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AN EMPIRICAL STUDY OF :
CERTAIN TESTS FOR INDIVIDUAL DIFFERENCES

e —

I

HISTORY OF THE INTEREST IN INDIVIDUAL
DIFFERENCES

1. Tne Worg oF VARIOUS INVESTIGATORS

THE history of seientific inquiry into the nature and amount of
individual differences dates back only about twenty-five years. Be-
fore that time experimental psychology had concerned itself chiefly
with investigations into typical mental funetions, espeeially those of
perceiving the external world. For this purpose long and detailed
tests were made upon a very few, or perhaps a single subject.

Galton in England was the first who devised and applied a series
of tests, both physical and mental, to large numbers of subjects with
a view to determining norms and studying the amount, canses and
kinds of variation. Sinee the publication in 1883 of Galton’s “‘In-
gquiries into the Human Faeulty and its Development,’’ the work
done in this field in England has been chiefly confined in its applica-
tion to school children; witness Bryant’s experiments in 18586 in
testing the charaecter of school children® and the more recent work of
Winch,? Spearman,® W. G. Smith,* Wimms,* and Burt.®

In Germany there is the general work of Miinsterberg in 1891,
Kraepelin,® Aschaffenberg,” and Oehrn in 1896, Cron in 1897

YJowrnal of the Anthr, Inst. of Gr. Britain and Ireland.

=2Brit. Jour. of Psych., 1, 1904,

P Am. Jour. of Paych., 15, 1904,

* Brit. Jouwr. of Psyeh., 1, 1905,

® Brit. Jour. of Psych., 2, 1907.

® Brit, Jour. of Psych., 3, 1909,

FiZur Individual Psychologie,’’ Centralblatt f. Nerv. in Psychiatrie, 14,
1801.

*t“Der Psychologische Versuch in der Psychiatrie,”’ Psych. Arb., 1, 1806,

"¢ Experimentelle Studien iiber Associationen,’’ Psyeh., Arb., 1, 1896,

# ¢t Experimentelle Studien zur Individuellen Psychologie,’’ Psych. Arb.,
1, 1806,

¢ Ueber die Messung der Auffassungsfihigkeit,’’ Psyeh. Arb., 2, 1897,
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2 STUDY OF TESTS FOR INDIVIDUAL DIFFERENCES

Cohn in 1898, Stern in 1900,"® and Wiersma in 1902.* In these
cases experiments, if made at all, were usually in the form of a few
carefully prepared tests given to a few subjects either with a view to
studying their individual variations in detail or else for the sake of
disenssing the question of method of administration. There is also
the other method of work, that of testing large groups of school chil-
dren, as for instance the work of Ebbinghaus in 1897® Netschajeff
in 1900,** Lobsien in 1901,)" and Meumann in 1905.*

In France under the influence of Binet and his publications in
L’ Année Psychologique, there has been an enormous amount of work
done, especially with children—investigations into normal and ab-
normal conditions, both mental and physical, culminating in 1905
and 1908 in the Binet and Simon sets of graded tests of intelligence
adapted to children of all ages from three years np. In 1904, Ton-
louse, in his *‘Technique de Psychologie expérimentale,”’ gave, as
the result of nearly ten years’ work, a full and detailed exposition
of the methods of giving certain tests, and of computing the results
gained.

In Ameriea following the publieation in Mind, 1890, of **Mental
Tests and Measurements'’ by Cattell with comments by Galton there
was a rapid development of the work represented by that of Bolton
in 1892' Gilbert in 1893-942* Shaw in 1896,*' Griffing in 1896,*
Macdonald in 1897-98,* Kirkpatrick in 19002* Bagley in 190172®
Seashore in 1901,*% Smedley in 1901,*" Swift in 1903,*® and others

26 Bxperimentelle Untersuchungen . . "' Zeifschr, fir Psych., 15, 1807.

#éi Ueber Psych. der Individuellen Differenzen,’’

W4 Die Ebbinghausche Combinationsmethode,’’ Zeitschr, f. Psych., 30, 1902,

® it Ueber cine neue Methode zur Priifung geistiger Fihigkeiten und ihre
Anwendung bei Schulkindern,’’ Zeitschr, f. Psych., 13, 1807.

® o Exp. Untersuchungen iiber d. Gediichtnissentwickelung bei Schulkin-
dern,"" Zeitschr, . Peyeh,, 24, 1900,

T Exp. Untersuchungen iiber d. Gediichtnissentwickelung bei Schulkin-
dern,’* Zeitschr. f. Psych., 27, 1901.

# Intelligenzpriifungen an Kindern der Volksschule,’' Die Erp. Pdad., 1,
1905,

" The Growth of Memory in School Children,’’ Am. Jour. of Psych.,
3, 1592,

* Studics from the Yale Psychological Laboratory, 1, 2, 1892, 1803,

A Ped. Bem., 4, 1808,

= Psyeh, Bev,, 3, 15896,

“ " Experimental Study of Children,’’ in Report United States Comm. of
Ed., 1808,

 Psyeh. Rov., T, 1900,

= dm, Jour. Psyeh., 12, 1901,

* Ed. Rev., 22, 1901,

“ Keport Dept. of Child-study, 8, 1900-01 (Chicago Public Schools).

® Ped. Sem,, 10, 1003,
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on school children; that of Jastrow in 18932 Thompson in 19033°
and Ternan in 1906,** on laboratory subjects (in the last instance
children who came to the laboratory regularly), and further work of
Cattell in 1893%*-96,°* and Jastrow in 1893,* on college students. A
study of method and a somewhat extended inventory of seven sub-
jeets has also been made by Sharp.’®

Columbia appears to be the only university still making tests
upon the freshmen. An inquiry among the universities and larger
colleges of the United States and Canada has resulted in fifteen
replies in the negative.

This by no means exhausts the list, since a large proportion of
recent investigations of whatever topie include a treatment or state-
ment of individual differences in method of work or degree of
achievement, and since, too, some treatises on the psychology of
individual differences, Stern’s for example, are largely reviews of
other investigators’ general work from this particular standpoint.

There are, aside from the guestionaire method so largely used by
Stanley Hall and others by which large quantities of erude, deserip-
tive material are amassed from untrained observers, two eustomary
methods of experimental procedure which have already been indi-
cated. One is to use a few specialized tests upon a limited number
of subjects, with a sufficient number of repetitions to establish the
reliability of the reaction or to induce fatigue or practise. Oehrn,
Kraepelin, Ternan, Wimms, and Binet make use of this method.
The second method, scoffed at by Stern and eriticized by Binet in his
review of Wissler’s work, is to use very simple tests, many of them
physical, npon large numbers of subjects, usually without repetition.
Cattell’s tests for freshmen, Galton’s tests and the many tests of all
kinds on school ehildren are of this nature. This latter method is the
predominant one in this country to-day.

That this should be the case, is not surprising since the first
laboratory work direetly concerning itself with individual psyechol-
ogy was instituted by Cattell whose early work in individual differ-
ences has been noted. Already in the eighties his experiments on
himself and others® on the time taken to recognize colors, letters of
the alphabet, to see and name the same, and on three groups of as-

® fid, Rev., 5, 1893.

#i1The Mental Traits of Sex.’’

= Ped, Sem., 13, 1906.

= Phil. Bev., 2, 1893,

= Psych. Rev., 8, 1896,

* dm, Jour. Fsych., 4, 1803,

B Am. Jour. Psych., 10, 1899,
% it Pgychometrische Untersuchungen,’’ Phil. Stud., 2, 3, 1895-6.
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sociation tests anticipate much that has since become part of the
regular stock in trade of those who use the methods of simple mental
tests of the higher psychie processes. His list of ten tests employed
upon all freshmen and other volunteers in the University of Penn-
sylvania published in 1890, was the first definite psychological
inventory in this eountry.

In 1896 following Baldwin’s suggestion at the annual meeting of
the American Psychological Association a committee of five was
formed consisting of himself, Jastrow, Sanford, Witmer and Cattell
to eonsider the feasibility of cooperation among the various psyecho-
logieal laboratories in the eollecting of mental and physical statisties.
A suggestive but indefinite report was made by this committee
ithrough Witmer the next year,

In 1907 the Association again appointed a committee of five eon-
sisting of Angell, Judd, Pillsbury, Woodworth, and Seashore to de-
termine a series of group and individual tests with reference to
practical applieations, and to determine standard experiments of a
more technical character, Their first report appeared in Decem-
ber, 1910.

Not the least interesting feature of the development of the work,
has been the fluetuating of opinion with regard to its value, and the
criticism of the methods used in accordance with the aim in view,
and the evident influence of parallel work in general psychology.
For instance in Germany there is first the intensive work on some of
the higher mental processes by Kraepelin and his school in the early
nineties, contemporaneonsly with extensive work in America on
simpler proeesses with emphasis on the accompanying physical
measurements—ithe subjects being sometimes children—and with
characteristic French investigations into abnormal and eriminal
types as well as into the thinking powers of school children.

The long article in Volume 2 of L’Année Psychologique, 1895, hy
Binet and Henri, is notable in that it formulates two distinet prob-
lems of individual psychology, definitely favors the use of tests com-
plex in content and therefore less eapable of precise treatment, and
sugrests a grouping of appropriate tests under ten funections. In
this article the preceding work of Cattell, Miinsterberg, Jastrow,
Kraepelin, and Gilbert is illustrated and eriticized. The lists of tests
given by the first three men are termed too simple, incomplete and
too partial—that is eonfined too entirely to tests of memory, sensa-
tions and physieal abilities. Kraepelin’s are eriticized as being not
only partial but impraetical since the tests require five hours for
completion, necessitating several visits to the laboratory. Gilbert’s

¥ Mind, 15, 1890.
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are said to show the difference in degree but not in kind between the
thinking powers of the child and the adult. Their own list of tests
could be given in from one to one and a half hours. In deseribing
them only vague directions for administration are given, and oc-
casional illustrative results from some tests already used with sehool
children. They conclude by saving that their tests probably need
modification, and might not diselose the finer mental differences be-
tween individuals similarly trained and belonging to the same social
group. The work is froitful in suggestions, though with a sketchy
indefiniteness rather than a diagrammatie preeision.

Further progress, especially in the application of the tests to
school children, was made in each country but along lines already
indicated. Ebbinghaus®® devised and applied a new sort of test
sinee known as his ‘‘ecombination’ or eompletion test, which aronsed
no little interest and diseussion.

In 1899 Sharp®® took up the question of method. The first half
of her work is largely a review of the theses of Binet and Henri,
while the remainder is a careful study of some of the tests sugzested
by them, as applied to seven colleze students. She considers the re-
sults unsatisfactory exeept that they show that a single trial of any
of the tests, made in the suggested hour and a half among single
trials of many other tests, would be praectieally valueless and most
unreliable, especially in the case of the tests of a complieated nature.

The following year appeared Stern’s work, ‘“Uber die Psychol-
ogie der Individuellen Differenzen.’’ This contains a review of
methods, but not of results to date, and eriticisms which are largely
destruetive. Thus in pointing out the dangers of extensity and the
probable resulting superficiality, he makes some enlivening remarks
on the American fondness for the questionaire method, comparing
it to the guestions eoncerning favorite author, color, food, ete., com-
piled in the autograph books of the Backfisch of the day, which re-
sults in what he elsewhere calls ‘‘ psendostatisties.”” He would place
no reliance on the results of any series of tests which could be eom-
pleted in an hour and a half, and considers the individual differences
found in sensation and perception to be due to lack of experience
with the material, sinee practise reduces those differences. He also
says that tests on memory should seck to discover wayvs of memo-
rizing and length of retention rather than content, and that as a
measure of association, the spoken first idea is too erratie to be trust-
worthy, and measures too mueh else besides association. Ie offers
few definite sugzestions as to methods of procedure.

= Zeitschrift fiir Psychologie, 13, 1897,
= Op. cit.
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In 1901 Wissler, in working over the results of the Columbia
freshmen tests from the point of view of correlation, finds so little
that he concludes that they tell nothing as to the general intelligence
of individual college students or adults. If a funetional relation-
ship exists it must be more complex than is usnally supposed and it
needs further testing. He remarks that correlating successive trials
would help show the precision of a test.

Two vears later appeared Binet's*® account of eareful and re-
peated tests, extending over several months, on his two little
dauchters. Methods and results are given in detail and the con-
elusions drawn from them as to the characteristics of the two sub-
jeets. Many of the twenty different tests were those already utilized
in work among school children, notably the written descriptions of
objects and piciures. His object was qualitative and deseriptive
rather than normative, and in econsequence the actual tests are
supplemented by long and eareful questioning as regards imagery
and analysis of associations,

The same year, in the introduetion to the first volume of the
“‘Beitriige zur Psychologie der Aussage,’’ Stern again eriticizes eur-
rent methods of investigation. He points out that by them either
time or numbers is sacrificed, whereas data from many people should
be amassed by trained observers, and similarly treated. Instead of
one experimenter using a few volunteer students as subjects, another
large or selected groups of school children, another his own patients,
another eriminal cases, and still another results of a few experiments
on himself and treated by original methods—the general results
being confusion rather than cohesion—there should be an Institute
for Applied Psychology, to act as a centralizing and unifying agency,
a sort of clearing house, with the services of a trained statistician
always available! The tests used should represent actual life con-
ditions as nearly as possible and not be at all of the type of immedi-
ate memory for colors, tones, ete., which tell as much about the
memory as a microscopic study of the finger would tell of its fune-
tion. How well he has snceeeded in justifying his position may be
gathered from the successive volumes of the Beifrige and the Zeit-
schrift fiir angewandte Psychologie.

The next year a distinet advance towards synthesis and standardi-
zation of tests was made in the carefully prepared work of Toulonse,
Vaschide, and Piéron.** Without quoting results to be expeeted or
norms to be employed, explieit directions are given for the adminis-
tration of nearly fifty tests, more than half of which are on memory.

n{{I;

‘ttude expérimentale de 1'intelligence,’’ 1903,
" Technique de Psychologie Expérimentale,’! 1904,
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Ways of scoring are also illustrated at some length. The tests sug-
gested have been selected from a wide and lengthy laboratory and
elinical experience, and are, some of them, unduplicated in Ameriea,
so far as I know. A condensed list will be given later. The methods
of seoring too, do not seem so well known as Kraepelin’s, for in-
stance, perhaps beeause England and America are more apt to bor-
row from German than from French sources.*

There have been sinee then two types of test series in use, one of
a simple nature useful in determining differences of large classes of
people, the other of a more elaborate sort, applicable to a study of
individual differences within a group, or to stages of development, or
in some studies to the elucidation of the tests themselves. Thus epi-
leptics, feeble minded, backward and truant children are studied as
different from the normal type; twins, bright and dull children,
younger and older children are compared, and individual differences
in fatiguability by mental work, ete., investigated by the use of tests.

2. RePresSENTATIVE Lists oF TESTS

By way of comparison some of the more representative lists are
here given. They are not all complete, sinee the purely anthro-
pometric tests have been omitted. It will be noted that a given test
such as eancellation or tapping may be differently classified by dif-
ferent investigators.

CarreLs’s list, for students at Pennsylvania includes—

Rate of movement— of hand and arm through 50 em.
Least noticeable difference in weight—Ilifted pairs (similar to Galton’s test).

* After the experiments to be reported in this study had been made, there
appeared Burt’s article in the British Journal of Psychology, 1909, on ‘‘ Experi-
mental Tests of General Intelligence’’ and Whipple’s ‘* Manual of Mental and
Physical Tests.”’ The former contains four new and interesting tests, and an
elaborate treatment by the method of correlation. The latter is exactly what its
title would indicate. Besides minute and explicit directions for administration
and statistical interpretation of the fifty-four tests deseribed, the published
norms and extensive bibliographies are particularly helpful. The present study
is a more specific attempt to determine relative values in the case of certain of
the tests from which on the basis of general experience and a eritieal survey,
Professor Whipple has chosen his standard series.

Finally there are now being published reports of the Committee on Tests of
the American Psychological Association, which began its work in 1907. So far
three studies have been reported: ‘‘Methods for the Determination of the In-
tensity of Sound,’' by W. B, Pillsbury; ‘‘The Measurement of Pitch Diserim-
ination,”” by C. E. Seashore; ‘‘The Determination of Mental Imagery,”” by
J. R. Angell; all in Monograph Supplement No. 53 of the Psychological Review,
December, 1910.
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than the quantitative side, even in a series to be given at one sitting
only. Following these suggestions, but with repeated sittings there is

Suare’s list, used with seven subjects.

Memory— immediate for 12 letters, visual.
immediate for 12 numbers, visual.
immediate for words, auditory, disconnected.
immediate for sentences, short and long,

auditory.
for sounds, by question method.
Images— letter square teat,
questions,
Imagination— ink blots.

puzzle watch and box.
development of themes.
questions on suggestions from abstract
terms, ete,
Attention— cancellation (in four variations).
reading time of concrete and abstract ma-
terial.
simultaneous reading aloud and writing.
Observation— deseription of picture exposed for 2 minutes.
memory of eolors exposed for 5 seconds.
eomparison of synonyms.
Tastes— range of information about pietures.
number of pieces of sculpture, artists, mu-
gical composers named in 5 minutes.
naming one production of each of 10 com-
posers.
naming an author from hearing a selection
read.

STERN 'S suggested list.

Type of perception— things highly colored named in 5 minutes
{written).
things of vivid sound named in 5 minutes
{written).
color recognition, after 10 minutes’ interval.
piteh diserimination with several minutes’
interval.
kind of mistakes in letter square test.
reproduction of melodies and rhythms after
several days' interval.
estimate of location of a rotating hand onm
a dial after a given interval.
Memory-— time to learn lists.
time to re-learn next day, noting accuracy.
reproduction of an anecdote immediately,
next day, a week, a month later.
Apperception type— reproduction of a story.
description of a picture, object, ete.
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rate and aeccuracy of dotting.

reaction time to sound.

tremor in drawing a line.*
Perception— reaction with diserimination.*

cancellation test.

naming 100 ecolors.

Association— first idea, written.
{opposites, written).
JEsthetie choice— color liked and disliked of models shown.
Attention
Apperception "
Buggestibility

Whipple in his Manual*® does not propose his list as one to be
used in its entirety as an inventory of an individual, but would prob-
ably elaim, and with much justice, that an adequate inventory would
require his 54 tests or more and an expenditure of something like
an equal number of hours. His list is not quoted, though it is the
most important single contribution of the last decade to the topie,
because it is readily accessible. Tt should be earefully studied by
any one whose interests lead him to read the present report.

3. AIM oF THE PRESENT STUDY

Without discussing the difference in aim revealed in the character
of these series nor the results obtainable by the different methods,
this study is concerned with only the usefulness of simple tests now
employed or of similar tests designed to supplement or replace them
because of greater significance or greater adaptability in content or
method. With the exception of one or two association tests all are
of the simplest type, and the question raised is, “*If this kind of test
is the sort frequently used, is it the best of its kind for the purpose?’’
To answer this adequately would necessitate collecting every simple
test of intelligence known and experimenting with it from the points
of view of make-up of the test, method of administration, results,
change with praetise, with maturity, with fatigue, ete.—too long and
complicated a task for this study. By limiting the field, however, is
caused the main defect of this work. If more of the time which has
been spent over the statisties resulting from the data gained had
been given in the first place to administering more tests of one fune-
tion more carefully to more subjects there might be some definite
value. Nevertheless, for such as it is, this study is now presented.

My best thanks are due to a friend who assisted in standardizing
and eorrecting 360 pages of one of the cancellation tests, to the three
friends who cheerfully served as subjects for so many hours in the

2 0p, eit.






II

EXPERIMENTAL WORK WITH SEVERAL GROUPS OF
TESTS

ConcerNiNG certain of the tests supposed to inventory an indi-
vidual’s mental funetions and measure his differences from the type
which are frequently given, as, for instance, the Columbia freshman
tests,*® we are still undecided as to their exact value. We need to
know, (1) whether they test fundamental qualities slowly changing
by general mental growth and the effects of training in general, or
whether they measure degree of attainment in some specialized
ability. If large areas of the mind are reached, then much might be
predicted from them; if only narrow habits are tested, then little
could be predicted from them. One line of evidence is their sus-
ceptibility to practise; for a test in which there is much change in a
short period of practise is evidently measuring something other than
a general funetion—it might be specialized ability, or the fact of be-
eoming adjusted to test conditions, or the adoption of some device
with regard to certain material.

We need to know, (2) in case general qgualities ean be measured
by these tests, whether the test chosen is the best of its kind, the most
typical. Onme line of evidence here is the correlation of different tests
all supposed to measure the same thing.

We need to know, (3) how accurately the few trials made, often
only one, will measure the function directly tested, how far, for
instance, the result may be affected by the understanding of the
subject of what he is to do and how he is to do it. The reliability
of first trials can be worked out to give light here.

We need to know too, (4) how far results are influenced by dif-
ferences in the method of administration. Can differences in atti-
tude be made in the subjeet by varied direction of the attention?
Practically the question is—'‘How could the tests now in use be im-
proved in significanee and aceuraey?’’

The methods at present in use with the students from Columbia
and Barnard colleges must of necessity be more or less rough and
ready, since only from fifty to sixty minutes are oceupied in giving

“ For a full list and deseriptions of these, see Wissler, ** The Correlation of
Mental and Physical Tests,”’ Psych. Rev. Mon. Suppl., Vol. 8, No. 6, 1901,
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16 STUDY OF TESTS FOR INDIVIDUAL DIFFERENCES

some twenty to twenty-four tests; and in suecessive years they are
civen by different experimenters. Some of the subjeets, particu-
larly the girls, are too nervous to do themselves justice at the be-
ginning of the hour, a faet which, as seniors, they frequently recall
with amusement or deprecation. Comparison in such eases between
performance as freshman and as senior will tend to overweight the
gain shown in the results of the seniors’ tests, and the consequent
inferences as to the beneficial effect of college training.

The problems with which this first seetion deals are—

A. How far is each test susceptible to practise, especially to short
practise !

B. What is the value of each test as a measure of the individnal’s
ability in some general funetion or group of funetions,
such as memory, association or sensory diserimination ?

(. How ean we get the best possible measure from a single trial?

In general the procedure was as follows:

1. Three subjects, a highly selected group, made twenty trials
of each of certain selected tests during six weeks in the summer of
1907. Of these three, N. had had comparatively little linguistie
training, but, on the other hand, had exceptional preparation in
psychology, particularly in giving tests similar to these. She was
unusually quick in thinking and talking, also in writing and hand
movements. W. and F. both had a more inclusive linguistic train-
ing, F. particularly so. Both had done gradunate work in psychology,
not ineluding, however, much work of this nature. W. was somewhat
variable in speed, F. was rather slower on the whole, with two
notable exceptions, and was the least likely of the three to be put out
or upset nervously. Conditions were made as uniform as possible
during the tests, and record kept of the weather and temperature
eonditions from day to day. The association, pereeption, and mem-
ory tests were practised by the three subjects in a group. The dis-
erimination and motor tests were practised by each separately, as
individual attention and timing were neeessary. The group work
took about three quarters of an hour daily, the individual work from
20 to 30 minutes for each subject, The last two sets of trials were
made under rather forced cirenmstances, as it became necessary to
complete the twenty sets a little earlier than had been expected.
The general trend of the practise eurve was not affeeted however.

2. From experience with this group, called the ‘‘long-term-
practise group’” for convenience, certain of these tests, along with
others supposed to be of a similar nature or to test the same mental
process, were repeated in the spring of 1908 with a larger group of
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subjects varying from six to eight members. These were junior or
senior women students in Teachers College, four rather young, three
rather more mature, and one man, some of whose records in the as-
soeiation tests had to be omitted owing to some diffieulty with the
English language. As much as possible was done with these sub-
jeets working in a group, for which purpose they met once a week
for two hours for six weeks. They made from two to ten trials with
different tests. Later, each came alone for work with some of the
tests requiring special apparatus or individual attention. These
subjeets are referred to as the ‘‘short-term-practise group.’’

3. Certain random groups of college students were used either
as opportunity offered or definitely in order to procure a larger num-
ber of eontrol eases. Omne such group of nineteen summer session
students spent an hour in 1908 in taking various association and per-
eeption tests; another group of similar size in the winter term spent
half an hour on some of the tests. These have been called the ‘“in-
strueted group.”” Single tests are frequently given to large groups
for demonstration purposes, and where available, these records have
been utilized to get a standard average and deviation for maturer
students working in a group. These are referred to as ‘‘control
cases.”’

In diseunssing the work each test is taken separately and report
made, first of general experience with the test, including the fresh-
man results for men and women, then of the instruected group, men
and women separately where so distinguished, next of the short-
term-practise group, last of the long-term-practise group. Thus
there is quoted first the result as found by the present test and
method ; next the results from more mature students, sometimes by
a slightly different method; then the change taking place in naive
mature subjects with only a few repetitions; last, what change may
take place even in habituated, mature subjects with more extended
praetise.

A test in which there is not much change will, other things being
equal, be the more reliable to use for a single trial with naive sub-
jects. The “‘other things'® must of course inelude ease with which
directions are understood, simplicity of required reaction, and free-
dom from all pitfalls or traps for the well-intentioned but unwary
subject.

For each group of tests the questions of change by practise, in-
tercorrelation and precision are then taken up and recommendation
made of one or another of the tests tested.
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1. TesTs ON ASSOCIATION

A, Deseriptive

The first group of tests to be reported on will be those on associa-
tion.

The Columbia freshmen are given one test only, the first idea, the
Barnard freshmen that and an opposite test.
First Idea,

This consists of the blank given below.

House

Tree

Child

Time

Art (N. B. This and many other blanks
London appear here in reduced size.)
Napoleon

Think

Red

Enough

The test is explained to the students as one of rapidity in think-
ing rather than of quality. They are told to write as quickly as pos-
sible after each word the first idea—preferably one word—that oe-
curs to them. Practise is given orally with a sample word, then the
students are handed the blank. The time taken to finish the blank is
taken on a stop-watch, and the blank is filed.

One’s eommon observation in giving this test to the freshmen is
that it is partieularly hard to follow the direetions, and to write
down aetually the first idea that oceurs on reading the word. Sub-
jects will sit blankly, stopped by a word, obviously choosing the
fittest of several ideas, however well it may have been explained to
them that it is primarily a test of the rate rather than of the quality
of thinking. The averages caleulated from 250 Columbia and 100
Barnard freshmen show that the men take 55.4 seconds to write down
10 ideas, the girls 71.8 seconds. The P.E. for Columbia students is
22.9, quite the largest P.E. found for any of the freshman tests. To
make these figures easily comparable with those to be given for sub-
Jeets after short and long practise, they may be put thus: in 15 see-
onds men, as tested in the regular manner, wrote 2.7 first ideas, girls
wrote 2.1 first ideas, or the average time to eall up and write one
idea is 5.54 seconds for men and 7.18 seconds for women. In this test
then, the girls seem specially hampered ; for the results of other tests
of the rate of association, such as adding, and giving the opposites
of words show no such superior speed for males.
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The method used in the present investigation was to explain very
carefully just what was wanted, giving oral practise with two sample
words. Subjects were told to begin at the signal ““go’’ and get as
much as they could done till the signal ‘‘stop’ was given. They
were warned that they would not have much time, though the actual
number of seconds was not told them in advance. (The three sub-
Jects who took the long term of practise soon came to know the time
allowed for the different tests.) For the first idea test, the time-
limit was 15 seconds. The secore was kept in number of words
written. Three letters counted as a word if the subject eould ex-
plain that he had surely thought of something.

A single trial with 37 unpractised subjeets, 19 men and 18 women,
with the time-limit of 15 seconds gave an average of 5.6 words
written, with an average deviation of 2.19 or an average of 2.68 sec-
onds to call up and write a word. The men and women had exactly
the same average, but the A.D. for the men was 2.58, for the women
1.78. Unless then, the apparent sex difference in the freshman re-
sults is due to difference in the relative immaturity of the subjects, it
may be produced by the method of giving the test. (For conveni-
ence, the method by which a subject is told to work as quickly as pos-
sible and the time taken to finish the test is noted will be called the
““amount-limit’’ and the method by which the subject starts and
stops at a given signal, and a certain time-limit unknown to the sub-
jeet beforehand is allowed, will be referred to as the “‘time-limit"’
method. The latter has obvious conveniences in testing groups of
subjects.) In each test where both methods were used, comparison
will be made of the results by each method, and a special section
devoted later to a summing up of these results.

By the amount-limit method 2.7 first ideas were written in 15 see-
onds by the men, by the time-limit method 5.6; by the women the
averages are 2.1 and 5.6 respectively. These differences suggest first,
that the amount-limit method leaves the test ambiguous, the time
being a measure partly of slowness in associations and partly of as-
sociations called up and rejected ; second, that a time-limit aets as a
spur, making subjects work more quickly than if simply directed to
write as quickly as possible, and making them less fastidious in
selection of associations when speed is so much emphasized. It is
known that ‘“controlled association time’’ is often shorter than free
association time, the theory being that the setting of the attention
and judgment beforehand holds eertain paths open for use more
readily than others; it may be then that attention is aided iIn a
somewhat analogous fashion by the incentive to do as much as pos-
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sible in a given time. The anticipation of the signal “‘stop’’ seems
to give a more definite aim than merely one’s best effort after speed.

