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PREFACE

This volume represents the fruits of three years of investigation
(from July 1, 1922, to July 1, 1925) by the Division of Psychology
of the Institute of Educational Research. It attempts to answer
the essential questions concerning the nature and meaning of the
measurement of a mental fact in the sample case of intelligence, or
rather of a defined segment thereof. Its conclusions, in so far
as they are warranted, should become the basis of sound practice
in the construction and calibration of scales for use in mental mea-
surement. According to them, the present theory and practice of
measurement of mental abilities are justified to a remarkable de-
gree in certain respects, but in others should be almost recreated.

Some of the most important of these econclusions were reached
only in the last six months of the inquiry and are consequently
presented with less adequate evidential support than is desirable.
The concept of area of intellect in particular needs more experi-
mentation to make it clear, and still more to demonstrate its sound-
ness and worth.

We had intended to add a long chapter reviewing the literature
on the topies dealt with in this volume, but it seemed more impor-
tant to exemplify and apply the results of our conclusions in a
concrete series of tasks selected and scaled according to the prin-
ciples deseribed; and there was not time to do both. We hope to
be able to publish such a review later, and in particular to do jus-
tice to the notable contribution of Kelley (’23a), which deserves
most careful study by everyone who is concerned with the general
logic of mental measurements.

We had intended also to include full treatment of the method
of obtaining a group of approximately known forms of distribution
in respect of a mental trait measured in truly equal units, by taking
the members of an array in that trait who have identical scores in
a second trait correlated with the trait in question. This method
was abandoned in favor of a better one, but nearly a third of our
time and effort was spent in exploring its possibilities. The results
should be made known, both because of their intrinsic interest, and
because otherwise someone will surely be tempted to do again what
has already been done by us. The material is, however, highly
technical and elaborate; and it seemed best not to include it in
this volume.
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vi PREFACE

The general responsibility for the work rests upon the senior
author, who planned and directed the various inquiries, organized
the results, and wrote this book, with the exception of Appendix
III. It would, however, have been utterly impossible for him to
have carried the work through without the financial assistance of
the Carnegie Corporation and the Trustees of Teachers College,
and without the loyal cooperation of the staff of the Division of
Psychology of the Institute of Educational Research, and many
scientific workers in all parts of the country. Dr. Bregman ecol-
lected and organized most of the facts which are used in Chapter
VII and Appendix III, and some of those used in Chapter VIII.
Miss Cobb devised many of the tasks of levels A, B, C, D, E, and
F, and, with the aid of Dr. Murdoch, Dr. Tilton and Miss Robin-
son, measured 180 imbeciles of mental age 3 to 5 and 100 of mental
age 6. Dr. Woodyard has arranged and supervised most of the
testing and scoring in grades 4 to 9, and has shared in the evalua-
tion of the difficulty of the thousands of tasks which have been
used in our experiments. Dr. Murdoch made all the tests with the
fifty feeble-minded at Polk. Mrs. Miner has computed most of the
correlations. Miss Robinson, Dr. Hunsicker, Dr. Tilton, and Mr.
Upshall have given expert and painstaking service in testing and
scoring.

Dr. Toops and Mrs. Ruger worked up the data which provided
the first set of tasks graded in difficulty from which the final scale
eventually developed. Miss Hanson, Mrs. Work and Miss Wilcox
have had a large share in the arrangement and tabulation of the
results.

We are indebted, for most courteous and efficient cooperation,
to all the psychologists on the staff of Teachers College, to fifty
members of the American Psychological Association who made
various ratings for us, to Dr. Raymond Franzen and Dr. Grace A.
Taylor who supplied valuable records, to Miss Elizabeth E. Far-
rell, Inspector of Ungraded Classes, New York City, Mr. George
Melcher, Assistant Superintendent of Schools, Kansas City, Mis-
souri, Dr. E. H. Nifernecker, Director of the Bureau of Educa-
tional Research of New York City, Dr. Howard W. Potter, Clinical
Director of Letchworth Village, Dr. Louise M. Poull, Psychologist
at the Randall’s Island Institution, Mr. Lionel J. Simmons, Super-
intendent of the Hebrew Orphan Asylum of New York City, and
to the many principals and teachers who have facilitated our ex-
perimentation.
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CHAPTER I

TeE PRrRESENT STATUS!

Existing instruments for measuring intellect’ developed
from three roots, the interview, the school examination, and
the ‘tests’ of sensory acuity, memory, attention, and the
like, devised during the early history of psychology. The
Stanford Binet, for example, is an improved, systematized
and standardized interview. The Army Alpha is in part an
improved school examination and in part an improved bat-
tery of tests like those used before 1900 by Galton, Ebbing-
haus, Cattell, Jastrow, and others.

Existing instruments represent enormous improvements
over what was available twenty years ago, but three funda-
mental defects remain. Just what they measure is not
known; how far it is proper to add, subtract, multiply,
divide, and compute ratios with the measures obtained is not
known ; just what the measures obtained signify concerning
intellect is not known. We may refer to these defects in
order as ambiguity in content, arbitrariness in units, and
ambiguity in significance.

AMBIGUITY IN CONTENT

If we examine any of the best existing instruments, say
the Stanford Binet, the Army Alpha or the National Intel-
ligence Test, we find a series of varied tasks. Some concern
words, some concern numbers, some concern space relations,
some concern pictures, some concern facts of home life.
Some seem merely informational; some are puzzle-like.
Some concern mental activities which will be entirely famil-
iar to almost all of the individuals to be tested; some con-

1 This chapter is reprinted with some alterations from the Psychological
Review, Vol. 31, pp. 219 to 252.

2 We shall use ‘intellect’ and ‘intelligence’ as synonyms throughout this
book.

1
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2 THE MEASUREMENT OF INTELLIGENCE

cern novelties. Some are irrespective of speed; in some
speed is a large element in success. In particular, as we
shall see later, the score attained is a composite in variable
proportions whereby A is rated as more intelligent than B
—first, if he can do certain hard tasks with which B fails,
second, if he can do a greater number than B can of tasks
of equal difficulty, and third, if he can do more rapidly than
B tasks at which both succeed. The only sure statement of
what abilities the Army Alpha measures is to show the test
itself and its scoring plan.

To this it may be retorted that this variety is not really
an ambiguity, that one of these tests is a representative
sampling of tasks for intellect, and that the scoring plan is
one which weights each response according to its importance
as a symptom of intellect. Unfortunately this is not true. We
may cherish the hope that these tests approximate to such
representativeness of sampling and suitability of weights.
In fact, however, nobody has ever made an inventory of
tasks, determined the correlation of each with intellect,
selected an adequate battery of them, and found the proper
weight to attach to each of these. Such a procedure was
carried out in part by the Committee responsible for the
construction of the National Intelligence Test, but limita-
tions of time and funds restricted it to a very small fraction
of what would be adequate. If anybody did this wisely, a
large fraction of his labor would be precisely to find out
what abilities our best present instruments did measure,
and how these abilities were related to intellect; or to find
out what abilities constituted intellect, and how these abili-
ties were measured by our present instruments.®

One of the main lines of work in the improvement of
instruments for measuring intellect is then to find out what
abilities our best present instruments do measure.

3 The balance of his labor might be expended upon experimentation with
tasks that scemed promising as symptoms, even though we did not know what
abilities they required.
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THE PRESENT STATUS 3

ARBITRARINESS OF UNITS

The score obtained by using the instrument to measure
an intellect is in present practice either a number represen-
ting a summation of credits and penalties or, more rarely,
a number representing the grade of difficulty of the tasks
which the person can respond to with some assigned per-
centage of correct responses. Thus in Army Alpha he may
score by summation from 0 to 212; in the first suggestion of
Binet he could score 5 or 6, or 7, or 8, or 9, according as he
was able to do correctly all but one of the tasks set as 5-year
tasks, 6-year tasks, 7-year tasks and so on.*

In neither case (even supposing the measurement to be
a perfect representation of the person’s abilities) can the
numbers be taken at their face value. If A scores 50 on
Alpha, B, 75, and C, 100, we do not know that the difference
between A and B in the abilities tested by Alpha is the same
as the difference between B and C, nor that C has twice as
much of these abilities as A. If D scores mental age 4, E
mental age 6, and F mental age 8 by the Binet, we do not
know that, in the abilities tested by the Binet, F' excels E as
much as E excels D, or that F has one and one third times as
much of these abilities as E has. The numbers, 1, 2, 3, 4, etc.,
designating the scores made by individuals, do not represent
a series of amounts of intellect progressing by equal steps.
The difference in intellect between Army Alpha 10 and
Army Alpha 20 may indeed conceivably be as great as the
difference between Alpha 100 and Alpha 150. From Stan-
ford Binet 40 months to 60 months may be as great a
difference in intellect as from 140 months to 180 months.
The value of what is called a difference of 1 on the scale is
not known, and its value may fluctuate greatly as we move
along the scale.

4 This suggestion was, however, abandoned in favor of a procedure which
mixes two sorts of measure. The procedure is, ¢ Take for point of departure
the age at which all tests are passed; and beyond this age count as many fifths

of a year as there are tests passed.”’ [‘The Development of Intelligence,’” Eng.
trans. of Kite, 1916, p. 278.]
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4 THE MEASUBREMENT OF INTELLIGENCE

We have then no right to add, subtract, multiply, or
divide with these scores of A, B, C, D, E, and F in the way
that we do with their heights or weights. Suppose that A
scores 100; B, 110; C, 90; and D, 120. We cannot say that
the average intellect of A and B equals the average intellect
of C and D. If E changes from 60 to 70, while F' changes
from 70 to 80, we cannot say that they have made equal
gross gains.

The numbers designating the scores made by individuals
are usually not even approximately related to any true zero
point.® Consequently, even if the scores 1, 2, 3, 4, did
represent an equal-interval series of amounts or degrees of
the ability in question, they would properly be treated as
z+1, z+ 2, 2+ 3, z+4. The ‘times as’ or ratio judg-
ment is thus not surely applicable and the relations of the
scores to anything else are thus undetermined. For ex-
ample, we cannot say whether the intellect of the average
twelve-year-old is one and a quarter times that of the aver-
age six-year-old or twice it, or ten times it.

The second main problem in improving measurements of
intellect is thus to attach fuller and more definite meanings
to these credit summations and difficulty levels, and if pos-
sible to find their equivalents on absolute scales on which
zero will represent just not any of the ability in question,
and 1, 2, 3, 4 and so on will represent amounts increasing
by a constant difference.

We have to estimate equivalents of this sort somehow
before we ean make much use of ratings by either credit
summations or difficulty levels; before, for example, we can
conveniently compare individuals or groups, or the changes
made by individuals or by groups, or the effects of different
environments. The commonest method at present is to take
as the equivalent for any score by any instrument, the age
whose average achievement is that score, and to assume that

5 Attempts have been made to defins ‘zero’ or ¢ just not any’ ability and to

assign scores in relation to zero in the case of knowledge of English words,
ability to understand sentences, handwriting, drawing, and English composition.
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THE PRESENT STATUS 5

the increments in average ability are equal for equal differ-
ences in age up to some limit such as 192 months, and are
zero thereafter. This of course is purely hypothetical in
general and is almost certainly in error for the ages near
the point where the age change suddenly turns from its
full amount to zero. The curve of ability in relation to age
is almost always smooth as in the continuous line of Fig.

Fia. 1a. The probable form of the curve of intellect in relation to age.

Fia. 1b. The form of the curve of intellect in relation to age, if annual gains
are equal up to some stated age, and are zero thereafter.

1a, but not with a sharp turn as in the dash-line of Fig. 1b.
The competent thinkers who use the method know this and
are cautious in inferences based upon its application to the
higher ages; but they use it rather freely for the lower ages,
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6 THE MEASUBEMENT OF INTELLIGENCE

because some method must be used, because it is easy to
understand and apply, and because we do not know what
method is really right.

It may be objected that equality of units is an unneces-
sary refinement, for present practical purposes, since the
mental age defines the status of an individual sufficiently,
‘as able as the average ten-year-old,’ ‘as able as the average
twelve-year-old.” These, it may be said, are better measure-
ments for practical purposes than some absolute scale in
terms of equal ‘mentaces’ or ‘intels.” The convenience, in-
telligibility and realism of the mental age scale up to about
12 or 13 years are indeed great advantages, but after 13 or
14 it is neither convenient nor intelligible nor realistic. It
is not convenient because the computation of intelligence
quotients becomes very troublesome for the higher ages. It
is not readily intelligible because mental ages 14, 15, 16, ete.,
are not ‘as good as the average’ 14-year old, 15-year old, etc.
The average 25-year old for example is about the mental age
of 14 by one of the best instruments. It is not realistic
because we have no clear or vivid sense of what the average
person is intellectually at fifteen, or at sixteen, and do not
even know whether he improves in the next two or three
years. A mental age of 15 or 16 or 17 is in fact as arbitrary
a quantity as an Alpha ability of 123.

A rarer but more promising procedure than that of trans-
forming test scores into ‘ages’ is to transform them into
units of ability on the assumption that the distribution of
ability in all adults 21-30, or in all twelve-year-olds, or in all
pupils in grade six of a certain city, or in some other speci-
fied group, is approximately that given by

For example, the Alpha scores from 0 to 212 were not
used in the army at their face value, which would give a
distribution of the form shown in Fig. 2, but were trans-
muted into seven letter measures by the following scheme,
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THE PRESENT STATUS 7

which assumed an approximately ‘normal’ distribution for
a random sampling of 128,747 of the literate white draft:

—
v

o /00 200
F16. 2. The form of distribution of the literate white draft if Army Alpha
are taken at their face value.

135-212=A
105-134=B
75-104=C +
45- 74=C
25- 4=C—
15- 24=D
0- 14=D—

The score used in the Thorndike-MeCall test of para-
graph reading is not the number of correct answers, but a
transmutation on the assumption that the real ability con-
cerned is distributed ‘normally’ amongst twelve-year-olds
in American cities.

‘We know very little concerning the permissibility of the
assumption of the so-called normal distribution for adults
or for an age, or for a school grade. The search for evi-
dence pro and con is one important feature of the attempt
to obtain units of mental ability which shall be at least ap-
proximately equal.

AMBIGUITY IN SIGNIFICANCE

The test score measures directly only the measurer’s
impression from the subject’s performance, or the summa-
tion in a more or less capricious fashion, of credits and
penalties for the subject’s responses to the different ele-

ments of the tests, or a combination of these. What this
3
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8 THE MEASUREMENT OF INTELLIGENCE

score signifies about the subject’s intellect depends upon
the intuition of the measurer, or upon the correlation be-
tween the summation and intellect, or upon both. When we
assert that a child is found by measurement with the Stan-
ford Binet to have the intellect of a child 1014 years, all that
is really asserted is that the child does as well in that par-
ticular standardized interview as did the average of the
children of 10 years of age tested by Terman in making
his standards. We do not know what the average intellect
of these children was, nor how closely the Stanford Binet
score represents or parallels or signifies it.

When we assert that a man is found by measurement
with the Army Alpha to have the intellect of an average
recruit in the draft, all that is really asserted is that he does
as well in that particular battery of tests scored and sum-
mated in a particular way, as the average recruit did. Just
what the intellects of recruits were and how closely their
Alpha scores paralleled their intellects, we do not know.
The measurement is one thing, the inference to intellect is a
different thing.

This is of course true of many measurements. The
amount of silver deposited in one second by an electric cur-
rent is not the amount of current. The dividend rate on
stock during any one year is not the worth of the stock. The
amount of silver is, under proper conditions, of perfect sig-
nificance as an indicator of the amount of current, since the
correlation between it and a perfect criterion of amount of
current is perfect. The dividend rate is of very imperfect
significance, since the correlation between it and a perfect
criterion of the worth of the stock is far from perfect.

We do not know how closely the rating or score in the
Stanford Binet or the Army Alpha or any other instrument
correlates with a perfect criterion of intellect, because we do
not know what such a criterion is, much less its correlations
with these tests. One great task of the measurement of
intellect is to obtain such a eriterion, or a closer approxima-
tion to it than we now have, and to use it to improve the
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THE PRESENT STATUS 9

selection and weighting of the elements of our testing in-
struments.

The present status of such instruments as the Binet or
Army or National tests is roughly as follows: We have
chosen tests where the judgment of sensible people in gen-
eral is that correct response or speed of correct response is
characteristic of intellect. Such is the case with directions
tests, arithmetical problems, common sense questions (as
in Alpha 3), and the like. 'We have chosen tests using the
judgment of psychologists in the same way. Such is the
case with the completion tests devised by Ebbinghaus, the
mixed relations or analogies test devised by Woodworth,
and the like. We have tried these or other tests with chil-
dren secluded in institutions because of imputed intellec-
tual inferiority and with children of like age who are in
ordinary schools (as by Norsworthy), with adult males of
good health and morals who were found in a Salvation
Army home, glad to work for a dollar a day, and with
adults of the professional classes (as by Simpson), with
children in general of different ages (as by Binet and
Terman), with various groups of children ranked for im-
puted intelligence by teachers, fellow pupils, school ad-
vancement, and other symptoms (as by Spearman, Burt,
Terman, Whipple, Yerkes, and others), with children of
alleged superior intelligence in comparison with others (as
by Whipple and Terman), with soldiers in the National
Guard and regular army in connection with ratings for
intelligence given by their officers (as by the Psychology
Committee of the National Research Council), with stu-
dents whose success in high school and college studies was
also measured (as by Colvin, Wood, and many others),
with individuals who were tested with a very long series
of tests (as by Terman and Chamberlain, Stenquist, and
others), and in other ways.

As a general result we know that certain systematized
interviews and batteries of tests measure somewhat the
same trait, since they correlate somewhat one with an-
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10 THE MEASUREMENT OF INTELLIGENCE

other; and that this trait has to some extent the same con-
stitution as the trait which sensible people, psychologists,
and teachers rate as intellect.

The failure of perfect correlation between the amount
of intellect a person has, as revealed by the criterion, and
the amount indicated by the instrument is due, as has been
said, partly to the imperfection of the criterion, but partly
also to the imperfection of the instruments. They (at
least all but one of them) are demonstrably imperfect, since
no two of them correspond perfectly in their findings for
the same intellects. Since it is extremely unlikely that,
out of a dozen instruments devised with about equal care
by a dozen individuals or committees at about the same
date one should be very much superior to all the others,
we may assume, until there appears proof to the contrary,
that all are imperfect.

The imperfection may be of two sorts. First, the re-
sponses measured by the instrument may not be represen-
tative of the whole intellect and nothing but intellect; the
score obtained may not give enough weight to certain faec-
tors or elements of intellect and may give weight to others
which really deserve less or even zero weight. The instru-
ment is then like a wattmeter which gives only half weight
to the voltage of the current or adds two watts for every
time that the current is turned on or turned off. Second,
the same person may receive a different score when re-
measured by the instrument. In so far as such differences
are due to the ‘accidental’ ups and downs in the person’s
achievements, they are taken care of by measuring him at
enough different times; but in so far as they are due to ac-
quaintance with the instrument itself or with instruments
like it, they are a very serious imperfection. For example,
a given score with Army Alpha represents a very different
status according as it is from a first, a second, or a third
trial. The case here is as if a thermometer tended after
subjection to a temperature of 200° once to register 220°
when 200° was next encountered. The provision of means
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THE PRESENT STATUS 11

for distinguishing between that part of the score due to
certain general characteristics of the person measured and
that part of the score which is due to certain special train-
ing that he has had with the tasks of the tests, or with
tasks like them, is thus an important part of the work of
making the measurements more fully and exactly signifi-
cant of intellect.

.In general, all our measurements assume that the indi-
vidual in question tries as hard as he can to make as high a
score as possible. None of them can guarantee that the
scores would correspond at all with a perfect eriterion if
the individuals measured tried to appear as dull as they
could. The correlation would indeed then probably be in-
verse, the more intelligent persons being more successful
in their efforts to appear dull! It is theoretically possible
to arrange a system of incentives such that each person
measured by an instrument would put forth approximately
his maximum effort, and in scientific testing of the instru-
ments this can often be done. In general practice, how-
ever, we rarely know the relation of any person’s effort to
his possible maximum effort. Since, however, the disturb-
ances due to differences in effort on the part of those tested
require in study and treatment procedures which have little
or nothing to do with the procedures by which the instru-
ments are made to give better measurements of those who
do try their best, we shall disregard the former and shall
limit our inquiry to the latter sort of procedures.

MEASUREMENTS OF INTELLIGENCE ARE MEASURES OF
INTELLECTUAL PRODUCTS

All scientific measurements of intelligence that we have
at present are measures of some product produced by the
person or animal in question, or of the way in which some
product is produced. A is rated as more intelligent than B
because he produces a better product, essay written, answer
found, choice made, completion supplied or the like, or pro-
duces an equally good product in a better way, more quickly
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12 THE MEASUREMENT OF INTELLIGENCE

or by inference rather than by rote memory, or by more in-
genious use of the material at hand.

We can conceive of states of affairs such that a man’s
intellect could be measured without consideration of the
products he produces or the ways in which he produces
them. Intellect might be exactly proportionate to the ac-
tivity of the thyroid gland, or to the proportion of the brain
weight to body weight, or to the number of associative neu-
rones in the frontal lobes or to the complexity of the fibril-
lary action of certain neurones, or to the intensity of a
certain chemical process, and hence be measurable by ob-
servations of the thyroid’s action, or estimates of the
brain’s volume, or by a count or measurement of neurones,
or by a chemical analysis.

Psychologists would of course assume that differences
in intelligence are due to differences histological or physio-
logical, or both, and would expect these physical bases of
intelligence to be measurable. At present, however, we
know so little of the neural correlates of intellect that if
twenty college freshmen were immolated to this inquiry,
ten being the most intellectual of a hundred, and ten
being the least intellectual of the hundred, and their
brains were studied in every way by our best neurologists,
these could probably not locate sixteen out of the twenty
correctly as at top or bottom. Moreover, what we do know
of neural correlates is of little avail during life, the living
neurones being extremely inaccessible to present methods
of observation.

Even if one aimed at discovering the physiological basis
of intellect and measuring it in physiological units, one
would have to begin by measuring the intellectual products
produced by it. For our only means of discovering physio-
logical bases is search for the physiological factors which
correspond to intellectual production.

MEASUREMENTS OF INTELLIGENCE IMPLY VALUATION

Our present measurements of intelligence rest on human
judgments of value, judgments that product A is ‘better’
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or ‘truer’ or ‘more correct’ than product B, that method C
is ‘preferable’ to method D, or that C is ‘right’ while D is
‘wrong,’ and the like.

In some cases this is so clear that everyone must admit
it. Thus in three of our best tests of intelligence, giving
the opposites of words, completing sentences by supplying
omitted words, and answering questions about a paragraph
read, we make elaborate keys assigning credits to the dif-
ferent responses.® These keys are obviously made by
human judgments of the value of each response.

The credits given may represent valuations by the truth-
fulness or wisdom of the answers or sentences, by their
grammatical form, by their rhetorical excellence, by their
originality, by the rate of producing them, or by a subtle
sense of their significance as evidence of intelligence.

6 For example, the task being to complete,

‘God made ... and ... let him pass for a man,’ we find among the
responses of high-school graduates:

him therefore
him 80

him then

him will

him they

him he

him I

him let

man always
man then
man God

man has

man he

man therefore
man please
Adam then
Adam Eve
Adam he
animal wouldn’t
Eve God

us we
heaven earth

aod must assign some value to each, or make a dividing line between full value
and no value somewhere.

Google



14 THE MEASUREMENT OF INTELLIGENCE

In some cases the value is assigned so easily (as a simple
deduction from, or following of, a general rule) that we may
thoughtlessly assume that the response indicates intelli-
gence regardless of any process of valuation. For ex-
ample, we may consider that in a test in arithmetical com-
putation or problem solving, the right answers are signs of
intelligence, regardless of what anybody thinks. A little
thought will convince us, however, that in such tests the
human judgment acts as truly as in a completion or para-
graph-reading test. The main difference is that, having
once for all decided that right answers are better than
wrong answers, we do not raise the issue about any par-
ticular answer. We simply assume or make a general rule
of valuation. The valuation becomes obvious if we col-
lect all the responses made to an arithmetical task and ask
whether all the different ‘rights’ are equally good or right,
and whether all the different ‘wrongs’ are equally undesir-
able.”

One criterion of value, truth, is so widely used in fram-
ing, keying, and scoring tests of intelligence that it deserves
comment, especially since there may be in the case of truth
an objective criterion, power in prediction, by which our
judgments of value are or should be determined. Two
other criteria of value also need comment because they have
been suggested explicitly or implicitly as direct criteria
for intelligence. They are development with age and abil-
ity to learn.

TRUTH

Probably over half of our present tests of intelligence
are tests where the response is given credit as a symptom
of intelligence in proportion to its truthfulness. Such is
the case, for example, with eight out of ten tests of the Otis

7 In the special case where we arrange for Yes and No answers valuation is
doubly active. We arrange so that a Yes or a No will be ‘good’ as a response.
Then, since some of the correct ‘Yeses’ or ‘Noesa’ may be due to chance, and

since chance answers are deemed of no value, we plan our scoring so as to give
the chance ‘ Yeses’ and ‘Noes’ zero value,
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Advanced ; and with Army Alpha, 2, part of 3, 4, 6, 7, and 8.
It 1s more or less the case with Stanford Binet III, 5; IV,
1,23;V,1,2,3,4; VL, 1,2, 3,5; VI, 1, 2, 5; VIIT, 4, 5, 6;
1X,1,2,3;X,1,2; XI1, 1, 2,8; XIV, 1, 2, 3, 5, 6; and with
National Intelligence A, 1, 3, 4, and B, 1, 2, 3, and 5.

One could make an attractive theory of intelligence and
its measurement somewhat as follows: Intellect is con-
cerned with facts, being the ability to see and learn the
truth, to get true knowledge and use it to the best advan-
tage. Truth is insight into the real world, the evidence
that knowledge is true is its predictive power. Measures
of intelligence are then ultimately measures of a man’s
mastery of prediction, that 2 and 2 will be 4, or that it will
be profitable to buy such and such a stock, or that a planet
will be found having such and such a path. More immedi-
ately, they are measures of certain abilities which contrib-
ute to, or accompany, or indicate the existence of, the abil-
ity to get and use the truth.

By this theory we should rest our valuations of truth
all on the ultimate test of power of prediction. One truth
would be better than another in proportion as it predicted
more facts, or more important facts, or predicted the same
facts more acccurately, or helped more in the acquisition of
other truths. OQur valuations of abilities as evidences of
intellect would rest on their significance as symptoms of
ability to get and use truth.

It seems sure, however, that people in general, psychol-
ogists, and framers of intelligence tests, alike mean by
intellect something more than ability in truth-getting to
improve prediction. They mean what Pericles and Wash-
ington and Gladstone had as well as what Aristotle and
Pasteur and Darwin had. In the oral interview of the
business man or physician to test intelligence, in such tests
as Ebbinghaus’ completions, and in such a battery of tests
as Army Beta, there is little obvious reference to predic-
tion or truth getting. In the first case, the aim is rather
to see how the person fits his thoughts and acts to little
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16 THE MEASUREMENT OF INTELLIGENCE

problems or emergencies; in the second, it was rather to
give him a chance to use all the so-called higher mental
powers; in the third, many tasks were selected in which
people who were regarded as intelligent could do better
than people regarded as dull, and those of them which most
conveniently distinguished the alleged bright from the al-
leged dull were kept as the final choice. If these instru-
ments do really measure ability at truth getting, it is only
indirectly and more by accident than by design.

It may be that truth-getting is what we unwittingly do
measure by our intelligence tests, or what we ought to try
to measure, but very few of those who devise or apply the
tests think so. And it is surely wise to find out what we
do measure before deciding that it is or ought to be truth-
getting.

DEVELOPMENT WITH AGE

Binet had it in mind to discover those intellectual abili-
ties which six-year-olds had that five-year-olds did not have,
those which seven-year-olds had that five-year-olds and
six-year-olds did not have, and so on. It might seem that,
except for the one judgment that abilities were ‘better’ or
represented ‘greater intelligence’ the later they came in
this series of normal chronological process, the Binet mea-
surement would be free from valuation.

However, valuation came in from the start because Binet
tried only abilities which he valued as intellectual. He did
not take all the psychological features of five-, six-, and
seven-year-olds and choose as his series of tests those which
separated the ages most distinctly. In revising Binet’s
series Terman and others have paid less and less attention
to lateness of development and more and more to signifi-
cance as valued symptoms of intelligence in their choice of
tasks.

This is well. For if Binet or they had collected a series
of tasks such as showed the least overlapping of one chrono-
logical age on the next, the resulting series would be in-
ferior as a measure of intellect to the series as it stands.
For example, quality of handwriting, rate of tapping, and

Google
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ability in checking A’s on a mixed sheet of capitals would
probably show less overlapping with age than vocabulary,
rate of reading, and ability in completing sentences. But
they would be far less effective in diagnosing amount of
intelligence.

Development with age would be a poor and partial crite-
rion for intellect of any sort or degree, and for the higher
ranges of intellect, say those above the 70-percentile intel-
lect of the average of the white draft, or above the average
ninth-grade pupil, it would be well-nigh worthless. It has
never been so used. The Terman mental ages above 14,
for example, are not functions of development with age, but
of differences between individuals, regardless of age.

ABILITY TO LEARN

An obvious hypothesis, often advanced, is that intellect
is the ability to learn, and that our estimates of it are or
should be estimates of ability to learn. To be able to learn
harder things or to be able to learn the same thing more
quickly would then be the single basis of valuation. Suec-
cess in solving arithmetical problems, or defining words, or
completing sentences would then be good, simply and solely
because it signified that the person had greater ability to
learn.

