, so we must give some con-
sideration to the validity of the methods employed. In the A
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test, for example, we have but one trial, and unless we know
something of the limits of variation in repeating it we can give
no particular value to the results. It is difficult to repeat this
test without modification of somie kind; if the same blank is
used, the subject remembers where some of the A’s were found
and thus gains in time; if a new blank is made the conditions
vary. We give here the results for two men and two women
who made repetitions of the test in succession,

o4 Qo ol a1 8o
Men Zo 66 67 &6 67

83 ‘14 [ 75 o
women {3 % 15 & h
Two other subjects made one daily trial for six days:

62 Go 53 6o 57 bo
70: 68 | 66 -B2 B B0

Thus we see what might have been foretold. The first trial
is likely to be the longest for want of practice, but it does not
appear that the difference between the first and second trial is
out of proportion to the succeeding, conforming generally to a
practice curve. This satisfies the requirement of an efficient
test.

It will be remembered that the seniors repeated this test after
an interval of four years; the distribution of cases as freshmen
was according to p, 7-10-9-9, and of these 5—7-8-5 respectively
held their relative positions.

In naming the colors there should be relatively little variation
between the various trials since this is essentially a reading time.
Five freshmen made two trials of the test at intervals vary-
ing from one hour to three days with an average first trial of
61 seconds, second trial 58. We find here proportionally
smaller differences than in case of the A test.

With movement-time the difference is relatively large, since
the individual variability is about the same as that of the group.
In repeated trials with five subjects the average difference be-
tween the first and second was 4 seconds, all shorter times;
between second and third, 1.9 seconds. The former is approxi-
mately the variability of the group. The apparent regularity
of gain in the different subjects, however, gives this test some
certainty.
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In case of the accuracy of movement, we have no data ex-
cept the daily records of two subjects.

Time, 47 3% 36 35 35 32 - 40
Error, 0.4 1.0 0.5 o8 08 o.8 I.I

Time, 40 37 34 29 30 28 30
Error, o8 0.9 1.0 1.0 1.3 I.4 1.2

Here we observe some individual differences. One subject
shows a tendency to sacrifice accuracy for speed, the other
gains in speed with a fairly constant accuracy. The infer-
ence would be that the result of this test will vary according to
the attitude the individual assumes. Unfortunately, we have
too few cases for precise correlation.

In the association test we have no data for repeated trials ex-
cept in case of seniors, who gave even more decided agreement
in rank than in case of the A test. For this reason we are justi-
fied in placing some confidence in the result. Whether the test
measures the readiness of association is doubtful, but it seems
that the time is indicative of the reaction to the test and that in-
dividuality in this respect persists during college life.

When we consider reaction-times we have five trials for each
individual and have to do with an average within an average,
from which it follows that the precision of the test will depend
upon the probable variation of the group. Taking ten cases at
random from freshmen of 1goo, we find the averages giving an
average probable error of 7o, and as seniors the same individuals
giving an error of 126. The extreme case was an error of 18s.
The value of p for the group is 1gs. Thus the probable errors
of the individual averages are within the limits of the group
variation. In the preliminary report it was shown that the tend-
ency was toward quicker reactions in the successive trials.
Five freshmen made ten reactions under the conditions of the
test and the average of the first five was 10s longer than the
average total. The repetition of some cases several days later
and an extended series upon two other individuals show a much
smaller difference. Here again we have a practice effect and
it appears that the tendency is general. The seniors held the
relative rank of their freshmen reaction tests as well as in other
cases.
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In case of the size test we find the distribution of errors for
two individuals with a 10-cm. line, 12 daily trials of 10 lines
each, 120 lines in all, in every way comparable to the group
distribution for the 5-cm. line. In an extended series of trials
with the s-cm. line with three individuals the average errors
were 2.5+ 2.2; 6.0+ 0.9; 2.0 +0.7. In the case of seniors
we find that they do not keep their relative rank as freshmen in
any sense. Though we can not say that this test is very pre-
cise, the fact that it correlates in itself seems to indicate sufficient
precision to reveal correlations with other tests, if such exist.
The other tests of accuracy may pass without comment.

This leads to the conclusion that all the time tests, excepting
possibly the rate of movement, are sufficiently precise to bring
out correlations if there were decided tendencies in that direc-
tion. In short, the failure to give decided correlations can
scarcely be attributed to that source. While it is true that
variation of the individual is often large, as in case of reaction-
time and rate of movement, it is improbable that those above
the value of # should in reality belong to the subgroup below
that value. Nor does it seem that the tests of accuracy fail to
satisfy the requirement of precision in this respect.

Memory TEsTs.

Any method devised for the gradation of memory tests must
be arbitrary. This is especially true in logical memory, and
renders comparison of results impossible except when graded
by the same individual. In the case of numerals, taking the
number correctly written is the most precise, since, if we grade
by order, we must make arbitrary estimates. In this study we
have graded by the number correctly written and the number
in position. It will be said that grading by position is not
advisable, since by the omission of one numeral alone a whole
series may be counted as out of place; but such combinations
were of rare occurrence in these tests, and when they did occur
the case was thrown out.

There would be no reason for considering the number cor-
rectly written if it were closely correlated with the number cor-
rectly placed. But such correlation is not apparent. In the

L -
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auditory test half the freshmen (135-260) gave all the numerals
correctly and one-seventh (20-142) in the visual test. The
former does not give sufficient distribution for precise correla-
tion but, if we take the number correctly placed, the cases cor-
rect in all are approximately one-half the above groups. That
is to say that the chances are even that an individual who can
recall a series of eight numerals will be able to give them
in correct order. We can not enter into a discussion of the
independence or dependence of ability to recall the individuals
in a series and the ability to reproduce the series itself. But if
we correlate the number correctly written in the auditory and
visual tests we find with 144 cases a coefficient of 0.2g and in
the case of number correctly placed o0.39. This is somewhat
above a chance relation. If it were safe to put much faith in
small differences, we might give some weight to the consistency
of these results, but as previously noted the distribution of cases
is such that correlations for number correctly written must
remain uncertain.

The logical test was graded in a scale of ten and the distri-
bution of cases was found quite regular, affording ample oppor-
tunity for correlation. For position in the auditory test a cor-
relation of 0.04 (94 cases) results; for number correctly written
0.05. By use of the short method there seemed no evidence
of a marked difference between these and the probable coefli-
cients for visual memory. On the whole, there seems to be a
decided absence of correlation between this and the numeral
tests.

In the case of the line drawn from memory we find a corre-
lation with logical memory of —0.07 (91 cases). There was
no apparent correlation with the numeral test.