TAELE I
Words written in Seconds re&;uired
!-!Pi.-nl5 w#?men Henw m“‘omm
At AMIE e e e 8.7 21 5.54 7.18
Time limit
Toatraetan ..ovven e rrine s f i 5.6 5.6 2.68 2.68
)y R SN S 4.6 3.26
1 T T T 7.0 2.14
Bhort 4 AVerA@e ......ccosvis 7.85 1.91
{ | AR R f T h e 8.2 1.83
1 R R e 7.0 2.14
Long 4 AVErage .....couesees 7.83 1.92
L R e SRAF 2 8.6 1.75

It was, however, suggested, that the list of words as printed lent
itself to higher scores by the time-limit method than by the amount-
limit, as the more conerete words come near the beginning, and the
most difficult are the three last. To test this point, the list was type-
written in reverse order and then used as a time-limit test with two
other groups of students, 29 rather young women, and 34 in a mixed
group of men and women somewhat older., The average number
written in 15 seconds was 4.6 words. Asked to repeat the test com-
mencing with the bottom word, the average in 15 seconds was 4.8
words. Thus the greater speed does not seem to be entirely due to
the kind of words encountered at the outset.

In the short term of practise, 4 trials on different days by 6 sub-
jeets by the time-limit method. the average was T7.85 first ideas
written in 15 seconds, or 1.91 seeonds per word. In the long term of
practise, 20 trials by 3 subjeets, the average was 7.83, or 1.92 seeonds
per word. The number written at the first trial by each group was
7.0. Taking all the trials of these two groups into aceount, 85 in all,
there were 14 oeccasions, or 16 per cent. of the total number, when
the test was completed in 15 seconds. The two lowest records, made
only onee each, were 3 and 5 first ideas, both considerably higher
than the freshman results by the amount-limit method.

The difference appears even more striking when the fairly con-
stant factor of speed of writing is diseounted. Three subjects were
given six trials each in writing ten words of some familiar sentence®
under each other in a vertical column, The average time for the 18

* Two elauses from the Lord’s Prayer: (1) Our Father, ete.; (2) Lead

us, ete.; and (3) °*Little Jack Horner sat in corner eating his Christmas pie.”’
The number of letters were 40, 43, and 48,
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trials was 13.358 seconds or 1.34 seconds a word. Thirty subjects,
naive except for an hour'’s work in other tests, were asked to write a
single word similarly with a time limit first of 10 seconds, then of 15
seconds. THalf of them wrote the word ‘“*watch’’ in the 10-second
test, the word ‘‘father’ in the 15-second test; the other half wrote
““father’’ in the first test, *‘wateh’’ in the second. The results were
for the 10-second test 5.1 words, for the 15-second test 7.75 words, or
an average time of 1.95 a word or .355 second a letter. Thus the
average extra time needed for association over mere writing is, in the
case of the amount-limit method, about five seconds a word; in the
case of the time-limit method less than 1 second a word.

In absolutely free association—i. e.,, when a starting word only
was given and the subjects wrote down whatever series of things they
thought of, an average of 11.5 words was written in 15 seconds, or at
the rate of 1.31 seconds a word. (Incidentally it is inferesting to
note that serial eonnections are more rapidly written than even the
same word in repetition, thus:

Familiar sentences, 3 subjeets, 18 trials, 1.34 seconds per word, .307 per letter.

Free association, 6 subjects, 30 trials, 1.31 seconds per word, .240 per letter.

*¢ Father’’ or ** Wateh,”” 30 subjects, 60 trials, 1.95 seconds per word, .355 per
letter.

though this difference is partly due to the fact that the 18 trials came
from 3 practised subjects on different days, the 30 trials from 6 sub-
jeets after the short term of practise, the 60 trials from 30 subjects
after 1 hour's work with various tests.)

It seems certain then that the first idea test, as usually given, does
not measure the rate of association. Nor apparently can any test
involving the writing of words do so. For not only is the average
rate of mere writing no less per letter than the average rate of writ-
ing words under some associative requirement, but in certain cases
where the deseription of the association involves writing a phrase or
long word such as ‘‘eves, nose and mouth,’’ “‘kerosene oil’’ or
““pussy-willow,”’ the writing time entirely obscures the association-
time.

Considering it from the point of view of praetise, in the short
irregular practise with the average score of 7.85 the fourth trial
showed a gain of 1.17 or 17 per cent. over the first. With the three
subjects who repeated the test twenty times there was a practise gain
of 1.6 or 23 per cent.

In the five trials with the absolutely free assoeciation test there
was quite the reverse of practise effect. The starting words used at
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given words, it will be seen how valuable a standardized set would
be. In the various tables that follow a score for accuraey is given in
terms of the per cent. which the seore given to the individual in ques-
tion was of the score he would have received had every opposite
written by him been rated as worth 2 eredits. Thus a record of five
opposites valued as 2, 0, 1, 1, 2 respeectively is scored 6/10 or 60
per cent.

First, to compare the various blanks used. Columbia freshmen
have not been put through this test. Barnard freshmen have nsually
taken the ‘‘barbarous’ blank, thongh 14 were given ‘‘vertical 1."
“‘Barbarous’’ took 166 seconds on the average or 8.74 seconds per
word compared with 105 seconds, or 5.25 seconds per word for **ver-
tical I'"; the seores for aceuracy were (average) 69 per cent. and 72
per cent. respectively. The short-term practise group who also
worked with each blank, and by the same method. took 141 seconds,
or 7.42 seconds per word for ‘‘barbarous,”” and 89 seconds, or 4.45
seconds per word for ‘‘vertical 1.”" Their average scores were 69
per eent. and 71 per eent. Thus the difference in time taken shows
that the ‘‘barbarous’ blank is more difficult than *‘vertical 1. The
average score for ‘“*barbarous’’ is also lower than that for any other
blank, as may be seen from Tables II and III. An easier blank,
such as “‘serious’ or ‘““day’ would probably be more snitable for
this type of subjects.

TABLE II
SPEED AND ACCURACY IN WRITING OPPOSITES
Y BarnAROTS " “VERTIOALI"™ “YVERTICAL IT™
" = 7 s : *E
B5, 4y 5. EE, 3 ¢ EE, & ¢
288 oip 858 B®E .p 8 528 2f 8
22 f3B wgs i BF & ER R g
zia E;_ ;2  gism E : 1 I
= <5 & < BE g <
Freshmen .... 166 874 69 06 6526 T8
Heniors ...... 93 480 69 962 481 Tl
Bhortterm ... 141 742 &9 89 445 T

So far as these blanks reveal differences in maturity, there is a
decided improvement in speed with more mature subjects; the fresh-
men take a longer time than the short-term aroup at their first trial
with both the difficult blanks, and econsiderably longer than the
seniors. The accuracy is practically the same for all these three
groups on the same blanks. Looking also at Table III, all the ree-
ords from the short-term group are poorer than even the first record
of the more mature long-term group for “vertieal I1'" which is a
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fairly diffieult blank, though the easier blank *‘day’’ seems too easy
to show differences in the groups of subjeets. In this table all the
records are reduced to the amount done in 30 seconds, and the ac-
curacy score to percentage, whether the test was by amount-limit or
time-limit method, and no matter what the blank,

To compare differences in method, a group of Barnard seniors
were given ‘‘vertical I1'" by the amount-limit method, and a group
of Teachers College women students the same blank by the time-limit
method, with searcely any difference in the results, though what
there was, was in favor of the time-limit method, as will be seen by
Table III. These two groups were of about the same maturity, but
again with the slight difference in favor of the Teachers College
students, so that either this factor, or that of difference in method
may be responsible for the very slight difference in the figures.

TABLE III
HPEED AND ACCURACY IN WRITING THE OPPOSITES OF GIVEN WoORDS

Speed is measured by the number of seconds required per word. Accuracy is
measured by the average per cent. of the maximum eredit that was obtained.

U RBARBAROUS" * VERTICALI™ “VERTICALII" “BERIOUS'
TesT TEsT TE=T TesT DAY " TrsT

Accu- Acen- Acen- Arcu- Aoeun-
) Speed racy  Bpeed racy Speed racy  Speed racy  Speed racy
Amonnt limit

Freshmen ... 8.74 6O 525 T2

Seniors ....... 489 69 481 71

Bhort term ... T42 &9 445 T1

Time limit

Instructed ..... 462 T3 2.36 93

Ehord 18t .. .. 445 T0 221 81

term { 188k .. .. 455 T 203 M4

Tong 01| s 3.23 91 3.13 86 250 94

i { Average 248 88 2.22 88 219 95
10th trial 21T 89 1.76 80 207 B4

To test the effect of practise, the short-term group were given six
different tests, the ‘‘day’’ being repeated after six weeks, giving T
trials in all with the time-limit of 30 seconds, also ‘‘vertical IT"’
once with a time-limit of 30 seconds. The Columbia blanks were
civen on the fifth day by the amount-limit method, so that a total of
10 trials was made by this group of subjects.

Sinee the ‘‘day’’ test when repeated after practise with ‘‘good,”’
““oreat,’”’ “‘vertieal,’”’ and ‘‘right’’ shows so little gain the practise
effect is very slight, and the test continues to be an association test
rather than a series of specially trained responses.

Even special practise with the same blank shows rather slow im-
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provement. The long-term group used three blanks only, ‘‘day,”
““serious,”” and ‘‘vertical I1."" After the first two trials these were
used in rotation till it was evident that the easy ‘“‘day’’ blank had
been memorized. The other two were used ten times each, on alter-
nate days, and beginning alternately at the top and the bottom of the
eolumn. There was, of course, a zain in speed, the time per word
being reduced from 3.23 to 2.17 and from 3.13 to 1.76 in the 10 trials,
but the rate is still much above that for writing the numbers from
one to twenty or other familiar series.

Comparing this test with the first idea in rapidity, it will be seen
that this form of controlled association does take slightly longer
with subjects practised with both tests.

TABLE IV

BEcoNDS REQUIRED PER WoRD To WRITE (1) The First Idea Called up by a
Printed Word, (2) A Series of Words Started by a Printed Word, and
(3) The Opposites of the Words of the **Day’’ Blank

(1) (2) 3

Time limit
Inntractad gromp .o e aiia vea s 2.68 1.31 2.36
EhOrbary PrO0D s s S i ks A 1.91 211
LOng-berin GroUD . «asssaansesnasnsssasnsss 1.92 2.19

Other controlled-association tests used in comparison with this
were: for the ‘‘instructed’ group, two in number, the preceding
letter, and complete the word; for the *‘long-term’ group, six in
number, these two and also the subject predicate, difference between,
Ebbinghaus combination, and addition; for the *‘short-term’’ group,
the first five given above, a different set of addition and subtraction,
noun and adjective, nongense words, and one or two nonsense sen-
tences, genus species, multiplication. They will be taken up in that
order.

Exeept where otherwise stated, these were always given by the
time-limit method.

Preceding Letter,
The series of stimulus letters is as follows:

8 = 0 = g B
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Fifteen seconds was allowed. Eight subjects used it three times,
and the three subjeets ten times, beginning with the first or second
column or at the end, after which they made ten more trials with
fresh sets.

In a first trial it is very noticeable that a subject may think of
long words in the beginning, and continue to think of them even
when shorter words are completed in the spelling out of the word
actually written, as “‘ri’’ suggesting ‘‘ribbon" when ““rib’" would
suffice, or when cognates would be shorter, such as rite for ritual. At
the same time it is introspectively an easier test than the first idea,
because, in the first place, the subject seems to be less suspicicus of
what may be demanded of him, and feels more free to write down
what he has aetually thought of; in the second place, parts of words
seem to be more suggestive of whole words than one word is of
another, perhaps for two reasons; first the conditions are more like
ordinary reading, second the motor or auditory imagery or perhaps
the incipient movements of the speech organs seem to perform the
task of completion antomatically, while all the judgment has to do is
to aequiesce. With both this and the absolutely free association test,
the factor of long words may increase the time taken through the
mere mechanics of writing, The statistical results will favor those
who think of short words as well as the rapid thinkers.

For the “‘instructed’ group of 37 subjects the average number
of words completed in 15 seconds was 8 (1.88 seconds per word), with
a range of from 3 to 15, and an A.D. of 2.8,

TABLE V
NumpeEr oF Worps COMPLETED IN 15 SECONDS
Ko.of subj. No.of Av. No. written Bec. req. per wond
Men Women trinls Men Women A.D. Men  Women
Instructed group .... 19 18 1 82 1.7 2.8 183 194
Short-term group (using the same blank):
s e ek Rn o 8.6 1.58
BYOTUFE  ooneuuns i a 8.1 2.0 1.65
11| o 11.4 1.31
Long-term group (using different blanks) :
LB e e e 0.3 1.61
AVETAZE «-ucvuvns 3 10 10.5 8 1.43
I8BE s e e 11.8 1.87

The short-term practise group in three trials made an average
of 9.1 words completed or 1.65 seconds per word, with a range of
from 4 to 15 and an A.D. of 2.

The long-term practise group averaged 10.6 words in 15 seconds
or 1.42 seconds per word in their first trial. After 10 trials with the
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same blank, improvement being very rapid, 10 more trials were made,
with two or three from the original blank introduced into each set.
The average was then 10.5, ranging from 9.3 on the eleventh day to
11.8 on the twentieth, showing a slight practise effect. IHad the
word beginnings been absolutely new, the practise effect wounld pre-
sumably have been still less.

Six of the short-term praetise group later took this test orally by
the amount-limit method. Eight trials were made with different lists.
In this way it ecould be seen how a poor record is made by the influ-
ence of some one combination which halts a subject unduly long
rather than by slowness in general. One list seemed easy for all sub-
jeets, but no one list was hard for all subjects; one or two execep-
tionally poor records oceurred with every list. The combination
““um’’ halted three subjects a comparatively long time. One subject
made the worst record 7 times out of the 8, though in the written
test by the time-limit method she had been one of the best subjects.
Introspectively, all preferred the oral method. Compared with
other tests, complelting words is less disturbing than the first idea,
but less definite than the opposifes.

Subject-predicate.

As a test this is not in ecommon use, so that the blanks were pre-
pared in round handwriting, which may have retarded the speed
somewhat as compared with the first idea and opposites tests, which
were printed. Mimeographed sets were later used for the short-term

practise group.

BUBJECT-PREDICATE LIsTs

convenes matriculates stings brays confesses
butts seratehes parries steals lubricates
explodes earns waxes preaches hatches
hops bleats preseribes plays disperses
sucks illuminates swims arrests reverberates
plants painta enlists lectures hoards
chases flies buys flashes smoulders
alleviates experiments quacks rings ordains
extinguishes strikes applauds fights nourishes
re-acts reaps BEWS condemns sneers
ebbs cackles navigates graduates performs
COmposes inherits freezes burns sells
shoots learns riots drives amputates
bites blows snes cleanses neighs
stitches testifies disbands Crows rotates
trumps 0wWes governs calenlates fades
shines adjourns FOOrs haunts bets
hammers Bings OCCUTH melts tolls
marries saecrifices raves limps foretells
trots flows surrenders withers barks
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Subjeets were warned not to supply a subject by forming a noun
in “er’ from the verb such as ‘‘singer’’ sings, nor by using indefinite
words as “‘man,’” ‘“boy,”” but to supply the definite agent such as
“hird.”” Two or three examples were illustrated. One hundred
verbs were made up in ten sets of ten, each being used twice for the
long term of practise, and once each on typewritten sheets for the
short term of praetise. Unfortunately for striet comparison they
were not given in the same order for the short practise as for the
long. The scoring for aceuracy was done as for the opposites test,
giving 2 for the best choiece, 1 for a poorer one, 0 for a poor one.

TABLE VI

N.=number of subjects written to fit given predicates in 20 seconds.
Age. = per cent. of maximum ecredits obtained.

Order given 1 2 8 b [ ¥ 8 9 10
SIS e L qeils wpipte e s el e s sy
B 10 75 9100 9 89 6 92 §100 8 99 6 92 9100 4 T5 10 |
Gr. .c.... 2 25 6100 7 71 2100 5100 5 9% 6100 T 64 4 75 10
i R 4 6 6 67 T 71 6 8 B B8 6 S50 T 86 4100 5 80 T
b A 6 70 &E100 T T9 T 71 5100 4 63 b B0 T 64 8 92 T |
M. ....... § 30 6100 5 60 3 33 65100 4100 232100 8 8 &5 50 T 1
Ba. ...... 10 65 9 4 & 33 B8 76 & 89 T B B 63 10 55 10 30 10 |
L R 8100 5 80 7100 8100 8 69 81
Averages . 6 i 7.8 5.3 6.8 5.5 6.0 7.5 6 8.4
Medians . 64 100 71 79 100 86 92 88 69 |
TABLE VII
N, =number of subjects written in 20 seconds to fit given predicates,
Ace. = per cent. of maximum eredits obtained.
First trials Becond trials
1-10 11-X

N. Age. N. Ane,

Av. Median Av. Median

L e g 5.6 100 9.1 100

1T TR S w1 94 7.1 93

matricnlates ......ci0vinnannns 6.6 93 7.1 100

o v - O L S S s AN 04 5.0 094

Lr T e e aoh i 05 8.8 100

T P e i e T 7.6 04 73 100

CONYVENEs ...... e A R A e 5.6 100 8.0 88

NATIEades . oot s e e 7.0 Bl 8.6 04

graduates ......... e wxien 93 7.1 100

BOTTRERRE. o e s e e 5.8 100 8.8 a5

AYOTREO <viiiiiedda Bl et 7.0 a5 8.0 a6

The results for the short-term group are shown in Table VI. The
practise effect is apparently very slight, the last five tests being only
a trifle better in speed or accuracy. Further tests are, however,
needed to separate the influence of differences of the tests in diffi-
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VIII

walk, mareh
deceive, mislead
COrpse, earcass
colleague, partner
drag, pull

adrift, afloat

try, test

extend, inerpase

The subjeets were told that the quickest way to answer was either
to explain one word in terms of the other, or to write 1 =—— 2=
———, not wasting time by repetition. Notwithstanding this, many to
whom it was given used an unnecessary number of words in expla-
nation, thus taking longer to write. From the point of view of time
consumed, then, it is not a useful nor a satisfactory test whether
civen hy the time-limit or by the amount-limit method. Not only as-
sociation and speed of writing enter in, but the ability to profit by
the advice in the instructions, and ability to condense—also, of
course, linguistic diserimination. This test is, besides, not very easy
to score, as the answers may vary considerably.

Blank T was kindly filled in at leisure by one of the professors
in the English department. Answers were then compared with these
standard answers and each of the eight seored 2, 1 or 0, as in the ecase
of the opposites and subject-predicate tests. For the remaining
blanks, dictionaries and books of synonyms were resorted to for
standard answers, or, failing anything sufficiently diseriminating
there, the experimenter’s own judgment of the best answer in the
group was followed.

An ““instructed”” group of about 200 were tested with Blank I,
time-limit of 120 seconds. In 49 of these chosen at random the aver-
age number of answers written was 4.4, with an A.D. of 1.08 and a
range of 2 to 8. The average score for accuracy was 89 per cent.
(reliability 1).

The short-term practise group took this test only twice, using
Blanks I and VIII. The reason more time was not spent with them
on the various blanks was that previous experience with the long-
term practise group seemed to indieate that the test was not a valu-
able one.  For the same reason and also because the 49 eontrol cases
from the ““instructed’ group were in terms of time-limit, this group
were tested by the amount-limit method. Their record for Blank I
was: average time taken 217 seconds, seore for aceuracy 73 per cent. ;
for Blank II, 233 seconds, score for aceuracy 63 per cent.; for both
blanks together, average time taken, 225 seconds, A.D. 25.5, average
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score 68 per cent. For them, then, Blank I was easier since they
made a better showing with it, although it was the first one given.

An ““instructed’” group of 49, tested with Blank I, with a time-
limit of 120 seconds, averaged 4.4 answers written, A.D., 1.08. The
average aceuraey was 89 per eent.

The long-term practise group used seven different blanks alto-
gether, each one three times except the last, beginning with the 1st,
ad, or last of the 8 pairs of terms. A time-limit of 60 seconds was
allowed. Their average for Blank I was 4.6, score of 66 per cent.
The average number written for all 20 trials was 3.2, the first day’s
average deviating by -~ 1.4, the last by 4~ .4. The average score for
accuracy was 70 per cent., the first day’s average deviating by -6
per cent., the last by - 3 per cent. Thus the difference in the diffi-
culty of the blanks again disgnises any praetise effect. If the records
of the first three trials which were made with Blank 1 are omitted,
the average number written is 2.7, the fourth day’s average deviating
by — .7, the last by - .9, so that there seems a slight gain in speed.
The average score for accuracy is then 77 per cent., the fourth day’s
average deviating by — 2 per cent., the last hy — 4 per cent.

Nothing can be surely inferred from these records save that for
them less than 20 seconds sufficed to think of and write out a differ-
ence (only 13.1 seeconds for Blank I). A much longer time limit
should have been given.

On the whole, as will appear when the facts coneerning correla-
tions and reliabilities are given, this test, if useful at all, is useful
only as a specialized measure of linguistic knowledge and faecility in
expression. The times 27.3 seconds per difference for 49 subjects
using Blank I, 27.1 seconds per difference for 6 subjeets using Blanks
I and VIII, and 18.8 seconds for 3 subjects using Blanks I-VII,
show that an elaborate process of selective thinking is involved.
Ebbinghaus Combination Test.

This test was as follows. For the short-term group certain para-
egraphs of eonvenient length, averaging 100 words, were chosen from
such varied materials as newspaper reports, scientific articles, essays,
novels, narrative poems. These were typewritten, with 10 to 16
words, according to the length of the paragraph, omitted in various
places, blank spaces being left in their stead. One such paragraph
was placed before the subject, who was instructed to write down an
appropriate word for each space. The time taken was noted, and a
seore was made of the suitability of the words supplied in terms of
per cent. of a perfect record. Five of the short-term practise group
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took ten such tests, repeating the first paragraph used at the 10th
trial three weeks later.

In general, subjeets will either skim two thirds to the whole of
the paragraph at the outset, going back to fill in the spaces, or they
will rush at the first phrase, fill in the first thing that oecurs, and
eet tangled up before the end of the first sentence unless the subject
matter is very easy. From one or two such experiences the subject is
generally led to adopt the other method.

The short-term group took an average of 103 seconds to complete
a paragraph, with an A.D. of 32. Comparing their two trials (three
weeks apart) with the same paragraph there was an improvement in
average speed from 173 seconds to T1 seconds, the A.D.’s 33 and 6
respectively. Their aceuracy rose from 70 per eent. to 80 per cent. or,
omitting one subject who seemed very much upset at the first trial,
it was 80 per eent. on both oecasions.

The long-term group was tested with 20 paragraphs averaging
92 words long, each with ten words omitted ; they averaged 80.2 see-
onds, A.D. 18 seconds. Variations of 10 per eent. or less in the length
of the passage caused no appreciable differences in the time required.
Variations in the content are very influential. The poetry was diffi-
cult for these subjects, the average time for that being 108 seconds.
Newspaper reports were easy, the average time for them being only
94.4 seeonds. Pieking the first trial of each kind of material, and
comparing it with the last of each, there was an improvement in
speed from an average of 104 seconds to 89 seconds. These figures
do not measure practise with surety, owing to possible variations in
the diffieulty of even the same kind of material. The average aceu-
racy was 87 per cent. with no discoverable practise effect. The para-
graphs they used are given in the appendix.

In general it appears that adaptation to the form of problem set
by the Ebbinghaus test is likely to count considerably, especially with
untrained subjects.

Addition.~The blank used was as follows:

ADDITION EXAMPLES

17 26 27 72 23
12 | 24 14 47
a8 47 B3 39 86
o1 82 19 81 54
54 63 45 26 36
17 42 a8 01 36
26 5l 47 82 26
27 24 83 19 45
T2 14 39 62 63

23 47 86 54 HES
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41 53 67 78 86
52 67 86 a7 32
86 34 23 06 a4
23 78 45 72 a6
35 19 67 23 68
45 o2 19 45 23
13 86 78 67 72
68 23 a7 78 36
T 35 23 a7 68
86 67 86 96 39

A score of 1 for each column added was given and 0.5 deducted
for each wrong figure in an answer. The time limit was 60 seconds.
The results as to rate will be discussed in connection with those of
the next test. Since these experiments were made, it has been shown
by Wells and Thorndike that even so familiar a process is, under test
conditions, subject to adaptation and praectise effects. In these sub-
jeets these effects were shown chiefly or wholly in the speed of the
process. The short-term group averaged 16, 19, and 18 ecolumns, and
.5, .67, and 1.33 errors in three trials on February 15, March 7, and
Mareh 7. The long-term group gained in twenty trials about 20 per
cent. in speed but lost somewhat in aceuracy, so that their net im-
provement was 17 per cent,

Addition and Subtraction.

The short-term group used a blank, given on the next page, from
the collection prepared by Woodworth and Wells.

The test consists of adding a eertain number to each fizure in
suecession in the column, or subtracting it, as directed, and writing
down the result. One column was counted as a test, making 25 times
that a given number was added or subtracted and the result written.
Twelve such tests were made, six times with a time-limit of 40 sec-
onds, six times with a time-limit of 30 seconds. In cases where a sub-
ject completed the series in less than the allotted time her time was
recorded. The key numbers were 3, 4, 5, 6, 7, 8, each added in one
test, subtracted in another. Four tests were made in suceession, the
arder in which they were given being as follows:

7 added 5 added
: 40 ;
I 3 subtracted } gt A 1L 7 subtracted } i
4 added 3 added
2 30 sec,
5 subtracted } Bl ket 4 subtracted } y
6 added
4ﬂ L]
111 & subtracted } s
€ subtracted } 30 sec
§ added '
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especially with slow writers, be greater than the time required to add
a one to a two place number without writing. One has only a choice
of evils. Column addition permits grouping and so mixes the rate
of assoeiation with the power to assoeciate three numbers with their
sum in one connection, A test in writing additions and subtractions
with two place answers measures the rate of mere writing in very
rapid computers or very slow writers.

Noun and Adjective.
Two blanks with 20 adjectives on each were arranged as follows:

I II
Complete the following sentences, Complete the following sentences,
after the model of the first one, that by adding a subject and an addi-
is, by adding to each a moun at the tional adjective, as in the first sen-
beginning, and a second adjective at tence:
the end—the whole to make sense:
The hill is high and wooded. Her taste is refined and delicate.

ik Huﬂ £d id Pﬂl'tﬂhlﬂ [
¢ pold ** ¢ unexpected ‘*
i new L ik ﬁdiﬂiulﬂuﬂ- di
‘¢ smooth *¢ ““ interesting ‘¢
il Tﬂd id i impumﬂ i
¢ round - ** ¢ probable ‘¢
“  windy *f ‘‘  tapering ‘¢
““ glean *F ‘“ dangerous ‘¢
€  ‘bent ** ¢ complete ‘¢
¢ wooden *° ¥ unuwsual ¢F
¢“  deep ‘¢ ‘¢ metallie *f
¢ empty *f ¢ gpacious ‘¢
i parrpw ¢! " painless ¢F
‘““ loose ‘¢ “f excessive *f
¢ bittar ** ‘* senzonable ¢
i Iﬂvﬂl ie [ ﬂmn]ﬂtﬁ i
¢  ptale *¢ ‘¢ frequent ‘¢
ol S ¢ distinet ¢
i hum‘y ii i aolect Wi
‘“ woolen ‘¢ ¢t temporary ‘¢

A score of 1 was given for each appropriate word written, ma-
king 40 the maximum seore for a test. Sometimes an indeterminate
adjective such as ““nice’” or “long’’ would be written several times
in suceession, and the possibility of this detracts from the value of
the test. One subjeet wrote the pronoun ‘‘it’’ instead of a noun, as
directed, and so made a low scoring; otherwise this seems an easy
test, for the average acenracy score was 38, or 95 per cent.

The short-term group took this test four times only, the first time
with a time-limit of 120 seconds, the other three times by the amount-
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limit method. The average time taken to finish was 135 seconds, A.D.
27, or an average speed per word written of 3.37 seconds. There was
a slight practise effect in speed even with so few tests, but none in
the accuracy. It was written more slowly than the opposite and
subject-predicate tests, but this may be due to the arrangement of
the blank, and the need of an additional movement of the hand.
Blank I. is, so far as the records from six subjects go, much easier
than Blank II., taking only about three fourths as long with equal
precision.