If greater ability to learn means in part ability to learn
harder things, we have excluded the vague general valua-
tion of certain products and ways of produeing only to in-
clude it again. For we shall find ourselves selecting or
defining A as harder to learn than B on the ground that
only the more intellectual persons can do it, or on the
ground that it requires a higher type of intellect, and shall
find ourselves using those vague general valuations to pick
the persons or describe the type of intellect required.

If greater ability to learn means onlv the ability to learn
more things or to learn the same things more quickly, we
have a view that has certain advantages of clearness and
approximate fitness to many facts. Even less than in the
case of truth-getting, however, do our present actual instru-
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18 THE MEASUREMENT OF INTELLIGENCE

ments for measuring intelligence measure directly a per-
son’s ability to learn more things than another person can,
or to learn the same things more quickly. The substitution
test included in Army Beta, in the National Intelligeuce
Examination and in some others, is about the only test of
speed of learning that is used; and it is more than a learn-
ing test.

Much evidence will therefore be required before we can
wisely replace our present multifarious empirical valua-
tions by the formula that intellect is the ability to learn
more things or to learn the same things more quickly.

The reduction of all valuations of response to valuation
as symptoms of ability to learn more and more quickly
thus seems too narrow a view. It has other defects. Were
it true, we ought, other things being equal, to get better
correlations with a criterion of intellect from tests in learn-
ing something new and from tests deliberately framed to
measure how much one has learned in life so far, than from
the existing batteries of miscellaneous tasks.

This does not seem to be the case. Quantitative data
concerning individual differences in learning under experi-
mental conditions are rather scanty, and their correlations
with a criterion of intellect are scantier still; but what facts
we have been able to gather do not show that, per hour of
time spent, tests in learning predict the criterion as well
as do the tests now in use. Tests framed to measure how
much one has learned in life so far, such as vocabulary
tests, information tests, or such Binet elements as ‘Knows
whether he is a boy or a girl,” and the like, are valuable,
but not, so far as we can determine, more valuable than a
composite containing also tests primarily of selective, rela-
tional, generalizing, and organizing abilities.

OTHER ATTEMPTED SIMPLIFICATIONS OF THE PROCESS
OF VALUATION
Response to Novelly
In one way allied to the doctrine just described and in
one way sharply contrasted with it, is the doctrine that a
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person’s intellect is measured by his ability to respond well
to new situations, to do ‘originals.” The importance of
some such ability as this will, of course, be admitted. How-
ever, in view of the great difficulty of deciding just what
situations are ‘new’ for any given individual; in view of
the fact that ‘to respond well’ is likely to bring in many
or all of our vague general valuations again; in view of the
fact that distinctions among novel situations as ‘harder’
(that is, making greater demands on intellect) will have the
same effect; and in view of the fact that our most approved
present instruments include many tasks which seem as
fittingly called responses to the familiar as to the new—
in view of all this it seems best at present not to try to
narrow our valuations to fit this theory.

Relational Thinking

Spearman has argued that intellect equals the appre-
hension of experience, the eduction of relations and the
eduction of correlates. The two processes are defined as
follows: ‘‘The mentally presenting of any two or more
characters (simple or complex) tends to evoke immediately
a knowing of relation between them.’”” [23, p. 63.] ‘‘The
presenting of any character together with any relation
tends to evoke immediately a knowing of the correlative
character.”” [23, p. 91.]

There is no doubt that the appreciation and manage-
ment of relations is a very important feature of intellect,
by any reasonable definition thereof. Yet it seems hazard-
ous and undesirable to assume that the perception and use
of relations is all of intellect. In practice, tests in para-
graph reading, in information, and in range of vocabulary,
seem to signify intellect almost as well as the opposites and
mixed relations tests. In theory, analysis (thinking things
into their elements), selection (choosing the suitable ele-
ments or aspects or relations), and organizing (managing
many associative trends so that each is given due weight
in view of the purpose of one’s thought), seem to be as
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20 THE MEASUREMENT OF INTELLIGENCE

deserving of consideration as the perception and use of
relations. Moreover, I fear that, in all four cases, we need
other valuations to decide which are the betfer relations
or more abstract relations, or the more essential elements,
or the more sagacious selection, or the more consistent
organization, or the more desirable balance of weights, and
the like.

However this may be, our present tests of intelligence
are not merely instruments to measure how little stimulus
is required to produce a perception of a relation, or how
many relations will be perceived from a given constant
stimulus, or how quickly. And we may best study them as
they are before dismissing the valuations on which they
are based, in favor of any simpler and more objective sys-
tem.

We shall then accept for the present the status of mea-
surements of intellect as measures of different products
produced by human beings or of different ways taken by
them to produce the same product, each of these products
and ways having value attached to it as an indication of
intellect by a somewhat vague body of opinion whether
popular or scientifie.

THE CONTENT OR DATA OF TESTS OF 1NTELLECT

Presumably a man can use intellect and display the
amount of it which he possesses in operations with any
sort of material object, any living plant or animal, includ-
ing himself, any quality or relation that exists in reality or
in imagination, any idea or emotion or act. Our tests
might draw upon anything for their material.

They have, in fact, greatly favored words, numbers,
space-forms, and pictures, neglecting three-dimensional ob-
Jjects and situations containing other human beings. How
far this has been due to convenience, and how far intellect
is really best measured by its operations with words, num-
bers, space-forms, and pictures, is a matter that obviously
deserves investigation. Our choices of test material have
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_certainly been somewhat determined by convenience. They
bave also favored ideas, general notions, abstractions, sym-
bols and relations, to the relative neglect of percepts and
particulars. This has been in the main deliberate, our
general scheme of valuation attaching on the whole more
intellectual worth to operations with generals and facts in
relations than to particulars and facts in isolation.

The nature and extent of the specialization of intellect,
according to the content or material operated on, has been
and still is a matter of dispute; and the difference of
opinion carries over into the practice of measurement.
Some psychologists would be fairly well satisfied to mea-
sure intellect by a series of mazes alone; or by a series of
sentence completions alone. Others, the great majority,
attach much more confidence to a battery of tests including
surely both words and numbers, probably also some space-
forms and perhaps some more conecrete pictorial material.

THE FORM-OF TESTS OF INTELLECT

Whether we consider the external appearance of the
tasks or the internal nature of the processes in the person
doing them, there is a great variety in respeet to form,
that is, to the operations performed with the words, num-
bers, pictures, and other content. Externally, there ap-
pear questions to be answered, sentences or pictures to be
completed, errors to be found and corrected, definitions to
be given and to be chosen, items to be matched, directions
to be followed, disarranged parts to be put together, dis-
arranged events to be put in proper sequence, keys or codes
to be learned, true statements to be distinguished from
false, items to be checked as fit by various criteria, items
to be crossed out as unfit, and so on.

Internally, the individual finds himself striving to at-
tend to certain matters, to fix others in memory, to recall
what he knows about others, to select from many things or
ideas the one which best satisfies certain requirements, to
define the relation between two terms, to discover an ele-
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ment ecommon to three or four given facts, to hold in mind .
many different facts and use them to some specified pur-
pose, and to inhibit customary habits in view of some rule.
He also finds himself in some cases (such as many elements
of information tests, vocabulary tests, and arithmetical
computations) utilizing a wide range of knowledge and
skills.

Any system of units of measurement that is to be ade-
quate must then apparently be flexible enough to apply to
a wide variety of operations such as we may call attention,
retention, recall, recognition, selective and relational think-
ing, abstraction, generalization, organization, inductive and
deductive reasoning, together with learning and knowledge
in general.

SCORING THE PRODUCTS OF INTELLECT

In the great majority of instruments for measuring in-
tellect the score or rating is determined in part by the de-
gree of difficulty of the tasks the individual can do success-
fully. Thus ‘There are three main differences between a
president and a king; what are they?’ (Stanford Binet
XIV, 3) is harder than ‘Are you a little boy or a little
girl?’ (Stanford Binet, III, 4). To complete 3 6 8 16 18
36 . ... (Alpha 6, 20) is harder than to complete 10 15
20253035 .... (Alpha 6, 2). Psychologists and scien-
tific and sensible people in general readily rank tasks as
easy or hard for intellect and would accept the principle
that, ‘Other things being equal, the harder the tasks a per-
son can master, the greater is his intelligence.” The con-
cept of hardness or difficulty in intellectual tasks, as now
used, is somewhat vague and variable. Its outstanding
characteristic is that among a large group of persons vary-
ing in intelligence, the harder the task, the fewer will be
the persons who can do it, and the more intelligent they
will be. Sometimes, however, tasks are called hard which
really are only recondite, familiar to few; and sometimes
tasks are called hard which really are only long.
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CHAPTER I

TaE PRESENT STATUS!

Existing instruments for measuring intellect’ developed
from three roots, the interview, the school examination, and
the ‘tests’ of sensory acuity, memory, attention, and the
like, devised during the early history of psychology. The
Stanford Binet, for example, is an improved, systematized
and standardized interview. The Army Alpha is in part an
improved school examination and in part an improved bat-
tery of tests like those used before 1900 by Galton, Ebbing-
haus, Cattell, Jastrow, and others.

Existing instruments represent enormous improvements
over what was available twenty years ago, but three funda-
mental defects remain. Just what they measure is not
known; how far it is proper to add, subtract, multiply,
divide, and compute ratios with the measures obtained is not
known; just what the measures obtained signify concerning
intellect is not known. We may refer to these defects in
order as ambiguity in content, arbitrariness in units, and
ambiguity in significance.

AMBIGUITY IN CONTENT

If we examine any of the best existing instruments, say
the Stanford Binet, the Army Alpha or the National Intel-
ligence Test, we find a series of varied tasks. Some concern
words, some concern numbers, some concern space relations,
some concern pictures, some concern facts of home life.
Some seem merely informational; some are puzzle-like.
Some concern mental activities which will be entirely famil-
iar to almost all of the individuals to be tested; some con-

1 This chapter is reprinted with some alterations from the Psychological
Review, Vol. 31, pp. 219 to 252.

2 We shall use ‘intellect’ and ‘intelligence’ as synonyms throughout this
book.
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24 THE MEASUREMENT OF INTELLIGENCE

he does. We must then consider as a possible principle
‘Other things being equal, the greater number of tasks of
equal difficulty that a person masters, the greater ts his
intelligence.” This principle would not be accepted so
readily as the principle about greater difficulty, and per-
haps would not be accepted at all unanimously. ‘Knowing
more things than someone else, and being able to do more
things than someone else’ is not so clearly and surely hav-
ing more intelligence as ‘being able to do harder things
than some one else can do.’

The two things have been somewhat confused in general
discussions and in the construction of measuring instru-
ments because, by and large, a person increases the num-
ber of things he can do in large part by adding on harder
ones, and also because the person who can do the harder
can on the average learn those which the duller person can
learn more quickly than he, and so learns more of them.
Consequently what we may call the level or height or alti-
tude of intellect and what we may call its extent or range
or area at the same level are correlated and either one is
an indicator of the other. It will be best, however, to keep
them separate in our thinking.

In many of the instruments for measuring intellect a
person’s score is determined partly by the speed with which
he can do the tasks. Even in batteries of tests where all
candidates attempt all the tasks, speed may count, since the
persons who do the easier tasks more quickly may have time
to review some of the tasks and perfect their work. If
speed deserves any weight in determining the measures of
intellect it is by virtue of the principle that, ‘Other things
being equal, the more quickly a person produces the correct
response, the greater is his intelligence.” Giving much
weight to speed arouses decided objections in the laity and
among some psychologists, and the principle just stated
certainly would not be accepted as axiomatic. By and
large, however, if A can do harder things than B can, A will
do those things which B can do more quickly than B can
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A certain moderate weight attached to speed will not then
much decrease a test’s significance; and, per hour of time
spent on testing and scoring, an even greater significance
may perhaps be obtained by giving a liberal weight for
speed than by giving none.

For the practical purposes of estimating intellect, a
battery of tests in which level, extent, and speed combine in
unknown amounts to produce the score may be very useful.
For rigorous measurements, however, it seems desirable to
treat these three factors separately, and to know the exact
amount of weight given to each when we combine them.

We shall try to make the concepts of intellectual prod-
uct, difficulty of producing an intellectual product, range
of products produced, and speed of producing a product,
more definite and precise, but without so altering them as
to lose the elements which have given them practical value
in the best current practice in measurement, or to weaken
in any way their usefulness in measuring intellects as we
actually find them by the tests which we have so far de-
veloped.

We shall start with certain first approximations. For
a first approximation, let intellect be defined as that quality
of mind (or brain or behavior if one prefers) in respeect to
which Aristotle, Plato, Thucydides, and the like, differed
most from Athenian idiots of their day, or in respect to
which the lawyers, physicians, scientists, scholars, and edi-
tors of reputed greatest ability at constant age, say a dozen
of each, differ most from idiots of that age in our asylums.

Let an intellectual product, i.e., a product or response
requiring, or depending on, intellect for its production, be
defined as a product or response which, given the same ex-
ternal situation, the intellects in the half toward Aristotle
are more likely to make than the intellects in the half to-
ward the idiot. For example, if, when all Athenians of
age forty were confronted by the question ‘Is a straight
line the shortest distance between two points?’ the growth
of the white blood corpuscles was equal for the Aristotelian

Google



4 THE MEASUREMENT OF INTELLIGENCE

We have then no right to add, subtract, multiply, or
divide with these scores of A, B, C, D, E, and F in the way
that we do with their heights or weights. Suppose that A
scores 100; B, 110; C, 90; and D, 120. We cannot say that
the average intellect of A and B equals the average intellect
of C and D. If E changes from 60 to 70, while F' changes
from 70 to 80, we cannot say that they have made equal
gross gains.

The numbers designating the scores made by individuals
are usually not even approximately related to any true zero
point.® Consequently, even if the scores 1, 2, 3, 4, did
represent an equal-interval series of amounts or degrees of
the ability in question, they would properly be treated as
z+1, z+4+ 2, 243, £+ 4. The ‘times as’ or ratio judg-
ment is thus not surely applicable and the relations of the
scores to anything else are thus undetermined. For ex-
ample, we cannot say whether the intellect of the average
twelve-year-old is one and a quarter times that of the aver-
age six-year-old or twice it, or ten times it. '

The second main problem in improving measurements of
intellect is thus to attach fuller and more definite meanings
to these credit summations and difficulty levels, and if pos-
sible to find their equivalents on absolute scales on which
zero will represent just not any of the ability in question,
and 1, 2, 3, 4 and so on will represent amounts increasing
by a constant difference.

We have to estimate equivalents of this sort somehow
before we can make much use of ratings by either credit
summations or difficulty levels; before, for example, we can
conveniently compare individuals or groups, or the changes
made by individuals or by groups, or the effects of different
environments. The commonest method at present is to take
as the equivalent for any score by any instrument, the age
whose average achievement is that score, and to assume that

8 Attempts have been made to defina ‘zero’ or ¢ just not any’ ability and to

assign scores in relation to zero in the case of knowledge of English words,
ability to understand sentences, handwriting, drawing, and English composition.
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the increments in average ability are equal for equal differ-
ences in age up to some limit such as 192 months, and are
zero thereafter. This of course is purely hypothetical in
general and is almost certainly in error for the ages near
the point where the age change suddenly turns from its
full amount to zero. The curve of ability in relation to age
is almost always smooth as in the continuous line of Fig.

Fia. 1a. The probable form of the curve of intellect in relation to age.

Fi6. 1b. The form of the curve of intellect in relation to age, if annual gains
are equal up to some stated age, and are zero thereafter.

la, but not with a sharp turn as in the dash-line of Fig. 1b.
The competent thinkers who use the method know this and
are cautious in inferences based upon its application to the
higher ages; but they use it rather freely for the lower ages,
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6 THE MEASUREMENT OF INTELLIGENCE

because some method must be used, because it is easy to
understand and apply, and because we do not know what
method is really right.

It may be objected that equality of units is an unneces-
sary refinement, for present practical purposes, since the
mental age defines the status of an individual sufficiently,
‘as able as the average ten-year-old,’ ‘as able as the average
twelve-year-old.” These, it may be said, are better measure-
ments for practical purposes than some absolute scale in
terms of equal ‘mentaces’ or ‘intels.” The convenience, in-
telligibility and realism of the mental age scale up to about
12 or 13 years are indeed great advantages, but after 13 or
14 it is neither convenient nor intelligible nor realistic. It
is not convenient because the computation of intelligence
quotients becomes very troublesome for the higher ages. It
is not readily intelligible because mental ages 14, 15, 16, ete.,
are not ‘as good as the average’ 14-year old, 15-year old, etc.
The average 25-year old for example is about the mental age
of 14 by one of the best instruments. It is not realistic
because we have no clear or vivid sense of what the average
person is intellectually at fifteen, or at sixteen, and do not
even know whether he improves in the next two or three
years. A mental age of 15 or 16 or 17 is in fact as arbitrary
a quantity as an Alpha ability of 123.

A rarer but more promising procedure than that of trans-
forming test scores into ‘ages’ is to transform them into
units of ability on the assumption that the distribution of
ability in all adults 21-30, or in all twelve-year-olds, or in all
pupils in grade six of a certain city, or in some other speci-
fied group, is approximately that given by

—_— 203
y ovon'

For example, the Alpha scores from 0 to 212 were not
used in the army at their face value, which would give a
distribution of the form shown in Fig. 2, but were trans-
muted into seven letter measures by the following scheme,
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which assumed an approximately ‘normal’ distribution for
a random sampling of 128,747 of the literate white draft:

0 100 200
F16. 2. The form of distribution of the literate white draft if Army Alpha
are taken at their face value.

135-212=A
105-134=B
75-104=C +
45- 74=C
25~ 44=C—
15- 24=D
0-14=D—

The score used in the Thorndike-MeCall test of para-
graph reading is not the number of correct answers, but a
transmutation on the assumption that the real ability con-
cerned is distributed ‘normally’ amongst twelve-year-olds
in American cities.

‘We know very little concerning the permissibility of the
assumption of the so-called normal distribution for adults
or for an age, or for a school grade. The search for evi-
dence pro and con is one important feature of the attempt
to obtain units of mental ability which shall be at least ap-
proximately equal.

AMBIGUITY IN SIGNIFICANCE

The test score measures directly only the measurer’s
impression from the subject’s performance, or the summa-
tion in a more or less capricious fashion, of credits and
penalties for the subject’s responses to the different ele-

ments of the tests, or a combination of these. What this
3
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8 THE MEASUREMENT OF INTELLIGENCE

score signifies about the subject’s intellect depends upon
the intuition of the measurer, or upon the correlation be-
tween the summation and intellect, or upon both. When we
assert that a child is found by measurement with the Stan-
ford Binet to have the intellect of a child 1014 years, all that
is really asserted is that the child does as well in that par-
ticular standardized interview as did the average of the
children of 10% years of age tested by Terman in making
his standards. We do not know what the average intellect
of these children was, nor how closely the Stanford Binet
score represents or parallels or signifies it.

When we assert that a man is found by measurement
with the Army Alpha to have the intellect of an average
recruit in the draft, all that is really asserted is that he does
as well in that particular battery of tests scored and sum-
mated in a particular way, as the average recruit did. Just
what the intellects of recruits were and how closely their
Alpha scores paralleled their intellects, we do not know.
The measurement is one thing, the inference to intellect is a
different thing.

This is of course true of many measurements. The
amount of silver deposited in one second by an electrie cur-
rent is not the amount of current. The dividend rate on
stock during any one year is not the worth of the stock. The
amount of silver is, under proper conditions, of perfect sig-
nificance as an indicator of the amount of current, since the
correlation between it and a perfect criterion of amount of
current is perfect. The dividend rate is of very imperfect
significance, since the correlation between it and a perfect
criterion of the worth of the stock is far from perfect.

We do not know how closely the rating or score in the
Stanford Binet or the Army Alpha or any other instrument
correlates with a perfect criterion of intellect, because we do
not know what such a criterion is, much less its correlations
with these tests. One great task of the measurement of
intellect is to obtain such a criterion, or a closer approxima-
tion to it than we now have, and to use it to improve the
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THE PRESENT STATUS 9

selection and weighting of the elements of our testing in-
struments.

The present status of such instruments as the Binet or
Army or National tests is roughly as follows: We have
chosen tests where the judgment of sensible people in gen-
eral is that correct response or speed of correct response is
characteristic of intellect. Such is the case with directions
tests, arithmetical problems, common sense questions (as
in Alpha 3), and the like. We have chosen tests using the
judgment of psychologists in the same way. Such is the
case with the completion tests devised by Ebbinghaus, the
mixed relations or analogies test devised by Woodworth,
and the like. We have tried these or other tests with chil-
dren secluded in institutions because of imputed intellec-
tual inferiority and with children of like age who are in
ordinary schools (as by Norsworthy), with adult males of
good health and morals who were found in a Salvation
Army home, glad to work for a dollar a day, and with
adults of the professional classes (as by Simpson), with
children in general of different ages (as by Binet and
Terman), with various groups of children ranked for im-
puted intelligence by teachers, fellow pupils, school ad-
vancement, and other symptoms (as by Spearman, Burt,
Terman, Whipple, Yerkes, and others), with children of
alleged superior intelligence in comparison with others (as
by Whipple and Terman), with soldiers in the National
Guard and regular army in connection with ratings for
intelligence given by their officers (as by the Psychology
Committee of the National Research Council), with stu-
dents whose success in high school and college studies was
also measured (as by Colvin, Wood, and many others),
with individuals who were tested with a very long series
of tests (as by Terman and Chamberlain, Stenquist, and
others), and in other ways.

As a general result we know that certain systematized
interviews and batteries of tests measure somewhat the
same trait, since they correlate somewhat one with an-
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10 THE MEASUREMENT OF INTELLIGENCE

other; and that this trait has to some extent the same con-
stitution as the trait which sensible people, psychologists,
and teachers rate as intellect.

The failure of perfect correlation between the amount
of intellect a person has, as revealed by the eriterion, and
the amount indicated by the instrument is due, as has been
said, partly to the imperfection of the criterion, but partly
also to the imperfection of the instruments. They (at
least all but one of them) are demonstrably imperfect, since
no two of them correspond perfectly in their findings for
the same intellects. Since it is extremely unlikely that,
out of a dozen instruments devised with about equal care
by a dozen individuals or committees at about the same
date one should be very much superior to all the others,
we may assume, until there appears proof to the contrary,
that all are imperfect.

The imperfection may be of two sorts. First, the re-
sponses measured by the instrument may not be represen-
tative of the whole intellect and nothing but intellect; the
score obtained may not give enough weight to certain fac-
tors or elements of intellect and may give weight to others
which really deserve less or even zero weight. The instru-
ment is then like a wattmeter which gives only half weight
to the voltage of the current or adds two watts for every
time that the current is turned on or turned off. Second,
the same person may receive a different score when re-
measured by the instrument. In so far as such differences
are due to the ‘accidental’ ups and downs in the person’s
achievements, they are taken care of by measuring him at
enough different times; but in so far as they are due to ac-
quaintance with the instrument itself or with instruments
like it, they are a very serious imperfection. For example,
a given score with Army Alpha represents a very different
status according as it is from a first, a second, or a third
trial. The case here is as if a thermometer tended after
subjection to a temperature of 200° once to register 220°
when 200° was next encountered. The provision of means
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for distinguishing between that part of the score due to
certain general characteristics of the person measured and
that part of the score which is due to certain special train-
ing that he has had with the tasks of the tests, or with
tasks like them, is thus an important part of the work of
making the measurements more fully and exactly signifi-
cant of intellect.

.In general, all our measurements assume that the indi-
vidual in question tries as hard as he can to make as high a
score as possible. None of them can guarantee that the
scores would correspond at all with a perfect criterion if
the individuals measured tried to appear as dull as they
could. The correlation would indeed then probably be in-
verse, the more intelligent persons being more successful
in their efforts to appear dull! It is theoretically possible
to arrange a system of incentives such that each person
measured by an instrument would put forth approximately
his maximum effort, and in scientific testing of the instru-
ments this can often be done. In general practice, how-
ever, we rarely know the relation of any person’s effort to
his possible maximum effort. Since, however, the disturb-
ances due to differences in effort on the part of those tested
require in study and treatment procedures which have little
or nothing to do with the procedures by which the instru-
ments are made to give better measurements of those who
do try their best, we shall disregard the former and shall
limit our inquiry to the latter sort of procedures.

MEASUREMENTS OF INTELLIGENCE ARE MEASURES OF
INTELLECTUAL PRODUCTS

All scientific measurements of intelligence that we have
at present are measures of some product produced by the
person or animal in question, or of the way in which some
product is produced. A is rated as more intelligent than B
because he produces a better product, essay written, answer
found, choice made, completion supplied or the like, or pro-
duces an equally good product in a better way, more quickly
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12 THE MEASUREMENT OF INTELLIGENCE

or by inference rather than by rote memory, or by more in-
genious use of the material at hand.

‘We can conceive of states of affairs such that a man’s
intellect could be measured without consideration of the
products he produces or the ways in which he produces
them. Intellect might be exactly proportionate to the ac-
tivity of the thyroid gland, or to the proportion of the brain
weight to body weight, or to the number of associative neu-
rones in the frontal lobes or to the complexity of the fibril-
lary action of certain neurones, or to the intensity of a
certain chemical process, and hence be measurable by ob-
servations of the thyroid’s action, or estimates of the
brain’s volume, or by a count or measurement of neurones,
or by a chemical analysis.

Psychologists would of course assume that differences
in intelligence are due to differences histological or physio-
logical, or both, and would expect these physical bases of
intelligence to be measurable. At present, however, we
know so little of the neural correlates of intellect that if
twenty college freshmen were immolated to this inquiry,
ten being the most intellectual of a hundred, and ten
being the least intellectual of the hundred, and their
brains were studied in every way by our best neurologists,
these could probably not locate sixteen out of the twenty
correctly as at top or bottom. Moreover, what we do know
of neural correlates is of little avail during life, the living
neurones being extremely inaccessible to present methods
of observation.

Even if one aimed at discovering the physiological basis
of intellect and measuring it in physiological units, one
would have to begin by measuring the intellectual produects
produced by it. For our only means of discovering physio-
logical bases is search for the physiological factors which
correspond to intellectual production.

MEASUREMENTS OF INTELLIGENCE IMPLY VALUATION

Our present measurements of intelligence rest on human
judgments of value, judgments that product A is ‘better’
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a minute each, and leave the best available intellect to put
its time on tasks far above level D,.

Common sense recognizes the greater importance of alti-
titude. It rates a Pasteur far above the most widely com-
petent general practitioner. It does not ask how quickly
Milton could give opposites, or turn out doggerel rhymes.
Probably Pasteur was very much above the average in
extent of intellect; probably Milton could have written as
good poetry as A can write very much faster than A can.
But common sense considers extent and quickness as unim-
portant in comparison with reaching a level far above the
average.

From the economic and philanthropic points of view,
altitude is enormously more important. If an intellect
could be hired from Mars of so high level that it could learn
how to prevent war as easily as Jenner learned how to pre-
vent smallpox, a million dollars a day would be a cheap
wage for the earth to pay him.

Our analysis of the measurement of intelligence may be
represented by space and number as follows:

Let one sixteenth of a square inch represent one intellec-
tual task. Let those equal in difficulty be placed in the same
row across the page; let the order of the rows from the
bottom to the top of the page be the increasing order of
difficulty ; let the square be shaded if the individual in ques-
tion cannot do it; if he can do it, let it bear a number repre-
senting the time he requires to do it. For illustration, we
have assumed that there are 320 tasks and that they are of
20 levels of difficulty, 16 at each level.

Figures 3 and 4 then represent the measurements or in-
ventories of two specimens of intellect. Such measurements
or inventories may be abbreviated by using a random sam-
pling of tasks at each level, or by using only every other
level or every third or every fourth level, or in other ways.
Only one thing is needed to make such measurements sub-
missible to the arithmetic and calculus of science in general.
That is the expression of the altitude of each level (now
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14 THE MEASUREMENT OF INTELLIGENCE

In some cases the value is assigned so easily (as a simple
deduction from, or following of, a general rule) that we may
thoughtlessly assume that the response indicates intelli-
gence regardless of any process of valuation. For ex-
ample, we may consider that in a test in arithmetical com-
putation or problem solving, the right answers are signs of
intelligence, regardless of what anybody thinks. A little
thought will convince us, however, that in such tests the
human judgment acts as truly as in a completion or para-
graph-reading test. The main difference is that, having
once for all decided that right answers are better than
wrong answers, we do not raise the issue about any par-
ticular answer. We simply assume or make a general rule
of valuation. The valuation becomes obvious if we col-
lect all the responses made to an arithmetical task and ask
whether all the different ‘rights’ are equally good or right,
and whether all the different ‘wrongs’ are equally undesir-
able.’

One criterion of value, truth, is so widely used in fram-
ing, keying, and scoring tests of intelligence that it deserves
comment, especially since there may be in the case of truth
an objective criterion, power in prediction, by which our
judgments of value are or should be determined. Two
other criteria of value also need comment because they have
been suggested explicitly or implicitly as direct criteria
for intelligence. They are development with age and abil-
ity to learn.