The test for pitch is in many respects a test of memory, and
may be taken up here. As seen in Table I., the variability is
such as to give a wide distribution of cases. From a tabulation
of results it appeared that about two-thirds of the cases fell into
a typical group with an error of 4 cm. (% of the string), while the
remaining cases were widely scattered beyond that limit. This
makes the number of available cases small, except in case of
auditory memory ; yet there were no signs of correlation with the
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memory tests. But this method of selecting cases seems uncer-
tain, since a study of variation in individual cases indicates that
the present test cannot be considered precise below differences of
a half tone. Taking the two trials of the freshmen, we find that
the chances that the second error will vary from the first within
the limits of a quarter tone are 65 in 100; within the limits of a
half tone, 85 in 100. With differences of a half tone the dis-
tribution of cases gives a regular asymmetrical curve, but this
correlates with the other memory tests no better than the selected
group. .

The test for force of movement is also largely a memory
test, and, though its results gave regular distributions, it failed
to show any evidence of correlation with the other tests. We
might expect that it would in drawing the line in the size test,
but the result was —o.08.

In general, we may say that these tests fail to show much
intercorrelation. The numeral tests, it is true, correlate some-
what, but that would be expected ; not necessarily because of a
functional relation, but because the individual is likely to men-
tally repeat the numerals in either test. The data are not at hand
for determining the relative value of these tests or even their
precision. The whole subject of memory tests needs further
consideration before positive conclusions can be reached.

Since it appeared that certain tests for quickness tended to
correlate, though with low coefficients, it may be well to try them
in the memory tests. We find naming colors gives 0.03 (93
cases) with logical memory ; reaction-time for logical memory
0.12 (g6), for position in auditory memory 0.17 (112) and for
position in visual memory 0.06 (104). This seems to indicate
that a quick reaction on sound has more weight in memory for
things heard than seen, yet the influence is too slight to be of
much consequence. Also reaction and pitch gave o.01 (100).

COLLEGE STANDING,

In general it appears that correlations in any of the forego-
ing tests are not of a degree sufficient for practical purposes.
We do not learn much of an individual by any one or any group
of them. It appears that we are dealing here with special and
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quite independent abilities and that the importance attributed to
such measurements of elementary processes by many investiga-
tors is not justified in this case. However, it seems probable
that a basis for correlation will be found somewhere, and it may
turn out that though these tests do not show much intercorrela-
tion they may individually correlate with ability in the more
complex tasks of life. Research in this direction is obviously
difficult for want of adequate standards and satisfactory data, and
the only attempt we have made is in respect to college standing.

Students in Columbia College are marked in a scale of five
for each semester. The standing for the year is estimated by
the sum of the products of the grades and the number of course
hours, divided by the total number of such hours, or the average
grade per course hour. The distribution of these averages for
240 cases was as follows, it being understood that 1.0 repre-
sents the highest possible grade.

Grade, 1.0-1.2 IL3-1.6 I1.7-2.0 2,01-2,4 2.5-2.8 2.9-3.2 3.3-3.6
Cases (% ), 2.1 7.5 13.7 15.4 Ig.1 15.8 13.3
Grade, 3.7-4.0 4-1-4.4 4.5-4.5 4.9-5.2 Total

Cases (%), 6.2 4.5 1.6 0.4 99.6%,

This gives a distribution sufficiently regular for correlation.
It may be said in passing that the character of this distribution
indicates a high degree of precision in the method of grading.

The following correlations have been calculated for the
average standing :

Reaction-time, 227 CAses. — 0.02
Marking A's, 242 —0.09
Association, 6o " -- 0.08
Naming colors, Iz - + 0.0z
Logical memory, 86 = -+ 0.19
Auditory memory (position), I3r ** + 0.16

An application of the short method to the other mental tests
gave no hope for correlation.

Here we are face to face with another cold fact: the tests
of quickness seem to hold a chance relation to class standing,
and ability to do well in the memory tests has but little signifi-
cance. But it may be well to examine the relative standing in
the different courses.
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The following correlations were calculated :

Latin and mathematics, 228 cases. 0.58
Mathematics and rhetoric, 2232 0.51
Latin and rhetorie, 223 0.55
French and rhetoric, 122 0,30
German and rhetorie, 132 .61
German and mathematics, 115 0.52
Latin and French, 130 o0.60
Latin and German, 129 0.61
Latin and Greek, 121 Q.75
Gymuasium and average grade, 1149 2.53

Here we find a higher degree of correlation than heretofore.
The languages have a correlation of 0.60 to 0.75, or a reduc-
tion of variability approximating ;. In other cases we have a
reduction of about }. The exceptionally low correlation for
French and rhetoric is rather puzzling, but is probably due to
some accidental cause. On the other hand, the high degree of
correlation between Latin and Greek is according to expecta-
tion. It is interesting to note that the degree of correlation here
is about the same as for stature and weight., From what has
gone before it is improbable that a high degree of correlation
will be found between particular courses and the separate tests.
For example, with logical memory and mathematics the coef-
ficient is 0.11 and with Latin 0.22, no significant variation from
0.19, the correlation for the average class standing.

Whatever it is that makes for correlation in class standing
seems to hold generally for all courses. The gymnasium grade,
which is based chiefly upon faithfulness in attendance, correlates
with the average class standing to about the same degree as one
course with another. We have not carried this correlation out
to its full possibility, as that would take us too far afield. Yet
this serves as a suggestion as to how this method of correlation
may aid in the solution of a very important phase of the test
question. We might extend it so as to embrace all courses
offered, work out the degree of correlation for the different
college years or semesters, correlate the successive marks for
the students of one department or of a single instructor, etc.,
all bearing upon interesting and live questions.
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Puysicar TEsTs.

The strength and fatigue of hand have been objects of
much attention for many years, but notwithstanding the mass
of published data and the great diversity of mechanical
appliances devised, very little advance has been made. Yet
it is a general belief that specific individual differences observed
in such tests are correlates of mental and physical differences
not far removed from the fundamental. It has been claimed
that strength of hand is a correlate of mental ability, that
civilized men are stronger than uncivilized, and professional
men than laborers. In these tests we find no correlation be-
tween class standing and strength of hand, » = —0.08. For
reaction-time, marking out A’s and naming the colors there is
some correlation but with very small coeflicients. It might be
inferred from this that general physical vigor will have some
weight in mental tests such as we have in this series, but this is by
no means certain, for we make this inference upon the assump-
tion that strength of hand is an index of general physical vigor.
The fatigue test employs the muscles of thumb and forefinger
only. If we take the total reading of the ergometer for the
fifty efforts we find little correlation with the strength of hand
as measured by the dynamometer. Taking the reading for the
first ten, so as to avoid as much of the variation due to fatigue
as possible, we still have a correlation of but 0.19. On the
other hand, thereis a close correlation between the two hands 1n
the dynamometer test and also between the first and second
trials with the same hand. This shows the difficulty of com-
paring the results obtained with different instruments. It will
be said that we are attempting to correlate a fatigue effect with
an unfatigued one; this objection is not of much weight, since
the total reading of the first ten efforts in the fatigue test corre-
lates no better with the second trials on the dynamometer than
with the first or even the average of the two, which is itself
modified by fatigue. Anyway, it does imply that there is little
correlation between strength and fatigue tests when made on
different muscles.