English and Nonsense,

The following blank was used three times, a time-limit of 60 see-
onds being given for each seetion with 3 minutes interval between the
sections.

A. Mark the (familiar) English words among the following groups of
letters:

nop yas jeb cng pin wam hay bot hub kib
max dug faw rab sid ven mar pid baw moy
mind yim nam lan ram Tox fub hon tay deby
pow was jig ges Tud wid jom kus dix bag
eay yut dam lax sor not har vim pab fon
tus rit kay bir wep bow lix mur seg voy
sir pex heg rum gid neg fim tip loy dut
wut tox gem ruy gor vig jad kow ton sut
tir hig med fox bep nis vun dow gax can
jup nun FOW mig dat tar 80y few lun taw

B. Mark all groups of letters in the following list that are not (familiar)
English words:

men sar bet won pox hus nib ket sum hip
tug mop jaw bux cub gas pay rib her num
vat nay gup bun fit keg s0p ves com fur
pum web ten WOx dip jug gew  jis toy gig
lip tar jet pus rob fog oy win kid gum
pew mix  lep sar job vap hid yeb den low
sap ren fow new red lug hod kin dot 803
bip led War his tid buy sex did rag hop
yew mub got tax put hen vot jar key him
fad tub mor fix pem vow doy let mex lay

Introspectively it was diffieult to take B so soon after A, so that
the blank might be eut in two instead of being used as it is. Another
diffieulty was found in the arrangement of the syllables. There was
a tendeney to work by vertieal eolumns rather than across the sheet,
and section B was confusing for the eye. Either explicit directions
should be included, or the syllables printed in even columns,
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No one made a perfeet record in the time given, but in about all
of the ‘““Mark English words’’ tests, and in some of the ““Mark non-
sense words’’ tests the entire blank was gone over within the time,
the rest of the time being spent in looking back for omissions. Since,
moreover, there were many of both omissions and errors, the meas-
urement of the time of the process is not feasible.

The second test is mueh harder. The requirement in it of equa-
ting time, errors and omissions in the case of almost every subject is
troublesome. This difficulty exists to a less degree with the ““Mark
English words'’ test.

The amount of improvement due to familiarization with the plan
of the test would not apparently be so great as to be very trouble-
some. When the same blank was used twice, as here, the change of
the third over the first trial was for the marking nonsense words
about 25 per cent. more words correctly marked, and about 30 per
cent. fewer words wrongly marked, with a slight inerease in
0MIssions,

The remaining three tests were not given each sufficiently often
to allow diseussion of any practise effect. They were included for
purposes of comparison and correlation when taking one or two
trials; so that the ‘‘short-term group’ becomes, to all intents and
purposes, nothing more than an ‘‘instruneted’ group in those tests,
except for their general experience of test conditions,

B. Relative Value of these Tests

The question of the variability and correlation of these assoeiation
tests will now be taken up.

The resemblance between an individual’s average ability in the
first idea, day opposite, vertical opposite, preceding letter and com-
plete the word tests eombined, and his ability in each of these tests
separately, was ealenlated in order to discover the extent to which
each single test is significant of the more general ability. This re-
semblance was ealeulated both from the percentage of unlike-signed
pairs, and also by the Pearson coefficient of correlation.

In the ease of these and all eorrelations to follow, the reader will
understand that I am not measuring the correlations between the
true abilities whiech would be found from an infinite number of
trials with each test, but only the correlations between the measures
got from 1, 2, 3, or 4 trials, as the case may be. The question is not
of the significance of certain traits in human nature, but only of
certain previously defined tests of those traits.

It will be understood also that other results, mostly from only
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10 and  some cases only 6 individuals, are very unreliable. They
are however much more reliable than mere opinions.

The performances of the 36 individuals in the ‘‘instructed’’
group were thus correlated with the following results:

TABLE IX
(Clogest correla-
cos il T tlon ={1})

HIrah Mela s e e 749 L6523 2

Average of | Day opposite ........... B44 671 1
these five 4 Vertical opposite ........ 09 615 3
tests and | Preceding letter ......... 368 484 5
Complete the word ....... 485 LG0T 4

Thus by both methods the easy opposifes seems to be the best test
so far as it measures the element common to all these tests on asso-
ciation. By both methods also the preceding letier seems the poorest,

Next were used the results (in the first two trials) of the ten
individunals in both the long-term group and the short-term group in
the following tests: first idea, vertical opposile, day opposile, pre-
ceding letter, complete the word, free association, subject-predicate,
difference between, addition, Ebbinghaus combination.

Again each test was correlated with the average for all, with the
following results.

TABLE X
cof = [T r {Closest = 1)
PR (TR i o o L s v e 22 .29 8
L e 1 B e e S e e e i R e .92 48 3
B e oara.l s wiy sl ita i e .79 71 1
Preceding letter ........coi00u0n0smrnnens .81 42 4
Clonaplots WOrd . .ovsvrrrrrmmrrn s 37 .09 9
Froa AfR0cTabion . .o u e saacsme s ] J1 10
] T T 2 RS A7 AT 6-7
Difference between . .........ccccucvanaans .64 23 6-7
Ebbinghaus eombination .............000.. 66 67 2
T .79 .89 5

The two methods do not agree so well this time, but again the
easy list of opposites correlates high. The preceding lefter correlates
rather low by the Pearson coefficient method, high by the percentage
of like-signed pairs. As this latter method takes account only of
number of cases of difference whereas » is affected as well by the
amounts of difference, it is obvious that a few cases of wide diver-
gence from the average, or in other words a subject making an
unusually low record in a certain test, will bring about the dis-
erepancy between the two methods. On examining the original data
this is precisely what is found: one subjeet usually far below the
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average made a very good record at the second trial, and one of the
very best subjects made the lowest record of anybody at this pre-
ceding letler test. The Pearson coefficient is greatly affected by these
records, and is correspondingly low; by the percentage method their
influence is only slightly felt.

Complete-the-word, which was low for the instructed group is
also low for these two groups, extremely so by the Pearson coeffi-
cient. The other test with very low correlation, the free association
has inverse relationship by the percentage of like-signed pairs.
This means that although the majority of subjects reacted differently
in this test from their average reaction in association tests, yel their
individual records differ only slightly from each other—the A.D.
for this test being very low.

The Ebbinghaus Combination test correlates fairly closely hy
both methods.

The Free association test eorrelates so slightly probably because,
as was shown, it is largely a test of the rate of writing for many
subjects.

The value of each test of association has been diseussed from two
standpoints thus far, that of significance measured by highest corre-
lation with the average of all tests in the series and that of least
disturbanee by practise. A third standard would be that of ascer-
taining for each test the unreliability of any given number of trials.
Where possible this has been measured in the case of: (1) the first
four or five records of each member of the short-term practise group,
and (2) the first five and sometimes the last five records of each
member of the long-term practise group. The average results of (1)
and of (2) are presented in the following table in percentage state-
ments, The higher the figure the greater the unreliability of a
single trial and vice versa. To this table is added a column to give
the number of trials that would be needed to reduce the unreliability
to 1 per cent,, and a column to give the consequent time 1t would
take to get such reliable information about a person’s ability in that
test, using as a basis for this caleulation the average time taken in an
amount-limit test, the time allowed in a time-limit test.

Such determinations are diffieult because of the practise effect,
and the difference in diffienlty of different blanks of the same series.
From the gross differences found in an individual’s trials, one must,
in order to get an approximate measure of how much difference is
due to chance variations in the individual, eliminate these two added
canses of difference. This can be done only approximately and hy
more or less arbitrary eriteria.

In tests involving differences in quality as well as rate of achieve-
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ment there is the further difficulty that one performance may differ
from another in quality and in speed or vice versa. The reliability
of the test as a whole as a measure of efficiency in the function in
question can then be determined only after the combination of the
measures for quality and speed into a single measure.

The method taken may be shown best by an example. The records
of the three long-term subjects in the ‘‘ day '’ opposite test were:

TABLE XI
N, w. F. A¥.
Amount Quality Amount Quality Amount Quality Amount Quality
13 25 11 21 12 22 12 as 8
15 29 12.5 25 13 26 13.5 26.6
15 29 13 25 13 26 13.6 26.6
17 31 14 26 14 26 15 27.6
15.5 20 14 20 14 27 14.5 273

Since the quality was substantially equal throughout for each
individual, the reliability may be measured from the differences in
the amount score alone. Since, as will be shown in a later section,
individuals cluster around a central tendeney in respeet to changes
in the rate of improvement, the general practise effect shown in the
average column may be applied to each individual. That general
effect smoothed may be taken as 12.5, 13.5, 14, 14.5, 15. So it may be
assumed without great inaccuracy that, apart from the chance varia-
tions of the subject, the records would have been approximately—

M. W, F.
13.5 11.5 11.5
14.5 12.5 12.5
15 13 13
15.5 13.5 13.5
16 14 14

The deviation of the single trials due to the person’s varying
condition are then for

N. w. F.

] ] £

5 0 5

] 0 0

1.5 5 D

5 0 (1]

AD. B 2 H

In per cent. of Av. Amt. 4.0 1.5 2.3

So far as these three subjects go, the probable average divergence of
the result obtained from a single trial with the ** day '’ test from the
probable true result is then 2.9 per cent. of the former’s amount.
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To show the reliability of these estimates of reliability themselves,
the results from all the short-term and from the long-term subjects
are given separately.

TABLE XII

RELATIVE PRECISION oF AssocraTioN TESTS
Approxi-
mate No. of
Probable Average Divergence of the Trials Nee-

Hesult Obtained from 1 Trisl from the C8Sary to

Probable True Result, in Per Cents. Measure &
of the Former Ferson Approxi-

BEH&; ghort  Long Term Data  com. mﬁr‘fﬁ%ﬁn&?‘ﬁﬂ%
for 1 Term Earl Late bined Es- vergence of to Meagure
Test Trial. Data  Trl Trials timate 1FPerCent. = Person
49 12} min.
Easy opposites [day,
good, great, high] 30 6.9 2.9 5 25 123 ¢
Hard opposites [ver-
tieal, serious] .... 30 7.4 75 56 g8 @
Addition [of 5 two
place numbers] .. 60 6.0 6.5 5.1 i a6 36 **
Preceding letter . ... 15 10.0 12.4 18.1 13 169 43
Complete the word . 15 12.6 8.8 11.2 11 121 30 ¢

The facts in the case of the subject-predicate, add and subtract
columns, mark nonsense and English words are too intricate to allow
even an approximate estimate. So also with difference befween,
Ebbinghaus combination, noun and adjective, and free association
starting from one given word, though these four are all apparently
very much more unreliable than those listed. Itappears then that for
freedom from ambiguity, significance as a symptom of the eondition
of the association processes in general, freedom from disturbance by
adaptation to the test shown in great early praetise effect, and reli-
ability, the best single written test of these is one in giving easily
thought of opposites. In administering it, skipping should be
allowed.

2. Tesrs on MEMORY
A, Deseriptive

Along with these tests on association another group of tests on
memory was given. Four memory tests are given to the freshmen,
the auditory figures, visual figures, logical memory and refrospective
memory. The method of giving them is as follows. For the auditory
figures, each series of 8 numerals is read aloud at a rate of about 2
per second, after which the subject writes them down ** in the order
given,””  In wvisual figures, corresponding sets of 8 numerals are
shown one at a time at the same rate. These numerals (Willson's
black gummed) are mounted on eards, held in the hand and exposed
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by turning them singly to face the subject. In logical memory, a
passage—to be quoted later—is read to the subjects who then write
as much of it as they can. Attempt is made to give the thought com-
pletely, and the words where possible. In retrospective memory, the
subjeets are asked to reproduce a line 5 em. long which they drew
as a perception-of-size test at the beginning of the hour, also to *“ do
with it as they did before.”’

Other visual and auditory tests were used with the practise
groups; a few other paragraphs were used though no other change
made in the logical memory test; but no other ‘‘ retrospective '’
memory test at all similar to this was devised.

The elassification into *‘ anditory, visual '’ and the like may well
seem misleading, as it by no means implies that auditory stimuli
are remembered in auditory terms, nor, more usually, that visual
stimuli will not be translated by the subject into auditory terms.
No warning is given to the freshmen with regard to this, and observa-
tion shows that the great majority of them do repeat orally the
numerals presented visually. Any comparison of tests, then, does
not signify a comparison of kinds of memory, but of varied stimuli
or material, and varied ways of presenting material. On the report
sheet sent to the freshmen eare is taken to say ** numerals heard,’
and ‘‘ numerals seen ’’; but here, for brevity's sake, the more usual
designation of auditory, visual, ete., will be adhered to, with the
understanding that the words refer to stimuli, not to memory terms.
For convenience sake also, the tests with auditory stimuli are dis-
cussed first, those with visual stimuli later, though the related words
might possibly be elassified as a logical memory test.

Auditory Figures—Experience with this familiar test as given to
the freshmen shows that most of them group the 8 numerals in two
groups of four. Enquiry reveals that many depend upon a memory
after-image for the last four, and memorize the first group only.
The average number correctly remembered is 7.6 for the men, 6.7 for
the women. This test i1s thus too easy, many of the individuals
obtaining perfect scores.

The chief difficulty in eomparing people’s work on memory lies
in the variable methods of scoring, especially with regard to trans-
positions. If the order is 76431528, and a subject writes 7463 . . .,
some experimenters eall it two errors because both the 4 and the 6
are in the wrong places ; other experimenters call it one error because
by making one change—by *‘ lifting ’’ the 6 over the 4, it is correected.
The latter method seems preferable. Supposing a subject were to
write 87643152, eight errors would be scored by the first method
since each numeral is misplaced; by the latter method only
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one error is scored, since one change would set all right. Also, a
misplacement error would be rated more nearly as an omission, A
subject writing 76-31528 would be scored one error for omitting the
4, but two if he places it before the 6, by the first method; in either
case he is scored just one error by the latter method, putting mis-
placements and omissions on an equal basis.

In the work to be reported on therefore, the second method was
used, only that a positive score was used instead of counting the
errors, Thus each numeral given correctly was scored 1,2, and if
it was in the right place—interpreting this as relative place not abso-
lute place—it was scored 1/2 more. This modification has the
advantage of being rapid to use in determining the score, especially
of the different kinds of material used in the tests. It is also much
easier and can be nused more rapidly than the Spearman *° foot-rule '
method, or the modification recommended by Whipple (** Manual,”’
p- 266). If it is too eumbersome when it comes to calenlating corre-
lations, the figures ean be very quickly read off as numbers of errors.

Acecording to this method the average freshmen scores would be,
as before, 7.6 for the men, 6.7 for the women.

To the ** instructed " group of eighteen subjects, two sets of ten
numerals were given, with an average score of 7.2 figures remembered
for the men, A.D. .75; and 6.1 for the women, A.D. .85. This agrees
with the superiority shown by the men over the women in the fresh-
men results, though showing lower scores,

The short-term group made six trials with ten numerals at a time,
with an average score of 8.8 numerals remembered, A.D. .7. The
series of 10 was long enough to measure all in this group. No
practise effect was observable.

The long-term group made twenty trials with ten numerals at a
time. One subject made only four errors in the whole series, her
memory span for this being evidently greater than ten; in conse-
quence her records were not used in estimating practise. For the
other two subjects the average score was 9.55, the first day’s average
deviating by — .55, the last by — .5, or taking the first two and the
last two trials, the deviation at first was — .45, and at last 4 .2,

For these two subjects also the list of 10 was not long enough to
measure the praetise effect accurately, there being numerous perfect
seores.  Their records were, in order (in errors) :

M. 1
F. ©

S

1 0 1 210 01 0 9 1. 1 B 1100 8
1 8 B 0100 2 1 0010 2 2 000

Two other anditory tests were used, (1) series of fifteen related
words, and (2) mixed series of unrelated units, including besides
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X111 XIV .4 XVI
Dog Sky Paper Teach

kind cloud envelope physies
terrier raining write experiment
rats wet letter light

hunt spoilt parents refraction
cateh new away angle
trap expensive seaside measure
poison money sands survey
antidote draw bathe instrument
doctor bank swim careful
ambulance eashier deep understand
policeman dishonest eramp aceurate
Irish abscond drowning rely
Murphy seandal revive promote
milk newspaper thankful suecessful

words, numerals, letters of the alphabet and sounds such as elapping
the hands, tapping, ringing a bell, shuffling the feet, whistling, ete.,
the necessary movements being out of sight of the subjects.

The short-term group made five trials using series 1., I1., II1., IV,
and VI. Besides scoring in the manner deseribed, note was kept of
whether the errors were those of omission or misplacement, or
whether extra words were put in. At first sight it would seem best
to handle this seore by keeping it in terms of errors made; but as the
score is given for the right words in the right order, additional words
practically counted as errors. From the point of view of interest in
individual differences, however, it was felt worth while to keep track
of the number and oceasion of additional words ; also to note whether
any one list seemed more tempting to the imagination than others.
In a total of 30 records, eight of them had extra words, one subjeet
supplying them three times. She remembered the greatest number
of words eorrectly. The subject with the lowest score put in extra
words twice. Every subjeect misplaced some words, the one with the
best score doing so most often. The average score was 8.9 words
A.D. 25, There was no practise effect discernible.

The long-term group in a total of twenty trials made an average
score of 12.6 words, A.D. 1.5. The first two trials deviated by — .75,
the last two by — .15, but there seemed no certainty of practise effeet.
The lists of 15 words were just long enough to measure the most
capable of these subjects; toward the end of practise a list of 16
would be better for regular use. No particular list seemed speeially
liable to error. The subject with the highest and least variable
record wrote the fewest extra words, and made six perfeet records.
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Both of the other subjects showed considerable variation, one having
five perfect records, but misplacements 50 per cent. of the time, the
other having no perfeet records, and only three free from extra
words or misplacements. The one with the greatest number of mis-
placements also wrote the greatest number of extra words. The sub-
jeet who had so good a record with the auditory numerals was not
the best in this test.

Auditory Mired.—The object in giving this test was to present
material absolutely disconnected, yet with each of the units in the list
having its own meaning. Even with nonsense syllables some fanei-
ful connections are usually made, so that it was not supposed that
artificial associations could be entirely avoided; nevertheless by in-
trospection there seemed to be very few of them in this case. There
is some diffienlty in presenting monsense syllables orally, but with
this incongruous yet senseful material there is less danger of errors
in hearing on the part of the subjects. The tendeney to groupings
of four was broken up somewhat by the introduetion of the various
sounds or noises (shown in the list by italies). By introspection this
test proved diffienlt and irritating to those aceustomed to the other
material.

The lists used were as follows:

(1) (2) (4)
Carriage Distanece Oo
Fr as but
adversary whistle 16
preach flag resting
stamp with foot require clucking noise
lamp 38 organ
never other 3
ring a bell harper spring
K clap hands w
green H matches

(4) (3) (6)
And Monstrous a9
20 {fingle keys) monotone
ring a bell X serape with foot
wall paper Symphony alphabet
stampede tap with pencil tomahawk
tap with finger she Jingle keys
M whistle asleep
symmetry bugle purple
stamp with fool typewriter tap, or clap
o6 ice-cream becanse

The short-term group made only 2 trials, with an average score
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of 8.15, A.D. .45. The long-term group made 20 trials, with an aver-
age score of 9.2 of the ten remembered, A.D. .35. The detailed re-
sults were, in order (in terms of errors)—

M. 8 8 2°1 1 2 2 1 2 3 3 1 1 3 1% 2110 2
wW. 0 2 2 2 2 1 | ol A - § | ' e R R W 3 11 1 38
¥. 2 &2 2 2 38 1 X 0 81 g 1 % 92X 3 & I 1 8

There was no practise effect discoverable., The subjeet who was
so very competent with the auditory figures was also the best in this
test. The misplacements were unfortunately not noted, so that no
comparison can be made in this respect with the related words.

Visual Figures

Three sets of eight numerals are shown serially to the freshmen.
No apparatus is used, and some little praetise is required on the part
of the experimenter to expose the eards regularly and at a eonvenient
angle. As said before, no warning is given about not repeating to
one’s self orally what is shown. The men remember 6.9 correctly on
the average, the women 5.7.

Two of these sets were used with the *‘instructed’’ group. The
men made an average score of 5.85, the women of 5.15, again agree-
ing with the freshmen results in the superiority of the men’s record
over the women’s, though showing lower seoring for both men and
women than in the case of the freshmen. The percentages would be
73 and 64.

The short-term group made 5 trials with sets of 8 numerals ; their
average score was 7.5, A.D. 0.5. Series of 8 are thus too short for an
adequate measure of visnal as well as anditory memory.

The long-term group made 20 trials with sets of 10 numerals.
For the first four trials cards were used as for the freshmen. After
this, as a sereen with a slit was in use for other visual material it was
used for the numerals also. This sereen was a very simple affair of
pasteboard with a 2-inch square opening in the middle. The visunal
stimuli were written or drawn with charcoal on a long strip of card-
board which was pushed along behind the sereen, allowing one see-
ond for the exposure of each unit in the series. By reversing the
strip, one series conld be used as two different tests on different days.
Sixteen trials were made with this, making twenty in all. Ewven
series of 10 numerals are too short for adequate measurement of these
subjects, perfeet records being made frequently after the first three
trials.

Their average score was 94, A.D. .5, the range from 8 to 10.
The first day’s average deviated by — .1, the last by 4- 8.
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Other visnal tests were: grouped forms, serial forms, grouped ob-
jects, serial objects, forms recognized.

Grouped Forms—Five different sets were used, one of which was
as follows:

——

S e

T

These forms were drawn roughly with erayon on a small black-
board which could be turned and exposed to view for 10 seconds, then
turned away again. The short-term group made only two trials with
sets 2 and 4. Their average score was 5.4 forms, A.D. .9. The long-
term group made 10 trials, average score 8.15 forms, A.D. .1.0. The
first day’s trial deviated by — 1.35, the last by <4 .35. It had been
intended to make 20 trials with this as with the others; but very soon
the guestion arose whether it was not muech easier to look at a group
of 10 for 10 seconds than to see 10 units one at a time for one second
each, in the same way that the numerals are shown, with no chance
of looking twice at any one of them. It was deeided to compare
the grouped with the serial method, both for forms and objects,
though eutting down the number of trials to 10 each, for this group
of subjects.

Serial Forms—The eardboard sereen and strip, as deseribed be-
fore, were used in this test. The sets of forms were similar to those
used in the grouped forms test. Two of them are here reproduced.
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The short-term group made 4 trials, of which the average score was
6.5, A.D. .75. The averages of the successive trials were 5.66, 5.83,
7.07, 7.43 showing a greater gain for them in this test than in the
other immediate memory tests, Probably this is due to the initial
comparative unfamiliarity of the material used.

The long-term group made 11 trials, average score 7.95, A.D. .95.
The first day’s average deviated by — 1.95, the last by 4 1.7, show-
ing a very great practise effect.

(Grouped Objects
Ten familiar objeets chosen from about 25 in daily use, snch as
a watech, box of mateches, bunch of keys, spool, envelope, pack of
cards, books, scissors, fish-hook, soap, were arranged in the same
croupings as that used for the grouped forms, a row of three, a row
of four, a row of three, thus—

X X X
X X X X
X X X

on a small table behind a sereen. At the signal the sereen was raised
for 10 seconds. The subjects then wrote down the names of the
things seen, grouping the names as the objeets had been grouped.

Only the long-term group practised with this test, their average
seore in ten trials being 8.85. The first day’s trial deviated by
—1.25, the last by —.1. On the fifth and eighth trials, perfect
seores were made, however, by all three subjects.

Serial Objects
In this test, the same sort of objects were picked up one at a time
and shown for one second each above the screen.
The long-term group in ten trials made an average score of
9.3, the first day’s average deviating by — .3, the last by -4 .1.
So far then as serial grouped method is concerned there seems,
by examination of the accompanying table,

Serinl Grouped
6.85 (4 trials) 5.4 (2 trials)
Short-t
i mm{ 6.0 (firast 2 triala) Forms
7.05 B.15
Long-t :
BHrER { 8.3 8.75 Objects

to be a slight balance in favor of the serial method, probably because
this is the familiar method used for numerals, and in auditory
stimuli.  Introspectively, the long-term group found the grouped
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forms easier than the serial forms. The reason is, perhaps, that with
the latter method the second of exposure is not always sufficient for
the recognition of some of the forms, whereas when grouped, the total
10 seconds can be distributed in the most economical manner, the
eyes pausing longer, or returning to those forms not so readily
apperceived. In the case of objects shown, this factor of appercep-
tion scarcely entered in, as each object was readily recognized, and
mentally named in its one-second exposure. A slightly higher
score was made on the average for objects shown serially than shown
grouped.
Forms Recognized

The blanks used in this test are reproduced on this and the three

following pages.

51 = (Vi
/SURVACXE
SANOO
O Ll O

XA O P[0

1 (a)

The subject is given the small sheet with instruetions to study it in
any way preferred till at the end of 60 seconds he is given another
sheet on which he is to mark as quickly as possible all the forms he
remembers having seen on the first sheet. 1t will he noticed that on
(1) 24 ean be marked, on (2) only 18.

The time taken to mark the second sheet is noted, also the total
number marked, and the number correctly marked.
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Set (1) was given to the Barnard freshmen of the class of 1912.
The average time taken by 49 of them was 66 seconds, A.D. 16.2, with
15.6 correctly marked, A.D. 2.3, and 5 wrongly marked.

Six members of the short-term group and the most rapid worker
in the long-term group made one trial with this set. Their average
time was 81 seconds, or, not counting N.,, 88 seconds, A.D. 22.5 with 15
correctly marked and 2 wrongly marked. These subjects made trial

& Am[ A
OB OKIOOVHF
LA 00000
A ONE A
ANNX@ Aol & <

1 (&)

also with (2), where their average time was 115 seconds, A.D. 33,
with 9.5 correctly marked, A.D. 1.3, and 3.5 wrongly marked. Tt is
much more diffieult than set (1).

The attempt thus to measure memory by a combination of the
amount recalled, the quickness with which it is recalled. and the
errors made, should be earried on with better material. The results
obtained here are of value only for measurements of the significance
of this particular test by its correlations.

Two other memory tests were given, the logical memory and the
retrospective memory.

Logical Memory, A paragraph is read aloud to the subjects who
then write out as much as they remember of it, stress being laid upon

B O 0 ™ D
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the matter rather than on the words remembered. To the freshmen
the following paragraph (I.) is read:

I

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 being tested. It is. of
importance for science to learn how people differ and on what factors these
differences depend. If we can disentangle the complex influences of heredity
and environment we may be able to apply our knowledge to guide human devel-
opment. Then it iz 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.

=
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2 (a)

The men remember 44.5 per cent. of the ideas contained in it on
the average, the women 51.2 per cent.

The short-term group made four trials, once with this paragraph,
and once with each of three others II., I11., and IV,

OraER Passages Usep

II
Could the young but realize how soon they will beeome mere walking bundles
of habits, they would give more heed to their conduct while in the plastic state.
We are spinning our own fates, good or evil, and never to be undone. Every
smallest stroke of virtue or of viee leaves its never so little sear.

III

Measures of the variability of the individual measures are of two sorts:
measures of the averaging type and measures of the percentile type.
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The mean square deviation equals the square root of the average of the
squares of the deviations of the individual measures from their average, median,
or mode.

IV

The abstract scheme of successive predications, extended indefinitely, with
all the possibilities of substitution which it involves, is thus an immutable system
of truth which flows from the very structure and form of our thinking. If any
real terms ever do fit into such a scheme they will obey its laws.

L
1

INOC
=101~ DU,
7 U A

C QRN =

|

A4

CNHAK o
IS =

1]

| £=]
~—
e
o™

The average percentage remembered was 39.1; for paragraph I,
alone it was 49 per cent., slightly lower than was the case with the
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Barnard freshmen. These tests were given primarily as a means of

estimating the significance of so ealled ‘‘ logical memory,’’ and no
data on the effect of practise were secured.
TABLE XTIT
Ixpivipral CREDITS FOR MEMORY PASSAGES
Graded on a scale of ten
I I 111 v
1= e R 7.0 7.0 5.5 6.0
| SRR e g S o 3.5 5.5 2.0 3.0
] e My e e 3.0
B A e el o S 1.0 3.5 1.0
A e D 1 e S T 5.0 6.5 1.5 3.0
]/ e e N W e e, G.0 8.0 1.5 3.5
i T e e X i 6.0 1.5 3.5

Retrospective Memory.—Instead of the test given the freshmen,
which consists of reproducing a line the same length as one seen and
reproduced an hour previously, the long-term group made ten trials
in eight of which they were asked to reproduce the list of 15 related
words given as an auditory test on the previous day. On that ocea-
sion the list had of course been read, written more or less correctly
and then re-read for the subjects’ satisfaction in their performance,
so that there had been three repetitions of the list, two of them
correctly, followed by an interval of about twenty-four hours. At
the third and seventh trials other material was used. Once they were
asked to reproduce a paragraph used the day before in a ‘‘ complete
the paragraph test,”’ and once to give the ten kinds of objects used
in a ‘“‘naming 100 objects’’ test—yet to be deseribed. It would be
interesting to prolong and vary this test indefinitely, as individuals
differ so much in their ability to recall different kinds of things after
different intervals, and so many human interests depend upon the
aceuracy and length of retention; but as the object here was merely
to discover any tendency to practise effect in such mature subjects,
and as time and opportunity were lacking for more prolonged series,
only these ten trials were made. The seore was 9.9 on the average,
with no practise effect discernible.