TRUTH

Probably over half of our present tests of intelligence
are tests where the response is given credit as a symptom
of intelligence in proportion to its truthfulness. Such is
the case, for example, with eight out of ten tests of the Otis

7 In the special case where we arrange for Yes and No answers valuation is
doubly active. We arrange so that a Yes or a No will be ‘good’ as a response.
Then, since some of the correct ‘Yeses’ or ‘Noes’ may be due to chance, and

since chance answers are deemed of no value, we plan our scoring so as to give
the chance ‘ Yeses’ and ‘Noes’ zero value.
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Advanced ; and with Army Alpha, 2, part of 3, 4, 6, 7, and 8.
It is more or less the case with Stanford Binet III, 5; IV,
1,23;V,1,2,3,4; VI, 1,2, 3,5; VIL, 1, 2, 5; VIII, 4, 5, 6;
IX,1,23;X,1, 2; XII, 1, 2, 8; XIV, 1,2, 3, 5, 6; and with
National Intelligence A, 1, 3, 4, and B, 1, 2, 3, and 5.

One could make an attractive theory of intelligence and
its measurement somewhat as follows: Intellect is con-
cerned with facts, being the ability to see and learn the
truth, to get true knowledge and use it to the best advan-
tage. Truth is insight into the real world, the evidence
that knowledge is true is its predictive power. Measures
of intelligence are then ultimately measures of a man’s
mastery of prediction, that 2 and 2 will be 4, or that it will
be profitable to buy such and such a stock, or that a planet
will be found having such and such a path. More immedi-
ately, they are measures of certain abilities which contrib-
ute to, or accompany, or indicate the existence of, the abil-
ity to get and use the truth.

By this theory we should rest our valuations of truth
all on the ultimate test of power of prediction. One truth
would be better than another in proportion as it predicted
more facts, or more important facts, or predicted the same
facts more acccurately, or helped more in the acquisition of
other truths. Our valuations of abilities as evidences of
intellect would rest on their significance as symptoms of
ability to get and use truth.

It seems sure, however, that people in general, psychol-
ogists, and framers of intelligence tests, alike mean by
intellect something more than ability in truth-getting to
improve prediction. They mean what Pericles and Wash-
ington and Gladstone had as well as what Aristotle and
Pasteur and Darwin had. In the oral interview of the
business man or physician to test intelligence, in such tests
as Ebbinghaus’ completions, and in such a battery of tests
as Army Beta, there is little obvious reference to predic-
tion or truth getting. In the first case, the aim is rather
to see how the person fits his thoughts and acts to little
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38 THE MEASUREMENT OF INTELLIGENCE

evidence is the number and nature, in respeet of intellect,
of those who succeed with each task. The harder the task,
the fewer the persons who succeed at it, and the more intel-
lect they have. The argument implicitly involved is (1) that
whether a person succeeds or fails in such tasks is deter-
mined largely by the amount of intellect which he possesses,
and not greatly by anything other than intellect, and (2)
that in the hardest tasks which a person masters, he uses
in general nearly all the intellect which he has.

The argument is sound enough to justify such a rank
order as the A, B, C ... G order shown above, or the
order of a series made of Stanford Binet tests for Mental
Age 10, Mental Age 12, Mental Age 14, Mental Age Adult,
and Mental Age Superior Adult, but we shall find trouble
if we try to make a very close ordering, or to use the per-
centages of successes for other than approximate rankings.

The exact determination of a rank order of test elements
for intellectual difficulty requires that the individuals in the
group be tested with each of the tasks under similar condi-
tions, including interest and effort, which is a matter of
general scientific care that needs no further discussion here.
It requires also that each of the tasks in the series shall be
‘intellectual;” and this requirement will eventually need
very elaborate discussion. We shall, indeed, find that it is
desirable to define an intellectual task as one in which the
person tested uses all the intellect he then has; and in which
he differs from other persons in nothing save the amount
of intellect used.

If, however, we applied any such rigorous definition now,
we should be unable to deal with any elements of any tests
ever used in measuring intellect, since not a single one of
them is a task which depends on intellect in its entirety,
and differentiates individuals with no disturbance by any-
thing other than intellect. A test element which did so
would correlate 1.00 with a perfect criterion. In order to
maintain continuity with previous work, we shall first treat
each test element as if correct response to it was caused by
intellect intact and uncontaminated by aught else.
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ability in checking A’s on a mixed sheet of capitals would
probably show less overlapping with age than vocabulary,
rate of reading, and ability in completing sentences. But
they would be far less effective in diagnosing amount of
intelligence.

Development with age would be a poor and partial crite-
rion for intellect of any sort or degree, and for the higher
ranges of intellect, say those above the 70-percentile intel-
lect of the average of the white draft, or above the average
ninth-grade pupil, it would be well-nigh worthless. It has
never been so used. The Terman mental ages above 14,
for example, are not functions of development with age, but
of differences between individuals, regardless of age.

ABILITY TO LEARN

An obvious hypothesis, often advanced, is that intellect
is the ability to learn, and that our estimates of it are or
should be estimates of ability to learn. To be able to learn
harder things or to be able to learn the same thing more
quickly would then be the single basis of valuation. Sue-
cess in solving arithmetical problems, or defining words, or
completing sentences would then be good, simply and solely
because it signified that the person had greater ability to
learn.

If greater ability to learn means in part ability to learn
harder things, we have excluded the vague general valua-
tion of certain products and ways of producing only to in-
clude it again. For we shall find ourselves selecting or
defining A as harder to learn than B on the ground that
only the more intellectual persons can do it, or on the
ground that it requires a higher type of intellect, and shall
find ourselves using those vague general valuations to pick
the persons or describe the type of intellect required.

If greater ability tolearn means onlv the ability to learn
more things or to learn the same things more quickly, we
have a view that has certain advantages of clearness and
approximate fitness to many facts. Even less than in the
case of truth-getting, however, do our present actual instru-
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18 THE MEASUREMENT OF INTELLIGENCE

ments for measuring intelligence measure directly a per-
son’s ability to learn more things than another person can,
or to learn the same things more quickly. The substitution
test included in Army Beta, in the National Intelligence
Examination and in some others, is about the only test of
speed of learning that is used; and it is more than a learn-
ing test.

Much evidence will therefore be required before we can
wisely replace our present multifarious empirical valua-
tions by the formula that intellect is the ability to learn
more things or to learn the same things more quickly.

The reduction of all valuations of response to valuation
as symptoms of ability to learn more and more quickly
thus seems too narrow a view. It has other defects. Were
it true, we ought, other things being equal, to get better
correlations with a criterion of intellect from tests in learn-
ing something new and from tests deliberately framed to
measure how much one has learned in life so far, than from
the existing batteries of miscellaneous tasks.

This does not seem to be the case. Quantitative data
concerning individual differences in learning under experi-
mental conditions are rather scanty, and their correlations
with a criterion of intellect are scantier still ; but what facts
we have been able to gather do not show that, per hour of
time spent, tests in learning predict the criterion as well
as do the tests now in use. Tests framed to measure how
much one has learned in life so far, such as vocabulary
tests, information tests, or such Binet elements as ‘Knows
whether he is a boy or a girl,” and the like, are valuable,
but not, so far as we can determine, more valuable than a
composite containing also tests primarily of selective, rela-
tional, generalizing, and organizing abilities.

OTHER ATTEMPTED SIMPLIFICATIONS OF THE PROCESS
OF VALUATION
Response to Novelty
In one way allied to the doctrine just described and in
one way sharply contrasted with it, is the doctrine that a
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person’s intellect is measured by his ability to respond well
to new situations, to do ‘originals.” The importance of
some such ability as this will, of course, be admitted. How-
ever, in view of the great difficulty of deciding just what
situations are ‘new’ for any given individual; in view of
the fact that ‘to respond well’ is likely to bring in many
or all of our vague general valuations again; in view of the
fact that distinctions among novel situations as ‘harder’
(that is, making greater demands on intellect) will have the
same effect; and in view of the fact that our most approved
present instruments include many tasks which seem as
fittingly called responses to the familiar as to the new—
in view of all this it seems best at present not to try to
narrow our valuations to fit this theory.

Relational Thinking

Spearman has argued that intellect equals the appre-
hension of experience, the eduction of relations and the
eduction of correlates. The two processes are defined as
follows: ‘‘The mentally presenting of any two or more
characters (simple or complex) tends to evoke immediately
a knowing of relation between them.’”’ [23, p. 63.] ‘‘The
presenting of any character together with any relation
tends to evoke immediately a knowing of the correlative
character.”” [23, p. 91.]

There is no doubt that the appreciation and manage-
ment of relations is a very important feature of intellect,
by any reasonable definition thereof. Yet it seems hazard-
ous and undesirable to assume that the perception and use
of relations is all of intellect. In practice, tests in para-
graph reading, in information, and in range of vocabulary,
seem to signify intellect almost as well as the opposites and
mixed relations tests. In theory, analysis (thinking things
into their elements), selection (choosing the suitable ele-
ments or aspects or relations), and organizing (managing
many associative trends so that each is given due weight
in view of the purpose of one’s thought), seem to be as
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20 THE MEASUREMENT OF INTELLIGENCE

deserving of consideration as the perception and use of
relations. Moreover, I fear that, in all four cases, we need
other valuations to decide which are the better relations
or more abstract relations, or the more essential elements,
or the more sagacious selection, or the more consistent
organization, or the more desirable balance of weights, and
the like.

However this may be, our present tests of intelligence
are not merely instruments to measure how little stimulus
is required to produce a perception of a relation, or how
many relations will be perceived from a given constant
stimulus, or how quickly. And we may best study them as
they are before dismissing the valuations on which they
are based, in favor of any simpler and more objective sys-
tem.

We shall then accept for the present the status of mea-
surements of intellect as measures of different products
produced by human beings or of different ways taken by
them to produce the same product, each of these products
and ways having value attached to it as an indication of
intellect by a somewhat vague body of opinion whether
popular or scientific.

THE CONTENT OR DATA OF TESTS OF 1NTELLECT

Presumably a man can use intellect and display the
amount of it which he possesses in operations with any
sort of material object, any living plant or animal, includ-
ing himself, any quality or relation that exists in reality or
in imagination, any idea or emotion or act. Our tests
might draw upon anything for their material.

They have, in fact, greatly favored words, numbers,
space-forms, and pictures, neglecting three-dimensional ob-
jects and situations containing other human beings. How
far this has been due to convenience, and how far intellect
is really best measured by its operations with words, num-
bers, space-forms, and pictures, is a matter that obviously
deserves investigation. Our choices of test material have
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_certainly been somewhat determined by convenience. They
have also favored ideas, general notions, abstractions, sym-
bols and relations, to the relative neglect of percepts and
particulars. This has been in the main deliberate, our
general scheme of valuation attaching on the whole more
intellectual worth to operations with generals and facts in
relations than to particulars and facts in isolation.

The nature and extent of the specialization of intellect,
according to the content or material operated on, has been
and still is a matter of dispute; and the difference of
opinion carries over into the practice of measurement.
Some psychologists would be fairly well satisfied to mea-
sure intellect by a series of mazes alone; or by a series of
sentence completions alone. Others, the great majority,
attach much more confidence to a battery of tests including
surely both words and numbers, probably also some space-
forms and perhaps some more concrete pictorial material.

THE FORM-OF TESTS OF INTELLECT

Whether we consider the external appearance of the
tasks or the internal nature of the processes in the person
doing them, there is a great variety in respect to form,
that is, to the operations performed with the words, num-
bers, pictures, and other content. Externally, there ap-
pear questions to be answered, sentences or pictures to be
completed, errors to be found and corrected, definitions to
be given and to be chosen, items to be matched, directions
to be followed, disarranged parts to be put together, dis-
arranged events to be put in proper sequence, keys or codes
to be learned, true statements to be distinguished from
false, items to be checked as fit by various criteria, items
to be crossed out as unfit, and so on.

Internally, the individual finds himself striving to at-
tend to certain matters, to fix others in memory, to recall
what he knows about others, to select from many things or
ideas the one which best satisfies certain requirements, to
define the relation between two terms, to discover an ele-
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value, it appears that the variability of an individual whose
median score is about 105 (from 100 to 113) is very nearly
the same as the variability of an individual whose median
score is about 128 (125 to 132). If, however, the units of
the scoring scale from 90 to 120 really represent smaller in-
crements of ability than the units from 120 to 145, the real
variability of an individual of ability 105 is less than the
real variability of an individual of ability 128, and con-
versely, if the units of the scoring scale from 90 to 120
really represent larger increments of ability than the units
from 120 to 145.

We thus record the face-value-score results for many
different sorts of tests of intelligence,* noting in each case
any facts about the construction of the tests which concern
the probability that its units progressively swell or shrink
in ‘real’ value over any considerable fraction of the range
we are concerned with. We note especially the results in
those cases where there is no reason to expect swelling
more than shrinking. The average relations between varia-
bility and ability found in these cases may be taken to rep-
resent approximately the real relation, until some one pro-
duces evidence that, in all or nearly all tests for the ability
in question, there are forces leading psychologists, quite
without intention, to devise scoring plans which make for
progressive swelling or shrinking of units.

The general drift of the facts is shown in Table 2 which
gives the variability (in face-value-score units) of an indi-
vidual from day to day in intellect as a percent of the varia-
bility of a person whose amount of intellect is that repre-
sented by an Army Alpha first-trial score of about 100.

4 We have secured extensive data concerning Army Alpha, Examination A,
Army Beta, Stanford Mental Age, the National Intelligence Test, the Otis
Advanced Test, the Haggerty Delta 2, the Myers Mental Measure, the Kelley-
Trabue, the Stanford Binet, the Terman Group Test, the I.LE.R. Test of Selec-
tive and Relational Thinking, the L.LE.R. Test of Generalization and Organiza-
tion, the Thorndike Non-Verbal Test, the Thorndike Examination for High

8Bchool Graduates, series of 1919 to 1930, and the Toops Clerical Test. See
Appendix II.
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We shall presently define this concept of the intellectual
difficulty of a task, so as to make it more useful in science,
but for the present we may leave it vague, the principle
stated above being true for any reasonable definitions of
‘difficulty,” and ‘intelligence.’

In many of the instruments for measuring intellect
there are tasks which are of equal difficulty (or at least
tasks so nearly equal that which of them is hardest is not
certain). In the Binet series the tasks for any one year of
age were supposed to be equally hard. In Alpha 7 only
by statistical inquiry could one decide which of these is
hardest, which next hardest and so on.

6 love—hatred :: friend—lover mother need enemy 6
7 wrist—bracelet : : neck—collar leg foot gsraffe 7
8 sailor—navy :: soldier—gun priwate army fight 8
9 carpenter—house :: shoemaker—hatmaker waz shoe leather.... . 9
10 shoestring—shoe :: button—coat catch bell hook 10
11 quinine—bitter :: sugar—cane sweet salt beets 1
12 tiger—wild :: cat—dog mouse tame pig 12
13 legs—man :: wheels—spokes carriage go tire. 13
14 north—south :: east—north west south east 14
15 feather—float :: rock—ages hill sink break. 15
16 grass—cattle :: bread—man butter water bones 16
17 fin—fish :: wing—feather air bird sail 17
18 paper—wall :: carpet—tack grass sweep floor. 18
19 food—man :: fuel—engine burn coal wood. 19
20 sled—runner :: buggy—horse carriage harness wheel. ... coecervc 20
21 poison—death :: food—eat bird life bad 21
22 Japanese—Japan :: Chinese—Russia China Japanese pigtail 22
23 angels—heaven :: men—earth woman boys Paradise.... 23

24 Washington—Adams :: first—oontrast best second last...
25 prince—princess :: king—palace queen president kingdom......

Now if a test includes a dozen tasks absolutely equal in
difficulty for people in general, any one person who gets
some right will by no means always get them all right, and
any one person who gets some wrong will by no means
always get them all wrong. So a person’s score is partly
determined by the number of tasks of equal difficulty that

4
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It appears from Table 2, and still more clearly from the
consideration of the detailed facts in Appendix II which
Table 2 barely summarizes, that if we had scales for
intellect whose units were really equal, the variability of an
individual from day to day would be the same, regardless of
whether the average amount of intellect possessed by him
was that of a ‘low grade ten-year-old’ or of a ‘superior
adult,’ that of an Army Alpha score of 25 or that of a score
of 175.

This result is so important, if true, that we have sought
for facts and probabilities in real or apparent opposition
to it.

First, there are the obvious opposing facts of range of
variability in intellectual or similar production. Keats may
have written ‘“On Reading Chapman’s ‘Homer’’’ in one
hour, and have written nothing in some other hour when he
tried as hard, whereas an average twelve-year-old varies at
the most from nothing up to a composition scoring 50 on
the Hillegas scale. A gifted stock-exchange trader who in
transactions of 10,000 shares a day, averages $100 profit,
may vary from a profit of $25 to one of $2,500, whereas a less
gifted trader who averages $10 a day on 100 shares in the
same market, it is said, varies over a much narrower range.

Such apparently opposing facts as these are, however,
not so simple as they seem. If we had a full record of all of
Keats’ hours of equal effort, the production called zero
might turn out to be far above zero. The ideas he had then
might rank in poetic value far above those of the best hours
of the average man. The less gifted trader may vary over
just as wide a range. For example, a still less gifted trader
losing $100 on the average, may lose in two days the $25
and the $2500 that the gifted trader gains. Furthermore,
we have to consider the alleged common observation that
as one increases his expertness in acting, musie, dancing, or
athletic feats, he seems to reduce his variability. Thus a
sprinter who can on the average run 95 yards in 10 seconds
almost never runs less than 90 yards or more than 98 yards
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A certain moderate weight attached to speed will not then
much decrease a test’s significance; and, per hour of time
spent on testing and scoring, an even greater significance
may perhaps be obtained by giving a liberal weight for
speed than by giving none.

For the practical purposes of estimating intellect, a
battery of tests in which level, extent, and speed combine in
unknown amounts to produce the score may be very useful.
For rigorous measurements, however, it seems desirable to
treat these three factors separately, and to know the exact
amount of weight given to each when we combine them.

We shall try to make the concepts of intellectual prod-
uct, difficulty of producing an intellectual product, range
of products produced, and speed of producing a product,
more definite and precise, but without so altering them as
to lose the elements which have given them practical value
in the best current practice in measurement, or to weaken
in any way their usefulness in measuring intellects as we
actually find them by the tests which we have so far de-
veloped.

We shall start with certain first approximations. For
a first approximation, let intellect be defined as that quality
of mind (or brain or behavior if one prefers) in respect to
which Aristotle, Plato, Thucydides, and the like, differed
most from Athenian idiots of their day, or in respect to
which the lawyers, physicians, scientists, scholars, and edi-
tors of reputed greatest ability at constant age, say a dozen
of each, differ most from idiots of that age in our asylums.

Let an intellectual product, i.e., a product or response
requiring, or depending on, intellect for its production, be
defined as a product or response which, given the sameé ex-
ternal situation, the intellects in the half toward Aristotle
are more likely to make than the intellects in the half to-
ward the idiot. For example, if, when all Athenians of
age forty were confronted by the question ‘Is a straight
line the shortest distance between two points?’ the growth
of the white blood corpuscles was equal for the Aristotelian
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26 THE MEASUREMENT OF INTELLIGENCE

and the idiotic halves, whereas the answer Yes was more
prevalent in the Aristotelian half, we should rate the latter
as a product depending on intellect, and the former as a
product not depending on intellect.

Let the intellectual difficulty of producing a given intel-
lectunal product in response to a given external situation be
defined as follows: Enough time being allowed for produc-
tion so that an increase in time would not increase the num-
ber producing it, the difficulty for Athenians of forty is
approximately greater the smaller the number of them who
produce it, provided that the ranking of those who do pro-
duce it differs from the ranking of those who do not by
greater nearness to the Aristotelian end. We could be
much more rigid here by supposing a population to vary
from the idiots to the Aristotles in amount of intellect only,
being identical in all else. Then, if all conceivable pro-
ductions of intellectual products in response to given ex-
ternal situations were ranked for difficulty, the order would
be very closely that of rarity and of the nearness to Aris-
totle of those who achieved it. We could omit the ‘ap-
proximately,” and the ‘provided that.” Our definition has
deliberately been left loose, since we do not know exactly
what it is in which Aristotle differs most from the idiot,
much less can we know in the case of any group of actual
individuals that they are identical in all else than it.

The range of products produced at any one level, i.e.
of products which are equally hard to produce, is defined
simply by their number. What we may call the relative
range at any level may be defined as the percent or fraction
of the products at that level which can be produced by the
intellect in question. The speed of producing any given
product is defined, of course, by the time required.

It will be convenient to use the word task to mean the
production of a given product in response to a given exter-
nal situation, and to speak of the difficulty of tasks, the
number of tasks of a given difficulty that can be done, and
the speed of doing a given task.
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We now have intellect defined by a ranking of men whose
differences therein are roughly appreciated as we appre-
ciate the differences of the world’s varied objects in volume
(only much more roughly.) We have intellectual tasks and
products defined in a catholic way that would, for instance,
probably include every task in all the stock instruments in
use by psychologists to-day. We have difficulty defined
objectively so that a series of tasks could be approximately
ranked as to their respective amounts of difficulty for any
specified group.

If we list all tasks, find the difficulty of each, apply an
intellect to them, observe which it can do, and how long it
requires to do each, we have measured how hard tasks it
can do, how many it can do at each level, and how quickly
it can do them. If we use in place of a complete list of
tasks a fair sampling from them, we have attained the same
end, subject to the error of our sampling.

The new problems of theory and technique in the mea-
surement of intellect, that is, the problems not soluble by
the general methods of measurement in any science, con-
cern the measurement of difficulty of task. Extent and
speed are measurable in two of the most perfect units there
are—number and time. In the case of difficulty, however,
we have so far provided only for an inventory of intellec-
tual tasks and their arrangement in an order of difficulty.

Their differences in amount of difficulty and the dif-
ferences between the amount of difficulty of any one of
them and some zero point of difficulty (some task which is
just below a task of infinitesimal difficulty), are not deter-
mined. To find ways of determining these will be our
main work.

Before attempting it, however, we may best consider
certain further facts about difficulty, extent and speed in
the production of intellectual products, and certain conse-
quences of our analysis of a measurement of intellect into
this three-fold determination.
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50 THE MEASUREMENT OF INTELLIGENCE

intellect that would otherwise act, so that the more of them
that acted the less intellect there would be, the relation
between amount and variability would be reversed, the
variability of a man’s intellect being as the square root of
the amount by which the man was below the maximum intel-
lect! There may be, and probably is, some combination of
additive and inhibitive factors making the average intel-
lects of men vary up and down from an amount typical of
the human species; and this may result in equal variability
for A, who is much below the average, and B, who is much
above it. For example, suppose there are 6 factors, a, b, ¢,
d, e, and f, each contributing — 1, and 6 factors, A, B, C,
D, E, and F, each contributing + 1; and that every intellect
is constituted by 6 factors chosen from the 12; and that the
momentary conditions of each intellect represent the chance
combinations of its six factors. Then we have intellects
whose averages range from —3 to -+ 3, according to
whether they are constituted by six minus causes, or by 5
minus and 1 plus, or by 4 minus and 2 plus, or by 3 minus
and 3 plus, and so on. All will have the same variability,
however, the frequencies being in the proportions 1, 6, 15,
20, 15, 6, 1, with a mean square deviation of 1.2247.

A consideration of the relative probabilities of various
types of constitution of intellect out of positive and negative
factors would be interesting, but is too speculative to be
profitable for our present purpose. The attainment of
greater intellect by the lack or suppression of negative
factors as well as by the possession and use of positive
factors is at least a possibility ; and will seem highly prob-
able to many.

On the whole, then, we do not need to be especially
skeptical of the experimental findings that the variability in
tests of a half hour from time to time is approximately
equal over the range from, say, the ten-percentile adult in-
tellect to the ninety-five percentile adult intellect.
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appreciably by growth or training. We should not leave
individuals to strive for ten hours to complete: ‘The body
gives light the is the
sun,’ because once in ten thousand times, some child who
failed during nine hours succeeded in the tenth. This would
be a valuable experiment, but we have far more valuable
ways of using ten hours of his time.

What we are really concerned about is to avoid rating
one task as harder than another merely because it is longer,
so that the poorer intellects do it less quickly than the
others, and so, within a too short time limit, show a spuri-
ously greater percentage of failures.

We have made the requirement that the intellectual
ranking of those who do produce the response shall be
higher than that of those who fail. Usually this require-
ment is unnecessary. It can, that is, usually be assumed
that the good or correct response will be obtained by the
better intellects more often than by the poorer. It is inserted
to provide against cases where the better intellects are sub-
ject to some constant error so that they give fewer correct
responses than the dull do, or where other factors than in-
tellect distort the percent of rights from what it would be if
everything but intellect were equalized. For example, it is
conceivable that, if (a) and (b) below were given to a ran-
dom sampling of intellects,

Underline the right answers:

(a) 47 equals; 3 5 41
(b) 4% equals 2 33§ 8 412

ratings for difficulty by the percents correct would be very
much in error. The percent for (a) would probably be
lower than for (b) because, lacking knowledge of exponents,
the more intelligent one was, the more likely one would be
to report 3 for (a), (valid if 4* means 4 — 1), and to report
2 (valid if 4% means 4 halves or 4 X ) for (b).

We have treated the task as being to produce a certain
product. It is scored, consequently, as done or not done,
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success or failure, right or wrong. Now when any task for
intellect is set there are often many different responses
varying in ‘goodness’ or correctness. In such cases, our
method requires that in determining the difficulty of the
task, a dividing line be set somewhere.® Our method will
not, however, prevent us from later using different credit
values in a scoring plan for such a task and taking full ad-
vantage of whatever added value these more detailed eredit
values may have in estimating an individual’s intellect.

It may be noted further that a task may consist of vari-
ous combinations and complications of other tasks. Thus
the task may be to get the right answer to 8 + 3, or to get
the right answer to 11 4- 7, or to get the right answers to
both 8 43 and 1147, or to get the right answers to 8 + 3
and 11 4 7 and also 18 4- 4, or to get the right answer to:

Find the sum

0o O =1 O

which ordinarily involves the above, plus knowledge of
22 49, of certain words and procedures, and control over
certain habits, such as holding numbers in mind, and adding
a seen to a thought-of number.

We are now in a position to state one theorem of the
measurement of intellect. Let difficulty be defined as above,
then:

Theorem I: Other things being equal, if intellect A can
do correctly all the tasks that intellect B can do save one
and in place of that one can do one that is harder than it
intellect A has the higher level.

One is tempted to go further and assume that, other
things being equal, if A and B can do correctly the same
number of tasks, A has the higher level, if the average diffi-

8 What seems to be one task to the person tested may be used as two or

more tasks by scoring it first with the dividing line at one place, and second
with the dividing line at another.
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culty of the tasks he can do is greater than the average diffi-
culty of the tasks B can do. This cannot, as yet, be wisely
assumed first because we do not know that we have any
right to average measures of difficulty,® and secondly, be-
cause, even if we could, it is not safe to assume that as much
intellect is required to do 10 tests each of difficulty 20 as to
do one task of difficulty 200.

On the other hand one is tempted to suggest the measure-
ment of an intellect by the hardest things it can do,assuming
that since it can do these, it could do all easier, as we assume
that one who can jump over a bar 6 feet high could surely
Jump over bars at 5 ft. 10 in., 5 ft. 8 in., and so on. The
possible variety and specialization of intellectual tasks
makes this uncertain.

WIDTH OR EXTENT OR RANGE

Our definition of greater difficulty enables us also to
define equal difficulty and so to make a fairly rigorous defini-
tion of width or extent or range by making it separately at
each level of difficulty. For any specific group G and any
specific time ¢ those tasks are equally difficult which are done
correctly by equal percentages of intellects.

Consider then all the tasks which are of a certain diffi-
culty D. Some intellects will fail with all of them. Among
the intellects which succeed with some of them we may make
comparisons according to the number succeeded with. Such
a statement as ‘N tasks, of equal difficulty D, being given,
with ¢ time allowed per task, A did 0.1N while B did 0.2N¥
and C did 0.3N,’ is clear and useful. We can say that B
did twice as many as A, that C exceeded B in the number
done as much as B exceeded A, and that the average for A
and C was the same quantity as the score for B. Where the
problem concerns the extent of an ability, as in the number
of certain facts that are known in history or science or the

9 We have provided for determinations of which one of two or more tasks is

the more difficult, but not, as yet, for determinations of how much more diffi-
cult it is.
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features of previous work which up till now has been taken
on faith. Appendices I and II are perhaps of greater theo-
retical importance, but Appendix IIT is fundamental for
present and future practice in mental measurement.

We can then measure the difficulty of any intellectual
task for pupils in any one of these grades by the percent of
the group succeeding with it, as shown in the illustration
that follows:

3190 pupils in grade 9 were tested with four tasks in com-
pleting sentences. The percentages succeeding were re-
spectively 60, 30.5, 46.1, and 37.1. We assume that these are
intellectual tasks, that is, that success with each depends
upon intellect.

The form of distribution of the intellects of the group
being Form A, a percentage correct of 60 corresponds to a
division of the group at — .25330, that is, at — .25330 of the
mean square deviation of the group (in the ability mea-
sured in truly equal units by that task) below the average
or median of the group (in the ability measured by that
task).

51010, +.09790, and -+ .32920 have similar meanings
for the difficulties of tasks 21, 22, and 23.

The differences in difficulty between the tasks are
21-20 =.7634, 21-22 = 4122, and so on, in truly equal units,
unity being taken arbitrarily as the mean square deviation
of the group in intellect.

MEASUREMENT BY WAY OF THE FORM OF DISTRIBUTION OF AN
ARRAY IN A CORRELATION TABLE

The fourth method of attacking our problem uses, as the
group whose form of distribution is to be determined, the
population comprising one array in a correlation table of
the sort shown in Table 6, where the individuals are ar-
rayed under their scores in some examination symptomatic
of intellect. Each array consists of two compartments rep-
resenting the two scores (Failure and Success) attainable
in the intellectual task whose difficulty we wish to measure.
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number of correct responses and the speed of producing
them.