When we come to the fatigue test itself the question as to

b e —
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how fatigue shall be estimated arises. If we take the total
readings of the ergometer, we have no means of knowing to
what degree strength was depleted by the test, as will be seen

from the following cases:

18t . 3d. 4th. oth. Total.
I 45 40 43 42 4o 210
2. 100 8o =0 =0 G0 380
3. 7o B F5 65 67 342
4 70 55 40 35 40 240

Cases 1 and 3 show very little change in the successive
readings, while 2 and 4 show a decided decrease, or, according
to the interpretation, the degree of fatigue is much less for 1
and 3. When we correlate the total readings of 144 cases with
the first readings we find » = 0.91. This means that if we
estimate by the total reading ten trials is sufficient, and then we
should expect to find the total for the first ten closely correlated
with the reading for the first trial ; thus we fall back to a mere
dynamometer test and fatigue drops out of the question.

The difficulty of devising a method by which the relative
loss of ability to press on the ergometer may be estimated be-
comes apparent when we attempt to rank the four cases above.
If we estimate according to the variation from the first reading
the rank is 3, 1, 4, 2; according to the variability from the
average 1, 3, 2, 4, etc. The result wished for in a fatigue test
is to ascertain the endurance of individuals under like condi-
tions, and superiority in this respect is assumed to be the degree
of approximation to the initial effort. For this reason we have
estimated the degree of fatigue as follows: Divide the total
reading by five times the first reading. This is on the assump-
tion that without fatigue five times the first reading will approx-
imate the total reading, the difference between this and the
actual reading expressing the degree of fatigue. Correlating
these fatigue values with class standing we find » = 40.23,
about the same degree as found for naming the colors and
marking out the A’s, standing in Latin and the logical memory
test, and length of head and logical memory. The short
method gave no indication of correlation between degree of
fatigue and the other mental tests. However, the correlation
between the reading for the first ten efforts and the degree of
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fatigue is —0.34 ; that is to say, that the tendency is toward a
compensation. The most natural explanation of this is that
some began the test leisurely and concealed the signs of fatigue
by a gradual increase of effort. Upon this assumption the
above coefficient is meaningless. The writer is keenly aware
of the arbitrariness of the method by which the degree of
fatigue was estimated ; but, if this method fails, there appears
no other way free from the same objections. The enthusiastic
designers of ergographs and dynamometers may say that the
fault is in the instrument and that by employing their models
results will be attained. The writer has used, so far as he is
aware, all the types of ergograph in vogue and made a com-
parative study of them in the laboratory of Columbia University,
with the result that when weights were used all gave similar
results and likewise when springs were used other similar
results. So it seems reasonable to assume that, no matter what
the instrument, the result will be the same unless different
muscles have different weight in correlation. In a recent study
of the question' it was shown that certain peculiarities of the
muscle in contraction, when reacting against certain peculiari-
ties of a spring, gave results difficult to interpret and exceed-
ingly variable. It thus becomes probable that the foregoing
correlation between estimated fatigue and strength is in part an
expression of the relation between the muscles and the spring
of the ergometer. Thus a problem presents itself that is beyond
the limits of this paper. The fatigue test needs an extended
comparative study on a large number of individuals.

Since we are mostly concerned with the tests predominantly
mental, those of a physical character may be passed over
hastily. In case of head measurements we find a correlation
of 0.21 (99 cases) for logical memory and length of head, but
for breadth of head —o.05. By the short method no appre-
ciable correlations were found between size of head and the
other memory tests, for reaction-time, or naming the colors.
As previously stated, some correlations appeared between length
of head and vital capacity, vital capacity and stature, stature

15. I. Franz. Methods of Estimating the Force of Voluntary Muscular
Contraction, American fournal of Physiology, Vol. 6, No. 7.
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and weight, and between each of these and strength of hand,
but the number of cases available will not justify an attempt to
determine their relative or combined weights in case of logical
memory.

The correlation for memory and length of head seems very
unlikely, but it may be of interest to add that by dividing the
freshmen into four approximately equal groups, seven men
were found to hold the same rank in all the memory tests.
The corresponding head measurements were

Rank in Memory. Length of Head. Breadth of Head,
Good. 201 152

202 150
Above Medium. 198 155

194 1558
Below Medium. 195 145
Poor, 190 147

183 148

These results are rather striking and probably accidental.
The writer refrains from drawing any conclusions whatever,
leaving the interpretation to the reader. Tracing these seven
freshmen through the other tests and college standing gave no
corresponding results.

In conclusion, a few of the remaining tests may be noted.
No evidences of correlation were found for pain or sensation
areas. In case of color-blindness there was decidedly slowness
in naming the colors. With eyesight we find a correlation with the
number of omissions in the A test; that is, weak eyes result-in in-
accuracy, but the reverse is not true. Most of those reporting
auditory hallucinations were classed as above normal in hearing
ability.

Before going on to a general discussion of the subject it must
be noted that we have not considered differences in age. Itis
possible for a close correlation with the age of individuals to
neutralize a real correlation. Though we have not sufficient
cases to treat each age separately, we can anticipate the result
by correlating the various tests with the ages. We find the
distribution of freshmen, expressed in per cents., to be as follows :

Age 15 16 i 18 19 gor - RK PR ERE AT 25+
% I 8 20 2+ 264+ 11k 4 2+ 1 i+ 14
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In the case of logical memory there was no correlation, for
naming the colors there was a slight inverse one and for marking
the A’s a slight direct one. Thus it appears that the influence
of age is small in the mental tests. Itsinfluencein the physical
tests we have not time to estimate, but it is probably greater
than in the mental tests.

Also, it may be well to consider the effect of combining the
results of the various tests in such a way as to give each indi-
vidual an average standing, comparable to class standing in
college. If it is true that such tests measure little more than
special abilities, such an average should possess some signifi-
cance. The calculation of such averages is by no means easy,
because of arbitrariness of method. The writer used several
methods and obtained satisfactory distributions of cases, but
found no appreciable correlations between them and college
standing. This failure may be due to faulty methods, but the
probabilities favor its being the true result. Yet we should
want a considerable number of separate tests before the status
of the individual could be determined with much accuracy.

This does not exhaustl the list of possible correlations for
these tests, but represents all that could be accomplished in the
time allotted. The aim has been to present in detail those of
most interest to the psychologist, leaving the others to the future.




42 CLARK WISSLER.

DISCUSSION OF RESULTS.