B. Relative Value of these Tests on Memory

On the whole, there is no evidence that in any of these tests of
immediate memory, a first trial measures a markedly different process
from later trials after the subjeect is adapted to the form of the test.
No great difference can exist, or it would show itself in the work of
the short-term group. With the possible exception of serial forms,
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there is no test in which the second trial shows any greater propor-
tionate improvement over the first than the fourth or fifth shows
over the third or fourth. Indeed, in almost every case it is among the
records of the long-term group that evidence of the existence of any
practise effect must be sought.

The tests rank in respect to susceptibility to practise as follows:

Very slight, not discernible in these cases .......... Auditory mized,
RBerial objects.
Retrospective.
Slight (less than 10 per cent. in 20 trials) ........ Auditory figures.
Auditory words.
Visual figures,
A e i e Grouped objects.
Grouped forms.
MaBE  civi it a it e e P R TE s e E Serial forms.

Certain correlations of these various tests on memory have been
computed.

First of all, taking the short-term and long-term groups together,
the average of the first three records of each subject in the following
tests were compared, each test with the average for all six tests:
auditory figures, related words, auditory mized, visual figures,
grouped forms, serial forms. In caleulating this set of correlations
the deviations of each subjeet in the short-term group from the
average of her own group were taken, not from the average for the
ten subjeets treated as one group.

Next, the records of the *‘ instructed group ' with auditory
figures and visual figures—18 cases, two trials for each—were corre-
lated; also the same tests for the short- and long-term group, as
above. Similarly nine subjeets’ records with auditory figures and
related words, and five subjeets’ records with relafed words and
logical memory. :

Third, all anditory tests, viz., auditory figures, related words, and
mized series, were averaged, and each test correlated with the average
of all, using again the average of the first three records of both short-
and long-term groups.

Fourth, nsing 10 subjeets as above, the correlation of grouped and
serial forms was computed.

Last, visual figures was compared with forms recognized using the
records of the 49 freshmen, and also those of the short-term group.
The latter test was also compared with grouped forms, a supposedly
similar test.

All these results are presented in the following table, where in
addition to the Pearson coefficient, the rougher correlation by the
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method of unlike-signed pairs is given wherever justified by the
number of cases available.

It will be understood that these correlations are to measure the
significance of three (or two, as noted) trials of a given test, not the
true relation between an individual’s total ability in one trait and
his ability in another. The reader is again reminded that the results
commonly from only ten subjeets are only very coarse approxima-
tions, but are nevertheless by so much better than nothing.

TABLE XIV
HNo. of
o8 il r 'ases
Aunditory figures ........ bl 51 10
Related worde .......... B3 G4 10
1. Average of these | Mixed series ........... Bl 05 10
six tests and Visual figures .......00. 1 i 10
Grouped forms ......... 95 1 10
Derial forms .......v000 Bl .45 10
2. Auditory figures and Visual figures .......... 0 .21 18
Anunditory figures and Visual figures .......... 0 A7 10
Aunditory figures and Related words .......... A2 9
Logical memory and Related words .......... .55 5
Auditory figures ........ 48 .69 10
Gl t;;*;;ﬂ;{ sy T
Mixed series ........... 53 .64 10
4, Grouped forms and Serial forms ............. .81 .76 10
5. Forms recognired, and Visual figures ........ .03 87 49
Forms recognized, and Visual figures ........ —.13 ]
Forms recognized, and Grouped forms ....... 26 6

In the first set of correlations, with varied material and including
anditory and visnal tests it would be surprising to find high correla-
tions. Grouped forms stands out conspienounsly therefore as a typi-
cal test—in so far as it measures whatever element may be eommon
to all these six tests. Related words comes next by both methods of
correlation, while visual figures is actually an inverse relationship.

In the second set it is seen that auditory and visual figures have
a very low correlation, none by the percentage of unlike-signed pairs.
Clark Wissler, who differentiates between numerals correctly given
and those correetly placed, found correlations of .29 and .39 re-
spectively.

The correlation of audifory figures and related words is, however,
still lower, though too much ean not be argued from the records of
only 9 subjects. The very few records for related words and logical
memory similarly cauntions against too great emphasis on the higher
correlation found there, though this is certainly more what might be
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expected, The unreliability of these two Pearson coefficients is (P.E.
r true—r obtained) .021 and .184 respectively.

In the third set, it is interesting to see that all the correlations of
the auditory group are fairly high, and that audifory figures come
ont better than related words reckoning the Pearson eoefficient only,
though in the first set this was not the case. Even the mized series
eorrelates well with the average of the group, and the coefficient is
higher than that of logical memory and related words (in the second
set), rather unexpectedly.

Summing up this work on memory from the point of view of in-
tercorrelations, auditory figures and related words seem tests fairly
typical of any presented to the ear. Grouped forms seems distinetly
typical as, taken all through, its correlations are high.

As to the question of the relative precision of the different tests
of memory, making a reasonable allowance for practise effect, where
such exists, the unreliability of single trials with the tests deseribed
are as shown in Table XV, The unreliahility of a test with visual
firures can not be properly estimated. The series of eight were, as has
been stated, too short, and the series of ten was for the long-term
group too short toward the end of praetise. From the early trials
of these three subjects the average divergence of the result from a
single trial from the true result may be estimated as from 5 to 7
per cent. aceording to how the probable course of practise is esti-
mated.

TABLE XV

RELATIVE PrECIsION oF MEmorY TESTS

Most Probable Average Divergence of the Appmxlmau
Result Obtained from 1 Trial from the Prob-  No. of Trials

able True Result, in per cents, of the Former  Necessary to
Mensure a Per.

Shart SETR SRRC N Comm- Aﬁnmgiulglnv:r-
Term Earl Late bined gence of
Test Data Tria Trials Records 1 per cent.
Auditory words ........... 18.0 13.1 12,8 14.6 213
Auditory mixed ........ Rt 4.3 3.5 3.9 15
Visual grouped forms ..... 14.6 12.1 13.3 177
Visual serial forms ....... 9.7 0.9 13.6 11.1 123
Visual grouped objects . ... 5.4 10.8 8.1 65
Visual serial objects ...... 3.1 4.0 3.5 12
Visual figures ............ 6.7 (45)

So far as the data go, Auditory mized series, Visual serial objects
and probably Viswal figures (with a long enough series) have de-
eided advantages from the point of view of preeision over the other
tests. Awditory figures was, as given, too easy a test to measure the
subjeets and therefore eould not be ineluded in this list,
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If a choice of tests were to be made therefore, a good test, corre-
lating with other auditory tests and not much subject to practise
with mature subjeets, and requiring few trials for a fair degree of
precision is Auditory figures. Related words is good except for the
lack of precision accentuated by the faet that any selected list of
words with its varied appeal to different types of subjects would be
less simple than numerals with their greater similarity of associa-
tions.

In spite of its susceptibility to practise and the greater number
of trials required to give a fair degree of precision Grouped
forms 1s suggested as the best wvisual test for three reasons:
(1) it is significant of memory in general; (2) subjects have slight
tendeney to repeat the name of the form, so that it appeals merely
to the eve better than do numerals or objects; (3) it is equally easy
if not easier to give than Visual figures, requiring less dexterity in
manipulation. Standard groups could easily be drawn or printed on
cardboard, say two feet six inches square, and thus nsed for small
groups as well as for individual work.

These tests complement one the other and would together make
an easily given, easily seored and fairly significant and precise test.

3. TesTts oN PERCEPTION

A. Deseriptive

The A Test.—The following blank, here reduced in size, is used
with the freshmen.

OYEFIUDBHTAGDAACDIXAMEBPAGQZTAACVAOWLY X
WABBTHJJANEEFAAMEAACBSVEEALLPHANRNPEAZF
YROAQEAXJUDFOIMWZSAUCGVAOABMAYDYAAZJDAL
JACINEVBGAOFHARPVEJCTQZAPJLEIQWNAHRBUIAS
SNZMWAAAWHACAXHXQAXTDPUTYGSKGREVLGEKIM
FUOFAAKYFGTMBLYZIJAAVAUAACXDTVDACISIUFMO
TXWAMQEAKHAOPXZWCAIRBREZNSOQAQLMDGUSGE
ARNAAPLPAAAHYOAEKLNVFARJAEHNPWIBAYAQRK
UPDSHAAQGGHTAMZAQGMTPNURQNXIJEOWYCREJD
UVOLJCCAKSZAUAFERFAWAFZAWXBAAAVHAMBATAD
EVSTVNAPLILAOXYSJUOVYIVPAAPSDNLERQAAOJLE
GAAQYEMPAZNTIBXGAIMRUSAWZAZWXAMXBDXAJZ
ECNABAHGDVESVFTCLAYEURECWAFRWHTQYAFAAAOH

There are 100 A’s on it, and the directions are to mark as quickly
as possible all the A’s. Since several A's oceur together more than
once it might be better to tell them to mark each A.

The men take 100 seconds on the average, the women 87.3 seeonds,
agreeing with the general coneclusion that women are quicker with
this sort of test—mnoticing details—than are men. The general ex-
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perience is that all the A’s ave not marked by either the men or the
women, so that when using these figures comparatively, i. ., when
60 A’s are scored in 60 seconds for the men, and 68.7 for the women,
it must be understood that they are only approximately correct, are
in fact a little too high.

In testing this test, the following blanks were used. No. 2 has
also 100 A’s; No. 3, 50 of each of the letters A, B, K, 5.

SeEr No. 2

GAAQYEMPAZNTIBXGATMRUSAWZAZWXAMXBDXAJZ
ECNABAHGDVSVFTCLAYKUKCWAFRWHTQYAFAAAOH
VOLJCCAKSZAUAFERFAWAFZAWXBAAAVHAMBATAD
KVSTVNAPLILAOXYBJUOVYIVPAAPSDNLERQAAOJLE
AENAAPLPAAAHYOAEKLNVFARJAEHNPWIBAYAQRK
UPDSHAAQGGHTAMZAQGMTPNURQNXIJEOWYCREJD
TXWAMQEAKHAOPXZWCAIRBRZNSOQAQLMDGUSGE
FUOFAAREYFGTMBLYZIJAAVAUAACKXDTVDACGISIUFMO
SNZMWAAAWHACAXHXQAXTDPUTYGSKGREVLGKIM
JACINEVBGAOFHARPVEJCTQZAPJLEIQWNAHRBUIAS
YRQAQEAXJUDFOIMWEZSAUCGVAOABMAYDYAAZJDAL
OYKFIUDBHTAGDAACDIXAMRPAGQZTAACVAOWLYX
WABBTHJJANEEFAAMEAACBSVEEALLPHANRNPEAZF

No. 3
GWETBVEIESCSAUEBCIWVABZSMDUBEKLWHEHYCGYGK
NANNCBVBSAKOIUPEECXVGSTVRIWYBYGEHAZLPBYO
XAPYEXXHUFSBVDYDIAZLRSATZAZVFCOFSAIPTDOK
BBISKAKHXDYIUZERHVRZYSCIGECPOFEBICBMGFSDC
YHSRMVBLYICKZBEMXFPVBBIKUCBZLOGLVEGFMOATUN
SHOFHXIMEUXLDEZEMEYRLVUWWEYEUVECSOUWBADEX
ALUAKRMSFTGXWLYVGAOWBTPODXBNSFSFSWSDRSMPO
EBRIGAXZBZACKEFEBEVWCGSWEMFEMXXOKRDIWGGREL
BTPNSEBACVTCSSREUBURUDMZEWIZFESTMZEBWAFI
BESGYHSLSFABTLTIUDXGAKROZY KOBHEAALPMLLEC
GVCWEEPTUYUGSTSSDWNESIEICSNBETVADEANTEEPB
UXGTROSUZPNBEERBAFDYFOVYBMPSOMBUOPMEGEKTA
COWVFXATEVAPARYVAHNFXSBDAZYDCFDPPENPHAMM
AUNEDXSRAAMDVOPECXRETLHAXVESHYWEWMMNNHBR
SLSOZFBZGRRIITHERLEKHEZRGECYKUIPSLECKYNDA
UGKLLEMAXFYEREWZYSNTTUAVSNAAMNWSAODFWAEH
WENSPAKBEAOAHPHBHNRDELDLMPWZTAIORTSKLBAZ
HNBEXPSNXAZHNIPHFGTE

The disturbing effect of adaptation and practise with this test
is very slight. The short-term group using blank 2 required .783
second per A marked in their first trial of 45 seconds and .869 sec-
ond per A marked in a second trial of 60 seconds. The long-term
group using blank 1 required .643 second per A marked in the first,
and 636 second per A in a second trial, each of 60 seconds.
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An ““instructed’’ group of eleven subjects who marked A, B and
K in order in three successive trials with blank 3, took only nine
tenths as long per K as per A ; but the same proportionate time was
taken when K was given, as the first to be marked, to one group of
18 and A to another group. The difference was therefore probably
largely due to the greater ease of marking K.

To determine the relative diffieulty of finding A, K, B and S on
No. 3 blank, four similar groups of 19 subjects were tested, each
gronp marking a different letter. A time limit of 105 seconds (1%
minutes) was allowed to mark the 50 letters. The results were as
follows :

TABLE XVI
Blank  Letter Time Av. Marked A.D. No. of Cases
No. 3 B e e g 105 41.3 6.1 19
No. 3 L Tt e = ol e 105 40.0 5.2 19
No. 3 R S (L L 105 a7.5 3.0 19
No. 3 e I E o 105 44.6 b1 19

The time was possibly too long to measure all adequately in the
ease of the letter S.

The short-term group gave the following results which, in view
of the probability that practise effect is very slight, may be used to
estimate the relative difficulty.

TABLE XVII
Time Av. Bee.

Letter Method in Sec. Marked A.D. per Letter
ba) Tims limit ....coccecees. 40 26.0 5.0 1.54
= Time lmit .....cc0000 30 18.0 5.0 1.67
(Three other trials intervening)
. B Amount limit .......... Av. 117 47 17 see. 2.49
K Amount limit .......... Av. 112 43.5 12.3 see. 2.61
A Time limit (not reached) 90 a0 ] 1.80
A gl 72 S (1] 31 i ) 1.94

K is a little harder than B as before, and S is easier than A by
about the same proportion as before. A and S can not properly be
compared with B and K since the announeement of a time-limit seems
to have a stimulating effect.

An ““instrueted’” group of eleven subjects in a 60 second test
with the order ABKS gave averages marked of 30.1, 32.7, 27.0, and
37.1 respectively, or 2.0, 1.83, 2.22, and 1.62 seconds per letter
marked, These figures where the praectise effect for A in comparison
with 8 is reversed confirm the others.

Coneerning the influence of the time-limit versus amount-limit
method the following records show that the former does seem to act
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as a suggestion to greater efficiency. Those subjects who with
amount-limit required more than 105 seconds, often completed the
blank with that time limit, making as high scores for aceuracy as
with the longer time. The facts are:

TABLE XVIII
Time Limit 106 Amount Limit Time Limit 105
Fifth Test Eighth Test Thirteenth Test
Letters Marked Time  Letters marked  Letters Marked
[y R, i 40 144 47 48
L e et e S 125 4 49 | Marking
7, O 1 | 117 46 50 B
- R 187 47 47
Bixth Test Ninth Test Fourteenth Test
PN S .. 39 111 41 41
e el 49 110 50 46 | Marking
T ot o e 134 45 41 K
B e e a7 127 a8 37

@ — t Test.—The blank is as follows: parts A and I3 are generally
used for separate tests.

(A)
A,

Dire tengo antipatia senores; esto seria necedad, porque hombre vale siempre
tanto como otro hombre. Todas elases hombres merito; resumidas cuentas, sulpa
suya vizxonde; pero dire sobrina puede contar dote viente ecinco duros menos,
tengo apartado; pardiez tamado trabajo atesorar-los para enriquecer estrano.
Vizeonde rico. Mios, quiero ganado sudor frente salga familia; suyo, pertenence,
tendran. Conozco marido pueda convenirle Isabel; Carlos, sobrino. Donde
muchacho honrado, mejor indole, juicioso, valiente? Quieres sobrino. Esposo
parece natural, pero. Pero, pero, diablos, objeciones hacer. Posible quedandonow
golos giempre hacer opogicion. Solo delante hentes eres ministerial. Pues, sidens
siempre plan, dicho antes, porque hace tiempo notade cose aflige cierto. Babes
cuante quiero Carlos; consuelo apoyo; despues persona quiero mundo., Como
eres buene amable, quieres porque, darme gusto, pero quisiera. Palabra cuesta
trabajo; parecce sino teines miedo agasajarle, manifestarle carino. Veces tratas
complimiento veces senor, Probare; ejemplo pudiendo abandonar ease megocios,
deseaba hubiese acompanado viaje; preferiste sola sobrina doneella. Quise con-
tradeeir, pero para sentimento, para tambien. Voto gasta palabra, dice frases,
dice; pero alla adentros quiere. Mientras estado malo, puesto dirigir casa;
pardiez aunque earrera, hacia mejor; cabo tiene sobre ventaja poea edad, activa-
dad zelo, pues para contigo digo. Siempre ordenes; dejaria matar aleanzarte
hillete para opera para baile. Neesitamos para felices; algo estrano, deseonocido.
Esta resuelto; supuesto hemos hablado esto, mismo, preciso empieces darle eon-
ocer nuestros planes, Quien mejor. Opone nunea deseos, sera faeil nadie per-
suadirle.  Probare menos, preciso sino creere tienes interes decidido proteger
vizeconde. Pudieras ereer siempre inclinado senores cabra tira monte. Pero
tengo nada ellos esposo tienes siempre pensativo siempre trists. Diablos tiene
Carlos acercate tiene hablarte. Holo parece sacado letargo tengo algunas instrue-
ciones eajero marcha dentro poco. Para empresa piensa usted establecer Habana.
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Precisamente bonita especulacion bien manejada sobre todo. Espero poro tengo
entre manos etro proyecto interesa aqui estabamos ocupando pienso. Eres porque

(B)
B.
quieres porque e tragas defensa peligro lugar huir mujer, harto debil duda pero
algun desgracia tuviese lnchar sentimientos semejantes tuyos, lejos ceder ellos
cobardemente moriria pero triunfaria. Tendras menos valor tendre darte lee-
ciones valor energia. Vamos, Carlos, amigo creeme sentimiento, profundo razon
pueda subyugar, desgracia grande pueda soportar vencer nuestro corazon. Ofrezco
apoyo eres ¢reo sequiras consejos. Bied, hable usted. Quiere casarte Isabel, Isabel,
prima imposible; quiere otro, vizeonde amigo. Preciso persuadirselo hare otros
partidos habra jamas para jurado nada espero pero conservare siempre entero este
amor ella ignora unos juramentes recibido. Enhorabuena otro medio asequarara
tranquilidad, uya destino ofrecido aleja Madrid, preciso aceptarle. Privarme pre-
sencia felicidad hecho usted para consejo especie embargo preciso seguirle solo
puedes conservar amistad elige. Jamas eaballero erei usted digno eonsejos dejo
usted abandouado mismo nada tango decirle Carlos aleja, echa mirade salir Dona
mira; suspira sale. Porque inquieta partida desterremos para siempre memoria
quiero puedo presente temo; ausente, echo menos, verle sonrojo, nombre hace
temblar. Embargo nunea dicho debiera ignorario Dios Dame fuerzas para resistir.

Subjects are told to mark every word that contains both an ¢ and
a t. If they look doubtful, examples are given of words such as cat
whieh shonld be marked, and paper which should not. Even so, ex-
perience shows that further directions are often necessary even for
educated adults. Some subjects mark the letters a and { in the word
rather than the word; others do not mark a word unless the a pre-
eedes the £, others unless the a and ¢ are together. A sample line
with a judicious mixture of words correctly marked might be printed
on the blank, and subjeets told to look at it for a minute before the
signal to begin is given. Those subjects who hit soon upon the de-
vice of looking for the rarer and projeeting letter ¢ first and then
to see if there is an a as well, make better scores than the others.
This method might be more easily suggested if the directions said
“*both a f and an «.”” Other letter combinations might be better.

Two *‘instrueted’ groups using the first part with a time-limit of
45 seconds marked, one an average of 11 words correctly, A.D. 2.5,
the other an average of 10.2 words, A.D. 1.7. There was an average
of 1.4 omissions for the second group, the greatest number being
made by those below the average score.

The short-term group improved from 9.3 to 13.3 words correctly
marked in their second test with the first division of the blank and
from 7.5 to 10.7 words marked in the second test with the second
division, Thus even over an interval of one or more weeks the ae-
quaintance with the form of the test or the special blank or both has
an effect of over 40 per cent. gain. The long-term group taking the



66 STUDY OF TESTS FOR INDIVIDUAL DIFFERENCES

two divisions alternately gained in days 3 and 4 9.5 per cent. over
days 1 and 2. In 20 days they improved from 15.6 and 9.6 words
marked for the two divisions to 20.0 and 15. Apparently much of
the improvement of the short-term group was due to familiarity with
the form of the test rather than with the speecial blank.

Misspelling.—The blanks used are as follows:

(A)
Mark EvVERYy WORD THAT IS NOT SPELLED CORRECTLY

1. On the 3d of September, 1832, inteligence was broght to the eollecter of
Tinnevelly that som wildd eliphants had appeared in the neighborhod. A hunt-
ing party was imediately formed, and a large number of nattive hunters were en-
gaged. We left the tents, on horsback, at half-past sevin o’clock in the morrning
and rode thre miles to an open spote, flanked on one sid bye Rice-fields, and on
the other by a jungle.

2. After waiting som time, Captain B——— and myself walked acros the
riee fields to the shad of a tree. There we herd the trumpett of an elephant; we
reshed acros the rice-fields up to our knes in mud, but all in vaiu, thogh we came
upon the trak of one of the animels, and then ran five or six hundredd yards intoo
the jungle.

3. After varius false allarms, aud vane endevors to diseuvor the obgects of
our c¢hace, the colector went into the jungle, and Captin B——— and myself into
bed of the stream’ where we had sen the traks; and here it was evedent the ela-
phents had passed to and fro. Disapointed and impasient, we allmost determened
to giv up the chace and go home; but shots fird just before us reanimated us,
aud we proceded, and found the eollecter had just firred twicee.

4. Of we went throuh forest, over ravin, and through strems, till att last, at
the top of the ravine, the elephants were seen. This was a momant of excitment!
We wer all seatered. The eollector had taken the midle path; Captain B—
some huntsmen, and myself took to the feft; and the other hunters scrabled down
that to the rite. At this momunt I did not see enything but after advanceing a
few yards, the hugh hed ef an elephunt shaking abuve the jungle, withen ten
yards of us, burst sudenly upon my view.

5. Captain B ande a hunter justt befor me; we al fired at the same
moment, and in so dirrect a line that the percussion-cap of my gun hitt the hunt-
er, whome I thougt at first I had shoot. This acident, thogh it prouved slight,
troubled me a litle. The grate excitement ocasioned by seeing, for the first tim,
a wild best at liberty and in a state of natur, product a sensation of hop and fear
that was intens.

(B)
Marg EVERY MissPELLED WORD

I percieved, about four years ago, a large spiider in one korner of my room,
makeing its web; and through the maid frequentely leveled her fatale brom
against the lobors of the little anemal, T had the good fortoone then to prevente
its distrucsion, and, I may say, it mor than paid me by the intertainement it
aforded.

In thre days the weeb was, with encredable diligence, compleeted; nor could
I avod thinkeing that the insect seemed to exult in its new abode. It often trev-
ersd it round, and exsamined the strenth of every part of it, retierd into its whole,
and eame out very fergquently. The first inemy, however, it had to inconter was
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another and muech larger spidur, which, having no web of its owne, and haveing
probibly hexausted all its stock in former labors of this kind, came to invaide the
prouperty of its nieghbore.

Soon a terreble encounter ensooed, in which the invader seemed to have the
victorie, and the laborius spider was obleeged to take refug in its hole. Upon this
I perceived the vieter useing every art to draw the enemey from his strongholde.
He seemed to go of, but quicklie returned, and, when he found all arts vane, be-
gan to dimoilish the new web withoute mercy. This broght on another battle,
and contary to my expextations, the laborious spider became conckeror, and fairly
killed his antagonist.

Nou in pieceable possession of what was justely its own, it awated three days
with the uttmoste impatients, repairing the breeches of its web, and taking no
sustenance that I could pereeive. Ate last, houever, a large blue fly fell into the
snaire, and strugled hard to get lose. The spider gave it leeve to intangle itself
as much as possible, but it seemed to be to strong for the cobwebe.

I must own I was grately serprised when I saw the spider imediately sally
out, and in lese than a minite wheave a new nett around its capthive, by wich the
moshun of its wings was stoped, and, when it was fairely bampered in this maner,
it was siezed and druged into the houle.

In this manner it lifed, in a precarious staite, and Natcher seemed to have fited
it for suech a life, for upon a gingl fly it subsested for a weak. I put a waspe into
the neat, but the spider sit it free.

To a elass of 183 members blank B was given. In 30 seconds the
average number marked was 18.3 at the first trial, A.D. 4.5, and 18.2
at the second trial, A.D. 3.4, when beginning at the third paragraph.
There was a total of 34 errors in the first trial, 63 in the second.
There were also 156 omissions in the first trial, 160 in the second, the
mode being 1 both for errors and omissions, the average omission 2.8.

The short-term group made four trials with each blank beginning
with the first and third paragraphs alternately, 8 tests in all. Their
average on the A blank in a time limit of 30 seconds was 18.2: for
the B blank, 18.8, or 19.6 for the first paragraph, 18.0 for the third.

The effect of practise and adaptation was as follows: the reeord
with the two divisions of blank A in the first two sets was 13.1 words
marked, 3.1 omissions for Al and 18.8 words, 4 omissions for A2, In
the seventh and eighth tests it was 17.7 words, 5.1 omissions, and
23.4 words, 6.1 omissions. If one word is dedueted for each omission
the individual secores become :

TABLE XIX
Firat and Second Trial: Repeated after Four Other Tests:
Blank Al Blank A2 Blank Al Elank A2
B o e e ki 149 15 16
I e T 12 20 i 15
i e A T 14 6 4
1 e e 5 g9 15 17
. e e 8 17 5 17
| 1 e Y R I 16 26 23 2T
B o e ST 17 18 24

Average ....... 9.7 174 11.1 171
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The long-term group made 20 trials all with B blank, beginning
at different trials with the first, second, third or fourth paragraphs.
In a time-limit of 30 seconds their average was 28.4 correctly marked.
For the first paragraph it was 30.5, for the third 23.9, with a very
slight practise discernible which is here probably traceable to aec-
quaintance with the blank. From the first four trials to the last
four the change was only from 26.5 words to 28.8 and from 2.2 to
1.8 omissions. These blanks should be revised to make each of even
diffienlty throughout, and to make sure that the A and B blanks are
of equal difficulty. The following table shows their present defects
and also gives an approximate idea of the time required to find and
mark a misspelled word such as these,

TABLE XX

B Blank Beconds

A Blank  First Third per Word
Clazs of 183 ........ 18.3 18.2 correctly marked 1.64
Instrueted ......... i 16.0 eorrectly marked 1.87
Bhort-term .......... 1B.B 19.6 18.0 ecorrectly marked 1.61
Long-term (first) .... 29.3 22,6 correctly marked 1.16
Long-term (average) . 30.5 23.9 correctly marked 111

At the end of the 20 trials, each of the three subjects completed
the blank, 7. e., the amount-limit method was used. Two subjects
were slower by this method, the third guicker than she was on the
average by the time-limit method. This one subject, who was the
most rapid in this test, did not with the amount-limit method exceed
her maximum speed with the time-limit method. The following
table will make this clear.

TABLE XXI
MissPELLING TEST
Subject  Time Right  Wrong Omitted B—(W40)
Record in last four tesis, ¢ N. 120 108 1 6 101
Blank B, beginning nt{ W. 120 111 0 10 101
11,2, 3, 4, 30 sec. each \ F, 120 124 0 f 118
Hecord in amount-limit ; N. 118 o2 1 T 84
test { Ww. 130 04 1 5 88
F. 093 98 0 1 97
N. lost approximately ........... SRR A A e N T
W. lost approximately .......ccoiivnniinrsriiiiaannns 13 per eent.
¥. gaingd spproxhmstely .. ... iraear s s i 6 per cent.