In the instruments that are actually used, it is customary
to have the time a mixture of (1) the time spent in doing
some tasks correctly, (2) the time spent in doing other tasks
incorrectly and (3) the time spent in inspecting other tasks
and deciding not to attempt them. This confusion may
be permissible, or even advantageous, in the practical work
of obtaining a rough measure of intellect at a small expense
of time and labor and skill, but for theory at present and for
possible improvement of practice in the future we need to
separate the speed of successes from the speed of failures.

To the number of tasks correctly done at each level we
may add a record of the time for each or of the average
time for all at that level.

Since to save time in intellectual production is a ‘good,’
we may frame Theorem III as follows: Other things being
equal, if intellect A can do at each level the same number of
tasks as intellect B, but in a less time, intellect A 1is better.
To avoid any appearance of assuming that speed is com-
mensurate with level or with extent, we may replace ‘better’
by ‘quicker.’

THE RELATIVE IMPORTANCE OF ALTITUDE, EXTENT, AND
QUICKNESS OF INTELLECT

Each of these three factors is essential. If it required
an infinite time per task, an intellect would produce no prod-
uct at any level no matter how high its potentialities as to
altitude and extent might be. If it had zero extent at all
levels, it would not matter how high its potentialities as to
altitude or how quickly it could do nothing. In the ordinary
sense of the word, however, altitude or level is by far the
most important. The chief evidence for this is that it alone
is indispensable, irreplaceable by anything save itself. If
the best available intellect can do only things of level Dy,
we cannot get things of level D,, done at all. If the best
available intellect can do only 72 things at level D, and we
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intellectual task; and even if we did, the results would be
hard to interpret because of possible effects of practice. It
18 possible to find a hundred individuals who are substan-
tially identical in their average performance at intellectual
tasks, and test them all once with any given task.

The measurements of the difficulty of one intellectual
task in terms of the distance + or — from the average of
one such array, expressed as a multiple of the variability
of that array, can be made approximately commensurate
with measurements of the difficulty of another intellectual
task in terms of the distance 4 or — from the average of
the corresponding array, expressed as a multiple of its
variability. For we have shown that the variability of an
individual (and so of such an array) in intellect is approxi-
mately the same regardless of his average amount of in-
tellect. Consequently the two multiples are of approxi-
mately the same unit and the distance between the two aver-
ages of overlapping arrays can be measured in terms of this
same unit. If two arrays do not overlap, we can bridge
the gap by inserting data from intermediate arrays which
do form a series of overlapping arrays.

THE DEFECTS OF THE MEASUREMENTS SO FAR DESCRIBED

We have determined the approximate form of distribu-
tion of a grade population, from Grade 6 to Grade 12, in re-
spect of level of intellect at one time, if that were measured
in truly equal units. We have done the same for a popula-
tion (an array) characterized by identity in average of in-
tellect measured by a random selection of times. By an ex-
tension and refinement of the methods which we have used,
this could be done with greater precision.

If all that we require for the measurement of the intel-
lectual difficulty of tasks is to secure a group of known form
of distribution in intellect when measured in truly equal
units, whose members we may test with the tasks in ques-
tion, the problem is solved. Unfortunately more is required.
Thechief defect in our procedures is that the difficulty which
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a minute each, and leave the best available intellect to put
its time on tasks far above level D;.

Common sense recognizes the greater importance of alti-
titude. It rates a Pasteur far above the most widely com-
petent general practitioner. It does not ask how quickly
Milton could give opposites, or turn out doggerel rhymes.
Probably Pasteur was very much above the average in
extent of intellect; probably Milton could have written as
good poetry as A can write very much faster than A can.
But common sense considers extent and quickness as unim-
portant in comparison with reaching a level far above the
average.

From the economic and philanthropic points of view,
altitude is enormously more important. If an intellect
could be hired from Mars of so high level that it could learn
how to prevent war as easily as Jenner learned how to pre-
vent smallpox, a million dollars a day would be a cheap
wage for the earth to pay him.

Our analysis of the measurement of intelligence may be
represented by space and number as follows:

Let one sixteenth of a square inch represent one intellec-
tual task. Let those equal in difficulty be placed in the same
row across the page; let the order of the rows from the
bottom to the top of the page be the increasing order of
difficulty ; let the square be shaded if the individual in ques-
tion cannot do it; if he can do it, let it bear a number repre-
senting the time he requires to do it. For illustration, we
have assumed that there are 320 tasks and that they are of
20 levels of difficulty, 16 at each level.

Figures 3 and 4 then represent the measurements or in-
ventories of two specimens of intellect. Such measurements
or inventories may be abbreviated by using a random sam-
pling of tasks at each level, or by using only every other
level or every third or every fourth level, or in other ways.
Only one thing is needed to make such measurements sub-
missible to the arithmetic and caleulus of science in general.
That is the expression of the altitude of each level (now
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only a fraction of intellect and is influenced by other forces
than intellect. That is, any one short task measures intel-
lect plus an error. The nature and amount of this error
must be considered in connection with any procedure for
estimating the intellectual difficulty of a task from the per-
centage of individuals who succeed with it.°

There are other hidden assumptions and weak or even
missing links in the argument by which we proceed from
knowledge of who and how many can do a task, to a meas-
ure of its intellectual difficulty. In the next chapter we shall
expose these, subject the entire argument to a much more
rigorous treatment, and seek to remedy the defect noted
above and such others as are found.

9 The exposure of this defect should not diminish our use of the general
procedure of inferring degree of difficulty from percentage of failures in a dis-
tribution of known form. On the contrary, now that we are aware of the defect,
we can make much better use of the procedure than when we were ignorant of it.
As we shall elsewhere show in detail, if we replace a single task by a composite

of forty tasks, and use twenty or more right as our mark of ‘‘success,’’ we can
use the procedure with better results than have ever been obtained hitherto.
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CHAPTER III

Tae MEASUREMENTS OF THE INTELLECTUAL DIFFICULTY OF
Tasks aND oF LEVEL oF INTELLECT: MORE
Ri1corous axp Exacr METHODS

In the two previous chapters we have operated with pro-
visional and somewhat vague definitions and inexact as-
sumptions, largely in order to maintain continuity with
what has been done to date in the measurement of intellect.
It is now necessary to treat the whole matter of intellectual
difficulty and level of intellect more rigorously.

We have assumed (1) that there is such a quality or
characteristic of man as altitude or level of intellect; (2)
whose amount or degree is measured by the height at which
it can attain success with a series of intellectual tasks
ranked for difficulty; (3) that the same individual differs
in the amount or degree of it which he has available from
time to time; and (4) that different individuals differ in
the amounts or degrees of it which they have available on
the average. (5) We have defined intellectual tasks only
loosely and vaguely as those in which men esteemed very
intelligent differ most from men esteemed very unintelli-
gent. (6) We have defined intellectual difficulty only
loosely and vaguely as that characteristic of a task, an in-
crease in which reduces the number of intellects who can
succeed with it, eliminating those esteemed unintelligent
more rapidly than those esteemed intelligent.

Since we are treating intellect as the ability to perform
intellectual tasks, our primary need is a clearer and more
exact notion of intellectual tasks. We can reach this in
either of two ways. The first is by assuming that certain
abilities, such as to understand directions, or to know facts,
or to use relations of likeness, part and whole, actor and
acted upon, genus and species, and the like, or to use facts

59
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evidence is the number and nature, in respeet of intellect,
of those who succeed with each task. The harder the task,
the fewer the persons who succeed at it, and the more intel-
lect they have. The argument implicitly involved is (1) that
whether a person succeeds or fails in such tasks is deter-
mined largely by the amount of intellect which he possesses,
and not greatly by anything other than intellect, and (2)
that in the hardest tasks which a person masters, he uses
in general nearly all the intellect which he has.

The argument is sound enough to justify such a rank
order as the A, B, C ... G order shown above, or the
order of a series made of Stanford Binet tests for Mental
Age 10, Mental Age 12, Mental Age 14, Mental Age Adult,
and Mental Age Superior Adult, but we shall find trouble
if we try to make a very close ordering, or to use the per-
centages of successes for other than approximate rankings.

The exact determination of a rank order of test elements
for intellectual difficulty requires that the individuals in the
group be tested with each of the tasks under similar condi-
tions, including interest and effort, which is a matter of
general scientific care that needs no further discussion here.
It requires also that each of the tasks in the series shall be
‘intellectual;’ and this requirement will eventually need
very elaborate discussion. We shall, indeed, find that it is
desirable to define an intellectual task as one in which the
person tested uses all the intellect he then has; and in which
he differs from other persons in nothing save the amount
of intellect used.

If, however, we applied any such rigorous definition now,
we should be unable to deal with any elements of any tests
ever used in measuring intellect, since not a single one of
them is a task which depends on intellect in its entirety,
and differentiates individuals with no disturbance by any-
thing other than intellect. A test element which did so
would correlate 1.00 with a perfect eriterion. In order to
maintain continuity with previous work, we shall first treat
each test element as if correct response to it was caused by
intellect intact and uncontaminated by aught else.
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perfeet correlation is due entirely to the fact that the intel-
lect of the same individual varies from time to time, not to
any intrinsic inadequacy or irrelevance.

If we take the latter way, we may attach the term ‘‘intel-
lectual task’’ to any task or collection of tasks, the score in
which correlates + 1.00 with the ranking of individuals in
an order for intellect by the consensus, or correlates as
closely with that ranking as its own self-correlation permits.
By collecting such tasks we may obtain a total series which
may then be used as a criterion in the same manner as a
series derived by the other method.

These two procedures are more definite and systematic
and rigorous forms of what has been done in test construe-
tion. Psychologists have on the one hand taken tasks which
they assumed to be intellectual and have put samplings of
them into teams of tasks. On the other hand they have as-
sumed that a certain validity attached to rankings by
teachers, by the sifting process of advancement in school,
or by other forms of consensus, and have selected those col-
lections of tasks which showed high correlations with such
a criterion.

‘What abilities and tasks shall be treated as intellectual
is essentially a matter of arbitrary assumption or choice at
the outset, either directly, of the abilities or tasks them-
selves, or indirectly, of the consensus which provides the
criterion. After the first choice is made, tasks not included
in it, and even not known, may be found to correlate per-
fectly with the adopted total, and so to be ‘‘intellectual’’;
but their intellectualness is tested by and depends on the
first arbitrary choice. Had a different first choice been
made, they might not be intellectual. This arbitrariness is
a sign of weakness, but it is at present unavoidable. We
have to define intellectual tasks as best we can, and trust
that future scientific uses of the definition will improve it.
We shall see later that the arbitrariness is greatly tempered
by certain guiding principles and facts, and that a total
series of intellectual tasks can be defined so as to represent
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Using these results at their face value, we should con-
clude that within this group No. 6 can be done by intellects
of level x, and perhaps of lower levels; Nos. 18 and 19 re-
quire level x 4 k; Nos. 15 and 20 require level x + 2k; No.
22 requires level x + 5k; No. 28 requires level x + Tk; No.
29 requires level x + 8k; No. 30 requires level x + 9k; Nos.
31 and 33 require level x + 10k or higher. Nos. 31 and 33
are thus 1k harder than 30, which in turn is 1k harder than
29, which in turn is 1k harder than 28, which in turn is 2k
harder than 22, which is 3k harder than 15 or 20, and so on.

THE MEASUREMENT OF DIFFERENCES IN DIFFICULTY BY WAY
OF KNOWLEDGE OF THE FORM OF DISTRIBUTION OF
THE VARIATIONS OF AN INDIVIDUAL IN
LEVEL OF INTELLECT!

An individual does not display the same level of intellect
at all times and seasons. He varies around his average
status. If we know the real form of distribution of his
variations in level, we can use it to compare the differences
of tasks in real difficulty, just as we use knowledge of the
form of distribution of a group.

1 We began our search for means of measuring differences in difficulty by
inquiring whether the real form of distribution of the real abilities of the indi-
viduals represented in a single array in a correlation table, might not be de-
termined with greater certainty than the form of distribution of the group as a
whole. This is indeed often the case; and the use of a group sorted into arrays
has much to recommend it. The consideration of the factors which do influence
the form of distribution of the real ability of the individuals in an array, led
us to a broader view of the means of scaling difficulty of task and level of
intellect.

The form of distribution of the real abilities in an array is determined by
three causes: (1) The form of distribution of an individual’s variations around
his own average; (2) the relation of an individual’s variability to his amount
of ability, and (3) the form of distribution of the entire group from which the
array is sorted out by its correlation.

It will be shown that if we can determine the facts for any one of these,
we can transmute certain differences in rank into differences in amount. The
transmutations by (1) and (2) are almost, if not quite, independent of those
by (3) in respect of facts and assumptions, and so provide a check of great
value. The use of an array instead of a total group utilizes all three methods
together in a way that has many advantages. We shall not, however, make
use of this method in the main body of our work.
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arated points of the success-frequency ranking. This is a
matter for experimental determination after the total series
has been chosen and the group of intellects in respect of
which difficulty has been defined has been chosen. The re-
sults of such experiments are of great significance, inform-
ing us of the degree to which amounts of intellect as defined
by the total series do represent increases in the same kind
of thing, and are amounts of some unified, coherent fact in
nature which can properly be isolated in thought from non-
intellectual factors. Our experiments on this matter will
be reported elsewhere,* but we may note now that they indi-
cate that intellect has a rather high degree of unity and
consistency and independence of non-intellectual factors;
and consequently permits a fairly close approximation to
sub-series of tasks which, as total sub-series, do approxi-
mate to perfect ‘‘intellectualness,’”’ while differing enor-
mously in difficulty. We proceeded by an approximation
to the first method, and later checked our choice by an ap-
proximation to the second method. In our choice we were
guided by the following considerations:

(1) Of psychological theory:—(a) that responding to parts
or elements or aspects of situations is more ‘‘intellec-
tual’’ than responding to gross total situations; (b)
that responding to parts or elements or aspects which
do not present themselves separately to sense but must
be abstracted is more intellectual than responding to
those which do; (¢) that responding to relations be-
tween objects is more intellectual than responding to
objects; (d) that, in particular, responding to so-called
subjective or logical relations, such as likeness and dif-
ference, is more intellectual than responding to the so-
called objective relations of space and time; (e) that
organizing several mental connections or habits to se-
cure a certain result, ‘‘thinking things together,”’ as
James put it, is more intellectual than using one habit

¢In Appendix IV and Appendix V.
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at a time; (f) that responses to novel situations are
likely to be more ‘‘intellectual’’ than responses to
familiar situations.

(2) Of the theory of measurement:—(a) that the tasks
representing any one ability should be capable of very
fine gradation from very easy to very hard; (b) that
they should be capable of very wide extension by alter-
nates at any degree of difficulty; (¢) that, so far as pos-
sible, any one ability should represent in some real and
useful sense something varying only in amount, so that
the different degrees of it might properly be repre-
sented by numbers.

(3) Of common sense:—(a) that the tasks should be from
among those which had high standing on the basis of
correlations with reasonable criteria; (b) that they
should be convenient for use in the actual measurement
of intellect; (c) that they should be tasks concerning
which subjects for experiment were obtainable.

Over and above the narrowness due to these considera-
tions, our choice is also deliberately narrow. We have not
included any tasks involving responses to actual human be-
ings or to material objects present to sense—tasks of what
has been called social intelligence and mechanical intelli-
gence. Our tasks all concern responses to ideas and sym-
bols, especially words and numbers. The reasons for this
need not detain us here. Also we limit ourselves to tasks
which are intellectual for a group of persons bred in the
United States and aged twelve or over.® The reasons for
this narrowness may also in general be omitted.®

5 The tasks will very probably serve to measure intellect for younger ages

even more accurately than tasks now in use, but we have not demonstrated this
to be so.

€ The chief reason was that the measurement of intellect in children up to
twelve or fourteen and the definition of the measurement by an age-scale are
in & far more satisfactory condition than the measurement of intellect at older
ages and at higher levels.
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INTELLECT CAVD

In view of these elaborate and arbitrary restrictions, the
intellectualness of our total inventory of tasks, and the
intellect whose level or altitude, range or width, and facility
or quickness it measures, will be called hereafter Intellec-
tualness CAVD and Intellect CAVD (the symbol CAVD
refers to the four series of tasks which constitute it—com-
pletions, arithmetical problems, vocabulary and directions).
The total series of tasks concerns four lines of ability:”

C. To supply words so as to make a
statement true and sensible.

To solve arithmetical problems.
To understand single words.

To understand connected dis-
course as in oral directions or
paragraph reading.

o<k

The arrangement of scoring is such as to attach equal
weight to each of these four varieties of tasks.

The whole series is put into a rough approximate order
of intellectual difficulty by the methods described on pages
39 to 56 of the previous chapter. Consequently all the
single tasks or task elements of any one sub-series are of
somewhere nearly equal intellectual difficulty.

Each single task is scored 1 (right) or 0 (wrong or
omitted). The number right at each level, that is in each
sub-series, is recorded. The time required for each task
may be recorded, if desired. Selections of forty single-task
elements from each of certain sub-series of the total series
are shown below, making eomposite tasks A, B, C, D, N, O,
P, and Q.

7 We shall sometimes use also Intellect CAVDI, which is constituted by
including a fifth sort of task—to understand and answer questions which re-
quire information about such facts as are considered by the world to-day worthy

of study in school and of record in encyclopedias; plus organization thereof
and sagacious inference therefrom.
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value, it appears that the variability of an individual whose
median score is about 105 (from 100 to 113) is very nearly
the same as the variability of an individual whose median
score is about 128 (125 to 132). If, however, the units of
the scoring scale from 90 to 120 really represent smaller in-
crements of ability than the units from 120 to 145, the real
variability of an individual of ability 105 is less than the
real variability of an individual of ability 128, and con-
versely, if the units of the scoring scale from 90 to 120
really represent larger increments of ability than the units
from 120 to 145.

We thus record the face-value-score results for many
different sorts of tests of intelligence,* noting in each case
any facts about the construction of the tests which concern
the probability that its units progressively swell or shrink
in ‘real’ value over any considerable fraction of the range
we are concerned with. We note especially the results in
those cases where there is no reason to expect swelling
more than shrinking. The average relations between varia-
bility and ability found in these cases may be taken to rep-
resent approximately the real relation, until some one pro-
duces evidence that, in all or nearly all tests for the ability
in question, there are forces leading psychologists, quite
without intention, to devise scoring plans which make for
progressive swelling or shrinking of units.

The general drift of the facts is shown in Table 2 which
gives the variability (in face-value-score units) of an indi-
vidual from day to day in intellect as a percent of the varia-
bility of a person whose amount of intellect is that repre-
sented by an Army Alpha first-trial score of about 100.

4 We have secured extensive data concerning Army Alpha, Examination A,
Army Beta, Stanford Mental Age, the National Intelligence Test, the Otis
Advanced Test, the Haggerty Delta 2, the Myers Mental Measure, the Kelley-
Trabue, the Stanford Binet, the Terman Group Test, the I.E.R. Test of Selee-
tive and Relational Thinking, the I.E.R. Test of Generalization and Organiza-
tion, the Thorndike Non-Verbal Test, the Thorndike Examination for High

Bchool Graduates, series of 1919 to 1930, and the Toops Clerical Test. See
Appendix II.
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VOCABULARY A

(A row of 5 small pictures like those shown in Figure 6
is put before the person who is being measured. He is told
to ‘“Show me the horse,”” or ‘‘Put your finger on the
horse.’’) The words in A are:

21. pitcher 26. baseball
22. man 27. girl

23. string 28. train
24. apple 29. socks
25. violin 30. dog

DIRECTIONS, ORAL A

31. ‘“Make a ring, like this,’’ showing act.

31. ‘‘Make a line, like this,’’ showing act.

33. “‘Make a cross, like this,”’ showing act.

34. ‘““You can write, can’t you? Show me how you can
write.”’” (Credit if S imitates effect of writing.)

35. ¢‘Put the cover on the box.”” (Credit if S attempts
to do so, turning cover to correct axis.)

36. ‘‘Turn the box upside down.”’

37. “‘Put the pennies in the box and then shake the box.”’
(Have 4 pennies; credit even if cover is not put on,
if box is shaken.)

38. ‘‘Stand on that paper.”” (A sheet of paper is left
on the floor.)

39. ‘““Put your hands behind you.”” (Give while S is
standing.)

40. ‘‘Make a ring.”” (If S fails, show again, but do not
credit.)

‘‘How many?’’ and the 2 pennies are slipped under the card. Another penny
is shown. ‘‘How many?’’ is answered (rightly or wrongly); this penny also is
slipped under the card, and he is asked, ‘‘How many are under here now?’’
In subtracting, as for instance 2 minus 1, proceed as follows: The 2 pennies
are shown and the subject answers to ‘‘How many?’’ The pennies are then
slipped under the card. One is then taken out as he watches, and the question
asked, ‘‘How many under here nowt?’’ It is necessary to make sure that he
watches what is done.
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It appears from Table 2, and still more clearly from the
consideration of the detailed facts in Appendix II which
Table 2 barely summarizes, that if we had scales for
intellect whose units were really equal, the variability of an
individual from day to day would be the same, regardless of
whether the average amount of intellect possessed by him
was that of a ‘low grade ten-year-old’ or of a ‘superior
adult,’ that of an Army Alpha score of 25 or that of a score
of 175.

This result is so important, if true, that we have sought
for facts and probabilities in real or apparent opposition
to it.

First, there are the obvious opposing facts of range of
variability in intellectual or similar production. Keats may
have written ‘“On Reading Chapman’s ‘Homer’’’ in one
hour, and have written nothing in some other hour when he
tried as hard, whereas an average twelve-year-old varies at
the most from nothing up to a composition scoring 50 on
the Hillegas scale. A gifted stock-exchange trader who in
transactions of 10,000 shares a day, averages $100 profit,
may vary from a profit of $25 to one of $2,500, whereas a less
gifted trader who averages $10 a day on 100 shares in the
same market, it is said, varies over a much narrower range.

Such apparently opposing facts as these are, however,
not so simple as they seem. If we had a full record of all of
Keats’ hours of equal effort, the production called zero
might turn out to be far above zero. The ideas he had then
might rank in poetic value far above those of the best hours
of the average man. The less gifted trader may vary over
just as wide a range. For example, a still less gifted trader
losing $100 on the average, may lose in two days the $25
and the $2500 that the gifted trader gains. Furthermore,
we have to consider the alleged common observation that
as one increases his expertness in acting, music, dancing, or
athletic feats, he seems to reduce his variability. Thus a
sprinter who can on the average run 95 yards in 10 seconds
almost never runs less than 90 yards or more than 98 yards
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VocaBULARY B

(The method is as in A above.) The words are:

21. soup 26 comb

22. bag 27. locomotive
23. window 28. door

24. wings 29. cradle

25. envelope 30. sun

DirecTioNs, OraL B
Set 1. (with paper and pencil)

(Unless otherwise specified, the tasks of Directions Oral B

31.
32.
33.
34.

35.
36.

37.
38.

39.
40.

are those of set 1.)
‘‘Make a line.”” (If S fails, show again, but do not
credit.)
‘‘Make a cross.”” (If S fails, show again, but do not
credit.)
‘‘Turn the paper over and make a ring on the other
side.”’
‘“Turn the paper back again, and make a line on the
other side.’’
‘‘Make two rings down here,”’ pointing.
““See the lines? Make one more line.”” (Credit if
one or two lines are drawn anywhere.)
‘“Make two crosses, like these two. Make one here
and one here,”’ pointing.
¢ Make the other arm on this man,’’ pointing.
‘‘Make the other leg on this man,’’ pointing.
“Make 2 lines, like these two,’’ pointing.

Fig. 7 shows the pictures used in connection with tasks
37, 38, and 39, reduced to half size. Ior task 36, three
parallel lines two inches long and half an inch apart one
from another, drawn parallel to the side of the sheet, are
shown in the lower left-hand corner of a letter-size sheet.
For task 40, two such parallel lines are shown, at the top of
a sheet otherwise blank.

Google



70 THE MEASUREMENT OF INTELLIGENCE

N

1|‘

|

Fra. 6. Six rows of pictures such as were used in the Picture Vocabulary
tests: reduced to three-fourths of the original dimensions.
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Such hypotheses as this can be nearly reconciled with
our results if the difference between the intellect of the level
of Alpha 25 and Alpha 175 is due to an increase in the
number of factors which is large absolutely, but small in
comparison with the number involved in Alpha 25. Thus if
the difference is 500,000, but an ability of Alpha 25 involves
5,000,000 then the variabilities around levels of 25 and 125
will be as /1,250,000 and /1,350,000, or as 1118 and 1162,
the second being only 4 percent greater. The reasonable-
ness of this depends upon the location of the absolute zero
of intellect. If that is ten times as far below Alpha 25 as
Alpha 25 is below Alpha 175, it is perfectly reasonable.

Another way out of the difficulty is to deny the validity
of the theory that intellect is constituted by the addition of
positive factors only. If the factors in the above illustra-
tions were inhibitive against some maximum amount of

TABLE 3

TEE VARIABILITY OF FOUR INDIVIDUALS IN INTELLECT ACCORDING TO A CERTAIN
ADDITIVE COMBINATION OF FACTORS ALL POSITIVE

Amount of Frequencies at 1000 Random Periods
Intellect A D
0 31 1
1 156 10
2 313 44 3
3 313 117 14 1
4 156 205 42 5
5 31 246 92 15
6 205 153 37
7 117 197 74
8 44 197 120
9 10 153 160
10 1 92 176
11 42 160
12 14 120
13 3 74
14 37
15 15
16 5
17 1
Average 2.5 5.0 7.5 10.0
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intellect that would otherwise act, so that the more of them
that acted the less intellect there would be, the relation
between amount and variability would be reversed, the
variability of a man’s intellect being as the square root of
the amount by which the man was below the maximum intel-
lect! There may be, and probably is, some combination of
additive and inhibitive factors making the average intel-
lects of men vary up and down from an amount typical of
the human species; and this may result in equal variability
for A, who is much below the average, and B, who is much
above it. For example, suppose there are 6 factors, a, b, ¢,
d, e, and f, each contributing — 1, and 6 factors, A, B, C,
D, E, and F, each contributing + 1; and that every intellect
is constituted by 6 factors chosen from the 12; and that the
momentary conditions of each intellect represent the chance
combinations of its six factors. Then we have intellects
whose averages range from —3 to -3, according to
whether they are constituted by six minus causes, or by 5
minus and 1 plus, or by 4 minus and 2 plus, or by 3 minus
and 3 plus, and so on. All will have the same variability,
however, the frequencies being in the proportions 1, 6, 15,
20, 15, 6, 1, with a mean square deviation of 1.2247.

A consideration of the relative probabilities of various
types of constitution of intellect out of positive and negative
factors would be interesting, but is too speculative to be
profitable for our present purpose. The attainment of
greater intellect by the lack or suppression of negative
factors as well as by the possession and use of positive
factors is at least a possibility; and will seem highly prob-
able to many.

On the whole, then, we do not need to be especially
skeptical of the experimental findings that the variability in
tests of a half hour from time to time is approximately
equal over the range from, say, the ten-percentile adult in-
tellect to the ninety-five percentile adult intellect.
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MEASUREMENT BY WAY OF THE FORM OF DISTRIBUTION OF
INTELLECT IN SOME DEFINED GROUP

If T, T, T, and T,, etc, are intellectual tasks with

.. K K+a K+a+b K+a+b+e
which g ’ ’

n n n n

uals of a group of individuals succeed respectively (K, a,
b, ¢, ete., all being positive, K being greater than 0 and the
largest percentage being under 100), we can measure the
differences in difficulty for intellect between T,, T,, T, T,,

, ete., individ-

c C reversed

Fia. 5. Four surfaces of frequency: A rectangle, Form A, Form C, and
Form C reversed.

etc., in terms of amount, if we know the form of distribu-
tion of intellect in the group.® If, for example, n is 100, K
is 5, and a, b, ¢, d, and e are each 10, the differences in diffi-
culty will be in the proportions shown in Table 5, according
as the form of distribution of the group is a rectangle, a
surface like A, a surface like C, or a surface like C reversed,
shown in Table 4 and Figure 5.

¢ Our measures will approximate perfection in proportion as Ty, Ty, Ty, T,,
ete., depend upon all of intellect and nothing but intellect. As has been noted,
we are assuming this for the present, reserving for full treatment later the
influence of failures of certain tasks to utilize intellect fully, and the influence

of admixture of other factors than intellect.

Google



74 THE MEASUREMENT OF INTELLIGENCE

40. ‘“Make two squares out of these.”” (Two § in.
squares are shown, one with the right-hand side
lacking, the other with the lower side lacking.)

Fia. 14.

SUB-SERIES D

SExTENCE CoMPLETION, ORAL D
There being only eight tasks, each is counted as 11/.