In summing up the foregoing it appears that all the tests in
this series have little interdependence. The idea of correlation
implies some structural or functional relation. It is generally
assumed that such relation in mental phenomena is functional
rather than structural, and the conception of the analysis of
mental processes and the search for the fundamental elements
of the same imply a close correlation between simple processes.
The direction of thought is that such ideas as quickness,
accuracy, regularity, etc., represent some fundamental attribute
of the individual that characterizes all his acts, and hence, tests
giving results in the same category must correlate. On the
other hand, when it is said that correlation does not exist, it is
understood that the relations are those of chance. In other
words, in a given number of tests we can approximate the num-
ber of individuals quick, medium and slow in all, as well as the
number for any combination of positions in the various distri-
butions. Since this conforms to the general result of the mental
tests of this series we must look for the practical value of such
tests in an extended series; the superior individuals in all-
around quickness, for example, are those few who happen to
be quick in the majority of such tests. Thus it becomes evident
that the outcome of this research raises questions which throw
us back into one of the great problems of psychology, viz.,
What constitutes mental ability? The significance of this ques-
tion becomes apparent when we consider its relation to educa-
tional practice alone. It is plain that if we accept the conclu-
sions of this research as final, an individual must be regarded
as the algebraic sum of a vast array of small abilities of almost
equal probability, the resulting combination conforming to the
laws of chance. But a number of objections will be raised as
to the validity of such assumption. It will, doubtless, be said
that such a series of tests cannot give reliable results because
the observers will vary the method and the order of presenta-
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tion; that practice will so modify the result that we are not sure
of any one’s rank ; that the estimated class standing of students
has no value in ranking them as to mental ability and that the
differences in grades are unequal and mean nothing ; that other
observers have found correlations between similar tests; that
the result is contradictory to all experience; that such tests are
on a different level in relation to the tasks of daily life. As
these are the most probable objections not previously considered
they will be taken up in turn.

In such a series of tests it is necessary to have many observ-
ers. These tests were made by the officers and graduate
students in the department of psychology and anthropology.
None of these can be regarded as unskilled in the strict sense of
the word, yet they will vary greatly in experience and interest.
Each year new students are carefully instructed in the methods
of procedure and taken through the tests, both as subject and
observer. Still, we must consider the equation of the observer
as a possible disturbing factor., There are many tests in which
it seems safe to assume that any of the observers should possess
all the precision necessary, such as perception of size, strength
of hand, eyesight, fatigue, pitch, force of movement, rhythm,
marking out A’s, naming colors and movement time. In re-
action, head measurements, sensation-areas, pain, and possibly
memory and association, the accuracy, experience and skill of
the observers may be of considerable consequence. The only
way of approaching this question at present is by a comparison
of the results recorded by the different observers. It so hap-
pens that the instructors and three or four of the best trained
students in the department tested each year approximately
three-fourths of the freshmen, the remaining fourth being tested
by many observers, presumably of much less skill, each taking
from two to eight men during the test period (November and
December). Thus the records may be divided into groups con-
venient for study.

In case of marking A’s, naming colors and logical memory
the averages for each group of observers show differences so
small that when treated by the method employed in Table I.
they indicate so low a degree of certainty that they can not be
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regarded as possessing any significance whatever. While the
number of cases falling to any one individual is small (12 to 30),
making it difficult to come to a definite conclusion, yet there
seems no good reason to doubt the result. An error of a second
or two in starting, stopping or reading the watch can be of lit-
tle weight in a test where the probable variation of the group
ranges from I2 to 15 seconds and the tasks are so easily under-
stood that all observers could give all the directions desirable.

In reaction-time more skill and care are necessary on the
part of the observers. Some experience is required to start the
chronoscope properly and take the reading accurately. Taking
two instructors in psychology as the expert, we find for 29 and
28 cases, respectively, average times of 147 % 16.5 and 146
== 19.4; the probability of the difference from the total average
1s expressed by 11 == 3.4 and 12 =% 3.9, which 1s not a very cer-
tain difference. Taking a group of 11 observers with little ex-
perience, who represent a total of 28 cases, the average is
159 &= 16.7, almost exactly the total average. Taking two
special students of psychology recording the times of 32 cases,
the average is 169 == 15.1; certainty of this difference from the
total average expressed by 114 3.2. It appears that so far as
these results go the differences between observers count for little,
as they vary quite uniformly from the total average. The differ-
ence between the instructors and the skilled students, however,
is 22 == 3.9, which reaches the limits of considerable certainty.
Yet this probably represents no more than an extreme variation
in subjects, since for a second group of times by two other skilled
students the difference was 8§ = 3.7.

In conclusion it appears that though there is some variation
in results the differences between observers can not be very
great. The fact that the expert record shorter times is doubtless
a sign of a real difference in precision. But to settle this ques-
tion definitely we should want either a large number of cases
for each observer or a long series upon the same subjects by the
different observers. After working over these results the writer
is of the opinion that the differences between these observers are
not sufficient to give the appearance of a low degree of correla-
tion where there is in reality a high one.
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In head measurements some significant individual differ-
ences may be expected. The writer had the same head meas-
ured independently by different observers with the following re-
sult :

Observer. Length. Ereadth.
I 194 162
2 193 I55
3 195 158
4 194 159
5 195 161
6 194 163
7 192 157
3 152 158
9 Iy2 153

Of these 1 to 6 are individuals of little experience but hav-
ing acted as observers in the tests; 7 is an instrument-maker ;
8 a designer and draughtsman; g9 an anthropologist of note.
The correct dimensions of this head are undoubtedly the result
of 7, 8 and 9. The maximum error for length of head is
+3 mm., breadth +5 mm. From Table I. we see that the
most probable variation of the group is 4 mm., hence these
measurements are not very accurate.

There were five trained observers measuring a total of 48
heads; fourteen presumably unskilled measuring 41: and
special students of the department measuring 148. The aver-
ages and mean square deviations were :

Skilled 193.8 4= 5.8
Unskilled 194.1 3= 7.2
Medium I93.9 £ 6.5
Total Av. I94.0 = 6.7

Thus, though the averages vary little, the mean square de-
viations are quite different. The general rule is that the mean
square deviation is inversely proportional to the square root of
the number of cases, from which it follows that the skilled ob-
servers should show a deviation of 12.2. Assuming that the
skilled observers give us the most accurate series, the unskilled
should show a deviation of 4.9 and the medium expert 4.1. It
thus becomes probable that the series is distorted by errors of
measurement which are so distributed as to give equal aver-
ages but render correlation somewhat uncertain. The fact that
no important correlation appeared for dimensions of head makes
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it unnecessary to go into a detailed discussion of errors or to
attempt to correlate the measurements of the most skillful. The
breadth of head being subject to the same errors, no attention
need be given it here.

The remaining tests gave differences below the limit of cer-
tainty, which means that the observer is not a disturbing factor
here. A very obvious way of estimating precision would be the
comparison of single observers in a given year, but thus the cases
become few and the probable range of differences so great that the
accepted methods of estimating their certainty give no results.

As previously stated, the subjects did not take the tests in the
same order, but the series was divided into convenient groups so
that several men could be taken through at once without dupli-
cating apparatus. In few cases was the regular order of the
group varied, so that the tests of each group may be considered
as following a definite order. We have, then, a variation in
group order; but if the results fail to correlate in other respects,
the chief cause is not to be sought here, as there is no evidence
that practice or fatigue correlate in such tests.