Approximate average loss by amount-limit ............. 7 per cent.
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Perception of Forms.—The two blanks used were as follows:
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No. 2 is very convenient as it has eight different geometrical
forms of which there are 50 each on the sheet: it is thus to some de-
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gree comparable with ““A’" blank No. 3. The square and rectangle
may, however, be easily confused, and for that reason were not nsed.
No. 1 has four forms of which there are but 50 each; but in the first
place this blank is exceedingly trying for the eyes, and in the second
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place forms No. 1 and 3 are not easily and rapidly distingunishable
from other forms that appear fairly often. The long-term group
had to use this, however, as at the time of their practise the other
blank had not been prepared.

Blank No. 2 was given to the ‘‘instructed’’ group with directions
to mark every triangle. The time limit was 60 seconds. The average
number marked was 35.2, A.D. 5.8, or 1.71 seconds per triangle.

The short-term group made two trials marking the trapezoid in
cach case. The time limit was 70 seconds. The average number
marked was 39.3 (A.D. 3.1) in the first and 41.4 (A.D. 3.9) in the
second trial.

Tests were made also with five other forms, but as the subjects
after ecompleting all the lines looked back to seek omissions, instead
of reporting themselves as having finished, the records are not usable
to estimate either practise effect or the difference in difficulty of the
forms. The eirele and semi-cirele are proved to be mueh easier than
the trapezoid, sinee within 60 seconds the blank was completed by all
for the eirele (Av. No. marked 48.3) and by three out of seven for
the semicircle (Av. No. marked 42.4, Median 41). The last measure
is valid, so that we may assume the trapezoid to be approximately a
sixth harder to locate than the semicirele on this blank.

This group made also two trials with blank I. They were told to
study the selected pattern at the bottom of the sheet on the word
““wo,”” till the signal ““now,”” when they were to mark as rapidly as
possible every one exactly like it till the signal ‘“‘stop.”” Five see-
onds was allowed for the study, 55 seconds for the marking. With
form 1, their average was 13 marked, with form 2 it was 10.6.

The long-term group made 20 trials with blank I following
the directions given above. As they took the different forms in ro-
tation they had only five trials with each form. The average for
any form was 19.4, the first four trials’ average deviating by — 3.2,
the last four by -} 2.8.

This and the ¢ — ¢ fest gain from repetition with the same blank
far more than do the A test and misspelled word tests. The gain
would appear therefore to be due more to becoming aceustomed to a
novel problem in identification rather than to partial memorizing
of the positions on the blank. The latter should have been most in-
fluential in the A fest when repeated 20 times with just the same
arrangement of objects to be marked.

On examining the records to see if one form benefited more than
another, it was seen undoubtedly that form 2, subjectively the
easiest, benefited most, and form 4 next. The average number
marked in the five trials with each was respectively, 24.6, 222, 18.4,
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12.3. Thus No. 4 proved the most difficult. Errors and omissions
were not counted on this blank, as it was judged that its difficulty
put it on altogether a different plane from the A, a — ¢, and mis-
spelled words tests.

At this point some note may be taken of the speed attained in
these tests. The process required is so similar in all of them—to
look for some special thing, and mark it when seen, that more uni-
formity in speed might be expeeted than was found among the as-
sociation tests. One test classified under assoeiation requires this
same process of checking rather than writing words or parts of
words, and the consideration of speed in that was deferred for com-
parison with these tests. It was the marking of nonsense syllables
and English words out of a mixed list. For purposes of comparison,
all are reduced to the time required to find and mark one object of
the specified sort. The conditions of the surroundings of the objeect
must be kept in mind in considering these fizures.

TABLE XXII

ScorEs 1Y EAaBLy TrRIALS
Be¢ per Unit Found and Marked
Short

Lomg Various
Term Term Instructed
100 A’s amongst 400 other letters .......... .83 64 1.06 BT A
50 A’s amongst 650 other letters .......... 1.87 2.00
50 B's amongst G50 other letters .......... 1.83
50 K's amongst 650 other letters .......... 223
50 8's amongst 650 other letters .......... 1.61 1.62
50 triangles amongst 350 other forms ...... LT
50 trapezoids amongst 350 other forms . .... 1.74
&0 semicircles amongst 350 other forms .... 1.44

Misspelled words amongst 300 other words .. 1.61 1.16 1.87
20 mnonsense syllables amongst 75 confusion

WORIIE: - v e Rk ok A e 3.10

* Columbia and Barnard students.

From the difference found in marking A’s, it is evident that the
arrangement of the blank itself and the possible number of units to
be examined is one of the largest factors in the rate of marking.

Another test commonly classified under perception tests, though
totally different from all so far deserilfed, is that known as “‘per-
ception of size.”” The freshmen are given a sheet of paper bearing
a H-cm. line, which is placed to their left, also a blank sheet of paper.
They are asked to draw a line the same length as the standard with-
out moving the papers or measuring in any way, then to biseet the
line drawn, then to ereet a perpendicular the length of the line.
Columbia freshmen are also asked to bisect the right-hand angle.
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The men make an average error of 24 mm. in drawing the first
line, the women 3.7 mm.

The records of three graduate men students who made 50 trials
in five sets of ten each of drawing a line equal to a standard line,
were examined. These three were chosen at random from a class of
eleven. The average errors in 50 trials were respectively 2.3 mm.,
3.7 mm., and 1.8 mm. A changed from 1.5 for the first group to 4.5
in the last, mainly on account of developing a positive constant error.
B changed from 1.6 to 5.5, also because of a large positive constant
error. (' changed from .7 to 1.0, his larger average for the total
series being influenced by a negative constant error in the fourth
group.

The short-term practise group made ten trials of each of the four
processes required of the freshmen, after taking the test as a whole
once. Unlike the method in other tests, they made all ten trials of
one process at one sitting, as the three subjects A, B, and C had done.

The results were, in terms of error:

Av. A.D.
3B £ 3.4 mm, 1.8
P 1L L N e e e s R e 5.7 mm. 3.9
A T o e o e s R A g 1.5 mm. 1.0
T R S e e e L 3.2° 1.7

As might be expeected from the illusion involved in ereeting the
perpendicular, the largest error is found there, and is a negative
constant error. The average for drawing the line equal to the stan-
dard is very near that of the Barnard freshmen. No subject did
equally well in all four processes; in faet the one with the least error
in drawing the line made the greatest in biseeting the line, and
another who made the least error in bisection of the line made the
greatest in erecting the perpendicular.

No practise effect was discernible in the ten frials, and since
the tendency of a rather longer practise is to eonfirm a constant error,
the earlier trials may perhaps give more accurate results, though
they may not reveal individual differences in habituation.

B. Relative Value of these Tests on Perception

There can be no question that in freedom from ambiguity due to
measuring, in early trials, a eombination of ability to perceive ob-
jects and ability to get used to the form of a test the A fest and
geometrical forms test are markedly superior to the @ — ¢ and the
hieroglyph tests. There is some uncertainty with respeet to the
misspelled words test, but it is at least probable that the first trial
with it 1s largely influeneed by a person’s ability to set his mind to
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the novel task. It is unnecessary to repeat details here as it will
appear that for other reasons the misspelled words is an undesirable
test.

The question of the significance of these tests of perception as
shown by their correlations was next studied.

First of all the performances of the eighteen instrueted subjects
were compared in the four tests, A, a —{t, triangle or perception of
forms and misspelled words. Each test was compared with the aver-
age for all four.

The coefficients are:

TABLE XXIII (a)

Testa Cos el r AV, Order
Average of Pereeption of geometrieal forms .90 65 78 1
.................... B4 .82 H8 4
these four
tuﬂtﬂ aﬂd ﬂ_t 8 & ¥k D ELEF AR EFRALEE FH]- '49 EEE 3
Misspelled words ............. G4 85 75 2

Next the first two trials of the short-term practise group were
compared in seven tests—a —t, e — r, A, misspelling, perception of
forms (2 blanks), perception of size, each with the average of all.
The results are:

TABLE XXIIT (b)

Tests cos nl r Av, Order

r Perception of geometrical forms .90 .53 BT 1

Forms 1 and 2 (hieroglyphs) . .48 16 a2
Average of A P R R A n e . 61 65 63 3
theseseven § d—1F ... ..ciiiiiiininans 90 2 81 2
tests and Misspelled words ............ . 0 —35 —.18 4
W e i e e A0 o7 .74 2

 Perception of size ...vo0.0vu0n 28 54 38

Next, the performances of the long-term group were compared
in the four pereception tests with which they practised. For this all
the 20 records for each subjeet were averaged. As there were four
forms in the perception of forms, and two parts to the a — { blank
it was all the more advisable to avoid making any selection from the
total number of trials, Tt should be noted that this group used dif-
ferent blanks in the case of the A test, and perception of forms from
those used by the other two groups, also that in the A test these sub-
jeets reached something presumably near the physiological limit.

The correlations were:

O
Forms 1, 2, 3, 4 (hieroglyphs) ... r= 87 3ﬂ

Average of these . O L e s e e Sy r=88 2
four tests and et N e S awesas =08 1
4
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It appears that even so few as two tests of approximately a
minute with the A, a — ¢ or geometrical forms tests are significant
of an individual’s ability in visual perception. Amongst these three
tests there is little choice. The geometrical forms test is perhaps the
most typical of the general funetion in question, but both the 4 or
the @ — ¢t are satisfactory in this respeet.

The precision of the otherwise desirable tests of perception was
measured, as for the assoeiation and memory tests, in terms of the
average divergence of the result obtained from a single trial from
the individual’s true total ahility, and the amount is expressed, as
before, in per cent. of the former,

TABLE XXIV

RELATIVE PRECISION OF PERCEPTION TESTS

Probable Average Divergence of

the Result Obtained from 1 Trial

from the Probable Troe Result,
in Per Cent. of the Former

Time in Bhort Innﬁl;l‘erm,
Test Seconds Term 1y
A (Blanks 1 and 8) ...cicveanns 60 5.4 2.8
Boon-Dlask & .o o e 35 o
T R T UL A1 M e 45 7 4.6
Misspelled words . .....viceuavnss a0 10 5.4
Forms (trapezoid) .............. 70 4

Here again, marking letters, marking words containing certain
letters, and marking geometrical forms are all fairly satisfactory
with little to ehoose among them. On the whole perhaps the A fest
and geometrical forms used together would be the best. The latter
has the advantage of being uninflueneed by habituation to any one
visual alphabet, and is therefore adaptable to more kinds of people,
¢. ., young children or members of different racial groups.

4. Tests oN DISCRIMINATION
A. Descriptive

Another test given the freshmen is that of naming 100 colors as
quickly as possible. 100 1 em. squares of 10 different colors are ar-
ranged in chanee order on a white ground. Care is taken that the
students have a ready name for each color there before beginning
the test; then they are asked to read off—or name—all the colors
there as rapidly as possible, while the time taken is noted. A name
like ““old rose,’”’ preferred by some students to ‘‘pink,”” makes an
appreciable delay, so that it might be better to have 10 indisputable
shades, or even briefer names assigned in print to a sample row.
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The men take 85 seconds on the average (P.E. 14) to read the
100 eolors, and the women 67.2 seconds. Here, as in the marking
100 A’s, the women are quicker than the men,

The short-term group made 6 trials with this test individually.
Their average time on the first trial was 56 seconds; for the total
series it was 53.1 seconds, with A.D. 99. In half the cases there
was a slight practise effect discernible. The A.D. of the suceessive
averages was only 1.2. The successive averages were 56, 54, 51.5,
51.7, 51.8, and 53.

The long-term group made, as usual, 20 trials, using a rather
smaller piece of apparatus. Their average time was 46.7 seconds,
the first trial’s average deviating by 4 16, the last by —4. The
greatest zain was made from the first to the second trial. The
first six averages were 62.7, 49.6, 50.8, 48.1, 50.9, and 46.6. It was
interesting to note that the most rapid talker was considerably the
slowest at the beginning of this test, thongh by the twentieth trial
she had caught up with the second quickest. The one who did the
best seemed to acquire her speed prineipally by careful economy of
breath. On three occasions she read the 100 colors in 36 seconds.

At the end of the 20 trials each was asked to read off 100 eolor
names without diserimination; that is, to move eyes and hand in
pointing as before but to use the same word 100 times. The respee-
tive times taken for this were 37.5, 33, and 31 seconds, as compared
with 44, 44, and 40 seconds at the 20th trial. The average extra
time needed for diserimination bevond the mechanies of the test was
therefore at the end 8.2 seconds.

Naming Forms.

Along with this test it was thought that comparison of forms and
objects might be made, as similar material was being used in the
memory and perception tests. Accordingly 100 squares were filled
with 10 each of 10 different forms in chance order. These forms
were star, eross, square, oblong, spiral, cirele, ““dots’’ (three dots
spaced to form an equilateral triangle), oval, line, and triangle, and
were drawn in ink or stamped from rubber type in black on a white
ground. The whole resulting square was only four inches. Only
the long-term group practised with this test. In 20 trials the aver-
age time taken was 53.3 seconds, the first day’s average deviating by
-} 16.7, the last by — 5.3, Again the greatest gain was made from
the first to the second trial. The first six averages were 70.0, 58.5,
59.2, 58.0, 57.6, 54.8. More errors in naming were made with this
than with naming colors, though very few all told, a total of 9 for one
subjeet, 6 for another, 4 for the other. Introspectively, these errors
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are not due to faulty recognition but to difficulty in saying the right
word; in the rapid enunciation the speech channel got blocked, or
the ““tongue twisted’’ as we say commonly, so that a circle would be
called spiral, the subject being conscious of the error at the time of
making it. Just here a question arises: the freshmen make slips in
naming the colors too, and the directions should inelude advice
about going on in spite of mistakes recognized as soon as made, or
going back to correet them. Otherwise a considerable difference
oceurs in the time taken. The Barnard freshmen are told to go on
usnally, but in spite of this some conscientious students go back.
Individual differences come out rather well on this point but escape
the measuring rod of the statistician.

To return to the long-term group—the same subject was quickest
in these two tests, but the other two changed rank. In neither of
these two tests could there presumably have been any memory aid,
as on successive trials the apparatus was turned round and the
reading begun from a different corner.

Naming Objects.

A third test was devised, that of naming 100 objeets. Owing to
the trouble involved in eollecting these and setting them out on a
small table, four readings were made on the same day by each sub-
jeet for five separate days, instead of one a day. They began at a
different corner for each reading, however. The objeets ineluded
keys, spoons, nails, serews, corks, pencils, books, tumblers, hairpins,
spools, paper, matches, candles, checkers, pieture-hooks (‘‘hang-
ers’’), boxes, bottles, flowers, leaves, berries—all small but familiar
objects, arranged again in chance order in 10 rows of 10. Intro-
speetively this was a harder test, the space taken up in three dimen-
sions seeming to confuse the subjects. The average time taken was
96.2 seconds, the first trial’s average deviating by -+ 8.4, the last by
—1.3. The greatest gain was made from the first four readings to
the next four, not from the first, to the second, nor was there any
marked improvement from the first to the second reading on any
one day. The first eight averages were—64.6, 61.3, 65.1, 59.9, 54.3,
53.9, 53.1, and 52.3. It may be therefore that the particular com-
bination and arrangement of the objects on the first day was more
diffieult to read off than on any other day; or else that the new,
strange feeling persisted through all four readings on the first day,
but disappeared on the second oeccasion when four readings were
to be made.
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B. Relative Value of these Tests on Discrimination

First the correlation of these tests was examined.

Again all 20 records for each subjeet were utilized, as any selee-
tion of records seemed to measure the effect of practise at different
stages,

The results were:

TABLE XXV

Naming eolors ..........:.0.0- =07

Average of these Nantlnge BOTIE. o cvsieinsnns Sl

Ktk ho'at anl Naming objects ............... r=.90
Naming colors and objects ....................00n r— 45
Naming forms and objeets ..........co0vuvennenas r=.93
Naming colors and forms ...........ccevcivunenss r—.18

From this it would seem that naming colors is unlike the other
two tests devised, as it does not correlate so closely with the average
for the three as do the other two, nor are its intercorrelations close.
Naming forms seems more a typieal test in so far as it measures an
ability common to these three tests. These relationships persist
through “‘trial correlations’’ of selected records.

Unfortunately there were no records available from the
strueted’ group to give greater weight to these correlations.

All three of these tests are of the same general degree of pre-
cision, color naming being somewhat the best. It is noteworthy that
the individual variation of daily trials 1s so great in so simple a per-
formance. The facts follow in Table XXVTI.

Itin_

TABLE XXVI
Average DHvergence of the Rate Found

in One ',rrlnﬁﬁmm the Individual's hﬁgﬂlgf

True Rate. In Per Cent. of Trials Re-

the Former quired to

Bhort- Long-term Group Time Per Reduee the

term Earl I} Late Trial in Unrelinbilit

Test Group Trinls Trinls Seconds to 1 Per Cen
Name eolors ... 3.8 6.6 5.0 50 26
Name forms ... 6.8 5.1 53 a5
Name objects .. 4.6 83 56 42

Introspectively, naming ohjeets is most unlike the other two
tests; it is eertainly the most awlkward to use. In the memory tests,
objects seemed to have the advantage over forms, but there, of
course, there was no question of speed in making the test, and as
mental speech was a distinet help in remembering, ohjects stood a
better chanee with their definite names than did unnamed forms. It
could he wished that perception of eolors had also been used, o make
comparison possible between colors and forms in the two processes
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of checking and naming, though the supposition would be that un-
less the colors were nnequivocably distinguished some students might
suspect it as a test of artistic taste or ability to match shades.

From experience with these tests it is suggested that names of
forms would be less indefinite to read off than are those of colors;
and as colors are apt to fade, the forms test has a slight advantage.
The forms test is as easy to administer, is almost or quite as desir-
able from the puint of view of suseeptibility to practise and unre-
liability, and is perhaps more significant of the process of naming
in general,

5. DiscriMiNATION AND Motor TESTS

A. Descriptive

Another allied series of diserimination tests was practised by the
long-term group, but they are discussed separately as they involved
a different motor reaction. The series included sorting ordinary
playing cards by suit, similar sized cards by number, and small
objects by size, eolor, or shape, making five tests in all. Similar
tests have been devised before and used in such studies as Berg-
striom’s.**

Sorting Cards—An ordinary pack of eards was well shuffled,
and then, held face up, dealt out into four piles according to suit,
the subjects choosing their own positions for the piles. Before
making the first trial, each subject dealt a pack into four piles with-
ont diserimination of suit, as one deals when playing a game; the
respective times taken in this preliminary trial were 17 seconds, 17.2,
and 19, as against 26.4, 39.2, and 28.2 for the first trial with dis-
erimination. Thus, the average extra time needed for the diserimi-
nation process was 13.5 seconds. The average time taken through
the 20 trials was 26.5 seconds, the first day’s average deviating by
-+ 4.8 seconds, the last by — 2.7. Near the beginning there was no
marked improvement; the greatest change oceurred between the
eighth and ninth trials. The slowest subjeet made a total of eleven
errors, the quickest two, the other one none. On four days two
trials were made in sucecession, and of the twelve records, there were
five where the second trial took less time than the first.

Sorting by Number.—Compared with this was a test in which
60 eards—10 each of 6 different numerals, were to be sorted into 6
piles. These sets were selected from the complete pack of 150 used
in playing ‘‘Flinch,’’ eare being taken not to econfuse the eye by in-
cluding 57s, 3's, and 8’s in the same set of 60. Different sets were

wdm, J. Psy., 8, 24,



S0 STUDY OF TESTS FOR INDIVIDUAL DIFFERENCES

used on different days. On ten occasions the subjeets knew before-
hand what numbers to expect; on ten, they had to find out as they
dealt. As before, they were at liberty to place their piles as they
wished, but in this test the cards were held face down.

The averaze time for the 20 trials was 58.4 seconds, the first day’s
average deviating by -+ 7.4, the last by — 4.6, The greatest 1m-
provement occurred near the beginning, between the second and
third trials. Comparing the ten trials when the numbers were
known beforehand with those when they were not, there was an
average difference of 2 seconds in favor of knowing them.

At the end of the 20 trials each subject dealt the 60 eards into
6 piles without diserimination. The times taken were respectively
24, 26, 25 seconds, as eompared with 55, 55 and 51 at the 20th trial.
The average extra time needed for discrimination was then 28.8
seconds.

Comparing the two tests—with the more familiar material, an
easier manipulation and a narrower choice, a card was handled in
.51 of a second on the average. With numbers, an additional move-
ment, and six instead of four, possibilities, in .97 of a second. Elim-
inating the discrimination, before praectise the playing cards were
handled at the rate of one in .34 of a second: with the additional
movement and after practise, the numbered eards at the rate of one
in .42 of a second. This extra time is probably taken up by the
turning of the eards. Unfortunately, trials by both methods with
each kind of material were not made to make this point decisive.
There is also the possibility that the pack of “*Flinch" cards was less
easy to handle than any of the three ordinary packs of cards.

The subjects held the same relative rank for speed in these two
testa,

For the other three tests small objects such as pieces of thick
cardboard, checkers, buttons, marbles, kindergarten beads, chess
pawns, “‘halma’’ men, ping-pong balls, eandle-ends, small spools and
children’s alphabet blocks were used. Three sets of 60 objects each
were made up from this assortment, one to be sorted by size. another
by color, the third by shape. In sorting by size, the objects were all
dises, but varied in color as well as in thickness and diameter. In
sorting by color, all sizes and shapes were included, and in sorting
by shape, all sizes and colors.

The 60 objects were contained in a eardboard box; from this
they were to be sorted into six smaller eardboard (shoe) boxes placed
in a row. The subjects were at liberty as in the card sorting test to
distribute as they wished rather than to memorize the experimenter's
choice of the position of the different kinds of material. Usnally the
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three tests were taken one after the other with about two minutes’
interval. The order was varied from day to day to equalize the
interference effect. On the first day, each subject had the benefit of
watching the other two do two of the tests, herself going througch
the third test in their presence before they did it. Otherwise these
trials were made alone.

The general experience with these tests was that the subjeets did
not take any objeet that was nearest and then place it in the right
box, but tried to get all 10 of one kind of objeet before beginning on
another kind. This was not invariable however, as there was also a
tendeney to handle the largest objects first whatever they might be.
No restrictions were put upon the subjects except that the objects
were to be handled one at a time. This ruled out an ingenious de-
vice of one subjeet, of leaving the thinnest and flattest till the last
and then pouring out all 10 at once straight from one box into the
other, Careful observation showed that the training of the left
hand played no small part in the gain in speed.

Sorting by Size—The average time taken was 31.5 seconds, the
first day’s average deviating by -+ 4.3, the last by 4 1.7. The best
record was made on the 18th trial. In all 60 cases there were but
five errors.

Sorting by Color.—The colors were black, white, red, blue, green,
and yellow. The average time taken was 33.5 seconds, the first day’s
average deviating by -+ 7.0, the last by -+ 2.0. The greatest im-
provement came between the second and third trials. The best score
was at the 16th trial.

The most rapid worker made eight errors, the other two five
each. Thus there was greater inaceuracy with the color diserimina-
tion than with the size.

Sorting by Shape—The shapes were—cube, sphere, cylinder,
dise, flat-square, and halma man (resembling a chess-pawn, but only
three fourths inch high). The average time taken was 47.5 seconds,
the first day’s average deviating by -~ 10.4, the last by — 6.7. For
the first nine trials the improvement was very irregular (av. 51.4,
A.D. 37), but from the tenth trial on it was much more regular
(av. 444, A.D. 21). The best score was the 20th. The most rapid
worker made 14 errors, the next 12, the slowest 8.

Sorting by Size was least influenced by adaptation and practise,
sorting by color next, while sorting by shape, though irregular in its
course, showed a gain of from 25 to 30 per cent. in twenty trials.

This and also the time per unit of the process is shown by
Table XXVII.
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TABLE XXVII

AvVERAGE TIME oF THREE SUBJECTS IN SUCCESSIVE DALY TRIALS
WITH THE SorTIxG TEST

Time Required Per Unit Sorted, In Seconds

Cards with Large Numbers
Held Face Down, Into 6
Piles, by Varying Number Sorting 60 Objects

Pln,ﬂﬁ Cards
Held Face Up, Number Number By Blze By Color By Ehape
Into 4 Piles, Enown Unknown 1) Into Into
by Suit Beforehand  Beforehand 6 Boxes 6 Boxes 6 Boxes

S 1.10 60 M8 .98
J60 1.09 a7 64 BT
.58 1.00 053 86 A8
it 1.08 Bl D54 B8
208 08 D2 it 74
.56 43 52 b8 .85
B! 1.07 04 =Y .82
Rk A6 .00 55 16
AT 99 it wrd B4
48 1.03 A5 53 13
KL 1.01 A7 il | T4
43 96 .01 it 72
48 D4 A0 Bt B0
A8 A7 D4 08 Bl
A 03 50 53 .78
A5 L6 54 it 7
A6 i .51 it T2
A7 .89 A9 Bl 72
A3 03 A5 A8 68
A6 90 55 .60 68

Comparing all three tests, the same subject was quickest in all
of them, and was also the second quickest in the two eard sorting
tests. Neither of the other two kept the same rank throughout. In
the average time taken, it would have been expected that sorting by
size might be different from the others, as there was not quite the
same variety in the material, and the objects were slightly more
tiresome to handle. However, the average times for size and color
are about the same, 32 and 34 seconds, while that of shape was con-
siderably longer, 47 seconds. Introspectively, sorting by shape was
the most difficnlt, perhaps the least familiar way of regarding things,

B. Relative Value of these Discrimination-motor Tests

These various “‘diserimination-motor’ tests were correlated,
using as before all available records from the three subjects of the
long-term group. The results were as follows:
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TABLE XXVIII

i i h ) =1ES
A verage oF Hyees { Sorting objects by shape r

ti bijects by color ........ r=.08
Slires toate end ) oEimg olents by

Sorting objects by size ........ r=.99
By shape and by eolor ....ccovevevnsnersrssnnsnss r=.54
By sliape ond By Bi26 . ..crveonvonssenonnin s r— .05
By size and by color .....000cenrencnsnesss i
Sorting cards by number and by suit .............. r=.96

From this it appears that sorting by shape is most unlike the
other tests, agreeing with the introspective evidence and the observ-
er’s notes at the time; otherwise, all the correlations are close. If
however we include the two tests with cards and correlate each of the
five with the average of all five sorting tests, sorting by shape is
found to be the best representative. Ome individual who was the
slowest in sorting objects by size and color and in the second place
in sorting objects by shape was the most rapid in both tests with
cards and the correlations beeame :

TABLE XXIX
Sorting objects by shape ........... .99
Sorting objects by eolor ........... .52
Average of these | o0 shiocts by 128 .vvvresnsss 61
five tests and Sorting eards by suits ............. 63
Sorting cards by 6 numbers ........ .43

The measurements of relative precision on the basis of early and
late trials of the three subjects show, as with the naming 100 colors,
shapes, and objects, a large variation due to aceidental causes in-
cluding those which differentiate one day’s condition from another,
Even so simple a process repeated 60 times needs apparently from
10 to 50 trials, or from 8 to 30 minutes to measure a person within
1 per cent. Seorting by size is especially variable, and sorting by
number least so. The facts are as given in Table XXX,

TABLE XXX
PRECISION OF SoRTING TESTS
Probable Average Divergence of the Result A pprox-
Obtained from One 1 from the Prob- imate Approx-
able True Ability. (3 Individuals) iil];ir*;‘gx- {I:i“.}:“ﬂb'élr iim.]':ﬁ Ti;ﬂe
First Five Trials Last Five Trials  pverge Needed to Necessary to
As Per As Per Time Nee- Reduce Reduee the
Cent. of the Cent.of the essary to the Aver-  Average
'I‘lm-:-, R&- Time Re- Eort the 60 age Diver- Divergence
In qui In quired by (62in  gencetol tol Per
Test Beconds Iudixidun.’l Beconds  Individual Coase of IY) Per Cent., Cent,
By size (60 objects) ... 3.0 8.6 2.9 10.3 31 88 45.5
By shape (60 ﬂh_]'ee.ta} e 44 8.3 1.4 3.3 47 34 26.5
By color (60 objeets) .. 2.0 5.5 2.7 8.3 33 48 26.5
By guit (52 eards) .... 2.1 6.0 1.5 6.6 26 40 17.3

By number (60 cards) .. 2.0 3.3 1.5 28 58 9 7.7
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From these facts, and from experience with the tests it is sug-
gested that sorting small objects by color is a good test. It is less
confusing than sorting by shape, yet can be varied more than sorting
by size. In sorting cards one is confronted with the very unequal
abilities people possess in their manual dexterity owing to previous
experience; in using objects, the extra trouble in providing them is
offset by the greater equality in experience of subjects at the start.
Otherwise, pictures, words, ficures, geometrical forms, material in
great variety can be prepared on cards.