1. BoyS ——_ baseball.
(‘‘Playing’’ and ‘“play ball’’ are called wrong.)
2. The stars and the will shine tonight.
3. Two and one make
4. A boy has and legs.
5. The bird sings; the barks.
6. Men are than boys.
7. The pulls the cart.
8. Horses are big and
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with any reasonable ecriterion of intellect; (2) is different
from the others; (3) was constructed without any depend-
ence of the selection of elements or of the scoring system,
upon the assumption that the distribution of intellect in the
group in question approximates Form A. Find by each test
by actual experiment the form of distribution for the group,
using the scoring system for each test at its face value.
Find the form of distribution which best fits all these vary-
ing forms. Observe the effect (upon the form of distribu-
tion) of reducing the chance error in the scores by obtaining
the form of distribution for the group when two or more
trials with the same instrument are combined for each indi-
vidual. If the best fit distribution is of Form A, and if the
reduction of the chance error does not produce divergence
from this form, we may conclude that Form A represents
closely the form of distribution of the real ability in the
group, as measured by a scale of equal units of difference
in that ability. The general argument is that nothing in the
instruments themselves or their scoring favors this form of
distribution for this group, and that it can not be due to the
chance error, since reducing that leaves it unimpaired.
The details of the argument and the evidence are pre-
sented in Appendix III. They demonstrate that for Grades
from 6 to 12, and probably for freshmen in colleges of equal
standards of admission, the form of distribution of the pop-
ulation of a grade, when perfectly measured in respect of
the ability required for success with standard types of intel-
ligence tests, in truly equal units, will be unimodal, sym-
metrical, and very closely of Form A, the ‘normal’ proba-
bility surface, the equation of whose bounding curve is the

—x2

exponential curve y= Norh " where ¢ is the mean
(1] n

square deviation.

The critical reader should examine Appendix III with
especial care. The method of measuring the intellectual
difficulty of tasks which we adopted for our actual scale con-
struction is based on it. It also provides support for certain
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features of previous work which up till now has been taken
on faith. Appendices I and ITI are perhaps of greater theo-
retical importance, but Appendix III is fundamental for
present and future practice in mental measurement.

We can then measure the difficulty of any intellectual
task for pupils in any one of these grades by the percent of
the group succeeding with it, as shown in the illustration
that follows:

3190 pupils in grade 9 were tested with four tasks in com-
pleting sentences. The percentages succeeding were re-
spectively 60, 30.5, 46.1, and 37.1. We assume that these are
intellectual tasks, that is, that success with each depends
upon intellect.

The form of distribution of the intellects of the group
being Form A, a percentage correct of 60 corresponds to a
division of the group at — .25330, that is, at — .25330 of the
mean square deviation of the group (in the ability mea-
sured in truly equal units by that task) below the average
or median of the group (in the ability measured by that
task).

51010, + .09790, and -+ .32920 have similar meanings
for the difficulties of tasks 21, 22, and 23.

The differences in difficulty between the tasks are
21-20 =.7634, 21-22 = .4122, and so on, in truly equal units,
unity being taken arbitrarily as the mean square deviation
of the group in intellect.

MEASUREMENT BY WAY OF THE FORM OF DISTRIBUTION OF AN
ARRAY IN A CORRELATION TABLE

The fourth method of attacking our problem uses, as the
group whose form of distribution is to be determined, the
population comprising one array in a correlation table of
the sort shown in Table 6, where the individuals are ar-
rayed under their scores in some examination symptomatic
of intellect. Each array consists of two compartments rep-
resenting the two scores (Failure and Success) attainable
in the intellectual task whose difficulty we wish to measure.
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For example,we might have data concerning success with
the task in question from 1000 persons each scoring 30 in
Army Alpha, from 1000 persons each scoring 35 in Army
Alpha, from 1000 persons each scoring 40 in Army Alpha,
and so on. Or we might have data concerning success with
the task in question from 1000 persons scoring Mental Age
8.0 in the Stanford Binet, from 1000 scoring Mental Age
8.5 in the Stanford Binet, and so on.

If both the total score and success in the task depend
upon intellect, and nothing but intellect, the latter being
one of the varying manifestations of intellect of which the
former represents the average condition, the form of dis-
tribution of the intellects measured in an array in such a

TABLE 6

THE CORRELATION OF SUCCESS IN TASK 281 WITH AVEBAGE SCORE IN A
ToTAL SERIES OF INTELLECTUAL TAsSKS.?

Score in the total series
Score in
task 281.1 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Wrong (14 44 72 94 151 213 259 274 281 187 76 55 6 &5 1
Right 2 4 14 19 38 60 111 203 265 302 223 260 90 39 12

correlation table, measured in truly equal units, will be
symmetrical and approximately ‘normal.” For they are
a random sampling from the combined distribution of cer-
tain individuals closely alike in average intellect, when all
the variations of each individual from time to time are
taken; and we have shown that each of these individuals’
distributions is symmetrical and approximately ‘‘normal.”’

The use of such an array® is in fact a convenient means
of applying our knowledge of the form of distribution of
the variations of an individual in intellect. It is imprac-
ticable to obtain a hundred trials of an individual with an

7 The entries of Table 6 are genuine, but the total series is not a series
representing all of intellect, nor is the score in it an average of many trials.
Such data are not available. The ‘‘Score in the total series’’ in Table 6 is in
fact the score in one trial of a one-half hour test of certain features of intellect.

8 We shall later see uses of other sorts of arrays.

6
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intellectual task; and even if we did, the results would be
hard to interpret because of possible effects of practice. It
is possible to find a hundred individuals who are substan-
tially identical in their average performance at intellectual
tasks, and test them all once with any given task.

The measurements of the difficulty of one intellectual
task in terms of the distance + or — from the average of
one such array, expressed as a multiple of the variability
of that array, can be made approximately commensurate
with measurements of the difficulty of another intellectual
task in terms of the distance + or — from the average of
the corresponding array, expressed as a multiple of its
variability. For we have shown that the variability of an
individual (and so of such an array) in intellect is approxi-
mately the same regardless of his average amount of in-
tellect. Consequently the two multiples are of approxi-
mately the same unit and the distance between the two aver-
ages of overlapping arrays can be measured in terms of this
same unit. If two arrays do not overlap, we can bridge
the gap by inserting data from intermediate arrays which
do form a series of overlapping arrays.

THE DEFECTS OF THE MEASUREMENTS SO FAR DESCRIBED

We have determined the approximate form of distribu-
tion of a grade population, from Grade 6 to Grade 12, in re-
spect of level of intellect at one time, if that were measured
in truly equal units. We have done the same for a popula-
tion (an array) characterized by identity in average of in-
tellect measured by a random selection of times. By an ex-
tension and refinement of the methods which we have used,
this could be done with greater precision.

If all that we require for the measurement of the intel-
lectual difficulty of tasks is to secure a group of known form
of distribution in intellect when measured in truly equal
units, whose members we may test with the tasks in ques-
tion, the problem is solved. Unfortunately more is required.
Thechief defect in our procedures is that the difficulty which
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we measure by the percentages of our group which succeed
is not pure intellectual difficulty. Any such task as solving
an arithmetical problem or completing a sentence or obey-
ing a command is deficient by not involving all of intellect,
and often also by involving other factors than intellect.
From the percentage of a group of known distribution in
respect of intellect, which succeed with it, we can derive a
close measure of its difficulty, but not of its intellectual diffi-
culty. Although this has not been understood in the past,
it can easily be realized by considering cases like the fol-
lowing: A group of known distribution in respect of intel-
lectual level measured in truly equal units, is tested with (a)
leaping over a certain hurdle, (b) distinguishing a certain
pitch from one higher, (¢) spelling a certain word, (d) giv-
ing the opposite of a certain word, and (e) giving the oppo-
site of a certain other word. The percent of success is
equal for a, b, ¢, d, and e, being, let us say, 40, so that each
of the five tasks is 4 .2533 S.D. The five are not equal in
intellectual difficulty, however. Common sense tells us this;
and the verdict of common sense is a crude intimation of
the scientific fact that for (a) the 4 .2533 S.D. means .2533
times the S.D. of the group in ability to leap that hurdle
above the mean of the group in ability to leap that hurdle,
whereas for (d), the + .2533 S.D. means .2533 times the S.D.
of the group in ability to think of the first opposite above
the mean of the group’s ability to think of that opposite.
Ability to think of the second opposite may conceivably
differ from ability to think of the first opposite by involving
much more of intellect, or much less of non-intellect, or both,
in the same way that the ability to think of the first opposite
differs from the ability to leap a hurdle. If we take the
tasks chosen as intellectual tasks and put in any of the stock
intelligence examinations, they will so differ. This has been
abundantly proven by investigations which will be reported
in Chapter IV. Moreover, no one of them will measure all
of intellect and nothing but intellect.

In fact, no one short task does or can involve all of intel-
lect and nothing but intellect. Any one short task measures
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58 THE MEASUREMENT OF INTELLIGENCE

only a fraction of intellect and is influenced by other forces
than intellect. That is, any one short task measures intel-
lect plus an error. The nature and amount of this error
must be considered in connection with any procedure for
estimating the intellectual difficulty of a task from the per-
centage of individuals who succeed with it.°

There are other hidden assumptions and weak or even
missing links in the argument by which we proceed from
knowledge of who and how many can do a task, to a meas-
ure of its intellectual difficulty. In the next chapter we shall
expose these, subject the entire argument to a much more
rigorous treatment, and seek to remedy the defect noted
above and such others as are found.

9 The exposure of this defect should not diminish our use of the general
procedure of inferring degree of difficulty from percentage of failures in a dis-
tribution of known form. On the contrary, now that we are aware of the defect,
we can make much better use of the procedure than when we were ignorant of it.
As we shall elsewhere show in detail, if we replace a single task by a composite

of forty tasks, and use twenty or more right as our mark of ¢‘success,’”’ we can
use the procedure with better results than have ever been obtained hitherto.
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CHAPTER III

THE MEASUREMENTS OF THE INTELLECTUAL DIFFICULTY OF
Tasks AND oF LEVEL oF INTELLECT: MORE
Ricorous anp Exact METHODS

In the two previous chapters we have operated with pro-
visional and somewhat vague definitions and inexact as-
sumptions, largely in order to maintain continuity with
what has been done to date in the measurement of intellect.
It is now necessary to treat the whole matter of intellectual
difficulty and level of intellect more rigorously.

We have assumed (1) that there is such a quality or
characteristic of man as altitude or level of intellect; (2)
whose amount or degree is measured by the height at which
it can attain success with a series of intellectual tasks
ranked for difficulty; (3) that the same individual differs
in the amount or degree of it which he has available from
time to time; and (4) that different individuals differ in
the amounts or degrees of it which they have available on
the average. (5) We have defined intellectual tasks only
loosely and vaguely as those in which men esteemed very
intelligent differ most from men esteemed very unintelli-
gent. (6) We have defined intellectual difficulty only
loosely and vaguely as that characteristic of a task, an in-
crease in which reduces the number of intellects who can
succeed with it, eliminating those esteemed unintelligent
more rapidly than those esteemed intelligent.

Since we are treating intellect as the ability to perform
intellectual tasks, our primary need is a clearer and more
exact notion of intellectual tasks. We can reach this in
either of two ways. The first is by assuming that certain
abilities, such as to understand directions, or to know facts,
or to use relations of likeness, part and whole, actor and
acted upon, genus and species, and the like, or to use facts
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60 THE MEASUREMENT OF INTELLIGENCE

together, and certain tasks which represent them, are as a
whole intellectual. We must then describe these tasks, and
the credit or weight to be attached to each, precisely, and
put them in a total series in such form that an individual
intellect can attempt them all.

The second is by assuming that the ranking of individ-
uals in an order from idiots to Aristotles for amount of in-
tellect’ by some defined consensus of opinion is valid. We
must then describe this consensus and the method of its
operation.

If we take the former way, we may attach the term
‘‘intellectual task’’ to any selection from the total series
which, when treated in the same way, gives measures for in-
dwiduals which correlate + 1.00 with measures from the
total series. This task would be just as intellectual as the
total series, would involve just the same abilities as it in-
volved and no others. IEverything would be rigorous and
precise after the selection of the tasks and arrangement for
scoring them. In practice a selection which gave a correla-
tion slightly under 1.00 might be accepted as substantially
an intellectual task. '

Further, if any selection from the total series, when
treated in the same way as the total series, correlates as
closely with the total series as its own self correlation per-
mits, that selection is an intellectual task.? Its failure of

1 Amount of intellect means here the average amount which the individual
has available over a period long enough to be representative of him.

2 Let the group be measured a number of times by the total series i and
by the task t. Letr, ,, be the correlation between any two measures by i and
let LI be the correlation between any two measures by t. Let LINN be the
correlation between any measure by t and any measure by i. Let riociw be the
correlation between the average measure by t repeated indefinitely, and i re-
peated indefinitely.

Then by the well-known attenuation formula,

Ty,

Te o T
V Kllz '1'2

and if oy is no less than the geometric mean of Tege, and LIRS A will be

1.00 or perfect correlation. Since LI in a group of wide range in intellect will
approximate unity, we may set as the requirement that, in a group of wide range

in intellect, LI should be little if any less than Vr‘x‘z'

Ttplew =
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perfect correlation is due entirely to the fact that the intel-
lect of the same individual varies from time to time, not to
any intrinsic inadequacy or irrelevance.

If we take the latter way, we may attach the term ‘‘intel-
lectual task’’ to any task or collection of tasks, the score in
which correlates + 1.00 with the ranking of individuals in
an order for intellect by the consensus, or correlates as
closely with that ranking as its own self-correlation permits.
By collecting such tasks we may obtain a total series which
may then be used as a criterion in the same manner as a
series derived by the other method.

These two procedures are more definite and systematic
and rigorous forms of what has been done in test construc-
tion. Psychologists have on the one hand taken tasks which
they assumed to be intellectual and have put samplings of
them into teams of tasks. On the other hand they have as-
sumed that a certain validity attached to rankings by
teachers, by the sifting process of advancement in school,
or by other forms of consensus, and have selected those col-
lections of tasks which showed high correlations with such
a criterion.

What abilities and tasks shall be treated as intellectual
is essentially a matter of arbitrary assumption or choice at
the outset, either directly, of the abilities or tasks them-
selves, or indirectly, of the consensus which provides the
criterion. After the first choice is made, tasks not included
in it, and even not known, may be found to correlate per-
fectly with the adopted total, and so to be ‘‘intellectual’’;
but their intellectualness is tested by and depends on the
first arbitrary choice. Had a different first choice been
made, they might not be intellectual. This arbitrariness is
a sign of weakness, but it is at present unavoidable. We
have to define intellectual tasks as best we can, and trust
that future scientific uses of the definition will improve it.
We shall see later that the arbitrariness is greatly tempered
by certain guiding principles and facts, and that a total
series of intellectual tasks can be defined so as to represent
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a fairly clear, unified, coherent feature of human life, suit-
able for theoretical treatment and of great practical im-
portance.

INTELLECTUAL DIFFICULTY

We are now in a position to make the concept of intel-
lectual difficulty more rigorous and exact. Having, by
either method, derived a series of tasks (N in number)
which as a whole are intellectual, we define the group in
respect of whose members the difficulty of the task is to be
determined, (for example, as ten thousand taken at random
from all living human beings twenty years of age), test each
individual of the group with each of the N tasks, rank the
tasks in order by the percents succeeding with each, and
divide them into z sub-series® (called D,, D,, D,, ete.) in
accord with the ranking, D, containing the ‘‘easiest,’’ D,
the next ‘‘easiest,”’ and so on.

If the score in each of these sub-series of tasks gives cor-
relations of 1.00 (or as high as its self-correlation permits)
with the total series, we can define intellectual difficulty as
that feature, which D,, D,, D4, etec., have in increasing
amounts. They differ in nothing else of consequence to our
inquiry, the score in each being determined by all of the
intellect defined by our total series and nothing but that
intellect. ,

The attainment of such sub-series may conceivably be
an impossibility. It may be that, no matter how large N
(and consequently N/z) is, the sub-series of tasks at some
points in the success-frequency ranking may fail of perfect
correlation with the total series. The kind of tasks chosen
as intellectual may, for example, vary in such manner that
all of even a ‘‘small’”’ intellect can not be utilized without
tasks from the very hard end; or in such manner that non-
intellectual factors can not be eliminated or equalized for
all twenty-year-old individuals without tasks at widely sep-

3 For convenience of exposition we will assume that the number of tasks
in each sub-series is the same, though the argument will hold regardless of the
size of the sub-series.
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arated points of the success-frequency ranking. This is a
matter for experimental determination after the total series
has been chosen and the group of intellects in respect of
which difficulty has been defined has been chosen. The re-
sults of such experiments are of great significance, inform-
ing us of the degree to which amounts of intellect as defined
by the total series do represent increases in the same kind
of thing, and are amounts of some unified, coherent fact in
nature which can properly be isolated in thought from non-
intellectual factors. Our experiments on this matter will
be reported elsewhere,* but we may note now that they indi-
cate that intellect has a rather high degree of unity and
consistency and independence of non-intellectual factors;
and consequently permits a fairly close approximation to
sub-series of tasks which, as total sub-series, do approxi-
mate to perfect ‘‘intellectualness,”’ while differing enor-
mously in difficulty. We proceeded by an approximation
to the first method, and later checked our choice by an ap-
proximation to the second method. In our choice we were
guided by the following considerations:

(1) Of psychological theory:—(a) that responding to parts
or elements or aspects of situations is more ‘‘intellec-
tual’’ than responding to gross total situations; (b)
that responding to parts or elements or aspects which
do not present themselves separately to sense but must
be abstracted is more intellectual than responding to
those which do; (c¢) that responding to relations be-
tween objects is more intellectual than responding to
objects; (d) that, in particular, responding to so-called
subjective or logical relations, such as likeness and dif-
ference, is more intellectual than responding to the so-
called objective relations of spacé and time; (e) that
organizing several mental connections or habits to se-
cure a certain result, ‘‘thinking things together,’’ as
James put it, is more intellectual than using one habit

¢In Appendix IV and Appendix V.
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at a time; (f) that responses to novel situations are
likely to be more ‘‘intellectual’’ than responses to
familiar situations.

(2) Of the theory of measurement:—(a) that the tasks
representing any one ability should be capable of very
fine gradation from very easy to very hard; (b) that
they should be capable of very wide extension by alter-
nates at any degree of difficulty; (c) that, so far as pos-
sible, any one ability should represent in some real and
useful sense something varying only in amount, so that
the different degrees of it might properly be repre-
sented by numbers.

(3) Of common sense:—(a) that the tasks should be from
among those which had high standing on the basis of
correlations with reasonable criteria; (b) that they
should be convenient for use in the actual measurement
of intellect; (c) that they should be tasks concerning
which subjects for experiment were obtainable.

Over and above the narrowness due to these considera-
tions, our choice is also deliberately narrow. We have not
included any tasks involving responses to actual human be-
ings or to material objects present to sense—tasks of what
has been called social intelligence and mechaniecal intelli-
gence. Our tasks all concern responses to ideas and sym-
bols, especially words and numbers. The reasons for this
need not detain us here. Also we limit ourselves to tasks
which are intellectual for a group of persons bred in the
United States and aged twelve or over.® The reasons for
this narrowness may also in general be omitted.®

5 The tasks will very probably serve to measure intellect for younger ages
even more accurately than tasks now in use, but we have not demonstrated this
to be so.

6 The chief reason was that the measurement of intellect in children up to
twelve or fourteen and the definition of the measurement by an age-scale are

in a far more satisfactory condition than the measurement of intellect at older
ages and at higher levels.

Google



THE MEASUREMENT OF DIFFICULTY 65

INTELLECT CAVD
In view of these elaborate and arbitrary restrictions, the
intellectualness of our total inventory of tasks, and the
intellect whose level or altitude, range or width, and facility
or quickness it measures, will be called hereafter Intellec-
tualness CAVD and Intelleet CAVD (the symbol CAVD
refers to the four series of tasks which constitute it—com-
pletions, arithmetical problems, vocabulary and directions).
The total series of tasks concerns four lines of ability:’

C. To supply words so as to make a
statement true and sensible.

To solve arithmetical problems.
To understand single words.

To understand connected dis-
course as in oral directions or
paragraph reading.

O<pk

The arrangement of scoring is such as to attach equal
weight to each of these four varieties of tasks.

The whole series is put into a rough approximate order
of intellectual difficulty by the methods described on pages
39 to 56 of the previous chapter. Consequently all the
single tasks or task elements of any one sub-series are of
somewhere nearly equal intellectual difficulty.

Each single task is scored 1 (right) or 0 (wrong or
omitted). The number right at each level, that is in each
sub-series, is recorded. The time required for each task
may be recorded, if desired. Selections of forty single-task
elements from each of certain sub-series of the total series
are shown below, making composite tasks A, B, C, D, N, O,
P, and Q.

T We shall sometimes use also Intellect CAVDI, which is constituted by
including a fifth sort of task—to understand and answer questions which re-
quire information about such facts as are considered by the world to-day worthy

of study in school and of record in encyclopedias; plus organization thereof
and sagacious inference therefrom.
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12.

13.

14.

16.

17.

18.
19.

20.

COPNO O W

THE MEASUREMENT OF INTELLIGENCE

SUB-SERIES A

SENTENCE CoMPLETION, ORAL A

You are sitting on a
We take a ride on the
At night you sleep in
You like to drink
We get up in the
Mary has a ring on her
You wear gloves on your
The snow is on the
‘We go to church on
Youweara o on your head.

ARITHMETIC, ORAL A

. Counts 2 pennies. (Binet procedure, but credit for

success 2 of 3 trials.)

Counts 3 pennies. (Credit if successful in 2 of 3
trials.)

‘‘Show me 2 pennies.”’ (Credit if successful in 2 of
3 trials.)

‘‘Show me 2 pennies.”” (Credit if successful in 3 of
3 trials.)

. Recognizes 2 fingers. (Credit if successful in 3 of 5
trials.)
‘‘Show me the littlest pencil; show me the littlest

one of all,”’ showing 3. (Credit if successful in 2 of
3 trials.)

““Show me the littlest square; show me the littlest
one of all,”’ showing 3. (Credit if successful in 2 of
3trials.)

“Show me the biggest square; show me the biggest
one of all,”’ showing 3.

Adds unseen, 1 plus 1.* (Credit if successful in 2 of
3 trials.)

Subtracts unseen, 2 minus 1.* (Credit if successful
in 2 of 3 trials.)

8 In adding unseen, as 2 plus 1, for instance, the procedure is as follows:
2 pennies are shown, the subject answers (rightly or wrongly) the question,
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VOCABULARY A

(A row of 5 small pictures like those shown in Figure 6
is put before the person who is being measured. He is told
to ‘“Show me the horse,”’ or ‘‘Put your finger on the
horse.”’) The words in A are:

31.
31.
33.
34.

36.
317.
38.
39.

40.

21. pitcher 26. baseball
22. man 27. girl

23. string 28. train
24. apple 29. socks
25. violin 30. dog

DIRECTIONS, ORAL A
‘‘Make a ring, like this,”’ showing act.
‘‘Make a line, like this,’’ showing act.
‘‘Make a cross, like this,’’ showing act.
‘“You can write, can’t you?! Show me how you can
write.”” (Credit if S imitates effect of writing.)
‘‘Put the cover on the box.”” (Credit if S attempts
to do so, turning cover to correct axis.)
““Turn the box upside down.”’
‘‘Put the pennies in the box and then shake the box.”’
(Have 4 pennies; credit even if cover is not put on,
if box is shaken.)
““Stand on that paper.”” (A sheet of paper is left
on the floor.)
““Put your hands behind you.”’ (Give while S is
standing.)
““Make a ring.”’ (If S fails, show again, but do not
credit.)

¢‘How many?’’ and the 2 pennies are slipped under the card. Another penny
is shown. ‘‘How many?’’ is answered (rightly or wrongly); this penny also is
slipped under the card, and he is asked, ‘‘How many are under here now?t’’
In subtracting, as for instance 2 minus 1, proceed as follows: The 2 pennies
are shown and the subject answers to ‘‘How many?’’ The pennies are then
slipped under the card. One is then taken out as he watches, and the question
asked, ‘‘How many under here now?’’ It is necessary to make sure that he
watches what is done.
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THE MEASUREMENT OF INTELLIGENCE
SUB-SERIES B

SENTENCE CoMPLETION, ORAL B

1. We put stamps on a
2. We cut meat with a
3. When we are sick, we call the
4, We go to at night.
5. I can with a peneil.
6. The rug is on the
7. One and one make
8. A dog has four
9. Apples are to
10. Chairs are made of
AriraMETIC, ORAL B
11. Counts 2 pennies. (Credit if successful in 3 of 3
trials.)
12. Counts 4 pennies. (Credit if successful in 2 of 3
trials.)
12. ¢‘One and one make ........"”" Add ‘“what?’’ if neces-
sary.
14. ‘“Which is the biggest pile?’’ showing 13 and 2 pen-
nies. (Credit if successful in 3 of 3 trials.)
15. Recognizes 2 fingers. (Credit if successful in 4 of 5
trials.)
16. ‘“Which is the longest of these three lines?’’ (Credit
if successful in 3 of 3 trials.)
17. ““Which is the biggest, a baby or a man?”’ (Credit
if successful in 2 of 3 trials.)
18. Adds unseen, 1 plus 2. (Credit if successful in 2 of
3 trials.)
19. Subtracts unseen, 3 minus 2. (Credit if successful in
2 of 3 trials.)
20. Subtracts unseen, 3 minus 1. (Credit if successful in

2 of 3 trials.)
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VocaBuLary B

(The method is as in A above.) The words are:

21. soup 26 comb

22. bag 27. locomotive
23. window 28. door

24. wings 29. cradle

25. envelope 30. sun

Directioxs, OraL B
Set 1. (with paper and pencil)

(Unless otherwise specified, the tasks of Directions Oral B

31.
32.
33.
34.

3.
36.

37.
38.

39.
40.

are those of set 1.)
““Make a line.”” (If S fails, show again, but do not
credit.)
““Make a cross.”” (If S fails, show again, but do not
credit.)
“‘Turn the paper over and make a ring on the other
side.”’
‘‘Turn the paper back again, and make a line on the
other side.”’
‘‘Make two rings down here,’’ pointing.
““See the lines? Make one more line.”” (Credit if
one or two lines are drawn anywhere.)
‘‘Make two crosses, like these two. Make one here
and one here,’’ pointing.
‘‘Make the other arm on this man,’’ pointing.
‘“Make the other leg on this man,’’ pointing.
‘‘Make 2 lines, like these two,’’ pointing.

Fig. 7 shows the pictures used in connection with tasks
37, 38, and 39, reduced to half size. For task 36, three
parallel lines two inches long and half an inch apart one
from another, drawn parallel to the side of the sheet, are
shown in the lower left-hand corner of a letter-size sheet.
For task 40, two such parallel lines are shown, at the top of
a sheet otherwise blank.
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-y

F1a. 6. Six rows of pictures such as were used in the Picture Vocabulary
tests: reduced to three-fourths of the original dimensions.

Go 31C
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SUB-SERIES C
SExTENCE CoMPLETION, ORAL C

1. Clouds are in the
2. We send children to school, because they
must
3. We burn in the stove.
4. The is barking at the cat.
5. We wash clothes with and water.
6. Grass is
7. is sweet.
8. We see with our
9. Roses and daisies are
10. The eats the mouse.

X X

F16. 7. The pictures used with Directions Oral B, 37, 38 and 39: reduced to
one-half the original dimensions.
7
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AriteMETIC, ORAL C
11. Counts 5 pennies. (Credit if successful in 3 of 3

trials.)

12. Counts 10 pennies. (Credit if successful in 2 of 3
trials.)

13. ‘“Show me 3 pennies.”’ (Credit if successful in 2 of
3 trials.)

14. *“Which is the biggest pile?’’ showing 10 and 5 pen-
nies. (Credit if successful in 3 of 3 trials.)

15. ““Two and one make .. ."" (Add “what?”’
if necessary.

16. Recognizes 3 fingers. (Credit if successful in 4 of 5
trials.)

17. ““Which is the biggest, a chair or a cup?’’ (Credit
if successful in 2 of 3 trials.)

18. Subtracts unseen, 5 minus 4. (Credit if successful
in 2 of 3 trials.)

19. Subtracts unseen, 3 minus 3. (Credit if successful

in 2 of 3 trials.)
20. Subtracts unseen, 2 minus 2. (Credit if successful

in 2 of 3 trials.)

Vocasurary C
The method is as before. The words used are:

21. camera 26. pistol
22. stationery 27. vase
23. hole 28. stamps
24. corn 29. tiger
25. puppy 30. kennel

Three of the rows of pictures used in this type of test
are shown in Figures 8 9 and 10. It will be observed that
the task sometimes involves a considerable degree of ability
in interpreting the pictures.

] 91 =
L g + 0t

Fia. 8. Picture used with ‘‘lamp.’’
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F1a. 10. Picture used with ‘‘cork.’’

Directions, OraL C

In the actual tasks the drawings have twice the dimen-
sions of those shown here:

3L

32.
33.

34
35.

36.

31.
38.

39.

‘‘See the square?’”’ (A 1} inch square is shown at
the top of a sheet 11 by 83.)

‘‘Make a ring in the square.”

‘‘Now make another ring in the square.’’

‘“See the ring? Make a cross in the ring.”” (A
circle 2 inches in diameter is shown near the middle
of the sheet.)

“‘See thecup. Draw a line around the cup.”” (Fig.
11 is shown at the bottom of the sheet.)

‘‘Make a ring and a cross up here,’’ pointing.
‘““Make a cross where the line is.”” (A line 2}
inches long is shown, parallel with the bottom of the
sheet.)

“Draw a line to finish the square.”” (A half-inch
square with the left-hand side omitted is shown.)
‘‘Make a cross in here,”’ pointing to a triangle which
is printed with a square on one side of it and a
circle on the other. The square is 1} in.; the tri-
angle has a base of 1} in.; the circle has a diameter
of 14 in.

‘““Make a cross X in the square.” (Fig. 12 is
shown.)
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40.
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‘“‘Make two squares out of these.” (Two § in.
squares are shown, one with the right-hand side
lacking, the other with the lower side lacking.)

o | _

Fia. 11.
&
S B N
Fia. 12.
Fia. 13.
NENH
Fia. 14.