Regarding the question of practice, it is evident that, if all
gained uniformly, there would be no change in rank, and hence
no change in correlation ; but to assert that by practice the rank
of individuals will be so shifted that decided correlations will
appear where none existed in case of the initial trial seems to go
beyond the limits of probability. Unfortunately, we have no
correlatable data for practice. The nearest approach we can
make is in the case of reaction times. Correlating the first re-
action with the fifth gives 0.31 (136 cases): the fourth with the
fifth 0.55. The significance of these coefficients is that, while
there is quite a shift in the rank of individuals in the five re-
actions, each has begun to find his proper level in the fourth
and fifth. The effect of this change upon correlations may be
inferred from the case of naming the colors: for thefirst reaction
0.12(115); fourth reaction o.20 (112); fifth reaction 0.21 (119).
Those who put much faith in the element of practice as the
determining factor in correlation may find these coeflicients as-
suring, since the correlation with the average time was 0.15
(118). However, the small variation of these coeflicients seems
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to indicate considerable precision in correlations for the average
times. -In an extended study of practice reactions' for five sub-
jects the relative rank was practically the same on the last day
as on the first. Should this prove generally true, the coeflicients
of correlation with the average times in this study may be taken
as the most probable result to be expected in practiced subjects.
On the whole, it seems probable that practice is only one factor
among many in determining correlations and so of no special
weight,

The correlation for class standing being incidental to this
research, no lengthy consideration of the validity of such grading
need be taken up here. Whatever may be the shortcomings of
the system, it is the criterion of selection from college entrance
examinations to graduation, and taking the grades themselves as
the point of departure the results of the previous correlations
show what is accomplished by this system. In other words, it
expresses the probability that a given mark in one subject will
be accompanied by a corresponding mark in another. The
question as to the validity of the standard and the error in its
application presents a different problem, though more funda-
mental. The consideration of this question alone would require
extensive research. The uniformity of correlation between the
grades for the different courses leaves no basis for a denial of
correlation, but individual assumptions as to the precision of the
method in the exact statement of differences in rank will lead to
unlike interpretations. The only point aimed at in this research
was to show that, while the marks of students correlate with each
other to a considerable degree, they show little tendency to do so
with the mental tests of the psychologist.

Those familiar with psychological literature know that cor-
relations have been claimed for such tests as have been em-
ployed in this series. One of the first extensive studies of this
character was by Gilbert,* but he concerned himself chiefly with
differences found by grouping according to age. However, we
are told that height, weight and lung capacity bear no relation

1Gilbert and Fracker, Studies in Psychology, University of Iowa, Vol. 1.

KMental and Physical Development of School Children, Yale Poychological
Stwudies, Vol, 11.
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to mental ability, but that reaction-time is slower for ¢ dull
children” than for ‘¢ average and bright.” Yet no difference
was found between the latter. In case of time memory ¢ it
may be said in general that the brighter the child the more
accurate his sense of time.” This is good enough, but we are
given no information as to how such correlation was calculated
or its degree. Dr. Scripture has appended a note to this article
showing that many of the differences according to age become
very uncertain when estimated by the accepted method, and the
neglect of such precautions on the part of the author leaves the
probability of decided correlations in doubt. But his results are
not without value in this connection, since he is able to find no
other correlations than these, and his curves of reaction-time
show that the differences between bright, average and dull
children have fallen below the limits of certainty in the 16th and
17th years, the point at which our series of tests begins. In a
second paper' Dr. Gilbert confirms the results of the previous
research. The only correlations that he claims generally true
throughout are class standing with rate and fatigue in tapping.
Here, as before, the method is simply a method of difference in
mean values, from which the degree of correlation is difficult to
estimate. Yet, as before, among students 16 years and over,
the differences in rate and fatigue of tapping are below the
limits of certainty from which we should expect a very low de-
gree of correlation.

MacDonald® made an extensive series of measurements
upon school children and concludes that there is a correlation
between circumference of head and class standing, an inverse
one for length of head and none for strength of hand. Here
again we are given no information as to the degree of correla-
tion and, since the author’s tables contain averages only, we
can not estimate it in any way. His tables fail to show any
important evidences of correlation between class standing and
sensation areas or sensitiveness to heat, and so in most respects
these results agree with those for Columbia freshmen.

| Researches upon School Children and College Students, Sindies in Fiy-

ehology, University of Iowa, Vol. L
t Experimental Study of Children, Report of the Commissioner of Edu-

cation, 18g7-g3.
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Dr. Seashore® reports no correlation between hearing abil-
ity and sensibility to pitch. IHe also made a series of tests on
the same individuals comprising simple reaction to sound, sight
and touch ; reaction after sight discrimination and choice ; rapid-
ity and regularity of action; ability to follow a fixed rhythm,
and the estimation of time intervals. There were about thirty
cases for each sex and the tests were made with great care.
This makes his results especially interesting, since we have op-
portunity to compare them with the more hastily made tests in
our series, even though the number of cases is too small for
accurate correlation. He claims a correlation between rate of
tapping and reaction-times, though no estimate of its degree is
made. Applying our short method for detecting correlations to
Seashore’s tables, we find approximately a chance agreement
for all the reaction-times, and for the tapping test a slight
irregularity in case of sound reaction only. From our experi-
ence with other data we should expect a small degree of cor-
relation for this case. In general, if Dr. Seashore’s 29 cases
are at all representative of college men, we have no ground for
expecting even a medium degree of correlation for a hundred
cases. As his subjects were given some practice in reaction
and time to get under way in tapping, the probable agreement
of the results with our own is significant. Had Dr. Seashore
been able to give a hundred or more cases a direct comparison
of correlations could have been made. He also claims a cor-
relation for time estimation and quickness of movement, while
the Columbia tests show only a chance relation.

Miss Carman * claims that bright children are more sensitive
to pain than dull children, but she again gives averages only.
Since it is the common experience that the variability is very
great in all algometer tests, we can tell little from averages alone.
Furthermore, studies of age and class standing by many inves-
tigators show that the brightest children in a given grade are
often the youngest and, as Miss Carman’s results seem to show
a decrease in sensitiveness as age advances, it may turn out that

\ Studies in Psychology, University of Iowa, Vol. IL.
? Measurements of Pain, Report of Commissioner of Education, 18g7-95,
American journal of FPsychology, Vol. X., No. 3.
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there is no functional relation between mental ability and sen-
sitiveness to pain, but that the differences found by her are due
to differences in age.

Kirkpatrick' combined the results of several tests, mostly
tests of quickness, and correlated them with class standing.
We are not told exactly how this was done, but the facts given
indicate a medium degree of correlation. As there were about
400 cases, all of the elementary school, the results are rather
significant.