6. TESTS FOR SPEED AND ACOURACY OF MOVEMENTS

A.  Descriptive

To the freshmen is given the following blank with directions, for
the first half, to place a dot in each square as rapidly as possible.

The average time taken by the men is 34 seconds, P.E. 4; by the
women 30.8 seconds.

In the second half of the test the subjects are required to strike
each dot. The average times taken are 49 seconds by the men, 45.5
by the women. The average error in accuracy has been measured
only for the men; with them it is .8 mm.

Trials of this by the short-term group were not sufficiently
numerous to develop a praetise effect, but only to give a basis for
correlation with other tests. Their average speed in the first half
was the same as the freshmen’s, thongh given by the time-limit
method. This might suggest that an easy test such as this, where
speed is the only thing emphasized, eould be given hy either method
without suffering in rate. In the second part of the test, the short-
term group worked proportionately slower than the freshmen, ma-
king an average of 59 hits in 30 seconds (or needing 50 seconds to
complete the test). Three fifths of these were not separated from
the dot to be struck so that their average deviation from the mark
might be ealled the radius of the peneil mark plus the radius of the
printed dot (the latter is about .25 mm.). But the dot is often a
very short dash and its radius or width varies so that sueh measure-
ments are hardly of value. Wissler, who computed the average error
of .8 mm. for the freshmen does not state how he computed it.

More attention was given by the short-term group to the various
forms of maze tests that have been prepared. Of these the following
five were used, known respectively as the curved, straight, combined,
black, and spiral. The instructed and long-term groups used only
the curved. The directions in each case were to draw a line between
the two lines without touching either, working as quickly as pos-
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sible. Care was taken also to see that the blank was placed always
in the same position before the subjeet, and that it was not moved
during the tracing. In general, most subjects in a single test pay
more attention to the aecuracy than to the speed; with repeated
tests, however, the emphasis tends to shift, with the result that in a
long period of praetise the acenracy decreases for a while and the
speed inereases very considerably. Onee conscious of this, the sub-
jeets will redireet their chief attention to the accuraey so that after
20 to 24 days’ practise the speed may have increased but slightly,
while the aceuraey may have improved a great deal. Having real-
ized this, with both the instrueted and the short-term-practise group
—who, it will be remembered, were tested some months after the
long-term group, although their results have here been noted first—
the emphasis was chiefly and continuously laid on the aceuracy, in
the hope of getting the practise effeets shown in speed, with errors
eonstantly at zero, or sufficiently near it to be almost negligible, A
more rapid improvement might thus be looked for, with unwavering
attention to one factor, and also the scoring would be much
simplified.

Curved Maze.

The instrueted group used this as a time-limit test. In 60 see-
onds they traced (omitting one subject who completed the blank,
but with 26 tonches) 41.4 per cent. on the average, with 2.9 touches.
The short-term group made three trials with this. The first two were
amount-limit tests, with an average time taken of 169.5 seconds.
The third trial was meant as a time-limit test and so announeed, but
all the subjeets except one finished before the 165 seconds limit set.
As in the cancellation test then and in the first-idea test, the an-
nouncement of time limit spurred on most of the subjeets to work
faster. Taking the three tests together, the average number of
touches were 1, 3 and 1.

The long-term group made 20 trials with this as a time-limit test,
using 60 seconds. The average amount traced was 76 per cent., the
first day’s average deviating by — 7, the last by 4 1.6. The average
number of touches was 11.3. In these subjects no steady improve-
ment was noticed. N in the first five trials paid most attention to
speed, with an average of 16 touches. In the next four trials, with
more attention to aceuracy the average number of touches dropped
to 8, while the speed very slightly decreased. After this, her records
were not so markedly irregular. W was most ambitious to complete
the maze within the 60 seconds at least onee. For this reason she
began on the ninth day to spurt, sueceeding on the thirteenth day
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in finishing. During this spurt her number of touches rose from an
average of 12 to an average of 19, after which they dropped back
again to 12, The third subject was slower and steadier than the other
two. Finding, however, by the fifth day that she did not get so far
as the others, she attempted for two days to put on speed with the re-
sult that her average number of touches rose from 6.5 to 15.5. There-
after she paid most attention to aceuracy and kept the number of
her touches down. As these spurts by the three subjects did not
oceur simultaneously, the resulting average curve searcely reveals
the real conditions. On the whole there was a gain of 10 or 15 per
cent. in the 20 days.

It appears then that if subjects work with the curved maze at a
very high speed they gain perhaps one half of one per cent. a day.
If they work with ecare so as to have only one or two touches they can
inerease their speed much more than that per day.

From these observations therefore, in practise with the other
maze tests with the short-term group, acenracy was strongly and eon-
tinuously emphasized, to see (1) if when errors were kept at zero
there would be a practise effect in speed, and also (2) if there was an
optimum time discoverable which could be used as a standard when-
ever such maze was to be used with large groups of subjects as a
time-limit test.

Straight Maze.

This maze has two advantages—that of permitting a regular
familiar movement, and that of presenting units easily measurable.
Each blank can be used as the basis of five separate trials, and was
twice so used by the short-term group. For the first five, time limits
of 60, 50, 40, 30 and 30 seconds were set. At the beginning the
subjeets were told that they would have plenty of time to finish
without touching, later on that they would have a little less. The
first trial, of eight subjects two did not finish and two made touches
(2 and 1). The second trial, one did not finish, and one made one
touch. The third trial, three did not finish and one made a touch.
The fourth time, six did not finish, two made touches (1 and 1).
The last time, three did not finish, two made touches (2 and 1).
Thus no gain in accuracy was made by the inerease from 30 to 60
seconds, though most of the extra time was used.

The next time the blank was used it was given as an amount-
limit test, or rather as five such tests, as each line was taken as a
unit. In the five trials the average times taken were 29.3, 27.3, 27.9,
24.1, 23.5 seconds; the average numbers of touches were 4, .9, .1,
3, and .T.
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The combined maze and black maze were used each only once
with the short-term group by the amount-limit method. The average
time taken for the combined maze was 294 seconds, A.D. 13; the
touches were 2, 3, 5, 6, 12, and 13. The average time taken for the
black maze was 202 seconds; the touches were 0, 0, 0, 1, 2, 2, 3.

The spiral maze was designed to provide another regular move-
ment and one more natural perhaps, than the straight.

Endeavors were made to practise this keeping the touches at
zero, and it was also hoped to praectise with and without turning the
paper, with wrist and with free-arm movements, beginning from
the outside and from the center; but after a few trials this hope was
given up, as all the subjects ecomplained so much of eye-strain in-
volved, and the unpleasant after images.

The average times taken in successive trials were 360, 360, 298,
and 316 seconds. The average number of touches was in the first
trial 2.3; in the second 2.8; in the third 2.4; in the last 2.0. The
time taken would alone show how tiring to the eyes this might be,
staring at a heavy black spiral for over five minutes, and following
the pencil point round dizzyingly. The number of touches was very
low all through with one glaring exception when one subject de-
ereased her time from 475 to 288 seconds and increased her touches
from 2 to 13. In 27 records there were 6 of zero touches, 5 of
1, and 6 of 2.

Of the tests tried none are injuriously susceptible to adapta-
tion to the task and practise. The sfraight maze is the easiest to
score, The spiral is too much a test of ability to stand eye-strain.
It would also be the easiest to use if the rate of the subjects was to
be controlled so as to eompare individuals in aceuracy alone.

B. ERelative Value of these Motor Tests

The data serviceable for correlation are given in Table XXXI.
Having two records for each test, one of amount done, the other of
number of touches in the case of a time-limit test—one of time taken,

TABLE XXXI

Curved Maze Btraight Black Spiral
Av. of & Trinls 5 Lines 1 Trial Av. of 4 Trials
Subject Time Touches Time Touches Time Touches Time Touches

11 e R 1.3 145 3 207 2 341 3.0
£ 136 8.7 147 4 224 1] 315 3.5
W e ereaha s 177 2.7 146 1 227 1 310 2.0
N e 182 1.0 112 ] 225 1] 308 A
b S 147 T 128 2 195 0 384 1.0
120 126 i 125 4 154 3 397 2.3
Bl oy 128 0 119 2 175 0 302 1.3
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one of number of touches in the case of completing the maze—the
resulting score must be arbitrarily determined, if a single measure
for efficiency is to be used for correlations.

As a fairly just method 5 seeonds per touch has been added.

The Pearson coefficients are then,

TABLE XXXII

Average of all four tests ap- | Corved maze ........-ccivinuenss G0
proximately equal weight | Straight maze ................. A9
in determining the average | Black maze .............c00cu0s 6
being given to each. BpIFal TAZE iisicaisinvasanssss b

The tests of rate of putting dots in the squares and of hitting
the dots showed little or no correlation with each other or with these
maze tests,

In estimating the relative preeision of these tests of motor con-
trol two methods have been used. First, each individual’s several
trials have been expressed as deviations from the probable result, in
view of the practise effect which he would have shown apart from
other variations than those due to the general tendeney to improve
with praetise. This is the result hitherto employed. Second, each
individual’s several trials have been expressed as deviations from the
average score of all the group on that day, and then the average
deviation of these deviations has been eomputed.

The following will illustrate the seecond method. The five sue-
cessive trials with the straight maze, gave, as average times for the
seven subjeets, 29.3, 27.3, 27.9, 241, and 23.5. L, whose times were
30, 22, 25, 18, and 17 deviated by 4+ .7, — 5.3, — 29, —99 and
—T7.1. The deviations of these latter from their central tendency
(— 4.9) were 5.6, 4, 2.0, 5.0, and 2.2, averaging over three seconds,
or 13 per cent. of L’'s average time.

With the first method in the ease of the short-term group addi-
tions were made to the time to compensate for the touches. With the
second, no account was kept of touches. The results are given in per
cents of the time taken. The probable average divergences of the
score in one record from the individual’s true ability are for the
curved, spiral, and straight mazes in order 10, 6, and 6 per cent. by
the first method, and 7, 9, and 9 by the second. Early trials of the
curved maze with the three long-term subjects showed by the first
method a corresponding figure of 7.3, Remembering the relative
lengths of the time required it will be seen that the straight maze has
a great advantage over the curved maze and a still greater advantage
over the spiral,

Comparing all five maze tests as to the time taken to complete
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with no touches, it is found that the curved and the straight take
about equal time, 156 and 155 seconds respectively, the black takes
somewhat longer—199 seconds, the combined 327 or more, and the
spiral longest of all, 364 seconds. From the point of view of discom-
fort the spiral and the black are hardest on the eyes, and even the
combined becomes somewhat dazzling when over five minutes is spent
following its windings. For a short, convenient test either the
curved then, or the straight maze might be used. This last has, as
before mentioned, advantages of regularity of movement and ease of
measurement, but to offset this, it may be suggestive of jerky, dis-
crete movements by its very angularity ; also the units are very small.

From all these indications the choice would lie between the
straight for its convenience and precision, the black and the curved
for their higher correlation. Of these two the first has also some dis-
advantages, already mentioned, which the others have not, and sinece
the black is somewhat trying to the eyes and takes longer, the choice
would rest upon the curved maze as a suitable and convenient second
motor test. It would probably keep its present advantages and gain
others if arranged in a series of straight lines each repeating some
simple series of eurves. The spiral maze has no merits.

7. MisceLLaNEOUS TESTS

A.  Descriptive

Six of the short-term group spent some time practising seven
other tests that are usually given the freshmen, viz: perception of
foree of movement, with the monochord, the msthesiometer and the
algometer, all of which test perception in some form; each also
practised 40 to 80 times with reaction time, 10 to 15 times with the
dynamometer and 5 times with the spring ergometer, all three tests
of movement in various ways. This work was done not so mueh to
find out anything about each test when practised as to get a hasis for
intercorrelations when there was more than one trial of each—which
is all the freshmen take—and to get a basis of comparison with some
of the other tests already described.

With some few tests records of long practise were also available
from two subjects who were making some cross-education experi-
ments.

Perception of Force of Movement.—This is as often considered
a test for perception of weight, or perception of distance. As de-
seribed by Wissler*®® the test is as follows: ‘“the lift is vertical and
the dynamometer gives a pressure of 1 kg, to 10 em. A mechanieal

e Poy. Rev. Mon, Suppl., No. 18, 1901,
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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 (more recently five) attempts to lift it to the same
height after the operator has removed the stop. Eaeh lift is to be
made in about 2 see,, with equal panses between. A graphice record
of the lifts is taken on a kymograph.”” The errors are afterwards
recorded in em. The men make an average error of 1.44 em., the
women of 1.8 em.

The apparatus has been eriticised on the ground that it is sure to
induce a positive constant error because of the impact necessary in
the first three trials while getting the standard. Even with direetions
to the Barnard students to be very careful in the first three trials,
this positive error persists; and after even 75 trials with some of
the short term group it was not overcome, though the subjects had
the benefit of seeing their records after every 15 trials.

In tabulating the results only the average error was considered.
Six of the short-term group and one member of the original long-
term group made from 9 to 15 groups of 5 trials, and the two other
extra subjects made 36 such groups of trials each.

TABLE XXXIII
Ergors 1% oM, MADE In PERCEPTION OF FORCE oF MOVEMENT

A Av. Error No. of Groups
Buhject First Total Last of Trials
T e W L Pl 1.06 1.70 A8 13
155 s e A e e e T e 1.52 85 1.22 13
R R e 2.12 1.28 D2 12
B e P L o e e e S e S 1.74 L L2 15
e e S B2 97 A4 9
R e R m A R RN i TR L, e .50 G4 20 10
P T4 o4 AB 10
T Py P T e e I 1.54 J55 A0 36
- SRRl i o g 48 67 68 36

From the above table it will be seen that there is a certain amount
of practise since the error is reduced in all cases except two. That
improvement with practise is slow and irregular may be seen from
the single records and even from the averages of the seven subjects
for each successive group of five trials, up to ten groups, which were:

1 2 3 4 ] G 7 8 9 10
1.21 1.06 03 92 1.28 78 1.24 104 08 .76

The record is better than the freshmen records,

It might be better to require the subject to make a given number
of movements of approximately the force shown him with the stop,
each as nearly as possible equal in foree to the one just made, and
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to use the successive differences as the measure of his efficiency in the
test.

‘With the monochord, the freshmen are tested for perception of
piteh as follows: The instrument is tuned so that F below middle C
is given when the bridge is at 75 em. The tone F is given twice at an
interval of about 2 seconds while the subject’s back is turned. The
bridge is then shifted and the subject told to find the tone given.
The position is recorded. Then the original tone is given as before,
and the bridge shifted to the place where it was left by the subject
in his first trial; he is told this, and again required to find the tone.
The position is recorded. Also, before the test is begun, the subject is
shown how to use the instrument.

In general, if a subject is diffident, or slow in moving the bridge,
or by chance tries at first tones a long way from the standard, he
rapidly gets confused and forgets the original tone. On the other
hand, a very good record at the first trial is followed frequently by
a very poor one at the second, showing that in addition to memory
and ecelerity in moving the bridge, something is due, with poor sub-
jects, to echance. This seems to be a test of memory of pitech and of
general intelligence in using the instrument as much as of perception
of piteh.

Among the men 10 per cent. make an error of less than one tenth
of a tone, 53 per cent. of one tenth to one tone, and 37 per cent.
an error of more than one tone. For the women the corresponding
percentages are 17 per cent., 63 per cent., 20 per cent.

TABLE XXXIV

ACCURACY IN PLACING A BRIDGE oN THE MONOCHORD S0 AS TO PRODUCE A ToNE
OF THE SaME PITCH As A REMEMBERED TOXE; N MILLIMETERS

Av. Error Av. Error on 75
Bubject in mm. A.D, Position
R e R e 37.2 26.0 24.6
180 s o S B e S 10.7 6.0 7.8
1) R e TR e 7.2 5.0 4.2
B e i e i T R et e B 21.8 20.7 47.5
i i iy T4 M e G S A 9.1 8.0 10.5
e e o A L R e - 17.0 36.8
Fh L e A e o 20.1

Average of successive records om 75 em. 12 208 21 36 31 15

With this group of six subjeets, after the preliminary trials,
eighteen to twenty further trials were given on different days, using
ten other standards ranging from 58 em. to 93 em. and also the
original standard 75 on four more oceasions. At their last trial
they were asked to move the bridge till the tones on each side of it
were of the same pitch, thus eliminating the memory factor. This
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was of course done without looking at the instrument, though even
so, only two subjects realized that the bridge would have to be in
the exact middle. In this last trial the greatest error made by any
one was a difference of 3 mm., whereas, as is seen in the table above,
only one subject was distinetly good at the test given in the usnal
way.

The variability from one trial to the next, particularly in the
ease of those with poor records, completely disguises any practise
effect, and emphasizes the need of more than one trial at the orig-
inal test.

For sensation areas, ‘‘the points of the @sthesiometer arve 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 required to decide in
each case whether he was touched with one or with two points.”” Of
the men, 63 per cent. are correet four or five times, of the women
92 per eent.

With six subjects the right and left hands were used alternately
with the above series of touches twiece each day for three days,
twelve tests in all. The total average error for the R. hand was
40.5 per cent., for the L. hand 40.6 per cent., or practically no dif-
ference. As this means that they were correct only three times out
of five on the average with either hand, they were rather below the
Barnard standard. There was no diseernible improvement with
practise.

The algometer nsed has a pressing surface 1 em. in diameter
which is made of rubber. It is applied with gradually inereasing
pressure till the student signals that it is felt as disagreeable,
Usually there is some little difficulty in making students understand
Just what is wanted. Some are nervous and afraid of reeeiving
electrie shocks, others consider it a test of endurance, partienlarly
if it is given later in the series than the ergometer. With suggest-
ible subjects too the judgment is apt to be based on the rate at which
inereasing pressure is applied. At the second trial with either hand
when an equivalent time has passed the student will frequently
signal *‘stop’’ though the pressure is only from a half to two thirds
of what it was at the first trial.

The averages for the men are: R. hand 5.9 kg.; L. hand 5.6 kg. ;
for the women, 3.8 kg, and 4.3 k. respeectively.

The short-term group made eight trials with each hand on dif-
ferent days. Two subjects showed considerable difference from the
first to the last trials, one changing from 7.25 kg, to 3.5 kg., the
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other from 4.7 ke. to 2.5 ke. With the other four there was an
average reduction of only .5 kg. The averages for the whole series
of trials were: R. hand, 3.7 kg., L. hand 3.4 kg. The averages for
the first four successive trials (both hands together) were 4.7, 3.9,
46, 3.7. There would thus be no very great advantage in making
a first trial merely for adaptation to the test and using the second and
later trials as the record. The test doubtless measures an individ-
ual’s notion of the meaning of *‘ painful’’ as well as his threshold for
pain as he defines it. Ewven so it is a significant test; the eorrelation
between the first eight and the last eight trials of the same individual
is close.

In reaction-time the freshmen are tested five times in suecession,
with the Hipp chronosecope. The average of the five tests for the
men is 159 second, for the women, .186 second.

The short-term group and the two extra subjects made from 40
to 75 trials each. Up to 30 trials, the average from each group of
five was recorded, as well as each separate trial, after that the aver-
age from each group of three trials only. There is apparently a
considerable effect from adaptation to the form of the test. The
average times for the eight subjeets in the first six sueecessive 5-trial
groups run 155, 158, 139, 133, 129, 130.5. This is also disturbing
since the relative rates assigned to individuals from the first ten
trials do not correspond at all perfectly to those assigned from say
the next twenty trials. In these eight subjects the deviations were
as follows:

TABLE XXXV

DEVIATION OF THE INDIVIDUAL'S AVERAGE REACTION-TIME FROM THE AVERAGE OF
THE GROUP’S 1N THOUSANDTHS OF A SECOND

Bubject First 10 Trials Next 20 Trials
o o e L L + 4.5 + 20
s e R e e R e S e + 5.5 + 10
1 Ll e e s e B + 5§ — 0.5
e e e e — 125 —11
b s e e i e e e — 16.5 —11
L e P T T B e P T e — 1 — 6.5
B L g e e —10 4+ 2
I s k. el e e o 3 e — 17 — 12

These give a correlation of less than .09. The records of the first
reactions correlate with those of the twenty from the 11th to the
30th by less than .07. It would seem worth while to take 15 re-
actions, discarding the first five.

With the oval dynamometer the freshmen make two trials with
each hand in the order R. L.; L. R. The average strength of grip
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found is for men, R. hand 36.3 kg. ; L. hand 33.5 kg. ; for the women,
R. hand 25.8 ke, ; L. hand 23.6 ke.

The short-term group made, on different days, from nine to six-
teen trials, but this series also was not long enough to develop notice-
able practise, with one possible exception. Their averages were as
follows :

R, L.
AY. AT A¥, Ay
TARRE s e s 21.8 3 19.8 1.8
RVEREE. . i i adis 215 19.6
FEME: v ivohs G s e 22.4 22 14.8 3.8

In this test a good deal of interest has attached to the question of
whether the maximum strength is attained at the first or at the
second trial, it being elaimed that since a larger percentage of
women reach their maximum at first than do men, and that the left
or weaker hand in men is more apt to reach its maximum first than
the stronger hand, that therefore to do so is a sign of weakness.
However this condition goes with all degrees of strength of grip
among the freshmen; and experience with repeated sets of trials
with even this small group indicates that an individual may vary
very much in the relationship of the first two trials. The following
table illustrates this:

TABLE XXXVI

Greater Greater

the first the second Equal
R. L. H. L. R. L.
B e 2 2 1 3 a 1]
| 1] e R 4 2 0 1 1 2
17 Py Doy by 4 g 1 b4 0 2
] [ 4 3 1 2 0 1
]-il- ----------- 2 ﬂ' -2' E 1 ].
M a 2 1 1 0 1
Total 19 13 i 11 4 T

Too much must not then be argued from the comparison of only
one set of trials. Aecording to these records a single trial is subject
to an average divergence from an individual'’s true ability of 9.5
per eent. The difference between two single trials would then be
subject to an average divergence from the true difference of
V9.5 + 9.5° or 13.4 per cent.

Cattell’s spring ergometer is used for a test of fatigue with the
freshmen. The student is shown how to work the instrument with
particular attention to the use of only the end of the first finger on
the top of the piston. He is instrueted to press the piston down as
far as possible fifty times without stopping. A rhythm of about
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CHANGES WITH PRACTISE
1. Mernops oF MEASURING SUCH (HANGES

Berore taking up the work of individual differences and the
practise curve, it would be well to take up some of the difficulties of
interpretation due to the method of construeting sueh eurves. Dif-
ferent units may be taken as the basis, the starting-point may be ob-
seured by the use of percentile values only, and units may be dif-
ferently equated, perhaps distorted, in different parts of the eurve.

First as to the kind of units used.

Curves may be constructed in terms of deerease in error (a time
or amount-limit test), deerease in time (amount-limit test), or in-
crease in amount (time-limit test). Or, whether time-limit or
amount-limit test, the scores may be reduced to the hundredths of a
second required to perform a definite minimum of work such as
adding two figures, caneelling one letter, ete. Bair, in his “‘ Practise
Curve,””* used units both of errors made after a given number of
practises, and of number of trials necessary to eliminate all errors.
His enrves then slope down from left to right. Bryan and Harter®®
in their study of the acquisition of telegraphy used the number of
letters tapped per minute. Swift*® in his experiments with the
typewriter used the number of words written during an hour,
smoothing the curve by averaging each successive three scores. In
later similar work undertaken with Schuyler,® two units were used,
one of strokes made on the typewriter, one of errors made. His
curves then—for no tables are given—show one a rise, the other a
slight drop. Coover and Angell® in making tests on the vexed ques-
tion of the general practise effect of special exercise, used variously
the number of right judgments before and after training, the de-
erease in time in 100 reactions, and the similar deerease in errors.
Where practise has meant a long period of exereise taken regularly
on suceessive days, the unit may be the average deviation of each

" Mon, Suppl. to Psych. Rev., 1902,
® Psych. Rev., 4, 1897, and 6, 1809,
* Psych. Bull, 1, 1004,

® Psych. Bull,, 4, 1907,

M Am. J. Psych., 18, 1907,
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day’s performances, giving a downward sloping eurve for any one
individual.

So long as only one individual’s eurve is being considered, or
only the mean curve, the use of such varied units presents little
difficulty ; but when comparisons are to be made of the curves of
learning whether of different subjects in the same test, or those of
the same subject in different tests, it becomes important to know
whether a different choice of units may show the same performance
in two different ways, and whether the units are alike all through
the eurve, Otherwise, the questions ‘*Does practise increase or
decrease differences?’’ and ‘‘Who profit most by practise, those
whose initial record is best or poorest?’’ may receive quite differ-
ent answers according to the varied statistical treatment of identical
facts.

There is considerable divergence of custom. One method has been
to keep all scores in gross amounts, basing conclusions directly on
them. Examples of this would be Swift’s and Schuyler’s work
already referred to, and Smythe Johnson’s experiments on motor
education.® Let us call this the gross method.

Another method is to turn each score into percentile values of
the initial record, or perhaps of the maximum reached before
fatigue sets in. Examples of this are Gilbert’s work on develop-
ment of school-children,®® Oehrn’s on the work-eurve of 10 sub-
jeets," Coover and Angell as already referred to, and Wells in
reports before the New York Branch of the American Psychological
Association., Let us call this the percentile method.

Another way of expressing percentile values used by Smythe
Johnson,”® and modified by him from Amberg®™ is as follows: The
difference between the first and second scores, first and third, and
so on, is taken, and the sum of gains so found averaged and ex-
pressed in percentage of the first score. This process is repeated
with the second score used as basis, again with the third, and so on
through the series. Finally, all percentages are averaged. IHe says
**The significance of such percentages is that they give us a true
standard for the comparative influence of practise on different indi-
viduals (page 61). That part of Amberg’s method which was
modified was, instead of averaging the n — 1 different percentile
values, to weight each one, multiplying the first by n — 1, the second
by n—2, ete,, adding the produets and dividing by (n—1) +

% Yale Studies, 6, 1808,

B Yale Studies, B, 1804,

M Paych. Arbeiten, 1, 18906,

® Yale Studies, 8, 1898.
“ Psych. Arb., 1, 1896.
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(n—2) + (n—3)---1. According to Amberg the resulting figure
““gight mithin in moglichst einwandfreier Weise’’ the average per-
centile inerease by practise for the whole test.

Just to illustrate to what various conclusions one may be led
solely from differences in methods of portraying practise data, the
following tables and figures were made from five supposititions cases.

In 15 seconds, using as a score units of gross amount, suppose
that in seven trials, five subjeets scored as follows:

TABLE XXXVII

GROSS AMOUNTS IN SUCCESSIVE TRIALS

Total Increass

Individual Units

B e o & i} T 8 9 10 10 1]

i 9 18 16 16 17 17 18 a

10 10 10 12 13 14 15 5

| F e G 9 11 18 12 15 18 12

B e iy A T 0 10 12 14 15 10

Average ... 7.0 88 107 116 126 140 152 8.2

Tl | R 2 2.25

It might be stated then that DD improves most, and A and C
improve least. '

This same table turned into units of time required to do one unit
of work, using hundredths of a second as the basis becomes:

TABLE XXXVIII
Gross TIME ForR WorE TUNIT IN SUcCESSIVE TRIALS

Individunsl Hundredths of a Sceond Total Decrease

A 300 250 214 187 166 150 150 150
B oo 166 125 93 03 88 88 83 83
b IS bR | 1 150 150 120 115 107 100 a0
1 it Rl i) 166 136 125 125 100 83 167
P s B 214 166 150 125 107 100 200
Average .. 233 181 155 136 124 110 103 130
AT oo... 80 18

It might be stated now that E improves most and C improves
least.

The two sets of curves as plotted® are not strictly comparable,
except that the same individuals are alike at the starting point in
each, and at the end. Otherwise, in answering the question whether
differences ave inereased or diminished by praectise, the curves show
graphically that in the first case they apparently are increased, in
the second considerably decreased. The tables show the same thing,

* See Fig. 1. .
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if the A.D. for the first trial is compared with the A.D. for the last,
in each table. In the first case there is a slightly greater difference
at the end, in the second, there is less.

The inference is then, that the change from the use of one kind
of unit to another in expression of one and the same performance
makes an appreciable ehange in its interpretation.

Fig.l
g Gross Amount (a; R Percentile Amount (a)

irae ---.,E’ercentile time taken

Suppose however, as is sometimes the case, it were desirable to
compare one individual quantitatively with another, it ecould be
said from the first form of presentation that A and C improve
equally, and half as much as does E; and that B improves three
quarters as much as D. In the second case it might be said that no
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two subjects improve equally though A and D are nearly equal;
that A improves three times as much as C, and three quarters as
much as E.