SUB-SERIES D

SenTENCE CoMPLETION, ORAL D

There being only eight tasks, each is counted as 114.

1.

[ N - S BT IO XY

Boys baseball.
(*‘Playing’’ and ‘“play ball’’ are called wrong.)
The stars and the will shine tonight.
Two and one make

. Aboyhas — and legs.

. The bird sings;the —________ barks.

. Men are than boys.

. The e pulls the cart.
Horses are big and
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12.

13.

16.
17.
18.
19.
20.

THE MEASUREMENT OF DIFFICULTY 75

ArrrEMETIC, ORAL D

Counts 15 pennies. (Credit if successful in 3 of 3
trials.)
Recognizes 4 fingers. (Credit if successful in 3 of 5
trials.)
‘‘Show me 4 pennies.”’ (Credit if successful in 3 of 3
trials.)

. ‘““How many fingers have you on one hand?”’
. Recognizes 3 fingers. (Credit if successful in 5 of 5

trials.) _

Recognizes 5 fingers. (Credit if successful in 5 of 5
trials.)

‘“Which is biggest, 3 or 11’ (Credit if successful
in 2 of 3 trials.)

Adds unseen, 2 plus 2. (Credit if successful in 2 of
3 trials.)

Adds unseen, 3 plus 2. (Credit if successful in 2 of
3 trials.)

Subtracts unseen, 5 minus 3. (Credit if successful
in 2 of 3 trials.)

VocaBuLary D

The method is as heretofore. The words are:

21. tools 26. trumpet
22. fuel 27. cube
23. screw 28. cork
24. angel 29. blade
25. cartridge 30. arrow

DmectioNs, OraL D

The illustrations shown here all have dimensions half
those used in the actual tasks. Each row is also in the
actual tasks separated from the one above and from the one
below it by from 1 to 3 inches.

31. “‘Make a cross inside the little square.”” (Fig. 13 is

shown.)
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32. “Draw a line to make this a cross,’”’ pointing. (A
thick line £ in. long, parallel to the side of the sheet
is shown.)

33. ““Make a ring on the cup.”’ (Fig. 11 is shown.)

34. ‘“‘See the ring. Make 2 crosses in the ring.”” (A
circle 2 inches in diameter is shown.)

35. ‘“Make a cross on top of the boy’s head.”” (Fig. 13
is shown, on a new sheet.)

36. ““Draw a line around the big hand.” (Fig. 14 is
shown.)

37. ‘“Make a cross on the horse.”” (F'ig. 12 is shown, on
a new sheet.)

38. ‘“Make a cross outside the big square.”” (A second
copy of Fig. 13 is shown.)

39. ‘“Make this a circle,”” pointing. (An incomplete
circle with a diameter of § inch, lacking the right-
hand quarter, is shown.)

40. ‘‘Make a line outside the ring.”’ (A circle 2 inches
in diameter is shown.)

The sub-series N, O, P, and Q which follow presuppose
ability to read in the individuals measured by them.

SUB-SERIES N

SenTENCE COMPLETION

Write words on the dotted lines so as to make the whole
sentence true and sensible. Write one word on each inch
of dots.

1. At . time was progress ... S
rapid e . during the last half of the nine-
teenth

2. He will come to the meeting ..

the fact
he o rather stay quietly at home.

3. His friends, ... wished to dissuade him
from this undertaking, asserted that ..
he followed their advice oo would with-

draw their support.
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12.
13.

14.
15.
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Itwould oo several pages .. £0
contain the list.

Standing beside the grave
great Englishman
enough for us to know
lived and died, and made the —— . his
heirs.

You may safely conclude that you in
yourself the means of .. at the truth.

the fact that you disagree with me, I
shall continue to aid you.

At ancient banquets the ... of the day
seems have the chief

of conversation.

As . ... the treasure he had come to seek,
probably it existed . in his own

The Declaration affirms
that the Creator ....................... all men with certain
inalienable

ARITHMETIC

A camp has food enough to last 300 men 4 months.
How long will it last 200 men?

A watch was set correct at noon Wednesday. At 6 P. M.
on Thursday it was 15 seconds fast. At that rate
how much will it gain in half an hour?

Five sixths equal how many thirds?

How many quarters of a quarter equal half of a half?

How long will it take a man to walk 14 miles at the
rate of 3 miles an hour while walking, if he makes
three stops of an average length of 10 minutes each?

A 2 for be. E 6 for 5c. I 8 for $1.00.
B 3 for Se. F 4 for 10c. J 4 for 25c.
C 4 for b5ec. G 40c. per Ib. K 1}c. each
D 3 for 25c. H 10c. each. L 3%c. each.

4,B,C, D, etc., are articles costing as shown above. 14

means 1 of 4,24 means 2 of A, 34 means 3 of A, etc. Sup-
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ply the missing numbers in lines 16 to 20 as shown in lines I,
I1, and II1. Use the bottom of the page or another sheet
of paper to figure on.

I. 3 E cost 3 as much as 3 B.

II. 3 D cost just as much as 4 J.
III. 1 H cost 4 times as much as 1 A.

16. 31 costs ... as much as 2 J.

17. 1J s 6 1 D.

18. 6 F A ¢ 8 A.

19. 2 B L “ 4 C.

20. 5 oz. G e ¢ 2F
VOCABULARY

Look at the first word in line 21. Find the other word in
the line which means the same or most nearly the same.
Write its number on the line at the right side of the page.
Do the same in lines 22, 23, 24, ete. Lines 4, B, C, and D
show the way to do it. Do all the lines you can. Write only
one number for each line.

4. beast 1 afraid...2 words...3 large...4 animal..5 bird 4

B. baby 1 cradle...2 mother...3 little child...4 youth...5 girl B
C. raise 1 lift up...2 drag...3 sun..4 bread..5 deluge 1T
D. blind 1 man..2 cannot see...3 game...4 unhappy...5 eyes e
sexton 1 cube...2 janitor...3 compass...4 archbishop...5 gix singers
buckler 1 keel...2 servant...3 stag...4 shield...5 scraper

animosity 1 hatred...2 animation...3 disobedience...4 diversity...5 friendship
conflagration 1 carnival..2 celebration...3 decoration with flags....4 contagion....5 fire
confidential 1 respectable...2 secure...3 sensitive...4 secret...5 confident
scrivener 1 searcher...2 forger...3 chaplain...4 elerk...5 sceptic

beaker 1 cup...2 binnacle...3 beak...4 slanderer...5 bottle

emanate 1 populate...2 free...3 prominent...4 rival...5 come

landau 1 pier...2 coach...3 postern...4 gable...5 headdress

amaranthine 1 jubilant..2 bitter...3 maritime...4 ungracious...5 purple

DirectioNs AND COMPREHENSION OF SENTENCES
AND PARAGRAPHS
In each set of sentences, check the two which mean most
nearly the same as the sentence printed in heavy type.

Gouogle



3I.

32.

33.

34.

THE MEASUREMENT OF DIFFICOLTY 79

Show me the man you honor. I know by that
symptom, better than any other, what you are
yourself.—(Carlyle.)

——uA man is known by the company he keeps.

weeTell me what you’ve done and I will tell you

what you are.

<A man is known by his idols.

Show me your chips and I will tell you whether
you are a good woodsman.

It is one thing to see that a line is crooked and
another thing to be able to draw a straight one.

It is one thing to see the mote in our neighbor’s
eye and another to see the beam in our own.

——7Those who see mistakes cannot always correct

them.

A8 the eye is trained to accuracy the hand de-
velops skill.

We may recognize faults that we are unable to
overcome.

If we agree that morality is what is social and im-
morality, anti-social, we shall be led to inquire
of any course of action how it affects the welfare
of society.—(Pearson.)

To judge whether an action is good, we must
investigate its results on society.

..... ——An act is moral or immoral regardless of its ef-

fects.

———-We must judge a man’s deeds by his motives.

——Acts which are socially harmful are immoral.

There was a painter became a physician, where-
upon a citizen said to him: “You have done
well; for before the faults of your work were
seen but now they are unseen.”—(Bacon.)

——The citizen indicates that long training is neces-

sary to appreciate true art.

——He implies that science is more exacting than art.

——THe mans to make sport of the medical profession.

The items on this page and all similar items in this volume are from a test

issued by the Carnegie Institute of Technology. We are greatly indebted to
their author, Dr. L. L. Thurstone, for permission to use them.
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wmHe implies that doctors may make mistakes
which remain undetected.
35. It is easy to be virtuous when one’s own conveni-
ence is not affected.—(Stevenson.)
S Virtue is its own reward.
S It is easier to preach virtue than to practice it.
eIt is difficult to do right when it conflicts with
our inclinations.
........... -We would all be virtuous if virtue were merely
a matter of doing what we enjoy.
36. Don’t cross the bridge before you come to it.
-Look before you leap.
ee—. DON’t borTOW trouble.
——Don’t lock the barn after the horse is gone.
w-Take care of today and tomorrow will take care
of itself.

Read this and then write the answer. Read it again if
you need to.

There is an old saying, ‘As harmless as a fly;’”’ and
until recently the fly has been regarded only as an unpleas-
ant but harmless nuisance. Had our forefathers known as
much about flies as we now know, they might have made the
proverb, ‘‘As dangerous as the fly.”” His origin and his
habits are of the worst sort.

37. Copy the words which mean the same as proverb.

Read this and then write the answer. Read it again if
you need to.

EVERY HOME NEEDS A GARDEN

A MAGAZINE published to promote real gardening.
Most people do not think much about their gardens at this
time of the year, but if more people did, there would be
more good gardens. If you live in the city where space is
at a premium, we provide pleasure for you by suggesting
how to grow flowers indoors. If you live in the country
and have a garden and do not experience the satisfaction of
seeing things grow as a result of your own efforts—then
you need the X.Y.Z. magazine.
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38. At what time of year do you think this advertise-

ment appeared?

Read this and then write the answers. Read it again if
you need to.

However certain it may seem to be that men work only
because they must, and would avoid labor except for the
food, clothing and luxuries that are its rewards, the facts
may well be to the contrary. It can hardly be the case that
men dislike work because they wish to be utterly idle. For
mere rest, mere inactivity, is not commonly enjoyed. To
have nothing to do is not what men seek. Were that so, we
should envy the prisoner shut up in his cell. If men had
to choose between a life spent at eight hours of work daily
in a factory and a life spent at eight hours of sitting on a
throne without moving hand or foot, many of them would,
after trying both, choose the former. Activity of body or
mind, at which a man can succeed, is, in and of itself, rather
enjoyed than disliked.

39. What, according to the paragraph, has no appeal

per sef

40. What is it the author of the paragraph suspects men

might choose unless they had tried it ? e -

SUB-SERIES O
CoMPLETIONS
1. India is rich in of scenery and climate,
the mountains to vast
deltas raised a few
above sea
2. Undue consciousness often the flow of
expression diffuseness is detrimental
to a clear and exposition of our ideas.
3. Knighthood and Chivalry are ... - words
are nearly . - not
Synonymous.
4, Throughout the river plains of northern India, two
harvests, and, some provinces,
are each . -
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a man time sufficient for
all laudable pursuits,and . sufficient for
all generous purposes, he is free
shadow of blame or reproach.

Maize contains small a proportion of
nutritious matter it
not for horses which
fast work is .
The drafting a measure depends
the pains and skill ex-

erted by its
is natural that being dissatisfied with

the , we should form a too
estimate of the past.

He believed in hard things S
because hard.

Not do living things grow themselves,
they produce life
like

ARITHMETIC

A factory earns $70 a day for its owner when it is
working full capacity and $15 a day when it is work-
ing to half capacity. In how many days will it earn
$1,000 if two days out of every three are only half
capacity?

A company marched 120 miles in 5 days. How many
times as fast must they march to cover 90 miles in
three days?

A man started with $12,500 and doubled his capital
every year for five years. How much had he at the
end of the fifth year?

An airplane went 60 mi. at the rate of 90 mi. per hour.
It made a stop of 30 minutes. On the return trip it
went half the distance at 100 mi. and half the dis-
tance at 80 mi. per hour. How long was the total
time?

If the dividend were multiplied by 4, and the divisor
divided by 2, the quotient would be 40. What is the
quotient?
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16. How long will enough food for 400 men for 120 days
last 250 men?

17. How many times as big an area has a circle with radius
of 9 as a circle with radius of 3?

18. At an average rate of 12 miles per hour for the first
half of the time spent and 10 miles per hour for the
last half of the time spent, how long will it take a
truck to cover 110 miles?

19. Three fourths equals how many thirds?

20. A push-cart man buys eggs at 15¢. per dozen and sells
them at 15 for 25¢. How many eggs must he sell to
gain $1.801

VOCABULARY

The directions and samples are the same as in Sub-
Series N.

21. gainsay 1 persuade...2 beshrew...3 deny...4 profit...5 imprint

22. eclogue 1 obituary...2 a poem...3 carousal..4 epigram...5 portrait
23. cloistered 1 miniature...2 bunched...3 arched...4 malady...5 secluded
24. reciprocal 1 saturnine...2 mutual..3 receptive...4 morose...5 careless

25. accolade 1 salutation...2 anchovy...3 procession..4 bivouac...5 acolyte
26. benighted 1 fraudulent...2 weary...3 insuperable...4 ignorant...5 venal
27. madrigal 1 song...2 montebank...3 lunatic...4 ribald...5 sycophant

28. pinnace 1 a boat..2 doublet..3 pinnacle..4 hold fast..5 forfeiture
29. broach 1 dodge...2 clasp...3 open...4 top...5 edify

30. nectarine 1 bouillon...2 a fruit...3 a jewel...4 a drink...5 diurnal

DirecrioNs AND COMPREHENSION OF SENTENCES
AND PARAGRAPHS
There are only six tasks in place of the usual ten. So
each is counted as 13.
In each set of sentences, check the two which mean most
nearly the same as the sentence printed in heavy type.

31. Better be a big frog in a little puddle than a tadpole
in a lake.
——Better the head of an ass than the tail of a
horse.
—~—] had rather he a door-keeper in the house of
my God than to dwell in the tents of wicked-
ness. .
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——Better to reign in hell than serve in heaven.
——--Better to be a beggar in Rome than a prince
in a village.
32. Don’t cross the bridge before you come to it.
—Look before you leap.
«———Don’t borrow trouble.
emmon’t lock the barn after the horse is gone.
w——-.Take care of today and tomorrow will take
care of itself.
The paragraph for questions 33 and 34 is the last para-
graph in Sub-Series N.
33. What choice is described as an argument that work,
merely as such, is not always avoided?..
34. In what respect is a prisoner in his cell like a man with
a million dollars?
Read this and then write the answers. Read it again if
you need to.

THE AMERICAN STATE

He who looks at a map of the Union will be struck by
the fact that so many of the boundary lines of the States
are straight lines. Those lines tell the same tale as the
geometrical plans of cities like Leningrad or Washington,
where every street runs at the same angle to every other.
The States are not areas set off by nature. Their boun-
daries are for the most part not natural boundaries fixed
by mountain ranges, nor even historical boundaries due to
a series of events, but boundaries, purely artificial, deter-
mined by an authority which carved the national territory
into strips of convenient size, as a building company lays
out its suburban lots. Of the States subsequent to the origi-
nal thirteen, California is the only one with a genuine nat-
ural frontier, finding it in the chain of the Sierra Nevada
on the east and the Pacific Ocean on the west. No one of
these later States can be regarded as a naturally developed
political organism. They are as trees planted by the for-
ester, not self-grown with the help of the seed-scattering
wind.
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36. To what may we attribute the similarity between the
plans of certain cities and the arrangement of the
States?

SUB-SERIES P

COMPLETIONS
1. The monuments of Persepolis ...
the use incense
as in ancient Persia

as Babylonia.
2. Ever since the hearing before him the
governor giving
spare moment a

of the case.

3. So far the displeasure of
the people by the will of their repre-

sentatives, a President generally gains

by the bold use of his veto power. It conveys the
firmness; it shows

has a view and does

to give effect to it.

4. The of character is its ability to

liberty e from license.

5. Judicial decisions are of or less author-
ity as precedents to circumstances.

6. The deepest difference, practically, in the moral

of is the difference
S the easy-going and the s
mood.

7. Ibsen’s whole problem ... ... it has well been
stated, is the ... of the individual to his
social and personal

8. In the sixteenth century, ... ... was not more
decidedly the land of the fine arts, — s
was not more ... the land of bold theo-
logical speculation, ... Spain was the

—. of statesmen and soldiers.
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9. The human race may be as parcelled

into a of distinet

groups societies, ..
greatly in size and circumstances.

10. Farmers brought up in the traditions of the

of New England, on going where close

association and cooperation were to
carry on irrigated agriculture, found that it took a
long and involved
waste to learn to act

ARITHMETIC

Write the numbers and signs in each line below in the
proper order, so that they make a true equation as shown
in the three sample lines. Use the bottom of the page to
figure on if you need to.

336=+ 3+3=6
Sample lines{4 7 8 20=+4- X 7X4=20+8
233718=+—X() 7+2=18—(3X3)

11 1 3333 21=4+—X=+()

12. 3 23 5 B3=+XX()

13. 13 2 2 2 8 12=4+XXX()

14. 2 2 5 10 10=4+X-=()

15. 21 4 4 20=—XX()
A 2 for 5e. E 3 for 10c. J 3 for 25c.
B 3ic. perlb. F 4 for 10c. K 4 for 25c.
C 4jc. perlb. G 50c. per 1b. L 6 for 25¢c.
D 3for $1.00. H 2}c. each. M 6 for $1.00.

A, B,C, D, etc., are articles costing as shown above. 14
means 1 of A, 24 means 2 of A, 34 means 3 of A, etc. Sup-
ply the missing numbers in lines 16 to 20 as shown in lines
1,111, and I11. Use the bottom of the page or another sheet
of paper to figure on.

I. 2Acost 3 asmuchas3E.
IL. 1 E costs 1} asmuchas1F.
ITI. 3D cost just asmuchas12J.
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16. 3 F costs ... ... as much as 2 J.

17. 3 K “o “ 5 L.

18. 2 K “ o “ 1 dozen H.

19. 2J+4+1M¢ . ¢ 10 H.

20. 3A o ¢ 1 K.
VocaBULARY

Directions and Samples as in Sub-Series N.

21. monomania 1 flying machine...2 conceit...3 one-colored...4 endogen...5 aberration
22. saturnalian 1 reptilian...2 impertinent....3 gloomy...4 impregnated...5 riotous

23. pristine 1 flashing...2 earlier...3 primeval...4 bound...5 green

24. quaternion 1

25. predatory 1

26. persifiage 1 camouflage...2 wit...3 banter...4 vivacity...5 metaphor

27, encomium 1 repetition...2 friend...3 panegyric...4 abrasion...5 expulsion
28. abattoir 1

29. meticulous 1

30. largess 1

DirEcTIiONS AND COMPREHENSION OF SENTENCES
AND PARAGRAPHS

Only six are included instead of the usual ten, so each
one is counted as 13.

Read this paragraph. Then read the questions. Make
a (V) check before the best answer to each question. Read
the paragraph again as much as is necessary.

War ship and merchant ship alike clung to the coast—
or if they ventured out to sea, they did so for a voyage to
be counted by the hour, as, for example, from the southwest
of Sicily to the opposite coast of Africa—or they relied on
regular trade winds, like the seamen who sailed from the
Red Sea to the coast of Malabar going and coming with the
monsoons. In spite of exceptions, more apparent perhaps
than real, such as the voyages of Irish anchorites to Ice-
land, and of the Norsemen to that island, and to Greenland,
seamanship continued to be the art of the coaster till the
close of the middle ages. Chaucer’s sailor has hardly lost

sight of the coast. Such treatises as were written for sea-
8
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men were books of pilotage. Examples will be found at the
end of the Hakluyt Society’s edition of Hues Tractatus de
globis. The war-ships, Phenician, Greek, Roman, Norse,
Byzantine and Italian, throughout the middle ages, used
sails only when not in action. They were rowed in battle,
and the mast was lowered, or left on shore. Whenever
they could they avoided passing the night at sea. Their
galleys were beached or anchored close to the shore and
the men landed. We know from Thucydides’ narrative of
the expedition to Syracuse that the crews were landed even
for their meals; from the chronicle of Ramon de Muntaner
we know that this was also the case with the best Mediter-
ranean squadrons at the end of the 13th century. The
Athenians, clinging to the coast, spent two months in going
from Athens to Syracuse. Roger di Lauria, the admiral of
Aragon, when coming from Sicily in circumstances of great
urgency to Catalonia, went round by the coast of Africa
and Spain. When under sails the ships of war and of com-
merce alike had, at the outside, very few sails, and gener-
ally only one great course, square and slung by the middle
of the yard. It could be trained fore and aft by bowlines,
so as to enable the vessel to sail on the wind. Under these
restrictions seamanship was necessarily a limited art.
From Marco Polo we learn that the seamen of the China
Sea and of the Indian Ocean were coasters like their Euro-
pean contemporaries.

31. Put a check before two of the following statements
which make it almost certain that the Spanish sailors of the
middle ages were afraid to venture far from land. Check
only two.

Crews landed even for their meals.

They did not stay on the sea at night.

They were afraid of lack of wind.

Lauria went from Sicily to Catalonia by the coast of
Africa and Spain.

Ships had few sails.
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Marco Polo’s statement.
Treatises on seamanship were chiefly about pilotage.

32. Put a check before the two of the following which
best show the fear of the open sea. Check only two.
Books were on pilotage.
Chaucer’s sailor.
Hues Tractatus de globis.
In sailing away from land they relied on regular
trade winds.
Scant supply of food.
The sailors landed at night.
The use of primitive sails.

33. How was the single sail trained so that the ship
would go in the same direction as the wind?

At right angles to the long axis of the ship.
By bowlines.
Parallel to the long axis of the ship.

34. How was the single sail trained so that the ship
would go at right angles to the wind?

At right angles to the long axis of the ship.
By bowlines.
Parallel to the long axis of the ship.

35. What fact stated in the paragraph gives a measure

of how near the ships of the middle ages kept to the shore?
They sailed by the hour.
Chaucer’s sailor hardly lost sight of the coast.
Masts were left on shore during a battle.
They returned at night.
The Athenians’ trip to Syracuse.
The crews landed for meals.

Read this paragraph. Then read the question. Make
a (V) check before the best answer to the question. Read
the paragraph again as much as is necessary.

The church cantata, solo or chorale is indistinguishable
from a small oratorio or portion of an oratorio. In Bach’s
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case many of the larger cantatas are actually called ora-
torios.

Many of Bach’s greatest cantatas begin with an elabor-
ate chorus followed by a couple of arias and recitatives,
and end with a plain chorale. This has often been com-
mented upon as an example of Bach’s indifference to
artistic climax in the work as a whole. But no one will
maintain this who realizes the place which the church can-
tata occupied in the Lutheran church service. The text was
carefully based upon the gospel or lessons for the day;
unless the cantata was short the sermon probably took place
after the first chorus or one of the arias, and the congrega-
tion joined in the final chorale. Thus the unity of the ser-
vice was the unity of the music; and, in the cases where all
the movements of the cantata were founded on one and the
same chorale-tune, this unity has never been equalled, ex-
cept by those 16th-century masses and motets which are
founded upon the Gregorian tunes of the festival for which
they are written.

36. What feature ts stated as giving some of Bach’s
cantatas extraordinary unity?
They begin with an elaborate chorus followed by a
couple of arias, and end with a plain chorale.
If the cantata was short, the sermon took place after
the first chorus.
His founding all the movements of the cantata on
the same chorale tune.
The text was based on the gospel of the day.
The congregation joined in the final chorus.
The unity of the service was the unity of the music.

SUB-SERIES Q

COMPLETIONS

1. Itmust... - seem to the wisest
men, when brought into contact with the great things
of nature that they 18
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nothing to the infini-

tude of they are ignorant.
It is a maxim that ... man ... -
ever written out of reputation by

himself.

The American press
above the moral level of the average
good citizen,—in no country
either expect or find it e

so,—but it is
of the machine politi-

cians in the cities.

David Hume founded the

literary school of English historical writing, and
of the more important
doctrines of modern political economy, but also
a paramount influence on the philo-

sophie
eighteenth
Queen Anne was much to horseracing,
and not only royal plates to be
for, ran
for them

The mere practical man regards favorably
the results of science, e

the through which these results are
quite superfluous.
e happens
relations of the Senate and the President are seldom
cordial, confidential,

he and the majority of
the Senate belong to the same party, ...
the Senate and the President are rival powers jeal-
ous

Francis Bacon ... in his will, ““For my
name and memory, I .. it to
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charitable speeches,

foreign nations, the
next ages.”’

9. wonderfully little genu-
ine inventiveness in the , and perhaps

of all has been shown in
of political institutions.

10. The florid . of the debating club or
pomp of the funeral . ______is
frequently used by orators when ... but

weremeem—meee. Of €Xposition is desirable.

MATHEMATICS

There being only five single mathematical tasks in Sub-
series Q, each is counted as 2.

11. Let pp® mean any flat surface enclosed by straight
lines, the n denoting the number of sides it has. Let E
mean equiangular. What is the common name for
Epp*t :

12. Express in brief form, using I, B and D: ‘‘The illumi-
nation varies directly as the brightness of the light
and inversely as the square of the distance.”” Use
‘=K times’’ for ‘‘varies as.”’

13. Let » = any number
“ m =1 divided by =
“ nr=10 ‘¢ “ n
¢ mS8=the number raised to the same power as
itself.

8
‘What does (?) equal?

14. Let m, m,, m,, etc., be any numbers. .
Let n be their number, that is, n tells how many m’s
there are.
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Let S ( ) mean ‘“the sum of”’.
)
‘What name will you give tog(—mni)f
15. Let 4. D.=the average of the deviations of a set of

numbers from their average, disregarding the signs
of the deviations.

Find the 4. D. of 6, 9, 10, 11, 14.

VocaBuLARY
Directions and samples as in Sub-Series N.

. radial 1 light...2 agitator...3 straight line...4 root...5 ray
. sequestrate 1 follow...2 petition...3 horseman...4 confiscate...5 redwood
. tactility 1 tangibility...2 grace...3 subtlety...4 extensibility...5 manageableness
. apogee 1 orbit...2 nadir...3 ellipse...4 culmination...5 zodiac
. nugatory 1 candy...2 belittling...3 inoperative...4 lump of gold...5 hades
. sedulous 1 muddied...2 sluggish...3 stupid...4 assiduous...5 corrupting
umbel 1 cluster...2 canopy...3 shadow...4 pigment...5 ribbing
. asseveration 1 pluck..2 oath..3 continuance...4 partition...5 cleverness
. abjure 1 swear...2 recant...3 refuse...4 degraded...5 illegal
. auricular 1 golden...2 heard...3 jointed...4 distinet...5 clear

DirectioNs AND COMPREHENSION OF SENTENCES
AND PARAGRAPHS.

The paragraph for questions 31, 32, 33 and 34 is ‘“The
American State’’ used in Sub-Series 0. There being only
six tasks instead of the usual ten, each is counted as 1%.

31. Two words are used several times to indicate com-
parison. Which are they?

32. Name three states which are like plants which have
grown from seeds spread by the wind. e

33. What states may properly be thought of as being what
they are as a result of ordinary political growth?
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34. What part did nature play in deciding that Montana
should comprise certain territory?

Read this and then write the answers. Read it again if you
need to.

DIRGE IN WOODS
A wind sways the pines,
And below
Not a breath of wild air;
Still as the mosses that glow
On the flooring and over the lines
Of the roots here and there.
The pine tree drops its dead;
They are quiet, as under the sea.
Overhead, overhead
Rushes life in a race,
As the clouds the clouds chase;
And we go,
And we drop like the fruits of the tree,
Even we,
Even so.

35. What is as still as the mosses?

36. Three words in the poem indicate comparison. What
are they?

Some of the sub-series intermediate between D and N
may be found in Chapter VI.

We could have improved this series at the beginning if
our resources for work had been more extensive. We could
improve it still more now with the knowledge which we have
already gained from using it; and the reader should con-
sider it more as an illustration of the method than as an
ideal series of intellectual tasks. It is, however, a reason-
ably satisfactory series for its purpose, as will be seen.
One possible criticism we may mention, as it concerns an
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important general question of method which we have not
yet discussed.

We have defined intellect as that which produces intel-
lectual products, succeeds with intellectual tasks. We thus
include not only the native, inherent capacity which a per-
son has for such successes, but also whatever education has
added thereto, and whatever increment of success with in-
tellectual tasks he has by virtue of working with better in-
tellectual tools. For example, if A can succeed with the
tasks of the first four sub-series shown whereas B can suc-
ceed with only the first three, we credit A with a higher
altitude or level of intellect than B, even though we may
be confident that if B had had the advantages of A, he
would have surpassed him. We are measuring available
power of intellectual achievement without any specification
as to its genesis. A person who has acquired the intellec-
tual tool, reading, probably has a considerable advantage
over one of equal original capacity who has not acquired
that tool, in the harder completions and directions. One
who has studied arithmetic surely has a notable advantage
in many of the arithmetical problems of our series over one
of equal original capacity who has not studied it. This
procedure would be open to criticism if we should assume
that the score made in the series is a measure of original
capacity to grow into or acquire intellect, without proving
that it did so. We shall not; nothing about the causation
of the ability measured by the series will be taken for
granted.

The procedure will be criticized by others as a failure
to separate original capacity from the circumstances of
training and to select tasks which would measure the former
alone. This is an attractive enterprise, but not, in our
judgment, so important as the measurement of intellect as
it actually exists and works. We also doubt whether it can
be achieved until the latter has been. There is also danger
that, if we include in a series of intellectual tasks only those
in whose accomplishment differences of education can make
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little or no difference, we shall have a collection of freakish
puzzles, irrelevant to the actual operations of intellect by
persons twelve years or older in the United States to-day—
or possibly have nothing at all.