Binet and Vaschide® present correlations for tests in a defi-
nite and detailed way. They have considered physical cor-
relations principally, but present some results of interest in the
present connection. The correlation of simple and choice re-
action-time, rate of tapping and speed in running gave no sig-
nificant results. There were some indications of a low degree
of correlation between these, but they were so slight that the
authors themselves concluded that a decided independence ex-
ists between these abilities. Memory for numerals failed to
correlate with physical tests. The class standing correlated
somewhat with memory for numerals but not with reaction-time.
As in some other researches, class standing correlated with
physical development. The coeflicients for the various tests
show greater degrees of correlation for the young children,
which is consistent with the results of Gilbert.

Dr. Bolton® made a series of memory tests upon school
children finding no correlation between the results and class
standing, but he found a lengthening of the span with age.
Numerals were used in this test.

Dr. Sharp ' made a series of tests on a few individuals and
though concerned principally with method and presuppositions
the results are much the same as others. There was a general
lack of correspondence in the individual differences of adults
even in the memory tests.

! Individual Tests of School Children, PsvcHoOLOGICAL REvVIEW, Vel VIL,
MNo. 3.

2 L Annde psyvekologigne, 18g7.

3 Growth of Memory in School Children, American jonrnal of Psycholory,
Yol. IV., Neo. 3.

§ Amevican Journal of Psyckology, Vol. X., No. 3.
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Dr. Bagley ' worked out the correlation between motor abil-
ity and class standing for children and decides that they tend
to hold an inverse relation. However, he finds ‘¢ numerous in-
dividual exceptions and varying validity at different periods of
development.” Also, there was a lack of correlation in reaction
time and class standing. Unfortunately, we are not given the
variability for the averages, and the degree of correlation can
not be estimated, but on the whole the results indicate a general
absence of correlation.

In passing we may quote a few minor researches. Dela-
barre * found no agreement between the time and speed of move-
ment in the execution of a reaction. Scripture® gives a few
cases of simple reaction and quickness of movement in fencing,
with a similar disagreement. Miss Lee® found no correlation
between estimated skull capacity and intellectual ability for 6o
men and 30 women ; the method of calculating correlation was
the same as employed in our tests.

This does not exhaust the literature of the subject, but brings
up for comparison the results of some of the most important
studies. We find for one thing that where correlations are found
they decrease with age. Dr. Boas® has proposed that the ap-
parent correlation between stature and mental ability among
school children can be explained as a phenomenon of growth ;
that is, a variation in maturity only. This view will account for
the decrease of correlation as we approach the college age.
That is to say, the fact that tests similar to those in the Columbia
series appear to correlate better with children in the ele-
mentary schools than with college students may be explained
on the ground that in case of children the relative maturity is
the basis of correlation. Thus the bright child will do all
things well because relatively more mature, or ahead of his age.
It will be remembered that all tests upon children show that ef-

VAmerican fonwrnal of Psyehology, Vol. XII., No. 2.

tForce and Rapidity of Reaction Movements, PSYCHOLOGICAL REVIEW,
Veol. IV., p. 615.

3Tests of Mental Ability, Vale Pyychological Studies, Vol. 11,

 Study of the Correlation of the Human Skull, Science, Vol. XII1., p. 1312.

B Science, March 1, 1895.  Also discussed before the American Association
of Physical Education, 1gol.
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ficiency increases with age, which means a growth upward
toward the adult level. This seems the most probable explana-
tion of the facts at hand. Should this be true, seniors should
show somewhat less correlation than freshmen, since we find
differences between them analogous to those among children of
different grades. Unfartunately, we have too few cases for this
comparison. There is some reason to believe that college se-
niors have about reached the highest level of efficiency in such
tests. Professor Cattell recorded results for some of the tests of
the Columbia series made upon members of the American Asso-
ciation for the Advancement of Science. In no case were they
superior to seniors and in memory tests slightly inferior to
freshmen. The whole series of results suggests the probability
that tests of this character are in a large sense measures of
maturity.

In general, so far as the writer can see, the results of other
investigators agree with his own. Correlations have been found
to correspond in degree, in so far as it is possible to estimate
them from the data given, when calculated for students of ap-
proximately the same advancement as college freshmen, but in
no case is there reason to believe that decisive correlations have
been found for mental tests.

We come now to the apparent contradiction between the re-
sults of this research and the experience of life. It is often
claimed that quickness, for example, will show itself in all our
acts, and that therefore there must be a correlation in tests of
quickness. Experience is able to produce cases of all-around
quickness, dexterity or mental ability, and these are set up as
proofs of functional relations. DBut this comes from a miscon-
ception. A chance correlation does not mean that no one will
manifest such efficiency, but that the number of such individuals
is governed by accident. That is to say, given a number of
directions of activity, the number of individuals excelling in all
can be closely approximated according to the laws of chance.
In this instance one exception does not break the rule. Some
authors have made this very error in estimating correlations
for their data. The trouble is that experience keeps no rec-
ord of numbers but deals in isolated cases. It i1s only by

T = P S
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such methods as have been employed in this research that
any idea of the relative number of cases can be obtained.
And lastly, the claim that such tests have nothing in common
with the tasks of life is really not an objection at all, but an as-
sumed explanation of the result of this research. As a theory
it is good enough, yet it wants proof. It remains to be shown
what elements of activity contribute to the results of our daily
efforts as well as to the results obtained from the tests. This is
an analytical problem which falls beyond the limits of this work.
To simply assume that there is a gulf between the two and to
proceed to rule such tests out of court on the basis of such as-
sumption, will not dispose of the case.

In summarizing this discussion, it appears that these tests
have been made with a fair degree of precision and that the re-
sults show what may be expected from such a series, however
elaborate. More than that can scarcely be claimed. The
writer wishes to be understood as not claiming finality as to
degree of correlation in any case. Each test presents a prob-
lem in its distribution of results worthy of considerable study,
and the effect of various types of distribution upon the coeffi-
cients of correlation is as yet undetermined, but it 1s scarcely con-
ceivable that such disturbing factors could effectually conceal
correlations in all the methods employed. However, it must not
be overlooked that correlation always proceeds upon the assump-
tion that a given series is homogeneous. Such a series would
be obtained by measuring the heads of adult males of a given
race ; should measurements for females be included, the series
would not be homogeneous. Yet this is but a relative term and
means that because there is a constant difference between the
heads in question they must be treated separately when correla-
tions are calculated for other organs similarly variable. The
question in these tests is whether the students who come to
Columbia College year after year can be considered as a homo-
geneous group with respect to the correlations attempted. In
the physical measurements some allowance must be made for
age, since there will be some growth on the part of the younger
men, but in mental ability it seems probable that the method of
selection is such as to secure a homogeneous group, passing the
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entrance examinations being the criterion of selection. The
distribution of ages previously considered indicates that 50% of
the cases fall between 17.5 and 19.5 years, 70% between 16.5
and 19.5. As these limits fall beyond the period of greatest
acceleration in rate of growth in height and weight, the error
in treating the physical distributions as homogeneous can not be
very great, probably insufficient to greatly disturb correlations.
By calculating correlations for the mental tests and age, as
previously stated, the influence of age appeared slight and hence
not a factor of much relative importance. With a few excep-
tions comparison of averages for the different college classes
shows them to be constant within the limits of accidental varia-
tion; this of itself makes it quite probable that the series is a
homogeneous one with respect to these tests. Should decided
differences have appeared between the different college classes
or between those of different ages the assumption upon which
this research has proceeded would be unwarranted. Yet it must
be understood that absolute proof of the homogeneity of a series
is always difficult. But granting that the series is not mixed,
we have still to consider the probable error of the coeflicient of
correlation. In the discussion of the effects of practice the
coefficient of the fourth and fifth reactions with naming the
colors was found approximately the same. A nearer approach
to the question would be to correlate in groups of 100 and com-
pare the coeflicients, but since the mean square deviation is an
important factor in calculating the degree of correlation it is
only necessary to compare such groups with respect to their
variability. As previously shown, there were few important
differences in this respect. It is true, however, that correlation
becomes more precise as the number of cases increases and
several hundred cases are necessary for the comparison of re-
sults. In these tests the number of cases is far from satis-
factory.