Evidently the value of such statements would be eonditioned by
the nature of the test, for units near the physiological limit would
not be equal to those in the lower ranges. In a test such as mental
multiplication, the gain of the last few units may be far more diffi-
eult than that of the first many. In a eancellation test, the units may
possibly be of rather more equal diffieulty, conditioned as they are
Ly faetors of amount of eye movement necessary, and rejection of
wrong stimuli. In a feat such as juggling with balls, the first three
or four units may be harder to gain than fifteen such units later.
In other words, sharp slants or a platean may be produced by the
nature of the variations in the real value of the units scored as equi-
valent, so that a *“typical’’ eurve for certain work may really exist.

If, as is more customary when individuals are to be compared,
the method of percentile values is used, the above table of gross
scores becomes:

TABLE XXXIX
PERCENTILE AMoUNTS DONE

Total Gain
- T 100 120 140 160 180 200 200 100
e -l 133 177 177 188 158 200 T4y
2 g A 100 100 100 120 130 140 150 50
T i s 100 150 183 200 200 250 300 200
B i 100 140 150 200 240 250 300 200
e 100 129 156 171 188 212 230 130

ATl ciam 15 bl

From this it eould be said that D and E improve most and C
least.

Again turning this table into units of time taken and expressed
in percentile values of the starting point it becomes:

TABLE XL
PERCENTILE DECREASE 1N TIME TARKEN

Totnl Improv
ment!'arpﬁu?

¥ TR S Timd 83 il 632 5a alk o0 a0

Boaeena 100 Vi3 a6 bili] H3 oa al 1l

[ A 1, 100 10 83 FiLE] i | GG, 6 83.3

| S 100 fifs o4 a0 50 40 33.3 6.6

{ i R, ] T 71 55 50 43 a6 23.3 fifi. 6

Average 100 T 67 60 56 560 46
A, vuns N 0.8 9.8 10.8
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As from the preceding table, the conclusion would be that A and
B make equal gain, that so do D and E, and that C gains least; but
whereas before C’s gain was half A’s and B’s, and one fourth D’s
and E’'s, now it looks like one half that of D and E. Again, in each
table of percentile values the A.D. tends to inerease, and evidently,
since in the curves the starting point is a common zero, they in-
evitably diverge later, and might be interpreted to mean that differ-
ences increase by practise.

In general then, this particular use of the method of percentiles
must confuse the issue unless each individual's starting point is
given, 1. ¢., unless some statement of gross scores is also made.

Working over the original scores given above by both Smythe
Johnson's and Amberg’s methods, the percentile increase is as

follows :
A B B D E
Smythe Johngon ......ccveun00 23 19 15 38 40
IDEEE o fisle £, &y o s A Sk 32 29 19 53 56

Here the subjects keep the same relative position, though the
statements of how much more one improved than the other would
not be alike in the two cases. E improves most and C least is all
that can be said.

Just to put these varying interpretations into strong contrast
the following table has been prepared, giving for six ways of ex-
pressing the facts very varying answers to the question of relative

improvement.
TABLE XLI
IMPROVEMENT OF SEVENTH OVER FIRST PRACTISE PERIOD IN
Gross Gross Time Fercentile Percentile Time
Individual ‘I."irﬁﬂllllgfu ‘ﬁr'umj nit wﬂﬂuﬂmu WurII.:E Elnlt B} o?:r:ﬂ:m By Amberg
B e ey 150 100 50 23 22
S e R S S 9 83 100 50 19 29
e a0 50 3.8 15 19
18 e R 12 167 200 6.6 38 it
1 i ol 1 200 200 66,6 40 56
B e 8.2 130 130 53.3 27 27.8
Gained most ....... D E DE DE E E
Gained equally ..... AC None Dand E Dand E None None
Aand B Aand B
Gained least ....... AC [ o C C L
Other statements E gains E gains E gains E gains E gains E gains
twice as four times twice as twice as between nearly
much as as much much as A much as C two and three
Cor A as C and four three times
times as times as as much

much as C much as C as C
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One more such case will be considered, but, for brevity, instead of
the similar four first tables and eurves only the first and last scores
in gross amount of work done by four subjects in 10 units of time
is given, and a set of comparisons worked out as in the table just
preceding.

TABLE XLIT
IMPROVEMERT OF LasT OVER FIRST PERIOD OF PRACTISE IN
Gross Gross Time Percentile Percentile By
Eeore Indi- Amount Amount  Time Emythe
First Lagt vidual Work Units Work Unit Work Jnits Work Unit  Johnson By Amberg
20 30 W 10 17 50 66 14.7 17.3
12 20 X 8 33 66 40 19.2 19.6
15 23 o 10 26 66 40 23 27.7
16 24 & 8 21 a0 33 14.5 17.0
ATOTRIE oowaoiasisiinwints ] 24.2 o8 45 17.8 20.4
Most 8D .......veennns WY X XYy W X Y
Equal gain ............. WandY None XandY XandY None None
Xand Z Wand Z (Wand Z) (W and Z)
Least gain ....... SRTp X2 W W 2 Z Z Z
Other statements ........ W gains W gains W gains W gains W gains W gains
more less equally  twice slightly  slightly
than Z  than Z with Z as much more more

as 2 than Z than Z

The conclusion would be that if one wishes to compare one indi-
vidual with another in rate of improvement, or one individual’s per-
formances in two different kinds of tests, any statement based upon
a comparison of difference between the last score and the first score
will be seriously affected by the kind of units chosen, and may be
the more misleading the more definitely comparative they are made.
All of these methods alike ignore the aetual starting and finishing
points which might be useful objective data, and may outrage the
sense of fairness by equating units taken from different points of the
seale. Thus it seems absurd to eall A and C equal becanse each
gains 5 units, since they start and finish at such different points.
But to imagine that expressing A’s performance as 100 per cent.
gain, C’s as only 50 per cent. and therefore conelude that A does
twice as well as C, may be equally absurd, sinee it may be no nearer
the truth than was the first statement. There is no magie in per-
centile statements, exeept it be in blinding people to the actual
efficiency of a performance.

Then too, useful information may be obseured by stating merely
the amount of gain or loss whether in gross or percentile statements,
information which the full tables would have given and which is of
interest ; such as, in the first example, that at the start C is much
better than E, but after seven periods of practise their performances
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are equal, and that A after practise reaches only the point where C
started. Also from the second example, W who was best at the start
maintains his lead and is best at the finish; X who was poorest at the
start was also poorest at the finish. Faets such as these are not
brought out by a mere statement of gain, nor by the percentile
tables and eurves, though they would be by the gross amount tables
and curves; yet they are of value in application to everyday tasks
where objective norms must hold in speed and aceuracy.

At this point examples may well be given of the treatment actu-
ally given to practise records—or fatigue. Gilbert®” argues in favor
of the percentile measures thus: ‘‘To have expressed the fatigue
merely by the difference between the two rates of tapping would not
have expressed the truth: e. g., one child who tapped 19 and 15 for
the respective periods of 5 seconds lost a great deal more than
another who tapped 38 and 34 respectively : each lost 4 taps but the
first lost 21 per cent., the second only 11 per cent.”” His eurve shows
the average per cent. of loss for each age, which means for eleven-
vear olds, that children whose records were 30 to 24, 35 to 28, and
25 to 20 were considered equal. Later he says, ‘The average boy
. .. taps 29.4 times in five seconds, the average girl taps 26.9 times,
thus tapping 8.5 per cent. slower than boys. The average boy . . .
loses 18.1 per cent. by fatigue, the average girl loses 16.6. In other
words the bovs lose 1.5 per cent. more by fatigue and yet tap 8.5
per cent. faster. This leaves the balance greatly in favor of boys.’’
Elsewhere, however, he does give a table of gross averages.

Wells, in a report read before the New York Branch of the Amer-
iean Psychologieal Association in 1910 quoted some practise results
in two different tests without giving starting points, concluding that
as there was 71 per cent. gain in one test and 94 per cent. in the
other, there was greater gain in this than in the first. In a published
article on practise in free association® the eurves in that test are
plotted on the gross decrease in units of time; but when comparison
is made of suseceptibility to practise in this test and in two other
tests, no gross figures for the others are given at all but only the
ratio of the mean of the nineteenth and twentieth days to the mean
of the first and second days practise, and the conclusions based on
those ratios.

Davis in his studies of cross-eduecation® gives no gross gains,
only the percentage. The ratio is taken on the basis of the first trial
which is called 1; then the result is stated that the left hand gained

® Yale Studies, 2, 1894,

8 Am. Jour. of Psych., 22, 1911.
® Yale Studies, 8, 1900,
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more than the right. In earlier work® on the same problem he
quotes initial and final seores, gross and relative gains, and plots his
CUrvVes in gross errors,

Woodworth and Thorndike™ carefully point out that one’s in-
terpretation of what equal improvement or indeed proportionate
improvement means depends upon what is taken to be the starting
point, and they recommend the use of at least two measures of ac-
earacy. They use the gross error, also the ratio of errors after
practise to errors before practise, so that improving from 166 to 130
errors or 78 per cent., is considered about equal to improving from
302 to 232 errors, or 77 per cent. Later a statement occurs, ‘‘the
improvement in—is not equalled in the other funections.”” Seven
vears later Thorndike gives this warning:** **In estimating individ-
nal differences in amount of improvement . . . the ratios listed
must not be taken thoughtlessly at their face value. For a person
to ehange from 400 seconds per example to 200 is not necessarily the
same amount of improvement as for him or another to change from
200 seconds to 100 seconds. The second is probably an improvement
which fewer individuals would be eapable of, which the same individ-
ual would take longer to attain. . . . To call the two equal as frac-
tions must not lead one to infer any thorough-going equality in
the facts which the fractions only partially represent. . . . In fact
every measure of improvement by a gross difference or by a ratio
must be accompanied by a statement of the initial or final gross
actual ability.”” Such statements are given both in this and in later
work,* where no conclusions are drawn as to whether one individual
improved more or less, especially by how mueh more or less than
another., In presenting a curve which might be representative of
the general law of change, whether from the beginning of the test
to the end, or between two arbitrarily chosen points each within
every individual’s compass, it is plotted aecording to the central
tendency of a series of points determined for each individual by the
formula

first score—score in question
 first score—last score

But this average or mean curve is characterized as mongrel sinee
changes in the rate of improvement are due *“‘to the action of radi-
eally different laws acting on different individuals according to the

® Yale Studies, 6, 1808,
" Payeh, Kev., 8, 1801,
= Am. Journ. of Psych., 19, 1908,
® Am, Journ. of Psych., 21, 1910,
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different physiological changes in them to which the improvement
is due.”

It would seem then that the answer to the guestion ** How much
relative improvement is there, or how mueh more does one individual
improve than another?’’ can be given only for some arbitrarily
chosen definitions of ‘“how much’ and ‘“how much more.”” The
nature of the work, the inevitable relativity of the starting points
and of the units, and one'’s preferred method of interpreting sta-
tistics will all modify such answer. What must be done is to keep
the first factor in mind, to present the second fully, and in more
than one way, to be wary and undogmatic as to the third, allowing
others to be the same.

There are other questions commonly asked, however, and
answered simply from examination of curves plotted according to
gross amounts, or somewhat variously by the use of certain formule,

For example, it is of great importance in relation to measure-
ments of the relative parts played by heredity and environment in
producing the differences between individuals to determine whether,
and how far, different amounts of training account for individual
differences. The most usual and convenient measurement is of
whether and how far equal amounts of practise will reduce individ-
ual differences. To make this measurement one might:

1. Examine the average deviations from the average at the first
trial, and also after practise, and compare them directly. Then ae-
cording as one’s units of measurement increase in amount or de-
erease in time or error, so will the deviations in all probability.

2, Use the formula

A:v for both beginning and end, and make
comparisons.

- and compare.
Av.

4. Study the ratio of the range at both the beginning and at the
end, by finding in each case the ratio of best to worst, second best to
second worst and so on, and comparing each such ratio with the
corresponding ratio at the end.

Moreover any of these four methods could be applied not only
to the first and last scores, but to averages of the first few and the
last few, or the middle, or to each if necessary. Using all four meth-
ods on the two examples given, the figures would stand:

3. Use the preferred formula
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TABLE XLIIT
Froxm EXAMPLE 1
Gross Amount Gross Time Per Cent, Amount Per Cent. Time
First Last First Last First Secomd Last First Second
AVOTAEE +uovinne T 15.2 233 103 100 230 100 46.06
Oross A.D. ..... 2 2.24 G 18.6 0 15 il 0 88 105
¥ el BT A el 208 148 25% 18% 0 11% 24% 0 12 235
A.D/VvAy. ..... To# OTs 3935 183g% 0 13%2¢ 369¢ 0 1108 1548
Worst and Best . 2.00 1.80 50 55 0 150 2.00 0 .66 50
Neaxt Worst
¥t Dt }- 1.80 1.20 S5 B3 0 118 1.50 0 .85 60
or from twiea or from half or from 1.50 or from .66 times
as good to 1.80 as good to as good at the as good at the
times as good .55 as good second trial to second trial to
twice as good only half as good
TABLE XLIV
FroM EXAMPLE 2
Gross Amount Gross Time Per Cent. Amount  Per Cent, Time
First Last First Last First Last First Last
AVEIEEE . .iaaers 15.7 247 i 41 100 139 100 633
R L N 22 2.7 0.2 4.5 0 1.9 0 8.3
AD/Ay, ..... . 14g 108 14 11 1] 13% 0 bs
A.D/VAv, ..... bT#¢ Dbi« 114g 708 0 161 0 42
Worst and Best .. 166 1.50 A0 Rilid 0 1.16 0 91
MNext Worst
Next Best } 1.06 1.04 A4 5 0 1.16 0 g1
or from 1.G6 from .60 as
times as good  good to .66
to 1.50 times ns good

ng good

From the tables in gross amounts it would be eoncluded that
individual differences tend to inerease with practise; but the terms
in which the score is kept, and the method of ecomparing variations
make a great difference in the apparent amount or ratio of that de-
erease. The last method illustrated needs perhaps a word of eaution.
In the second column—although the ficures inerease from .50 to .55
and .60 to .66, this means a deerease in differences of range, as the
interpretative readings added for both the first and second columns
show. Obviously, in the next two columns by the percentage in-
crease or decrease scoring, individual differences must be shown to
inerease by practise, sinee all are made to start equal. The answers
to the questions obtained by such methods are then necessarily
absurd.

Therefore in using any of these four methods to examine the
variability one should again: (1) beware of being misled by the kind
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of units used, both at the chosen starting point and at any point
in the practise series: (2) prefer gross to percentile measures of the
ability in question: (3) remember that only general tendencies are
given, not specific comparisons.

Even the fourth method would not make comparisons always
between the same pairs of individuals unless they happened to retain
their relative position all through the series, sinee 1t is engaged in
studying the range whoever may be at or near the extremes. But
this very point of individual eomparisons is also of interest—whether
the one who is best at the start is also best after praectise even though
the curve may have a less sudden slant than that of the worst at the
start, and whether those who start with a poor record will still be
poor, or the poorest at the end. The fourth method could be modi-
fied to answer that, but there are at least two common procedures.
One is to compare the position at the start with the total gross gain
or percentile gain or both; the other is to rank all individuals at
their first trial and at their last trial and eompare the rankings.

By the former method, applied to example 1, between ability at
the start and gross gain there is eorrelation of —.32; between ability
at the start and percentile gain a correlation of —.55, from which
the inference wonld be that those who start well gain less than those
who start poorly.

By the latter method (used by Wimms™ in his work with school-
boys in various mental tests) correlating by the ‘‘foot-rule’’ method,
B=—_.76.

Even this ranking method has been variously applied. Wimms,
for instance, also tabulates the percentage increase of each of his
subjects from the first to the last series of tests and ranks his sub-
jects accordingly. He then finds that the two ways of ranking, this,
and by numerieal difference of absolute achievement in the last
series, do not agree,

Oehrn,*”® whom Wimms quotes, after stating that practise has
two effects, that of shortening the time for snccessive groups of trials,
and that of reducing each subject’s variability in series of such
groups, ranked his subjeets first in deerease in gross time taken, also
in percentage of reduction of wvariability, and found that the two
ways of ranking were not proportional. His correlations are based
on the ranking for the time taken. In his work too he introduces
another point as the basis of reckoning for the ‘‘work-curve,’
namely the maximum performance of any individual, which he says
is a better standard than the starting-point because more constant

o Brit. Journ. of Psych., 2, 1907,
% Psych. Arbeiten, 1, 1806,
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for each individual. This is rather a novel procedure, which though
it may have suited his conditions—continuous mental work for two
hours measured every quarter of an hour—would not suit work like
Bair’s or Bryan and Harter’s where the maximum performanee was
emphatically not a constant.

In general, this ranking method tells preecisely what a direct in-
spection of individual eurves would do; but sinee with large groups
it would be inconvenient and eonfusing to plot all the enrves, tables
of ranks would be likely to give direet information about relative
improvement., If the question were *‘ Are those who are best at the
start also best at the finish?'’ then ranks in initial and final tests
would be needed. If the question were Do those who are hest at
first improve most or those who are poorest!’’ then ranks by the
initial record and total inerease would be needed. The absolute gain
would be the more objective record perhaps, but here, at least, so
long as gross measures are available, a percentile or proportional
gain would not be misleading, and would often give just the practi-
cal information required.

Now this tedious elaboration has been based on simple and sup-
posititious records, solely to bring out possible diserepancies in
results and conclusions aceording to the use of one method rather
than another. Actual published results could be worked out in the
same way and contrasts drawn. That would, however, be beyond
the scope of the present investigation.

That the practise or rather the ‘*work-curve’’ may be compli-
eated beyond easy and rapid inspection, Kraepelin has endeavored
to show®® when he takes the record of one subject in continuous work
for two hours and at great length analvzes and plots enrves for at
least seven factors: practise, fatigue, adaptation (or warming-up
period), inelination (or attitude towards work), initial and final
spurts, the desire to improve, and recovery by rest. He points out,
too, the difference between morning and evening workers, and the
effects of a recent meal or period of sleep.

Who would study individual differences as revealed in or af-
fected by practise has no easy task.

2. REesSULTS FROM A SPECIAL SERIES oF TESTS

So far in this study, the statistics of practise with the short or
long term groups have been confined to the starting point, average
and finishing point in gross amount for each group, with no com-
parison of individuals. Too few subjects made up the long-term
group to make any extended comparisons worth while, and the larger

® Phil, Studien, 19, 1902,
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group made too few trials with most tests to do more than indicate
the trend of individual curves at the beginning of practise.

Also, the results have been stated as if a typical curve for a test
or a group of tests eould be determined. But it is a question whether
individuals will not differ so much in their improvement with any
test as to make the average or mean eurve unreliable, or rather
representative of nothing. It is also a question whether an individ-
ual’s improvement in one test will not so parallel his improvement
in another as to make his curve typical of him rather than of the
kind of work. Or again, a ““motor minded’ individual might show
a different rate of practise in a motor test from one who is an abstract
thinker, and different also from his own improvement in another
field. In other words is ‘‘the practise curve’’ that of (1) the kind
of work, or (2) of the general abilities of an individual, or (3) of
special abilities of individuals?

In the hope of getting a little light on this problem, a further set
of tests was undertaken with a larger group of subjects, a long
period of praetise, and with five tests of presumably very different
funetions.

Supposing tests could be selected with whiech the subjects had
had no previous experience, then if all show slants and plateaus at
about the same level of practise judged by time or amount, the
eurve would be typieal of the kind of work. If there is greater re-
semblance between all eurves from one individual than between one
individual and other, then the eurve is typical of the kind of per-
son rather than of the kind of work. If any one subject’s eurves in,
say two motor, or two mental tests, resembled each other and were
unlike the mean eurve, but in tests of some other function were like
some other individual’s eurves, then the eurve is typical of special-
ized abilities in individuals. Lastly, if the mean curve for one in-
dividual in several tests is indistinguishable from the mean curve of
several individuals in one test there would be no evidenee one way
or the other except that practise must produce the same results in
people whatever the work, and so must reduce differences between
people.

In order to discover which of the above conditions would prevail,
a group of subjeets was put through a period of practise for twenty
days, exeluding Sundays, in November and December of 1909.

The subjects, nine in number (the tenth did not continue suffi-
ciently long for any use to be made of her records) were all women
selected from among Teachers College students on the basis of their
needing finaneial help in working through college and so responding
to an appeal for subjects. From the group those were used who
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could give from one and one half hours a day at the beginning to
whatever time the tests took at the end of the period of practise, al-
ways at the same time of day. Four distinetly different nationalities
were represented, and five different departments in the college.
One was constitutionally delicate, two others showed signs of strain
and worry, the other six were in good health. One was over forty,
one over thirty, the others under twenty-five. Their college stand-
ing for the year 1909-10 was also examined, and they themselves
were carefully observed for general temperament as revealed dur-
ing the practise of one test. These faets are tabulated below:

Subject Nationality Department Health Relative Coll
Age Standing

i A e American Mathematics Delicate Young Good
B van it s Ameriean Eng. & Dom. Sei. Tired  Over 30 Very good
R e e s Hussian Jewess (German) Good  Young Variable
H. .........American English Good Young Poor
9 1 S German Domestic Art Good Young Fair
Nb. .......0. American English Good  Young Good
PR American English Good Young Fair
Blah: oiiirces German Grerman Good Over 40 Good
L i e L Jewess Physieal edueation Strained Young Fair to good

The tests selected were five in number: one for aceuracy and
speed in movement, one for sensory diserimination, one for diserimi-
nation plus movements, one cancellation or perception test, one
purely mental test., The tests were explained orally to the sub-
jeets and demonstrated, after which a manuseript book was given
to each with the directions for each test written out, and spaces pre-
pared for the required entries. The subjects were asked to seleet
whatever time of day was most convenient for them, and to work
always at that time through the whole number of days that the tests
lasted. Four of the tests were thus practised independently and
always in the same order; but for the diserimination of lifted
weights, which test needs of course an observer, each subject came
at an appointed hour.

For the first test the curved maze already deseribed (see page 87)
was used. The direetions were as follows:

““1. Place the maze so that the words begin here are at the left-
hand bottom corner. Do not turn the paper about during the test.
See that you have a sharp peneil.

*“2, Note the time when you begin: (wait until the second hand
of your wateh is at 60),

*“3. Draw a line between the two lines of the maze without touch-
ing either, working as fast as you can.
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““4, Note the exact time at which you finish, entering both times
in the proper columns opposite.

““5. Write your name on the blank, also the number of the ex-
periment.’’

The spaces ruled for entry were headed:

Date  Time of Day  Physieal Condition Time at Start  Time at Finish

In this third column they were directed to grade their felt con-
dition from A, excellent, to D, miserable. Thus a check of health
and weather could be applied to each subject’s performaneces.

The “‘purely mental’’ test consisted of three sums in mental
multiplication of a three-place number by a three-place number.
The directions were: :

‘1. Beginning at the middle of this book you will find, under
day 1, 2, ete., three sums to be multiplied, each 3 ficures by 3 figures.

‘2. Cover up all but the one to be worked ; take note of the time.

3. Multiply it mentally. Do not write anything at all till you
get the final answer, then write that down.

““4. Reecord for each sum in the appropriate column the time at
the beginning and the time at the end. Do not rest more than three
minutes between examples.”’

This wording might have been still more explicit, but the sub-
jects understood that ‘‘take note of the time’’ meant to write it
down, and also that the recording was to be for each sum, not after
all three were finished. The spaces for entry were headed :

First Sum Becond Sum Third Bum
Time at Time at Time at
sStart Finish start Finish Btart Finish
Day 1.
Day Z.
Ete.

For the sorting test, Dennison’s eolored cardboard counters 114
inches in diameter, 14, of an ineh thieck were used, and for the “‘box,”’
the 5-cent size ice-cream carton. The directions were:

““1. In the little bag are 50 eounters all of one color; in the box
are 50 counters of five different colors. Empty the varied ones into
some convenient place, and empty the bagful into the box.

‘2. Distribute the 50 from the box at random into five piles. In
doing this nse one hand only, and pick up only one at a time. Work
as rapidly as possible. Do this twice, just for praectise in manipu-
lating the ecounters. Return them to the bag.

‘3. Bhuffle the 50 mixed colors well, and put them into the box.
Time yourself as in the other tests, and sort the 50 into five heaps
according to color, using the same care in handling as before. Re-
cord the time at the finish.
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““4. On the 1st, 10th, and 20th days, record also the time before
and after one distribution of the 50 all of one color.”

Spaces were prepared for the entries of time at start and finish
each day as before, also for the three additional entries.

For the cancellation test, two copies of each of two back num-
bers of the Journal of Philosophy, Psychology, and Scientific Meth-
ods were provided for each subject. From these certain pages were
selected which were fairly evenly filled with print, in the hope of
getting about the same number of a’s for each experiment, also about
the same number of lines for the eye to traverse. Previous work
with this test had shown how soon a blank is memorized, so that it
seemed advisable to use more ordinarily available reading matter.
Pages of a foreign text would have been still preferable.

The direections were:

““1. Find the pages for the day: be ready to turn over quickly.
Note the time.

““2, Mark, on the pages designated every small print @ you see,
going line by line over the two pages. To underline is the quickest
method.

**3. Note the time at start and finish as before.”’

The spaces for entry were headed as before, besides indicating for
each day exaetly which pages were to be used. A second trial with
the same page was made only four times, and then it came at least
ten days later than the first trial, so that there was practically no
memory of the loeation of the a’s. The average total number of a’s
for the daily task was found to be 338, but unfortunately with a
large range of from 268 to 410, which complicated the latter caleu-
lations very much.

For the lifted weights test thirty weights ranging from 40 to 130
grams were prepared. These were unpainted wooden cylindrieal
boxes containing lead or small shot to make up the required weight.
Six of these were used as standards of comparison, a 40, 55, 75, 90,
110, and 130 box, so labelled, and kept apart by themselves to the
side of the twenty-four test boxes. Of these, there were nineteen
different weights ranging by differences of 5 grams from 40 to 130
grams, and also six duplicates, one each of the 45, 60, 75, 90, 105,
and 120 gram weights. It will be noticed that of these duplicates
two are identieal with two of the standards. By using six standards
seattered through the range, and by using steps of five grams it was
hoped to make the test easier and therefore likely to be completed
more rapidly than if merely one of the extremes had been used as
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the sole standard or if very fine discriminations had been necessary
(see Thompson’s work®),

The twenty-four test weights were arranged in three rows of
eight, and daily rearranged in a different order with care to avoid
strong contrast effects and consequent probable illusions. Secret
marks on the side nearest the observer permitted immediate and
rapid cheeking up of the judgments made. For the first two days
preliminary experience was allowed in hefting the six standard
weights and one or two test weights. Thereafter the subjects began
immediately upon the test.

The first box in the nearest row was hefted with the fingers of
the right hand, then one of the standards, whichever would be
selected as probably the nearest, then the judgment was generally
made in terms of grams. However the subjects were free to try
another standard if the first was presumably not near the testbox
in weight and then to heft the testbox again. In this way emphasis
and help were given to making correct judgments. No fixed speed
was insisted on, but a check was kept on the total time taken daily
for the whole set of twenty-four judgments. Only on three occasions
were subjects hurried up, and them when they had exceeded 25
seconds in arriving at a judgment. Otherwise the aim was to leave
the subjects as free as possible.

Each subject came 16 times for this test, though as all did not
begin on the same day, any particular arrangement of the boxes
would not fall on say the fifth trial for everybody. After a certain
date too, each subject after having made a judgment was told what
the real weight was, in the hope of facilitating practise by this
means, Again, this additional means of training did not begin at
the same point in the series of 16 tests for each subjeet. In the
eurves this point is indicated for each individual by a small eross.

In working up the results, judgments for weights below 60 g.
and over 105 g. were not used, in order to avoid the influence of the
““end error.”” The eurves then are plotted from the average error in
14 judgments of 10 different weights from the middle of the series,
4 of which were duplicates and 2 of those duplicates identical with
2 of the standards. This leaves a total of 2,016 judgments instead
of 3,024,

The method of seoring was to enter immediately the errors in
grams, plus or minus. After the date on which the subjects were
told the real weights, the last 12 judgments of the 24 were recorded
in ink instead of pencil. In this way could be found (1) the average
error with each weight for each subject, (2) the constant error for
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each weight, (3) the average error daily, (4) the constant error
daily, (5) the improvement daily during the test.

Below is given the average error for each weight through the
whole period of practise:

45 50 55 60 65 70 75 B0 85 00 65 100 105 110 115 120
44 5.7 61 63 78 72 71 91 78 746 83 82 709 73 5§55 53

From this the influence of the ‘“‘end error’ is clearly visible,
though not so far into the series as it had been expected. The
weights of 75 and 90 grams do seem to show the benefit of both their
identity with the standards and the double praetise they received;
the 60 grams perhaps shows the double practice benefit, but the same
can not be said of the other weight, the 105.

Table XLV gives for each subject for each day the average error
and the constant error for the set of 14 judgments. The scores in
italies show the first day on which additional help was given by being
told the real weight.