Whatever be its defects, our series defines intellectual
tasks and provides us with a rank order of sub-series, each
of which represents all of Intellect CAVD and nothing but
Intellect CAVD nearly enough so that its intellectual diffi-
culty can be measured by the methods of the previous chap-
ter. The number right out of 10C + 10A + 10V + 10D
tasks at any one level correlates almost as closely with the
number right out of twenty times as many tasks represent-
ing twenty levels from very low to very high as its own
self-correlation permits. Our proof of this statement is
given in Appendices IV and V. It has to be somewhat ir-
regular and roundabout, since we have been unable to ob-
tain records from any individuals attempting the entire
series. But it is conclusive.

‘We have now to consider what theoretical or practical
significance this Intellect CAVD has.

THE RELATION OF INTELLECT CAVD TO THE ABILITIES MEASURED
BY ORDINARY INTELLIGENCE EXAMINATIONS

The ability which it measures is very much the same as
that which is measured by the Stanford Binet, or by the
Otis Self-Administering Group Test, or by the Terman
Group Test for Grades 7 to 12, or by a combination of these
three, or by the Thorndike Intelligence Examination for
High School Graduates, or by the I. E. R. Tests of Selective
and Relational Thinking, Generalization and Organization.
This last is a selected team of tests representing a general
consensus of psychological opinion concerning symptoms
of intellect. That is, Intellect CAVD is very much the same
as that which is measured by representative examinations
for so-called general intelligence. The evidence for this is
the correlations obtained. We report these briefly.

Using persons sixteen years old or older, with Stanford
Mental Age of from 28 months to 59 months (all in asy-
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lums for the mentally deficient), we find a correlation of
.73 (.68 Pearson, .78 Sheppard) between a summation score
for CAVD and Stanford Mental Age, the details being as
shown in Table 7. This is in fact probably as close as the
self-correlation of the Stanford Binet will permit. (In the
62 cases for which we have a second trial of the Stanford
Binet, the self-correlation is .53.) If the range were ex-
tended to include all persons sixteen years old or older,
this correlation of .73 would rise to about .98.°

At the other extreme we measured twenty adults, all
high-school graduates, chosen from professional and cler-
ical workers, with the Thorndike Intelligence Examination
for High School Graduates (average of two forms), and
with an incomplete sampling of Intellect CAVD. The cor-
relation is about .95, the facts being as shown in Table 8.
The self-correlation of the Thorndike Examination score
for this group would be only about .974, the correlation
of one form with the other being .95. So Intellect CAVD
is nearly identical with the ability measured by the Thorn-
dike Examination.

Clark [’25], using 180 pupils in Grades 7 to 12 of the
Lincoln School of New York City, finds the intercorrela-
tions stated below among (1) a score based on a selection
of tasks from the arithmetical and sentence completion and
information sections of Intellect CAVDI, (2) the Otis Self-
Administering Group Test, (3) the Terman Group Test,
and (4) the Stanford Binet Mental Age.

Raw

Correlation

Part of Intellect CAVDI with Otis S. A. Test 87
o “ “ ¢ Terman Group Test 94
o ¢ “ ¢ Stanford M. A. .78
Otis S. A. Test with Terman Group Test .88
6 € 66 e 4 Gtanford M. A. N
Terman Group Test with Stanford M. A. N

% The mean square variation of the random sample of the Army in Stan-
ford Mental Age was over 34 months (Memoirs, p. 392); that of our group of
178 cases was under 8 months,
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The selection of tasks from the three fifths of Intellect
CAVDI was meagre, so that even these three fifths were
far from perfectly measured. Nor does one trial with an
Otis or Terman or Stanford examination measure per-
fectly what would be found if a dozen alternative examina-
tions of the same type were used. The correlations of In-
tellect CAVD or CAVDI with the ability as measured by a
dozen alternative Otis Tests or Terman Tests would ap-
proximate to perfect correlation for the group in question.
The obtained correlations are higher than the obtained
intercorrelations of Otis, Terman and Stanford, and about
as high as their self-correlations.?

One hundred and forty-six pupils at the very beginning
of Grade 6 in one school were tested with a fairly extensive
selection from CAVD, each being allowed time enough to
do all that he could. A summation score was given with
approximately equal weight to C, A, V, and D. These same
pupils had been tested some months earlier with the Na-
tional A and B. The correlation between the summation
score in CAVD and the score in the National was about .76
(.81 by Pearson’s, and .71 by Sheppard’s formula). This
is about as close as the correlation between the National
and a repetition of itself. If we assume that the variabil-
ity for a group of constant chronological age 12 is two times
the variability of this selected grade population, the corre-
lation for the former would be .92.

Dr. M. A. May measured a group of about 650 pupils in
Grades 5 to 8 with a composite of our Vocabulary, Arith-
metic, Completions, Information and Reading tasks. Pint-
ner had measured the same pupils with the National Intel-
ligence Examination. The correlation between a rough
summation score for the former and the score in the latter
was .84. This again is about as high as the self-correlations
of the two would permit.

Sixty-one college sophomores were measured with Army
Alpha and with 70 CAVD tasks. The correlation was .71

10 Just what these self-correlations would be for the group in question is not
known ; but they would certainly not be on the average much above .90.
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by the Pearson and .81 by the Sheppard formula. The self-
correlation of so short a selection from CAVD will not be
above .80 within this group, and the self-correlation of
Alpha will be little, if any, above .80. So the correlation of
.71 or .76 is about as high as the self-correlations permit.

Three hundred and eighty-eight pupils in Grade 6 were
tested with a composite of stock intelligence tests (the I.
E. R. Tests of Selective and Relational Thinking, General-
ization and Organization) and with a sampling of about 40
of the completions and about 40 of the arithmetical prob-
lems of CAVD, the score for these latter being a summation
of credits. The correlation was .81. The self-correlation
for the I. E. R. tests in such a group will be not over .85;*
it will probably be about .80 for the sampling of C and A.
So the composite of C and A correlates nearly as closely
with the stock test as the reliabilities permit.

Intellect CAVD or CAVDI is then no more limited or
unreal or remote from the practical management of intellect
than the ‘‘intellects’’ which are measured by the scores in
examinations representative of the best present practice.
It is so nearly the same thing as they that what we learn
about it will have an application nearly or quite as broad as
present practice is.

THE HOMOGENEITY OF DIFFICULTY CAVD

We have cured the main defect in the methods of mea-
suring the intellectual difficulty of tasks which was brought
forward in the previous chapter. We can make sure that a
task (always now a composite of many single tasks) mea-
sures all of Intellect CAVD and nothing but Intellect CAVD
by correlating it therewith, and then measure its difficulty.

We have now to consider or reconsider a number of
other questions. The first is whether the tasks whose dif-
ferences in difficulty we thus measure do really differ in the
possession of varying amounts of some one thing which are

11 It is .82 for a group of 1,039 boys in Grades 9, 10, and 11, and .86 for
a group of 16-year-old boys in Grades 9, 10, and 11.
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102 THE MEASUREMENT OF INTELLIGENCE

properly represented by cardinal numbers. Do the sub-
series or levels (A, B, C, ... Q) form a progressive, homo-
geneous series enough like a series of lengths or weights or
temperatures to be subject to the laws of mathematics?

We show elsewhere’* that a sub-series of CAVD tasks
at any level of difficulty measures closely the same ability
as the total series (provided the sub-series contains enough
single tasks fairly to sample the tasks at that level). In that
sense Intellect CAVD is nearly or quite the same from its
lowest to its highest levels. It is obviously the same in the
sense that the tasks are throughout to supply words to com-
plete sentences, to solve arithmetical problems, to under-
stand single words, and to understand connected discourse.

It is also the same in the sense that any person who is
accustomed to think scientifically about intellectual diffi-
culty progresses up this series without any sense of shock
or shift or qualitative change. The progress is, of course,
not so obviously an increase in the amount of one character-
istic which does not change its nature, as when one looks at
straight lines of increasing length or cubes of increasing
volume or lifts graded weights. But it seems logically
fairly comparable to one’s experience who looks at very
irregular and differently shaped solids, such as cups, shoes,
babies, wheels, steam radiators, chairs, and motor cycles,
which form a series of increasing volumes.

Finally, there is a very close correlation between level
or altitude of Intellect CAVD and range or width of intel-
lect—between the degree of difficulty at which a person can
succeed with CAVD tasks and the number of CAVD tasks
that he can succeed with at any specified degree of diffi-
culty.” Range at a given level is entirely measured by
number, is a variable varying in nothing whatsoever save
amount. Whatever correlates so closely with it may be ex-
pected also to exist as varying amounts of some one quality
or characteristic.

12 Appendix IV and Appendix V.
13 The measurements of this are reported in Chapter XIII.

Google



THE MEASUREMENT OF DIFFICULTY 103

These facts probably warrant us in using the one term
Difficulty CAVD to designate the variable, with cardinal
numbers to designate the varying amounts of degrees or in-
tensities of it.

Difficulty CAVD is not the same throughout its varia-
tions in the sense that any one unit of it can replace or be.
interchangeable with any other unit of it, in the way in
which one inch or one cent can replace any other. We can-
not put three tasks, each of difficulty 4, together and have a
task of difficulty 12, nor can we subtract some part of any
task of difficulty 10 from it so as to leave a task of difficulty
9 and add that fraction of the actual task to a task of diffi-
culty 5 so as to make its difficulty 6. The meaning of arith-
metical operations upon numbers representing degrees of
difficulty of intellectual tasks must be considered with refer-
ence to the realities which these numbers represent.

This is the case, also, with numbers representing many
variables such as volts, degrees of temperature, wave-
lengths or ages, to which arithmetic is none the less usefully
applied. Dividing a temperature of 300 degrees (above the
absolute zero) by 10 gives 30 degrees in a certain real and
useful sense, but not in the same sense that dividing 300 dol-
lars by 10 gives 30 dollars. We cannot take 5 years of age
from 40 years old and use it to make a five-year-old into a
ten-year-old. Multiplying short vibrations will not give
long vibrations.

We shall return to a consideration of the applicability
of arithmetic to the numbers representing different degrees
of difficulty CAVD later, after we have gained more knowl-
edge of them and shown more facts concerning the realities
for which they stand. For the present it may serve to note
that the numbers representing difficulty CAVD are roughly
comparable to the numbers representing temperatures in
respect of the meaning and use of arithmetical operations
performed upon them.

9
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THE INFERENCE FROM THE FORM OF DISTRIBUTION OF A GRADE
POPULATION IN STANDARD INTELLIGENCE EXAMINATION
SCORES TO THE FORM OF ITS DISTRIBUTION IN
LEVEL OR ALTITUDE OF INTELLECT CAVD

The next matter that needs consideration concerns our
use of the scores in stock intelligence examinations in the
investigations of the form of distribution of the variations
of an individual; and of the variations among individuals
in Grade 6, Grade 9, and Grade 12; and of the relation of
the variability of an individual to his average degree of
intellect. The scores in any one of these stock examinations
represent the composite influence of level or altitude, range
or width, and facility or speed, in unknown proportions. In
strict logic we should have used for our purpose a large
number of examinations, each concerned with level or alti-
tude alone, but made by different experts and without prej-
udice concerning the form of distribution of intellect, as
was the case with the material which we did use. The form
of distribution which we really needed for our argument is
the form of distribution in respect of how hard things the
varying intellect of an individual and the varying intellects
of a group can succeed with. It would, however, have been
utterly impracticable to have attempted to have experts
make seventeen such examinations, and to have applied
these to the large number of individuals needed to make the
argument valid. The cost in time and labor would have been
prohibitive. 'We therefore used the stock examinations
which were available; and set up experiments to ascertain
how closely the ability measured by these examinations is
correlated with altitude or level of intellect as measured by
the hardest intellectual tasks at which a person attains a
given percentage of successes. Are we justified in infer-
ring the form of distribution of level or altitude of Intel-
lect CAVD from the form of distribution of the ability
measured by these stock intelligence examinations?

It is impossible to answer this question by a straight
forward experiment in which a group of several hundred
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pupils of, for example, Grade 9 should be given the graded
tasks of Intellect CAVD and also be tested with a dozen or
more stock tests of intelligence. The form of distribution
found for the group in level or altitude measured by the
graded tasks of Intellect CAVD depends upon the real dif-
ferences in difficulty between the tasks. This is precisely
what we are trying to determine. We must argue indi-
rectly, as by the correlation between level or altitude of
Intellect CAVD and score in a stock test of intelligence.

We have already shown that, in general, summation
scores in Intellect CAVD measure very closely the same
ability as the stock intelligence examinations do. Conse-
quently we may correlate a level or altitude score in Intel-
lect CAVD with a summation score in Intellect CAVD.
Such correlations will have closely the same meaning as
correlations between a level score in Intellect CAVD and
the official score in the stock intelligence examination. If
the correlations are close, the abilities are similar and will
have, in any given group, similar forms of distribution
when measured in truly equal units.

The correlations between altitude or level score in
CAVD and summation score in CAVD are reported in
Chapter 13. They are well above .90 even in groups of
rather narrow range. The correlations between altitude
or level score in CAVD and official score in standard intelli-
gence examinations are reported here. They show in gen-
eral that if an individual is tested with any sufficiently ex-
tensive collection of intellectual tasks representing wide
variations in difficulty, the level which he reaches is closely
correlated with the score which he obtains by a summation
of credits for work done within a certain time, after the
fashion common in the stock examination.

In the case of 146 pupils of Grade 5%, the correlation
between altitude or level score in CAVD and score in the
National Examination (A + B) was .72 by one determina-
tion of altitude and .665 by an independent determination
of altitude. The two independent measures of altitude or
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level correlated .755. The level score in CAVD thus corre-
lates with the National Intelligence score nearly as closely
as with itself (.69} compared with .75}).

Twenty individuals were measured in respect of a sam-
pling from Intellect CAVD by the level at which they could
succeed with fifty percent of the task elements, that is, could
do correctly 20 of the 40 single tasks making up a composite
task. Each was measured also by two alternative forms of
the Thorndike Examination for High School Graduates.
The correlations between the level score and the two stock
examination scores are .92 and .90. One of the stock ex-
amination scores correlates with the other .95; and the level
score would probably not correlate with that from another
similar sampling from Intellect CAVD more than .97. So
perfectly measured level or altitude CAVD and perfectly
measured ability in this sort of stock examination would
probably correlate about .95.

In this same group the correlation between the level
score in CAVD and a summation score in a composite of
C, A, V, and D, including the tasks used in determining the
level score and many others, was .96. The correlations
between this summation score and the scores in the two
Thorndike Examinations were both .95. Thus level score
in CAVD correlates with summation score in CAVD nearly
or quite up to its probable self-correlation, and correlates
with summation score in the Thorndike 91/95 as high as
does the summation score from much more extensive
testing.

Dr. John R. Clark secured measurements of one hundred
eighty pupils in Grades 7 to 12 of the Lincoln School in
the Stanford Binet, Terman Group Test and Otis Self-Ad-
ministering Group Test, and in rough measures of level or
altitude, range or width, and speed or facility in samplings
from the arithmetic and completion tasks of Intellect
CAVD. He found the correlations with level to be as
shown in Table 9.

The three stock examinations correlate on the average
.80 one with another, and correlate on the average .76 with
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arithmetic level score if the latter is perfectly measured,
and .64 with completion level score if that is perfectly mea-
sured. They may fairly be expected to correlate almost
perfectly with a level score for the sort of tasks which they
themselves contain.

TABLE 9

TEE CORRELATIONS BETWEEN SCORES IN STOCK INTELLIGENCE EXAMINATIONS
AND LEVEL SCORES IN ARITHMETICAL PROBLEMS AND SENTENCE COMPLE-
TIONS. 180 PUPILS IN GRADES 7 T0 12. DATA FrOM CLARK (’24).
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Stanford Binet........ .74 a7 .57 57 65 65

Otis Self Adm.... .88 74 .55 .83 61

Terman Group 74 .59 .80 66
Arith, Level............... 46

Arith. Level perfectly
measured ... .55

We may then assume with risk of only moderate error
that achievement with the series of CAVD composite tasks
represents an important ability closely allied to that which
such stock intelligence examinations as the Stanford Binet,
National, Otis, Terman, and Thorndike measure; that the
level or altitude score attained in Intellect CAVD may
properly be expressed as a cardinal number ; that this level
score, if measured in truly equal units, will show a rather
close approach to Form A (the probability surface) in
Grade 6, Grade 9, Grade 12, or any intervening grade; and
that the correlation between a person’s true level or alti-
tude in Intellect CAVD and his score in any one of the sub-
series or composite tasks (A, B, C, ... Q) will be very
nearly as close as the self-correlation of the sub-series will
permit.
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We can then measure the differences in difficulty be-
tween any two of these composite tasks for any grade group
between 6 and 12 which is so constituted that all of its indi-
viduals do not succeed, neither do all fail, with either of
the two composite tasks in question.
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CHAPTER IV

TeEE MEASUREMENT OF THE INTELLECTUAL DIFFICULTY OF A
SiNGLE Brier Task

In the previous chapter we have shown that if intel-
lectual difficulty is defined as the difficulty of a perfectly
representative sub-series of a total series of concretely spe-
cified tasks, it can be measured, at least over a range from
tasks which the stupidest children in Grade 6 can do to
tasks which only the brightest of college freshmen can do.

In the present chapter we have to consider the difficul-
ties which confront us when the sub-series is only imper-
fectly representative of the total. As the title of the chap-
ter indicates, we shall emphasize the extreme cases where
the task is a very partial representative ; but the discussion
will provide also for the treatment of any degree of par-
tiality and incompleteness.

We have seen that when we know that k percent of a
group succeed with a task t, (k being > 0 and <100) we
may express the difficulty of the task as M., + Ao:; where
M. is the central tendency of the group in the ability mea-
sured by t, ov, is the variability of the group in the ability
measured by t, and A is a factor dependent for its sign and
absolute value on k. We have seen that we cannot, without
further knowledge to that effect, assume that M., is equal
to the central tendency of the group in intellect or anything
else save the ability measured by t,; or that ¢, is equal to
the variability of the group in general intellect or anything
else save the ability measured by t..

THE PROBLEM IN THE CASE OF SINGLE TASKS, EACH OF WHICH
MEASURES INTELLECT PLUS A MERE SAMPLING ERROR

We have now to consider the possibility of such further
knowledge. Consider it first for cases where t, is a repre-
sentative sample of intellectual tasks, and the measurement
afforded by t, is a compound of perfectly measured intel-
lect and error of sampling, and the errer is of the same

109
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magnitude for any one t, as for any other, so that the aver-
age of a sufficient number of t,’s would be a perfect measure
of intellect, so that the correlation of any one t, with any
other will be a constant. For such cases the knowledge
needed is available and M, and ¢, the central tendency and
variability of the group in intellect, can be computed from
M, and ¢:;, when the amount of the error is known.

Since M, is the average of the N individuals of the
group, each measured in (t,+t,+t;+t, - - t.)/n, M,
will, if N is large, approximate closely to M.;, M:,, My, ete.,
and any one of these will approximate closely to any other
of them. The effect of the error whereby the estimate of
intellect by any t differs from that by the average of all
the t’s is as often plus as minus, and is negligible for our
purposes so far as concerns the central tendency of a large
group. M, may be taken as equal to M.,.

Because of the sampling error, ¢, will always be smaller
than ¢;. ¢, will equal V¢,* + 0.7 where g, is the variabil-
ity of the N individuals each measured by (t, +t, + ts + ¢,
-+ - t,)/n, and ¢, is the variability of the sampling error,
dependent upon the variations of t,, t,, ts, ete., in any indi-
vidual from the average of t,, t,, t,, ete., for that individual.
0. may be computed in various ways from various measures
of the unlikeness of t,, t,, ts, etc.,, in the same individual,
such as the correlation of t, with t, in the group, or the cor-
relation of t, or t, or t; with (t,+t,+t; - - - t,)/n, or the
differences between t, and t, in individuals, or the variabil-
ity of an individual in intellect as estimated first by t,, then
by t,, then by t,, and so on.

[ )]

Thus ¢, = 6.V Tt tp OT 0, == [Kelley, ’23, formula

Tta tp

166, p. 213] and since r,; = /1.1, [Kelley, 23, formula 160,
(1)
p. 2061, 6. =—" Where
Tyy
1 This second formula is presented because it lends itself better to much of

the material at our disposal. It is derived by Kelley directly from Spearman’s
formulas for the correlations of sums or averages. The reader of less mathe-
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THE DIFFICULTY OF A SINGLE TASK 111

o, = the variability of the group in intellect, which is
here identical with g,, the variability of the group in (t, +
te+ts - - - t)/n

r,; = the correlation between the estimate of intellect by
any one t in question and the estimate of intellect by (t, +
t;+ts - - - t.)/n in the group in question.

0. = the variability of the group in the ability measured
by the one t in question.

Ti.tp == the correlation between the estimate of intellect
by any one t and that by any other t.

For example, assume that the completion task 22 is one
taken at random from a number of completions, each of
which measures intellect plus a similar sampling error, the
average of all of them measuring it exactly.

We found the difficulty of task 22 to be .098 times the
02, of the ninth grade group harder than the M,, of that
group. In accord with our assumptions, we may replace
M,, by M,. The correlation between score in task 22 and
intellect may be taken as approximately .40 for the group
in question, since the obtained correlation with a fairly
close representation of intellect is .373. In place of .098 g,
we then put .098 %. The purely intellectual difficulty
of task 22, freed from the effect of the sampling error, is
now measured as .245 (6 ror ot grace) &nd can be compared
with that of any other task representing intellect plus the
effect of sampling error for which we have the percent of
correct responses in this group. Thus task 20, which

matical ability may easily derive it from the more familiar formula for the
correction for attenuation, as follows:
Consider the ordinary Spearman attenuation formula for our case,
Tey

Fot = vrtllzrlll’
Let i‘ and i2 be perfect measures of intellect. Then Tii, = 1.00. ree; is 1.00
by hypothesis.
8o Vrzltz =T

Op

4] G, .
we have g.= — = — in this case.

T T T
tyty tl t

Bubstituting in g. =
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showed 60% of correct responses in this group, giving
— .25330.0, has a correlation with the same fairly close rep-
resentation of intellect just mentioned, of .18}4. Its corre-
lation with intellect may be taken as approximately .20.
Assuming that it is a random sample from a set of tasks
whose average measures intellect perfectly,® and each of
which suffers an error of equal magnitude, we transmute
¢ 2533 g, easier than M., in Grade 9’ into “'2532300'9
easier than M, in Grade 9,”’ or — 1.27 6,,. Task 20 is then
1.51 easier than task 22, the unit of measure being the mean
square deviation of intellect in Grade 9.

If the error whereby the ability measured by a task dif-
fers from intellect is a random sampling error, so that per-
fectly measured intellect can be got by merely increasing
the number of tasks strictly comparable to it drawn in the
sample, we can then correct for it, the correction being a
further application of the facts shown by Spearman [’04,
07, ’10, and ’13], Boas [’06], Thorndike [’13], and Kelley
[’19, 21 and ’23].

If the single tasks whose intellectual difficulty we wish
to determine measured intellect perfectly, except for such a
random sampling error, we could and should compute
Ty (OF Tyycavm) for each of them in each group used, and
apply the corrections.

The effect of the correction may be illustrated by cases
where we have reduced the sampling error empirically by
using ten tasks in place of one.

Thus for 250 pupils in Grade 8}, the median of the ten
percents correct for the ten single word tasks and the
percent scoring five or more correct responses out of the
ten was as shown in Table 10 for each of the fourteen 10-
word composites in the I. E. R. A-2 and B-2. Table 10

2 This average will have to be computed from a larger number of t’s than
would be needed in the case of the tasks from which task 22 was drawn as a
random sample, since the error is here larger, making the correlation with
i smaller.

Google



THE DIFFICULTY OF A SINGLE TASK 113

also reports the ¢, values and the ¢,, values which corre-
spond to these percents. The percent is more remote
from 50 when we shift from one right out of one to five or
more right out of ten; and the value in terms of g,, is more
remote from the median of the group.

TABLE 10.

THE Errect or DECREASING THE ERROR OF ESTIMATING THE DIFFICULTY OF THE
MFDIAN TaASK oF A COMPOSITE OF TEN BY THE USE OF THE PERCENT OF A
GroUP ScorING ‘‘5 0B MORE RigHT oUT oF TEN’’ IN PLACE OF THE
MEDIAN or THE TEN PERCENTS OF THE GROUP SCORING
‘‘RiGHT’’ IN THE TASKS TAKEN ONE AT A TIME
VocABULARY TASkKs IN THE CASE or 250
PUPILS or GRADE 814.

Distance from the Median

Median of Percent Ability of the Group
the ten Scoring In Terms In Terms

Percents 5 or more of g, ofo .

Composite 1 93.2 98.0 ~1.49 -2.05
“ la 93.4 97.6 -1.51 -1.98
“ 2 82.6 92.0 -0.94 -141
“ 2a 87.4 97.2 -115 -191
““ 3 62.8 74.0 -0.32 —-0.64
‘“ 3a 72.3 86.4 -0.60 -1.10
‘ 4 55.2 64.4 -0.13 -0.37
“ 4a 55.6 61.6 -0.14 -0.30
“ 5 43.0 44.4 +0.18 +0.15
“ 5a 43.2 44.8 +0.17 +0.13
“ 6 23.4 15.2 +0.73 +1.03
‘ 6a 25.8 19.6 +0.65 +0.86
¢ 7 15.8 4.4 +1.00 +1.71
“ 7a 10.8 8 +1.24 +2.41

It may be realized more exactly by applying the formula
to a few representative cases. Thus, tasks A, B and C,
each being done correctly by the same percent (80) of a
group (of normal form of distribution), but correlating
with intellect to the extent of .20, .35 and .50, respectively,
in that group, will be of intellectual difficulty — 4.208 o,
— 2405 g, and — 1.683 ¢, respectively. Tasks C, D and E,
although done correctly by very different percents of the
group, are of equal intellectual difficulty, their differences
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114 THE MEASUREMENT OF INTELLIGENCE

in difficulty being counterbalanced by reverse differences in
intellectualness.

% suc- Correlation Intellectual
Task cessful with intellect Difficulty Difficulty
A 80 .20 -.84160, -4.2080,
B 80 35 - .84160p - 2.4050,
C 80 .50 -.84160, - 1.6830,
D 60.1 .20 - 25590, -1.2800,
E 67.3 35 - 44820, -1.2800,
F 73.9 .50 -.64030 - 1.280q,

THE PROBLEM IN THE CASE OF SUCH SINGLE TASKS AS ARE USED
IN CAVD OR IN STANDARD INTELLIGENCE EXAMINATIONS

Unfortunately we cannot be sure that a single task will
measure intellect save for such a sampling error. This may
be best realized by taking our Intellect CAVD as intellect
for the moment, and considering a task made up of 20 com-
pletions, 20 arithmetical problems, 20 words and 20 direc-
tions, all of equal difficulty. The ability measured by such
an 80-element task, if the elements are well selected, is ap-
proximately perfectly representative of ability CAVD.

Now if we take one of the eighty tasks at random, we
do not have something which measures what the eighty
together do plus an ordinary error of sampling. One
word-knowledge test does not differ from one arithmetical
problem test in the same way that one arithmetical prob-
lem test differs from another. The total is too varied a
synthesis and the single task is too small a sample for the
latter to represent the former plus an ordinary sampling
error. In the eighty are four different sorts of tasks; in
the twenty completions there may be four or five which
require knowledge of specialized facts; amongst these four
or five, there may be one which is very much easier for in-
tellects which have lived in the country than for intellects,
otherwise similar, which have lived in the city; and another
of which the reverse is true.

The case is not so much like measuring a man’s height
a dozen times and taking one of the dozen to represent
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THE DIFFICULTY OF A SINGLE TASK 115

their average, as like measuring his head, his neck, his
trunk, his legs to the knees, his shins, and his feet and
adding the results to get his height. Our measures of in-
tellect are tnventories; we combine C, A, V and D as we
might combine a man’s real estate, ships, stocks, bonds, ac-
counts receivable, merchandise, materials, and cash on
hand. What he happened to own in the way of real estate
in Boston would not in a useful sense represent his total
wealth plus a sampling error.

Assume for the purpose of illustration that: (1) intel-
lect is composed of C and A in equal parts, and is perfectly
measured at the level in question by a task composed of 20
completions and 20 arithmetical problems, the two twenties
having equal weight; (2) a task comprising the 20 comple-
tions will correlate perfectly with a task comprising 100
completions from which the 20 are a random sample; (3)
a task comprising the 20 arithmetical problems will corre-
late perfectly with a task comprising 100 problems from
which the 20 are a random sample; (4) the 20 completions
or the 100 completions will correlate 0 with the 20 arith-
metical problems or the 100 arithmetical problems.

If now N individuals composing a group distributed
‘“‘normally’’ are measured in respect of their success with
a task composed of 40 completions, and if a given percent
succeed with the task (that is, have 20 or more of the 40
right), the difficulty of that 40-completion task is M, +
XG.0c. The correlation between the score in 40C and the
score in intellect, or C 4 A measured by 20C + 204, is .707.
The correlation between the score in 40C and the score in
another 40C is 1.00.

By our assumptions

G20c + 204 = V G°20c 1 G204 Since Tyoc 204 =0.

G200 + 200 = V 2620¢ since 6z0c = Gaoa-

_V2 - .
O20C + 20A = 5" Osoc SINCe Gy0c = 20200, SINCE Tagc 200
is 1.00.