In view of the above, it is not assumed that these results can
give a satisfactory answer to the question of functional rela-
tions in the processes involved, nor is it our purpose to afford
support to any theory in the case. We have found low degrees
of correlation in many cases, which seems to imply that, if func-




MENTAL AND PHYSICAL TESTS. 85

tional relations hold in these tests, they are exceedingly com-
plex, even more so than many psychologists have assumed.
This promises little for such tests from a practical point of view.
While the tests do seem to have some value when applied to
children in the lower schools, they tell us nothing as to the
general individual worth of college students or of adults.
Indeed, they lead us to doubt the existence of such a thing as
general ability. This general negative statement is likely to
impress the reader in such a way that he will feel disposed to
declare that psychological tests are of no value, and that time
spent in making them is mere waste. The writer can not share
in such a feeling. He believes that a little reflection will make
it clear that because of the problems raised and the suggestions
offered for new hypotheses, the making of tests is more desir-
able than ever before. While the outcome of this research
tends to negate the immediate practical value of such tests, it sug-
gests the possibility of a solution that will be of great impor-
tance in itself,

In a preceding section it was suggested that we may assume
every act measured by the tests to be special and unrelated to
every other act, and that the summation of these capacities for
all our acts is a combination conforming to the laws of chance.
The reluctance felt in accepting such a view as even probable
emanates from a deep conviction that we ourselves are otherwise
constituted. The learned world has struggled long and hard
with the problem of the individual and in the attempted classi-
fication by temperament we find a fundamental assumption which
seems entirely contradictory to the result of this research and
especially out of all harmony with the above hypothesis. In
the theory of the temperaments it is always assumed that in-
dividuals can be classified with respect to quickness of mental
processes and also with respect to their intensity. Generally
there 1s a tendency to deal with each in terms of the two extremes,
as, the quick and the slow, the intense and the weak. The four
possible combinations of these give the four classical tempera-
ments. The theory grows out of a deep-rooted traditional belief
that rate of action on the one hand and intensity of feeling on
the other are gauged in some mysterious way so that they set
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the pace for every moment of our lives. This,like all other
popular views, 1s based upon facts of some sort, but they may be
facts of subjective as well as objective experience. Or, in better
terms, the belief may arise from observed attributes of individuals
or from a feeling of a logical or msthetical necessity in the
nature of things. We have already noted the illogical use of
the observed facts; but, however that may be, there is another
popular belief that stands in seeming contradiction to the former ;
viz., that each individual has some point of difference that en-
ables him to do some one thing better than any other individual.
Brought up to the terms of the preceding classification this
means that individuals vary not in universal quickness but in the
rate of particular processes. It seems within the line of legiti-
mate speculation to regard this belief as the result of observed
facts in the affairs of men where each is measured according to
the attributes of some very specific and often trivial act, and that
the belief in a general attribute, property, or skill of equal
weight in every moment of life is the expression of a desire or
an ideal. So long as psychological thought was qualitative and
advanced by discovering the common qualities of mental facts
it was necessary to attach a general significance to one fact, but
when the quantities in mental facts were sought, or when they
were expressed in terms of quantity, if you like, the same atti-
tude was assumed. The measuring psychologist set down re-
action-time, perception time, accuracy in movement, etc., as
characteristics of the individual in every moment of life, or as
characteristics common to all acts. To exaggerate for sake of
clearness, he was tempted to hope that from a few figures in his
laboratory notebook he could estimate the general worth of the
man; in other words, assign him a place in some general
scheme, such, for example, as a classification according to good,
medium, poor. This is dealing with the quantitative difference
in the same terms as the qualitative. A reaction is regarded as
a simple movement, and all motor processes are complexes of a
vast number of simple movements; then why should not the
quantitative values of the parts be a function of the total? If a
man is slow to react why should not all his acts and thoughts
take on the same? If the classification by temperaments means
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anything some such relation must hold. Led on in this way
even the most conservative psychologists have entertained views
assuming an identity of relation between mental processes esti-
mated according to quality and those estimated in terms of
quantity. The writer feels safe in asserting, then, that the
reluctance felt in accepting the results of this research is not
due to knowledge of contradictory observed facts but to old
points of view and presuppositions. While the popular beliefs
are contradictory, the psychologist has attempted to harmonize
the result of his analysis by assuming a close correlation be-
tween all the characteristics of mental processes regardless
of the category in which they are placed.

Now it does not appear that the want of correlation between
mental tests is fatal to the conception and results of analytical
psychology so long as the latter deals with sensations as ele-
ments in a complex. Indeed, we seem to have come back to a
much-discussed question; viz., whether analytical psychology
has anything in common with the problems of practical life.
Psychologists readily admit that, when we have to do with men,
women and children in the affairs of life, we do not regard them
as mere things but always as creatures actuated by ideas, as ex-
ercising volitions, experiencing emotions, as subject to habit,
etc. The tricks of trade and politics, social functions and ad-
ministration all proceed upon the assumption of minds, and regu-
late their methods according to their knowledge of the working
of these minds. In all organization the differences between the
results attained by individuals become important, since the suc-
cess of the whole depends upon each finding the work he can
do best. The leaders of our industries, complex or simple, can
only maintain themselves by so parceling out the tasks that
each laborer will reach his maximum. This adaptation and study
of the individual never loses sight of the assumption of his men-
tality. DBut the psychologist as known in academic life turns
his attention in another direction. He tells us that pyschology
is the science of mind and that mind is a name for an activity
conceived in its entirety, in just the same way that we speak of
life oblivious of the many organic structures that live their sep-
arate lives. At first thought there seems no reason why these
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two points of view should not have much in common. It seems
that the way to study life would be to give our attention to some
separate lives and that likewise the way to study mind would be
to study some of the minds as we know them. But while this
is true, the psychologist informs us that he has no place in his
science for the study of the individual. He wishes to ignore
such variations and treat mind in its universal aspect. In this
he is consistent. So long as we are searching for general laws
we can ignore many variations, but when we are concerned with
problems of the individual we must take into account the differ-
ences between individuals. This is why some analytical psy-
chologists assert that their science has nothing for life or those
who operate on its level. But though experimental psychology
has been the pursuit of those concerned with analytical problems
only, it has been forced to consider individuals in relation to
points of difference, and such considerations have excited a hope
and created an interest on the part of those operating on the
level of practical life. This is the secret of the ‘¢ rush to ex-
perimental psychology ™ against which Professor Miinsterberg
cried out some time ago. But no amount of ¢ trespass™ or
‘ danger ” placarding will conceal the possibilities which experi-
mental methods suggest in the discovery and practical applica-
tion of facts of individual difference. No one struggling with
persons can help seeing that such facts must be of service even
if it be 1n a negative sense.