In general this shows a slow reduction in the average error for
each subject, a tendency to a positive constant error, a disturbance
in the constant error on the day of the change in method, and that
the greatest fluctuations occurred between the first and second trials.

Eight other individuals also took this test in this form onee each.
For these control cases are here given also the constant error and the
average error for the set of 14 judgments.

TABLE XLVI

Rank for Rank for
Apcuracy. Time.
Ind. Const. Error AV, Error 1 = Least Error 1= Least Time

1 <+4.3 6.4 4 g

2 + .7 17.2 3 B

3 +3. 3.0 1 i

4 —1.4 10.7 T 1

1 — 3 9.7 (3] ]

G —1.0 6.1 3 7

i —1.8 5.4 2 4

& + 9.6 0.6 o ]

AVErBEe. . . . cvvivennras 8.8

Compared with the first trial by the practising group, 11.1, the
average record for these is somewhat better. The curves as plotted
for each of the group of nine subjects from their daily average error
are shown in Fig. 2. The dotted line shows the most probable
“*smoothed’’ eurve. The two individuals most unlike are Go. and Sa.
The latter had the benefit of knowledge of the correct weight longer
than did the others; she was also the slowest of the nine. Go. gave

125
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the impression of being very careless and indifferent, she took about
half the time that Sa. did. Nb., who took about three sevenths the
time Sa. did and was the quickest, has a eurve more like Sa.’s than
has any one else. Taking the average of the first two trials and of
the last two (gross score), the gross gain, percentile gain, the time
taken on the average, and ranking the nine subjects by each of these
scores, we get:

TABLE XLVII
HRank at Rank at Rank for Av.  Gross Percentile Time
Btart. Finish, of Total Series Gain. Gain. Taken,
(L=Least (l—Least (l=Least (l==Most (1= Most (1= Least
Error) Error) Error) Gain) Gain) Time)
1 s e 3.5 8 8 7 9 T
n b e, ] 1.5 i} 3 2 4.5
e[| S 7 7 3.5 4.5 6 2.5
Heh, ..... (i) i 7 4.5 & B
N 2 a3 a o 8 G
e s 3.5 4 2 fi 4 4.5
L i PR 9 9 9 1 3 2.5
M 5 1.5 3.5 2 1 1
BB 1 3 1 8 7 9

from which the correlations by the method of rank differences are as
follows :

Position at start and at finish .................. BR=4.27
Position at start and average in the whole series........ =+ .45
Position at start and gross gain..............ccovveine —.08
Position at start and percentile gain.................. —.65
Average in whole series and time taken................ —.04

This means that, with these subjeets at least, their performance at
the first two days’ trial was relatively more like their average per-
formance than it was like their performance during the last two
days. Those who were poorer at the start made a greater relative
gain and a much greater gross gain than those who were better at the
start. Within the range of accuracy attained there was practically
no relationship to the speed of judgments.

For the control cases also the correlation of accuracy and speed
in this was — .07, very near the fizure for the practising group, and
meaning again practically no relationship.

To notice the improvement if any during the daily test the aver-
age errors of the first twelve and the last twelve judgments of each
subject were compared. The twelve were of course carefully dis-
tributed over the whole range of weights. The errors are as follows:
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First 12 Last 12
B s R SRR e 6.7 6.8
| - PR, L R e 5.1 5.5
P AR, e b 5.4 5.0
B i e s e 5.5 5.1
B B e e a1 5.3
SIS e R S 5.1 5.4
LRO, et ae e e 8.2 6.5
L e e 5.4 5.7
B R s e 4.1 5.0
ATOTRIe i i iR 5.6 5.7

There is no ““warming up’’ effect discoverable from the first half
to the second half of the test daily. On the whole there is secarcely
any difference, though for some subjeets there is a decided inerease
in error, which in Sa.’s case may be due to fatigue, since she was the
slowest.

The scoring of the a’s test was not so easy, because of unequal
numbers of a’s in the daily tasks of two pages each. Instead of re-
taining the gross time taken to cover two pages, it seemed fairer to
make the following reduction: find the time that would have been
required (proportionately) to cover a space including 250 a’s with
the same aceuracy as was actually shown for the whole two pages,
i. €., with the same proportion of errors and omissions. This redue-
tion is accomplished by use of the formula,

time taken
number marke

i w 260.

Thus, the score for a subject who in 420 seconds marked 286 a's is

420
286

This score is, essentially, the time for covering a given space,
and therefore grows smaller with inerease in efficiency.

In the following table are given the daily scores for each indi-
vidual, and also the total number of a’s in the day’s task. The
eurves as plotted from these scores are shown in Fig. 3. The great-
est difference is from the first to the second day’s trial.

There are several eurves fairly similar, Jb.'s and P.’s, for in-
stanece, also H.'s and Go.'s, perhaps E.’s and Nb.’s. When smoothed
out, there are seven very similar, namely those of all exeept H. and
Go. The two most unlike are Go.'s and C.'s, the former irregular,
showing a poor record at the start and a rapid improvement, the
latter very smooth, with a good record at the start and gradual but
steady improvement. In percentile improvement the two were
nearly equal.

¥ 250 = 367.
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TABLE XLVIII
Score 18 A’s Test
a's E. H Jbh 8Bch & P. Go. Nh Ba. AY.
Day Possible
L e e 200 42 882 550 208 463 542 933 611 508 803
A 314 461 892 596 374 367 480 558 51T 408 527
A e e 200 606 737 514 3530 371 3858 457 372 428 457
e A A 285 447 HO8 581 392 341 418 485 478 426 446
i o e L 402 502 497 413 314 366 390 418 414 413
i o e A el 374 595 520 418 352 326 33 312 416 298 403
Bt R o a0 e 355 395 496 408 442 287 257 273 B348 519 381
[ POR B T P, aJ6s 388 458 347 282 206 302 219 209 362 328
R 365 307 421 381 203 258 293 273 342 356 J2E
1K 318 365 517 360 373 285 341 334 310 417 367
B 404 270 409 214 323 285 329 238 324 382 318
o 1 331 484 347 209 280 383 281 I35 420 341
e 327 334 481 340 210 266 343 349 285 412 335
N e e J45 611 365 251 278 380 413 242 356 361
e e ey i Eo 206 520 340 277 252 343 350 315 365 341
1 B 360 209 453 815 262 289 312 308 275 327 308
o 234 304 465 325 170 267 207 326 204 360 312
BB e e 313 349 493 413 209 248 334 402 7 336 348
L e 410 270 431 347 246 179 262 271 279 327 291
e s 409 274 400 319 146 173 304 307 236 333 277
Average....... 338 380 534 354 203 2B 354 370 352 394

As before, comparing the average of the first two days with the
average of the last two days, taking also the average for the whole 20
days, the gross gain, the percentile gain, and ranking the nine sub-
jects for each of these and also for speed and for aceuracy, we get:

TABLE XLIX

Position At AVErAge
at Start  Finish Position

Gross  Per Cent.

1=8hort- 1=8hort- 1=Short- Gain Gain

est Time est Time cst Time 1=Most 1=Most
T e 5 4 7 4 5
1 . 9 9 1 4
Al e s 7 . 4.5 i 7.5
[ o] T o 1 2 2 9 7.5
[ S e 2 1 1 (i] 2
M TR 4 5 4.5 T 6
3o, . A i 6 2 1
D, s il (& & 3 3 3
Ba. cseesvs 3 7 B 8 8

Bpeed  Accuracy
l=Least 1=Fewest
Tima Errors

0 o ke S B9 S0 =3 D
B L0 o0 = T3 D e =]

The correlations by the method of rank differences are:

Position at start and at finish. ........c000cvevnennn E=.T8
Position at start and average position................ .58
Posgition at start and gross gaIn .. .vvvviivveranrans L
Position at start and percentile gain..............0unn —.38
Speed and accuracy..... G sirras =0
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Here the subjects kept their relative positions through the test fairly
well. Those who were poorest at the start made a greater relative
gain than those who were better, and had almost a guarantee that
they would make a greater gross gain. The quicker ones are rather
less aceurate than the slower ones.

In the sorting test one subject so misunderstood directions that
all her records had to be discarded; another so confused her first
nine entries that they too eould not be used; a third showed a care-
lessness in entering whole minutes rather than seconds. Only seven
and a half complete records were therefore available of which one
is not so reliable as are the others.

The following table gives the daily scores, from which the curves
as plotted are shown in Fig. 4. The scores on the three oceasions on
which the “‘control time for movements only’’ was recorded are
indicated on each curve by a eross. The missing curves are suggested
by a dotted line.

TABLE L
B8Ecoxps REQUIRED TO BoRT 60 COUNTERS
K. Jo. Bch, . P Go. Nh. Ep.  Average

D;? ........ 240 a0 150 120 240 150 145 162

A 120 a0 (il 60 180 90 B5 a8

P e 60 100 79 86 180 60 a0 a3
R L ) 85 55 o0 240 60 &0 a6

B il 60 170 56 ap 240 a0 T2 111

il s e a0 a0 65 95 240 a0 63 105

ey e 90 B0 55 65 120 90 114 58

B e mimimers T0 50 70 120 72 bt il

T et 1 SRS B al 50 120 T2 (it T
1 {| T 120 105 120 50 85 150 o4 77 a1
L 0 20 60 56 60 120 66 90 T4
A e s B0 60 100 53 68 120 GG 05 T8
B st o0 B0 B3 a0 60 G0 G0 i) 67
A 6 110 60 410 50 G0 85 100 71
e 45 50 a0 45 GO 60 60 (itt] 80
IF e 60 50 115 45 55 60 a0 64 62
A [ e 60 108 GO 45 G0 G0 G0 (i G4
I e s e G0 G0 90 45 61 G0 B0 63 63
L Lt LS e sl G0 G0 (il a0 G0 60 65 Gt G0
R (1] By 90 43 50 G0 50 65 60
Average ... 80 B4 85 BY 68 127 720 82

The curves most alike are those of P. and Nb., though when
smoothed out those of Sa. and C. are also similar. Those most unlike
are Go.—irregular and rapidly improving—and C., very regular
with almost all the improvement at the beginning. Since Go.’s scores
were so0 poorly kept, a better instance of dissimilarity might be C.’s
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eurve and Jb.’s, the latter showing great irregularity from day to
day and the reverse of improvement near the beginning.

Below are the rankings of the subjects according to position at
the start (average of two days), position at the finish, average posi-
tion, gross gain and percentile gain.

TAEBLE LI

i?slm At Finish Average Gross Gain  Per Cent. Gain
B l=Least Time  1=Least Time 1=Lmit Time 1=MostGain 1= h!‘.uaﬂlr Gain
A | TR S N 1.5 4.5 i) 7 7
Beh, .ovwiein. — 8 (7) 1 ]
R e s e 3 1 1 4 3
e i | o 2 2 6 G
B e e 7 4.5 8 1 1
14! [l R & 4.5 3 3 4
e e 4 T 3 5 b

Position at start and at finish ...........c00000uen B =156
Position at start and average position...........c.c0ut. a8
Position at start and gross gain......ccvcvevenernnnan —.02
Position at start and percentile gain. .................. —.86

Here there was more change in the relative position through the
test than in the marking a’s. It should be noted, however, that the
““positions’’ were very close together at the end sinee nearly all got
down to about 60 seconds or slightly less in handling the 60 counters.

Again therefore, since all finish nearly alike, those who were
poorest at the beginning made the greatest relative and gross gain.

In the mental multiplication tests only digits from 3 to 8 were
used in the multiplicand, and from 2 to 7 in the multiplier. In ar-
ranging examples eare was taken to have no two consecutive figures
alike in both multiplicand and multiplier—to minimize unnecessary
confusion. The subjeets all dreaded this test at the outset, but after
two days’ work with it they gained confidence in their ability. No
suggestion was given any of them as to using or discarding visunal
or auditory imagery, nor as to devices for lessening the number of
fizures to be remembered. But they were asked to note any change
in attitude or method that helped or hindered them. The following
notes are interesting.

E. after the seecond day decided that a paunse between examples
was not worth while. For a time she visualized a series of dots as a
help in placing partial produets.

H. found it better to do her adding as she went along rather than
to keep one partial produet in mind while getting another,
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Jh. disearded visualizing as it was a hindrance. She tried saying
the partial produets alond for awhile, finally took to adding two
partial products before finding the third.

P. also hit npon this method as early as the third day and kept
to it thereafter.

C. oeeasionally adopted a deviee, such as, with a multiplier like
625, dividing by 4 instead of multiplying by 25. This was seldom
possible however. Oeceasionally she noted that the answer seemed to
come automatically, in one process without econsciously thinking
through the steps. ‘It opened out before me.”” C. was specializing
in the mathematics department, so was probably better prepared
with devices and antomatie ealenlations than any of the others.

In scoring this test, errors were penalized by adding on .2 of the
time taken for 1 error, .3 for 2 or 3 errors, .4 for 4 or 5 errors, and
.5 for 6 errors in the final answer. As it happens, subjects who are
usnally aceurate seem doubly penalized by this, since with them the
eonsciousness or suspicion of error lengthens their time in any case,
whereas with the habitually inaceurate an error more or less made no
appreciable difference in the time taken.

Records for each of the 60 examples were kept to see if any par-
ticular one was much more diffieult or easy than the rest: but both
zood and bad scores were made with almost every example, and none
could be singled out as specially diffieult or easy.

In the table that follows the daily average score for each subject
is given, that is, the average score on three examples for 20 days.
The enrves as plotted from them are in Fig. 5.

As each point on the curve represents an average rather than a
single trial, the curves may be considered partly smoothed already.
The two most regular and most alike are those of C, and Sa.; the
most irregular is that of Sech.; the most unlike any other is that of
H., though after the sixth day when her scores are within the range
of those of the other subjects, her curve is more regular, and not
unlike E.’s or Jb.'s.

The curves representing separately the factors of speed and ae-
curacy are shown by a continuous and a dashed line respectively in
Fig. 6.

From this it will be seen that there is very little if any improve-
ment in accuracy, but a good deal in speed. Also, of the most ac-
curate subjects, I. is the slowest, Nb,, C., and Sa. are the quickest.
Also that there is more individual difference revealed in speed than
in aceuracy, judging by the amount and regularity of improvement
in each.
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The same general conclusions would be drawn as for the other
tests, except that there is a slight positive relationship between speed
and aceuracy. Possibly the quasi-automatism in the familiar arith-
metic processes noticed by C. may aceount for this.

In the maze test the scoring was done—as with other subjects—
by adding .1 to the time taken for 1 or 2 touches, .2 for 3 or 4 touches,
.3 for 5 or 6 touches and so on. The daily seores resulting are given
below and the eurves plotted from them in Fig. 7.

TABLE LIV
E. H. Jh. Beh. C. P. G, Nb. B Average
216 150 174 118 165 170 288 165 172 154
204 195 264 121 198 154 240 174 333 209
180 180 143 117 187 165 90 180 280 169
216 180 159 150 198 130 306 180 195 190
192 165 121 135 181 148 06 180 272 166
168 165 154 153 160 143 192 132 290 173
216 135 176 L 181 165 228 148 259 177
216 150 224 117 190 135 228 161 281 189
185 150 120 132 1640 182 264 144 215 173
168 150 221 117 209 152 105 1638 244 171
122 151 108 B4 176 140 144 158 316 159
168 195 187 154 140 128 108 156 247 165
144 181 120 1040 160 130 132 132 203 145
144 180 100 ] 190 132 108 135 210 139
126 180 142 156 130 139 114 110 212 145
168 165 B8 121 140 182 108 85 210 141
132 198 120 &89 120 115 108 108 190 131
144 150 168 H i 145 135 102 117 231 143
144 148 LI 06 143 165 120 135 231 142
144 120 1] 144 165 144 102 120 82 123
Av,. 171 162 148 117 162 147 159 144 238

It must be remembered that these are only single trials: also,
from experience with other subjects, notably the long-term group
and R. and Wy, that a conscious attention to speed is accompanied
by decreased accuracy. No track was kept by these nine subjects
as to whether they attended more to speed or to aceuracy. The oral
directions emphasized the latter, but the general conditions of the
test—timing themselves and having to enter the time—would prob-
ably emphasize the former. From these facts then very irregular
curves would be expeeted, which is exactly what is shown.

Gio.’s apparent regularity in the second half is due partly to her
careless entries of whole minuntes, partly to her consistently high
number of touches. T.’s comparative smoothness is due to her al-
most perfect record for aceuracy. When these curves are smoothed
out C. and P. are most alike, 8ch. and Sa. most unlike.
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The rankings arve given below as for the other tests, and also the
correlations worked out from them.

TABLE LV
Avernge

At Start At Finish Position Speed  Accuracy Gross  Per cent.

(1=Least (l=Least (l=Least (l=Least (l=Fewest Gain Gain

Time) Time) Time) Time) ches) (1=Most) (1=DMost)
1R, G 8 4 8 5 5
1= e 4 a3 6.3 8 1 (i (i}
Jb. G 1 4 ] a9 3 2
Beh, ... T 3 1 a8 T 4 4
B) i 3 7.0 6.5 T 3 8 8
e i 1 7.5 3 [ 4 9 9
¢ ol & 2 i) 1 8 1 1
Nb, . 2 4 2 ] (i 7 T
Sa. . 0 9 b 9 2 2 3

The eorrelations are:

Pogition at start and at finigh .......ccviiinnis E=—21

Position at start and average position.............. .33

Position at start and gross gain...............0unn —.95

Position at start and per cent. gain................ —90

Bpood Bl SrEETEIT . .o sm o s pmin 5o s e A n R —.93

In this test the subjects do not keep their relative positions
throngh the series; and, as might be expeeted, speed and aceuracy
are almost completely inversely correlated.

Now to examine the data for answers to the questions raised:
first, is a mean eurve for a test representative of the test or do indi-
vidual enrves differ too much from it and each other to make it re-
liable 7 . After all, sinee any average tells little unless accompanied
by a statement of the variability, and since a eurve of practise is
nothing but a series of such non-significant averages, one would not
expect a mean eurve to be representative of anything beyond the fact
of change. Still, the changes in rate of improvement as shown by
the mean curve may be different with different functions, or there
may be one typical eurve of practise to which all funetions approxi-
mate. In Fig. 8 are shown five mean curves, one for each test.
That for the maze is aceompanied by a seattering of dots to show
the distribution of the nine around each average point; that for
mental multiplieation is accompanied by the two most distinetly dif-
ferent curves, those of H. and Sa. to show the range. Without these
representations of wvariability there is nothing to distingunish one
curve from the others. All alike show greater improvement near the
beginning and only slight irregularity after about the seventh day.
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All the functions do seem to approximate one typical law for changes
in the rate of improvement.

The second question, are the changes in the rate of improvement
different with different individuals or is there one typical curve of
practise to which all individuals approximate is answered so far as
these data go by Fig. 9. In this are shown the nine sets of smoothed
eurves, one for each individual. Those for C. and P. are different
from those of H. and Go., the former being level and smooth, the
latter with a sharp slant near the beginning. Sa. also belongs to the
former group, only her relative position in the various tests is very
different. Jh. and Nb. show a moderate slant in practieally all; E.
and Sch. have a mixture of types. This may mean that practise does
disclose easily recognizable individual differences, that some people
improve rapidly at first, others at about the same rate all the time.
Or it may mean only that giving a few trials shows at the beginning
a great range of abilities and that the range is lessened with prac-
tise. Those who are poor in ability have the greatest leeway to make
up and so improve rapidly, while every one improves rather slowly
once a certain degree of ability is reached. Thus if comparison is
made after the sharp initial slant is over, individual eurves will re-
semble each other in form very closely. In general it seems most
probable that if all individuals could start with absolutely zero
practise and their changes in rate of improvement up to the limit of
improvement be measured, that their curves would resemble each
other very elosely. The apparent differences as found are so largely
caused by the very different levels at which they start, as well as to
chance variations in their daily performances.

Individual differences do however oeceur in the consistency of
performance shown by the relative freedom from irregularity in
the slope of the eurve. If the irregularities of C. and Sa. on the
one hand and of E., Go., and Sch., on the other, were computed, the
general tendeney of the three last to more irregular progress than
that shown by the former two would be found much greater than
would be expected by chance. This difference is, however, simply
one form of the general differences in variability of performance,
not anything peculiar to the learning process by itself.

However, since all C.’s curves are not alike, nor all Go.’s, it may
be that there is some truth in the third condition suggested, namely,
that a curve reveals speecial not general ability in an individual,
That is, that in some kinds of work an individual who is good in any
case when compared with others will make steady thongh slight im-
provement, while one who is relatively poor will either improve
rapidly at first and irregularly for a considerable period, as Sch. in
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CONCLUSIONS

ReviEwing this experimental study as a whole, it may be said to
offer evidence in reply to certain criticisms of the method of mental
tests.

1. In the first place the kind of tests given are said to be of little
significance, that knowing how many A’s an individual can cancel
in a given time, or how many objects he ean sort or how many oppo-
sites he can name tells us very little about him. This is probably
true to a certain extent, sinee the simpler the performance the more
alike individuals will probably be. Complex proeesses from real
life may often be more significant but are necessarily less precise,
less convenient, less well recorded and scored, and may therefore be
limited to the deseriptive stage of investization. Making more pre-
cise measurements need not exclude deseriptive work, however, for,
in individual tests at least, details of temperament, speed in respond-
ing, intellizence in understanding and following directions ean be
noted, while in addition there will be the objective record to serve
as basis of comparison. Then too, with careful experimentation, the
tests proven most typical or significant can be selected and admin-
istered in the best way. For instance, the easy opposite test given
by the time-limit method seems to be a truer measure of the speed
of association than the first-idea test by the amount-limit method.
The straight maze if improved with respeect to length and continuity
of movement would probably be more significant and precise as a
measure of speed and accuracy of movement than is the hitting
100 dots.

2. In the second place, the eriticism that a single trial is unre-
liable is true but need not be exaggerated sinee other facts such as
state of fatigue, time of day, temporary embarrassment, inclination
for work and familiarity with the environment and the kind of
material used also enter in to make trials unreliable, To overcome
this in part, at least two trials should be made of any test, preferably
in addition to a few minutes fore-exercise in similar work. Fewer
tests each administered oftener would give a truer estimate of an
individual and a better basis for eomparison and correlations. It
might be advisable to allow sufficient time for each test to get the

137
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average divergence of the obtained result for an individual from the
true result down to some standard of reliability agreed upon by
various investigators.

3. In the third place, the eriticism that giving only a few trials
measures not the mental process supposedly tested but merely adapt-
ability to strange conditions such as apparatus, instructions, work-
ing for speed, and the particular requirements of the test is seldom
of weight. Early improvement due to this alone is rare, and even
so could be checked by proportionate fore-exercise and the choice of
a proper test.

4. In the fourth place, the eriticism that tests measure the degree
or amount of previous similar experience rather than actual capacity
is true not only of such tests but of any form of mental measurement.
It should operate only against expecting too much from the tests, not
against their use, but rather, in fact, in favor of repeating them at
stated intervals. The only alternative—testing subjects with no simi-
lar previous experience or else those whose training had brought
them to the physiologieal limit—would be impraeticable, and out of
the question. In general, tests of a novel, little-trained function such
as grouped objects or the a — t test show greater susceptibility to
practise than those of a frequently used, much trained function
such as addition.

9. In the fifth place, in estimating the nature and degree of
improvement in a funetion with repeated trials the nature of the
units used to express such improvement must be taken into consider-
ation, and misleading statements based upon one form of measure-
ment only must be guarded against. Moreover, when comparisons
of changes are to be made, whether between different processes in an
individual or a group, or between different individuals in one process,
it becomes still more important to use more than one way of treating
measurements.

6. In the sixth place, the eriticism that practise may influence
individuals each by a law of his own and processes each by a law of
its own does not seem to hold so far as the general law of improve-
ment goes. On the whole, higher mental funetions are sooner sus-
eeptible to practise than are sensory funetions, the more so again if
they are novel. Individuals with low standing ean and do improve
the most, judging objectively, though even so they may not, in con-
veniently measurable periods of time, overtake those whose standing
was high at the beginning. Characteristic variability or consistency
of performance may be disclosed whatever the process and whatever
the change in improvement.
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XVI.

The magnetie dip needle is made in the form of a lozenge, ........ to the
horizontal needle, but it is poised or ......... 1 SR of a shaft running
through the center of the lozenge at right ...... to it, and is held in ........
by agate bearings as ...... in figure 20, In some types the cradle ....... the
horizontal shaft is poised on a steel needle. The needle is thus ..... to take up
a position ...... and south and to incline on its ......

XVII.

It is natural to believe in great men. Nature seems to ..... for the

excellent. The world is upheld by the veraeity of .... men; they make the

earth wholesome. They who lived .... them found life glad and nutritious.
Life is sweet and tolerable only in our belief in .... society; and actually, or
ideally, we manage to .... with our superiors. We eall our children and our
lands by their ...... Their names are ....... into the verbs of language, their
works and effigies are in our ......, and every circumstance of the ... recalls
an aneedote of them.

XVIIL.

If he had been an English nobleman on a pleasure tour, or a newspaper
courier, he could not have ......... more quickly. The post boys wondered at
the fees he ...... amongst them. How happy and green the country .......
ag the chaise whirled ....... from milestone to milestone, through neat country
towns where landlords ..... out to weleome him with ...... and bows; by
pretty roadside inns where the signs . ... on the elms, and horses and men were
drinking under the checkered ...... of the trees; rustic hamlets .........
round ancient grey churches, and through the friendly English landscape. To a
traveller returning ..... it looks so kind.

XIX.
Nay, ye should not weep, my children!
Leave it to the faint and weak;
Sobs are ... a woman’'s weapon
Tears befit a maiden’s .....
Weep not, ........ of MacDonald!
..... not thou, his orphan heir.
Not in shame, but ....... honor
Lies thy slaughtered ...... there.
Weep not, but when years are over
And thine arm is ...... and sure,
Let thy heart be ..... as iron
And thy wrath as fieree .. fire,
Till the hour when ......... cometh
For the race that slew thy sire!

XX.

An electrical storm of ..... severity passed over this distriet last night,
which burned barns, killed cows in the field, put telephones and .......... lines
out of ecommission, knocked ... .. trees, and did a great deal of ....... gener-
ally. The flag staff was struck and splintered and the slates were .... off the
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roof. A barn was burned with a large .......... of hay, and a driving shed
L P aestroyed. Crops in all ......... were almost pounded into the
XXT.

We confess to something of sympathy ... the correspondent ... hinted
yesterday that ... children are ... over and killed by sutomobiles, the ....
is mot always that .. the automobilist, ... sometimes rests in some measure
on those who do not ..... their children to avoid unnecessary ...... It is
a plain ...., of course, that public highways are ... the use of the whole
population, ... that the automobilist is ..... every obligation .. keep the

limitations of his rights and privileges .. mind as he goes along, but the road
is his .. well as other peoples.

XXIT.

If we are ......... well, thoronghly sound, we .... not be depressed.
The perfectly healthy animal ... no worries. The remedy has already ....
indicated. Regretfully it is .. simple .... very few people take the trouble
to ..... it. .... it is clearly and widely recognized that ..... is stupid,
that its .... is simple where ..... iz no organie trouble, worry will ......
Worry is simply a .... of what, ... the sake of a nice large word, is called
‘“neurasthenia,’’ nerve-depletion. ..... plenty of recreation, plenty of fresh
air, and the ...... man will not worry.

XXTIT.

Park Hill on the Hudson offers you a solution .. the home problem to-day.
No home seeker .. investor ... afford to ignore its claims. Esecape the wear
and tear .. the city’s noise ... rush .. this open air paradise, just .. the
city’s edge, .. all respects an ideal home location ... yourself and family.
..... are cottages containing every improvement waiting ... you to step ..
and make yourself comfortable. It not .... commands the most beautiful view
around New York ... is protected for all time ....... intrusion. Choice lots
now ....... DO Very easy terms,

XXIV.

A law .. defence of property rights in the broadest semse .. observed
..... almost abolish international conflicts, Gentlemen .. not fight with fists
.. money differences ... do they refer them .. courts of honor. Civil eourts
are for that ....... and are as useful for nations as for men. The sanction of
international law must .. merely moral, for a long time .. least. Butin ......
that there should be ... moral sanction there must .. a moral eode. The prin-

ciples of .... a ecode are deducible .... treaties to which nations have set
their hands ... seals.

2,0
I asked the slovenly, ... cheerful female ... answered the hell ... thae
landlady, wondering the while .... I should say when I was asked ... refer-
ences. The merriment had not been called forth .. amything amusing .. my
appearance, .. my vanity had feared, ... by a story which a man sitting ..
. head of the table was just finishing. The only vaeant chair .. the room
was beside him, and, rather awkwardly, ... I felt that they were ...... my
MEABITE, I ]]'I[Idﬂ my ... toward it. As I - dﬂﬂ'n he greeted .. with ]

polite bow.