It seems, then, that experimental psychology, while appro-
priated by those interested in analytical problems only, has also
driven the wedge for some of the problems of practical life.
The latter concern themselves with the individual in terms of
quantity, and though a pure science may ignore such variations,
an applied science can not. The outcome of the preceding
research is not to be regarded as a proof of the futility of the
method or as a valid basis for assuming experimental methods
impotent in social practice, because the two points of view have
little in common. There is apparently no necessary presuppo-
sition antagonistic to the utter functional independence of men-
tal processes when estimated in terms of quantity. And, more-
over, the value of the method in one case is not to be determined
by the assumptions underlying its operation in the other.
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It will be remembered that in a few tests we found a slight
correlation, which suggests the importance of an exhaustive
canvass of the whole field of human activity to see if some test
may not yet be found that will correlate to a high degree with
other lines of activity. If from such we find still no appreci-
able correlation, the fact will have immediate practical value in
establishing certain practices in education and in abolishing
others. The present status of research shows us that mental
and physical tests have some value when applied to chil-
dren. If the assumption of Dr. Boas prove true, a few tests
will indicate the general relative maturity of the child with a
fair degree of precision. This is not saying that such tests
can be put into practice immediately, for we need more data,
much more. Anthropometry and psychology must go on with
the work until the assumption of Dr. Boasis proven or rejected.
When we once know the truth as to the functional relation be-
tween physical and mental development, as well as that between
the various acts of life, then such tests will be of value. If Dr.
Boas is correct, we can tell at once about where a given child
is in respect to his absolute age. Even as it is, a teacher may
find such tests of aid in judging a child when the results are
considered from this point of view. Whatever may be the case,
it seems safe to assume that when a teacher finds a child in the
elementary school superior to his class in stature, weight, etc.,
and also younger than the average, he can feel reasonably sure
that this child is a superior pupil. The teacher’s judgment
thus facilitated may soon verify itself in other ways. These
few suggestions will impress upon the student of education the
need of a thorough correlation of tests of all kinds. Strange to
say, no one seems to have felt the need of a rigid examination
of actual results in respect to the correlations existing between
academic tests. Ewery definite school task is susceptible of
estimate in terms of quantity and is usually so estimated. Then
why should not students of education examine them? If they
should not correlate, then so far as their quantitative aspect is
concerned there i1s no functional relation between them, and all
such are special activities varying according to practice, etc.

To repeat, then, there seems no reason why the making of
mental tests is not more important than ever before.
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It seems worth while to call attention to the possibilities of
correlation in psychological investigation. In studies of prac-
tice the correlations between the successive trials will answer
many of the puzzling questions and many that can be answered
in no other way. The precision of a test may be estimated by
correlating the successive trials; if the individual’s own results
do not correlate to a high degree, we have a test in which in-
dividual differences are relatively small as well as uncertain.
The method is such that different observers may compare their
results with ease and accuracy. For the fatigue question it
offers opportunity to try all methods and apparatus on the same
persons and correlate the results of one with the other. The
question as to the influence of physical training, exercise,
time of day, etc., is also difficult to solve except by corre-
lation and by a method that enables us to estimate its degree.
Of course, the whole of psychology is not to be found in a mere
process, but the method we have used is promising as one of its
tools.
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SUMMARY.

By way of a general summary all the coefficients of cor-
relation as calculated by the Pearson formula are here enumer-

ated :
QUICKNESS AND ACCURACY.
Cases ¥
Reaction and marking out A’s, 252  —0.0§
Reaction and naming the colors, 118 4 a.15
Reaction and association time, 153 o008
Reaction and movement time, go 4 0.14
Naming the colors and marking out A's, 159 + 0.21
Naming the colors and movement time, 97 +o.1g
Drawing and bisecting a line, 123 -+ 0.38
Accuracy and speed in marking out A's, 252 —0.28
MEMORY.
Aunditory and visnal—correctly written, I44 -+ 0.29
Auditory and visual—correctly placed, 144 o139
Logical and auditory—correctly written, a4 -+ .05
Logical and anditory—correctly placed, a4 <+ o.04
Logical and retrospective, g1  —o.07
Force of movement and drawing line, 123 — 0,08
Logical memory and naming the colors, 93 -+o0.03
Logical memory and reaction time, o =+ 0.I12
Auditory memory and reaction time, 11z +o.17
Visual memory and reaction time, 104 <+ 0.06
Pitch memory and reaction time, 100 <4-0.01
Puvsicar TesTts.
Strength of hand and class standing, 204 —o.08
Fatigue and class standing, 132 =+ 0.23
Fatigue and strength, 140 —o0.34
Length of head and logical memory, 99 + 0.21
Breadth of head and logical memory, 99  —0.05
CLASS STANDING.
Class standing and reaction time, 227 —0.02
Class standing and marking out A's, 242 — .00
Class standing and association time, 150 +o0.08

Class standing and naming the colors, 112 4 0.02

e L
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Class standing and logical memory, 36 +o.19
Class standing and anditory memory, 121 -+ 0.16
Class standing and gymnasium, : 11g 4053
Latin and mathematies, ' 228 J-o.58
Latin and rhetoric, 223 +o0.55
Latin and French, 130 + 0.60
Latin and German, 124 -+ 0,61
Latin and Greek, ; 121 4 o575
Ehetoric and French, 122 +o.30
Rhetoric and German, 132 -+ 0.61
Rhetoric and mathematics, 222  +o.51
German and mathematies, I15 4 o.52
Mathematics and logical memory, g0  4oII
Latin and logical memory, go  +o0.22

The general conclusions are:

1. That the laboratory mental tests show little intercorrela-
tion in the case of college students.

2. That the physical tests show a general tendency to cor-
relate among themselves but only to a very slight degree with
the mental tests.

3. That the markings of students in college classes cor-
relate with themselves to a considerable degree but not with the
tests made in the laboratory.
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