G20c + 20 = .107 640
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116 THE MEASUREMENT OF INTELLIGENCE

But by the formula (m =

Tt,e,

) we should have

_ G20C + 20A ..
0400 — T/ glv}'ng
V Ta0c 20c
Groe = G20C + 20A
10c — =

v1

OT Ogz0c + 204 — O4oce

We see the reason for the discrepancy if we consider
the attenuation formula

Tc40 with C20 + A20

Teo with (C+ A)w =
V Tciso cao Tic20 + A20) (C20 + A20)

With our present assumptions, T, wiw c+ s« 18 70t 1.00,
because, no matter how many C’s we take, we do not get
all of intellect and nothing but intellect. It is in fact .707.
So we do not have

V Tcao with c40= Tce0 with C20 + A20 but

—_— TC40 with C20 + A20
\/rcm with C40 — 707

If we substitute Tcio wienc20+ a20 fOT VTciwoceo i the

———, we have again the erroneous result

tity

formula ¢,=

O20c + 204 = OG4oc-

Now the correlation between C. and (C+A+V -+
D)., or any other form of perfectly measured intellect is not
perfect; and the correlation between C . and either A, or
V. or D, or Picture Completions. or Geometrical Rela-
tions ., is not in fact perfect. In general, if we sample by
taking one small task, it has to be so limited that if we take
a thousand tasks closely like it, the score therein need not
correlate perfectly with the score in intellect, or with the
score in a thousand tasks closely like any other one task
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THE DIFFICULTY OF A SINGLE TASK 117

with which we might begin. In particular, no single com-
pletion, or word to be defined, or problem in arithmetic, or
sentence to be comprehended can safely be regarded as dif-
fering from intellect only by a sampling error such as
may be adequately corrected for by

o1

A single task, t,, measures not a large part of intellect
plus a small error due to the action of a large number of
factors of about equal magnitude, but a small part of in-
tellect plus a large error. The latter is due to the action
of factors some of which, like residence in the city, access
to books, formal training with arithmetical problems, spe-
cial acquaintance with the particular word or sentence or
problem, may be of very great magnitude in comparison
with others.

G : .
More generally, 6, = 6. I', OT ¢, = 18, 88 Kelley’s dis-
t

cussion [p. 213] makes clear, true for a case where 1 is
simply the average of many t’s, each of which has closely
the same ¢ as any other and closely the same r,, as any
other. It is not true when we fail to get i by a collection
of tasks however extensive. And no matter how many
completions we take, we shall never get an i made up of
completions and arithmetical problems unless the corre-
lation between sentence completion and solving arithmeti-
cal problems is perfect.

The quantitative importance of having a varied as well
as a large sample may be illustrated by measurements of
the correlation between i, as represented by the summation
score in CAVD (40C + 40A + 40V + 40D), and Composites
of 10 made up all of C or A or V or D on the one hand, and
on the other, composites of 10 made up of 2C 4 3A 42V
+ 3D or of 3C + 2A + 3V + 2D. In the case of 240 col-
lege graduates, the average of the former sort was .59 with
a P.E. of +.028; the average of the latter sort was .72
with a P.E. of =+ .022.
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118 THE MEASUREMENT OF INTELLIGENCE

It should also be noted that, even if the correlation be-
tween the score in an infinite number of completions and
the score in an infinite number of arithmetical problems
were perfect, so that we got all of intellect and nothing but
intellect as well by a sampling of one type of task as by a
mixed sampling (the reduction of r,, below 1.00 being due
purely to sampling error), still the practical difficulties in
the way of applying the correction would make it far wiser
first to construct composite tasks. It is very laborious to
compute r,, for each element. It will be low (roughly
from .20 to .60 for a group of individuals in the same school
grade), and the probable error of a low bi-serial r is such
that an enormous number of individuals must be tested to
obtain r,, with a precision such that the probable error is
less than .01 (from 5,000 to more than 10,000 for r =40,
according as the split of successes and failures is near .50,
.50, or remote therefrom).

THE SOLUTION BY THE USE OF EXTENSIVE COMPOSITE TASKS

The only safe and wise course is, then, to make sure that
the tasks whose difficulty we are to measure are alike in the
amount of intellect which each involves, and in the amount
of non-intellect by which each is contaminated, by using
composite tasks each containing many single tasks, repre-
senting with proper weight the various aspects or constitu-
ents of intellect. The nearer we come to having each of
them measure all of intellect and nothing but intellect, the
safer our course will be.

With composites which differ from i only by the sam-
pling error the correction formulas are appropriate. In
proportion as the composite is made to include a large
sampling, the labor of computing r., or r.,:, to a given de-
gree of precision is reduced and the reliability of the cor-
rection is increased. With forty-element CAVD com-
posites, for example, it is safe to infer ¢, from o, either by
0y = \/—r—:t-,O't, or by 01 = I't;10t,.

In constructing composite tasks whose difficulty will be
truly intellectual difficulty, freed from the sampling error
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by having many tasks, and freed from the constant error
by having a proper representation of all the elements of
intellect, it may be desirable, other things being equal, to
include in any one composite only tasks which would show
approximately the same intellectual difficulty if, by a mir-
acle, all of intellect, and nothing but intellect, could in each
case be utilized for success. The measure of the difficulty
of a composite of n tasks would be more reliable if this
could be the case. The construction of composites of speci-
fied amounts of difficulty would be less a matter of trial and
correction.

So, for this purpose, we may need to measure approxi-
mately something which, for lack of a better name, we may
call the ‘“intellectual difficulty’’ of single tasks, and to know
how close the approximations are.

The facts which we shall present in this connection are
also of importance in estimating the errors in scales®
which have been constructed on the assumption that o,
Gty Gt,, Ot,, etc,, are equal. They are also of importance in
connection with the general technique of selecting single
tasks to make a composite, even if we make no attempt to
select them to be of the same intellectual difficulty, rather
than of the same difficulty.

These facts are the percents of some group succeeding
with the several tasks (t;, t,, ts, etc.) whence we may com-
pute M measures of their difficulty (M., 4+ C, ov,, M., +
C, 6t,, M, + C, q¢,, etc.); and the correlations (r.,;, T,
I, etc., between each of many single tasks and intellect
(CAVD or some other defined intellect), whence we may
compute the extent to which t,, t,, t;, etc. represent intellect,
and so estimate their ‘‘intellectual difficulty.”” We have
seen that with a large group, M., M,,, M.,, etc., will be
closely equal. In proportion as ri,i, T, T¢,i, ete., are ap-
proximately equal, o.,, 6:,, ot,, etc., will be approximately
equal, and ¢, will be approximately the same fraction of
each of them, equalling respectively Va2 + E?, Vo’ + E2%,

3 Such as the Buckingham Spelling Scale, Trabue Completion Scales, Van
Wagenen History Scales.
10

Google



120 THE MEASUREMENT OF INTELLIGENCE

Vo.® + Eg? where E, or E, or E; is the ‘“error’’ by which
the estimate of intellect by the single task diverges from the
estimate of intellect from a properly weighted sum of all
tasks. E;, E,, E;, etc., will be approximately equal, if they
produce approximately equal reductions from perfection in
the correlations ri,i, I,1, I,1, ete.

If, then, we select single tasks which are done by equal
percents of a large group, and also are approximately
equally closely correlated with intellect, we shall have
equality in the sort of intellectual difficulty which we are
discussing. For example, Table 11 shows, in the case of 30
reading tasks, the percents succeeding and the correlations
(bi-serial r) with the combined score in two forms of a
standard intelligence examination given a year apart (the
L. E. R. Tests of Selective and Relational Thinking, Gener-
alization and Organization*). The facts are given for 668
pupils in Grade 11. TUsing the facts of Table 11 as our
guide, tasks 10, 15, and 24 may be expected to be of approxi-
mately equal ‘‘intellectual difficulty.”” They are approxi-
mately equally difficult because the percents succeeding
are respectively 66, 65, and 67. They are approximately
equally intellectual because the r.;:’s are, respectively, .40,
41, and .38. We can also balance low degrees of %s (per-
cent successful) against high degrees of ru so as to get
tasks that would be of equal intellectual difficulty in so far
as the formula is applicable.

Even if it is not desirable to spend time in choosing
tasks which are alike in the 4+ — values of ¢, as inferred
from ¢, =r,,0,, it will be very useful to know how much
difference will be shown in the r,,’s of single tasks in com-
pleting sentences, solving arithmetical problems, knowing
word-meanings, following directions or answering ques-
tions about a paragraph, giving opposites, possessing and
using information, completing pictures, supplying or se-
lecting the proper related term as in the analogies test, and
other stock forms of tasks used in instruments for measure-

1.70
¢ The self-correlation of this combined score is approximately i85 °F 92,
in this group.
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ment of intellect. For, other things being equal, the higher
T,, is the more suitable the task is for inclusion in a com-

posite to measure i.
TABLE 11

THE DIFFICULTY AND INTELLECTUALNESS OF 30 SINGLE TAskS IN UNDERSTAND-
ING SENTENCES, MEASURED BY THE PERCENT OF 668 11TH GRADE PUPILS
SuccEEDING WITH EACH, AND BY THE CORRELATIONS OF SUCCESS
IN EACH WITH THE AVERAGE SCORE IN Two ForMS OF
THE I.E.R. SEL. REL. GEN. OrRG. EXAMINATION,

% Suc- Unreliability
Task ceeding Ty of ryy (o:)
DIA 1 93 43 =+ .07
2 94 .30 ¢ 075
3 91 .29 ¢ 065
4 84 .55 ¢ 04
5 76 .36 ¢4 045
6 83 45 ¢ 045
7 75 43 ¢ 04
8 82 .53 04
9 82 54 04
10 66 40 04
11 81 .52 04
12 69 48 ¢ .04
13 77 45 ¢ 04
14 57 .28 ¢ 045
15 65 41 04
16 75 A48 04
17 66 45 ¢ 04
18 65 46 ¢ 04
19 75 40 ¢ 045
20 70 49 .04
21 69 .36 ¢ 045
22 56 .33 04
23 54 .35 04
24 67 .38 04
25 70 .32 ¢ 045
26 66 .52 04
27 64 46 04
28 64 49 04
29 57 .45 404
30 64 .53 ¢ 035

THE CORRELATIONS OF SINGLE TASKS WITH MEASURES OF
INTELLECT

We have made the computations in the case of 24 other
reading tasks and 55 vocabulary tasks, with the results
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122 THE MEASUREMENT OF INTELLIGENCE

shown in Table 12. We also give in Table 13 the facts for
10 completion tasks, 10 arithmetical tasks, and 10 vocabu-
lary tasks, using a group of 240 college graduates. These
data, together with those of Vincent (to be described
shortly), make possible a general estimate of how much r,,
may be expected to vary in the case of single tasks selected
or devised by psychologists as suitable elements of an in-
telligence examination.

The obtained correlations vary very widely, but some
of this variability is due to the unreliability of the deter-
minations; and allowance must be made for this in order
to estimate the true variation in r,, due to the differences
among single tasks in the amount of i which each involves
and the amount of non-i by which it is contaminated.

Consider first the facts from 99 tasks in reading and
vocabulary, where the percent is between 5 and 95, in the
case of 668 and 454 pupils, respectively, in Grade 11, shown
in Table 14. We omit the very, very easy and very, very
hard tasks, since we should measure their difficulty by a
duller and by a brighter group, respectively.

It is obvious to inspection that the correlations vary
more than can be accounted for by their unreliabilities. In
the .40 to .60 group, we have a range from — .45 to .52, in
the .60 to .80 group, a range from .11 to .56, and in the .80
to .95 group, a range from — .02 to .67.°

The variation which we should obtain with the unrelia-
bilities cut to 0 by a sufficiently large group is to be found
from G ;ue = V 0%t. — G’error-  Using medians as central ten-
dencies, the facts are:

Otrue .40-.60 = V/.0217-.0024 or .139 (n=20).
Otrue .60-.80 = V/.0092-.0022 or .084 (n=35).
Otrue .80-.95 — \/.0246—.0041 or .143 (n = 38).

8 The bi-serial r’s in Tables 11, 12, and 13 were computed by an approxi-
mate method. They will diverge from r’s computed accurately by not over
.005, which is not of consequence in comparison with the variations which we
are considering.
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TABLE 12
PERCENTAGE SUCCEEDING AND CORRELATIONS WITH A CRITERION IN THE CASE OF
24 READING TASKS AND 52 VOCABULARY TASKS: GRADE 11: n = 668
FOR THE READING TASKS AND 454 FOR THE VOCABULARY TASKS,

Task % 8 Tey Or Task %8 Tie Or
DIA 66 72 .39 = 045 VB 45 87 29 + .07
67 81 .28 ¢¢ 045 46 85 39¢¢ .06
68 83 31 ¢ .05 47 85 454 06
69 88 .39 ¢¢ 055 48 97 40¢¢ 11
70 80 24 ¢ 045 49 20 15¢ 06
71 94 .30 ¢¢ 075 50 66 33¢¢ 055
72 42 13 ¢ 05 51 77 244 055
73 80 .23 ¢¢ 045 52 73 52¢¢ 05
74 81 Al €€ 045 53 26 -.13¢¢ .06
75 53 .39 ¢ 04 54 65 27%¢ 055
77 69 35 ¢¢ 045 55 84 —.02¢¢ 07
78 90 .31 ¢¢ 065 56 96 58¢¢ 085
79 73 .32 ¢¢ 045 57 44 A8¢¢ 05
58 80 484 05

DITA 1 47 .17 ¢ 045 59 90 36¢¢ 07
2 41 35 ¢ 045 60 82 504 05
3 34 13 ¢¢ 05 61 87 54¢¢ 06
4 54 22 ¢¢ 045 62 66 29¢¢ 055
5 51 .25 ¢¢ 045 63 43 35¢¢ 05
17 22 31 ¢ 045 64 85 044 07
18 2 44 ¢¢ 005 65 95 31¢¢ 095
19 49 45 ¢ 04 66 91 34¢¢ 07
20 14 .37 ¢¢ 055 67 91 67¢¢ 07
21 4 .12 ¢ 08 68 74 114 .06
22 9 .61 ¢ .05 69 43 05¢¢ 055
70 45 36¢ 05

VB 31 92  —.01 ¢“.085 76 69 45 05
32 92 27 ¢¢ 075 77 53 004 055
33 88 .34 ¢¢ 055 78 85 AT 06
34 98 07 ¢ .135 79 63 36¢¢ 05
35 83 .14 ¢ 06 80 78 40¢¢ 055
36 60 .18 ¢¢ 055 81 43 18¢¢ 055
37 95 .20 ¢¢ 095 82 56 A40¢¢ 05
38 92 24 €€ 08 83 65 56¢¢ 045
39 97  -.14 ‘¢ 115 84 66 .38¢¢ 05
40 89 .53 ¢¢ 065 85 50 5246045
41 92 31 ¢¢ 075 86 91 .63¢¢ 06
42 91 .29 ¢¢ 075 87 96 454,090
43 91 34 €€ 07 88 52 A5¢¢ 045
89 70 414 05

4 97 50 ¢¢.105 20 73 37¢¢ 055

Google



124 THE MEASUREMENT OF INTELLIGENCE

In the case of the 30 tasks done by the 240 college grad-
nates, the correlations vary from .18 to .90.

Ctrue — V-OQOS—-OO59 or .122 (n = 30),

TABLE 13

PERMILLES SUCCEEDING AND CORRELATIONS WITH A CRITERION OF INTELLECT,
IN THE CASE OF 240 COLLEGE GRADUATES.

Task Permille’s Ty Ory
co 1 600 42 + 07
2 754 .38 08
3 775 .55 07
4 567 57 < 06
5 654 43 07
6 458 31 « 07
7 521 18 08
8 729 .54 07
9 733 .24 08
10 575 49 06
AZ 1 792 .39 08
2 779 45 ¢« 08
3 642 .23 « 08
4 467 20 08
5 421 .33 07
6 679 .30 « 08
. 7 671 .29 08
8 642 42 07
9 700 43 « 07
10 600 47 07
VA, 6 671 59 06
62 496 46 07
63 775 51 07
64 983 .90 09
65 308 48 “ 07
66 396 42 07
67 650 41 07
68 292 45 « 07
69 650 31 08
70 192 2 “ 09
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TABLE 14

125

THE CORRELATIONS (BI-SERIAL R) OF EACH OF 99 READING AND VOCABULARY
Tasks WITH INTELLECT (I.E.R. SEL. REL., GEN. ORG.), GROUPED

ACCORDING TO THE PERCENT SUCCEEDING WITH

THE TASK.

S5 to 20 20 to 40 40 to 60 60 to 80 80 to 95
T Oryy Tey Oryy Tey Oryy Tey Oryy Ty Oryy
37 £ .055 A3 *£.05 .28 + .045 .36 * .045 43 .07
.61 “ .05 31 ¢« 045 33 ¢ .04 43 ¢ 04 30 ¢ .075

a5 “ .06 33 .04 40 “ .04 29 ¢« 0465
—.13 “ .06 45 ¢ .04 48 “ 04 25 ¢ .04
—.13 “ .05 45 ¢ 04 45 ¢ 045
39 ¢ .04 41 “ .04 53 ¢ .04
A7 ¢ 045 48 “ 04 o4 ¢ 04
35 ¢ 045 45 ¢ 04 52 ¢ 04
22 ¢ 045 46 ¢« 04 28 “ 045
—.25 “ .045 40 “ 045 31 ¢ .05
— 45 “ .04 49 “ 04 39 “ 055
48 “ .05 36 ¢ 045 24 % 045
35 “ .03 .38 « .04 30 “ 075
D5 ¢ 055 32 ¢« 045 23 ¢ 045
— .36 “ .05 52 .04 41 ¢ 045
.00 “ .055 46 ¢ 04 31 % .065
18 ¢« 055 49 “ 04 .01 “ .085
A0 “ 05 .53 * .035 27 075
D2 045 39 “ 045 34 ¢ .055
23 045 .35 ¢ 045 14 * .06
.32 “ 045 24 ¢ .08

.18 ¢ 055 .53 ¢ .063

.33 “ .055 31 075

24 ¢« 035 29 “ 075

22 “ .05 34 ¢ .07

.27 “ 055 .29 ¢ .07

.29 “ 055 39 .06

1 .06 45 ¢ .06

45 “ .05 .02 « .07

.36 « .05 48 .05

.40 “ 055 36 .07

.56 ¢« 045 .50 “ .05

.38 “ .05 594 “ .06

41 * .05 .04 « .07

.37 « 055 34 ¢ .07

67 .07

47 ¢« .06

.63 “ .06
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It is thus clear that only a small part (about one fifth)
of the variation in the r.,’s is due to the limitation to 668
or 454 or 240 cases.

Suppose now that we take the mere difficulty of a task
as a measure of its ‘‘intellectual difficulty.”” How large an
error do we make by such neglect of any correction for the
magnitude of r,,? Such a procedure is equivalent to treat-

ing as equal ¢y, Ggy Otsy Otgy * * * Gtn, Which after the correc-
tion would be respectively

(1] g, [e]]

— -—; — and so on.

Tegt Tt Teg1
Since r,; has a median of about .38 and a mean square vari-

ation of about .12 for Grade 11 when n is «, the sigmas
which we treat as equal and which will in reality not all

equal 38’ vary from about —OZto about ﬁ; in about a sixth
of the tasks ¢, will be belowg—é, and in about a sixth of

them it will be above —. The sigmas will vary around

50
2.630, with a mean square variation of .83¢,. If the vari-
ability of an eleventh-grade population is one-fourth of the
variability of all 17-year-olds, this equals .216; of a11 17-year-otas
or nearly one-thirtieth of the entire range of adult human
intellect.®

6 It may be well to call attention to the effect of the variability of the
group upon such correlations as we have presented. As is well known, a
correlation of .99 between two measures of intellect for a group composed of &
random selection of 20-year-olds will shrink greatly if, by selection for some
characteristic closely related to intellect, we have a group varying only one-
fifth as much as the random group.

This means of course that the error of a single small task, by its failure to
utilize all of intellect and its adulteration by factors other than intellect, may
be a small fraction of the total range of, say, adult human intellect, but a large
fraction of the range of collegiate intellect.

The rise in the correlations between score in a single task and intelleet
with wider range of the group used does not impair the validity of anything
hitherto stated in this chapter as an inference from the correlations found for
any group. The correction for the error, assuming it to act as a chance
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Obviously, we do not obtain a very close resemblance
in ““intellectual difficulty’’ within a composite of single
tasks of equal difficulty. This, however, impairs the value
of such a composite only slightly, since the variations of
individuals’ intellects in respect to how difficult any given
single task is to each of them are so great. We use mea-
sures of intellectual difficulty to measure the level or height
of individual intellects. If we did have a score of single
tasks that were of absolutely equal intellectual difficulty
for, say, eleventh-grade intellects all taken together, they
would vary greatly in intellectual difficulty for those intel-
lects taken one at a time, and they would also vary greatly
in intellectual difficulty in the case of a thousand of these
eleventh-grade intellects chosen to be all of identical intel-
lectual level. If, for example, each of such a thousand in-
tellects gave ten correct responses out of twenty, they would
not all answer any one task correctly, nor all fail com-
pletely on any one. The single task does not measure all
of intellect and nothing but intellect, and so may utilize a
large fraction of A’s intellect and a small fraction of B’s;
it may be solved by C largely by factors other than intel-
lect, while in D there exist non-intellectual factors which
prevent him from solving it.

Consequently, a score of single tasks, all with, say, 50%
of successes, which after correction would be represented
by twenty values ranging down even to Median ;.40 11—
201 grade 11y and even up tO Median grade 11 + 201 grade 11y Will
nevertheless be a very serviceable composite.

The two paragraphs preceding the last one are, how-
ever, really fallacious. Since a single word to be defined
or sentence to be understood does not have any genuine in-
tellectual difficulty in the sense of difficulty for all of intel-
lect and nothing but intellect, we cannot properly attribute

sampling error, is in terms of the variability of the group for which the corre-
lation is found. In absolute units the correction will be the same, the in-
crease in the variability of the group exactly counterbalancing the effect of the
increase in the eorrelation.
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any amount of intellectual difficulty to it. We should not
impute purely intellectual difficulty to any save purely in-
tellectual tasks. A task cannot be purely intellectual when
it correlates only .40 with intellect in a grade population or
only .80 in an age population. We are back at the familiar
point. We cannot measure the intellectual difficulty of a
single brief task.

Moreover, in putting tasks together in a composite, we
should pay attention to their equality in purely intellectual
difficulty, if it could be measured, only after much more im-
portant desiderata had been provided.

In making up composites of tasks our chief aims are to
make composites which will correlate highly with intellect
and which will be of specified difficulty. This means that
after the first element of the composite has been chosen, the
merit of the next depends largely upon its partial correla-
tion with intellect; and after two have been chosen, the
merit of the next depends largely upon r,s ., its partial cor-
relation with intellect (after elimination of the influence of
the first and second elements). And so on with the others.
Getting high partials means getting different aspects of in-
tellect represented and getting different non-intellectual
factors counteracted. A moderate amount of wisdom in
predicting what a given task will do in these respects will
save much labor in computing r,,’s.

So far as concerns the first aim, equality in the correla-
tions (r,,’s) is valueless. Among equally difficult tasks we
would prefer those with the highest correlations and partial
correlations.

So far as concerns obtaining a composite of precisely a
certain specified difficulty, there is no practicable way of
guaranteeing this beforehand. In practice, however, the
matter is easy to arrange. We make up each composite
from tasks of equal difficulty, and then measure the diffi-
culty of the composites. If we have enough single tasks
and over a wide enough range, we shall have a great num-
ber of composites differing progressively by small amounts
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of difficulty, and can usually find among them one close
enough to the specified difficulty to serve. If such a one is
not found, it can be created by combining two neighboring
composites, taking half of the tasks from each, or four
tenths from one and six tenths from the other, or whatever
proportions are likely to give a composite of the desired
degree of difficulty.

In the actual selection of elements for a composite, then,
the main desiderata are to have the percents of successes
equal and the r,,’s either high or with high partials. The
equality of the r,,’s is an altogether minor matter.’

The facts about variation in the r.,’s retain their im-
portance because we do need to get high correlations with i,
both for their intrinsic value and because one of the best
practical ways to get high partial correlations with 1 is to
find tasks which measure intellect with different data or
different operations and still show high total correlations.
It is a sound rule not to use any single task in a composite
unless its r,, or the average r,, for it or for tasks like it is
above .30 for a school-grade population of the level for
which it is intended.®

Any information about the r,,’s of representative tasks
is therefore of general value; and we quote here the results
obtained by Vincent (’24). Using data furnished by us,
she measured the correlation between the score attained
with a single sentence to be completed and the total score
attained in an intelligence examination of two and a half
hours, whose reliability coefficient is about .85 for such

780 far as concerns boredom from too easy or irritation and discourage-
ment from too hard single tasks within the same composite, they are due
chiefly to variations in difficulty, not in intellectual difficulty. They are pre-
vented chiefly by including tasks which are equally difficult. The tasks should
also be fairly free from environmental influences; and high ‘‘total’’ correla-
tions with i are one symptom of this.

8 More precisely, for any two minutes of work we should obtain r., above
.40 for Grades 3 to 5, .35 for Grades 6 to 8, .30 for Grades 9 to 11, and .20
for Grades 12 to 14. It is harder to get high correlations in the higher grades,

where the range of intellect may be narrower and where the specialization of
the environment is greater.
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130 THE MEASUREMENT OF INTELLIGENCE

groups as she used. The first group consisted of candidates
for entrance to college ; the second consisted of sixth-grade
pupils. The examination for the former was the Thorndike
Intelligence Examination for High School Graduates; that

TABLE 15
OVERLAPPINGS AND BI-SERIAL BR’s FOR 35 ELEMENTS

Bi-serialr’s

Overlappings with P.E.’s
0.0 826 X .046
5.2 752 « 049
6.4 726 “ .046
8.9 588 « .057
9.1 .639 « .054

10.0 406 “ 082
11.7 431 * 083
123 558 “ .061
124 559 “ 068
12.5 463 “ 068
12.6 559 ¢ .060
15.2 551 “ 048
15.8 .597 “ 061
16.5 542 041
18.7 .665 * .031
20.7 520 “ .037
21.2 475 “ 043
21.5 480 “ 051
21.6 444 ¢ 044
22.9 427 ¢ 045
233 .398 “ .045
27.9 416 * 053
28.1 352 045
28.6 163 ¢ 047
30.4 160 “ .083
317 377 « 055
31.8 372 ¢ 081
319 343 “ 073
35.1 359 “ 076
35.6 .276 “ 068
36.2 .168 ¢ .064
36.7 145 « 066
36.9 261 * 073
37.7 323 “ .062
40.9 .307 “ .083
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for the latter was made up of Sentence Completions, Arith-
metical Problems, Vocabulary, Sentence Comprehension,
and a battery of stock intelligence tests. The correlation
(using the bi-serial r) varies from .70 or higher to near 0.

TABLE 16

THE CORRESPONDENCE BETWEEN SUCCESS IN A SINGLE SMALL TASK AND INTEL-
LECT, AS MEASURED BY THE OVERLAPPING OF THE SCORE IN INTELLECT
or THOSE FAILING WITH THE TASK PAST THE MEDIAN SCORE IN
INTELLECT oF THOSE SUCCEEDING WITH THE TASK.
COMPILED FROM THE ORIGINAL DATA orF VINCENT.

n . .
for Cgﬁeg;déxtliiance Sixth-Grade Pupils
% of Frequencies
e c A. D. Al c A. All
04 2 3 2 7 1 2 3
5-9 4 4 3 11 S 8 13
10-14 5 11 14 30 6 12 18
15-19 15 25 19 59 5 7 12
20-24 40 22 19 81 5 5 10
25-29 21 21 18 60 2 4 6
30-34 19 17 17 53 4 4
35-39 11 11 9 31 2 2
4044 2 5 10 17 1 1 2
4549 1 1 3 5
50-54 3 2 5
55-59 1 1 2
60-64 1 1 2
65-69 1 1
70-74 1 1
n 122 126 117 365 27 43 70
Median 24 24 25 24 1614 14 15
Q 7 6%

An overlapping of 259 corresponds to a correlation coefficient of from
about .30 to about .42 according as the percent succeeding is remote from or
near to 50. )

An overlapping of 15% corresponds to a correlation coefficient of about .45
to about .60 according as the percent succeeding is remote from or near to 50.

The facts for 35 tasks are shown in Table 15. We may use,
as a measure of the correspondence between score for one
element and score in intellect measured perfectly or nearly
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132 THE MEASUREMENT OF INTELLIGENCE

perfectly, the smallness of the overlapping (in the total ex-
amination scores) of the failures past the median of the
successes (success and failure referring to the single task
in question). This ranges from O to nearly 50%, the latter
figure corresponding to a correlation of zero.

From Vincent’s original data we have compiled Table
16, which shows the percentages of overlapping for various
tasks in completing sentences, understanding paragraphs,
and solving arithmetic problems.

The overlappings of Table 16 would all be somewhat
smaller if the measure of intellect were perfect. They
would be less variable if the number of individuals used in
the determinations were larger. This number ranged from
50 to 499 in the college group (two-thirds of the sentences
being taken by fewer than 175 individuals) and was either
about 175, or about 240, or about 375 in the sixth-grade
group. They would become both smaller and less variable
in proportion as any mistakes in scoring were eliminated.
Those for the college group would become less variable if
the tasks had been done with no limitations of time. The
sixth-grade groups were allowed to use as much time as
they wished ; the college group were instructed to work as
fast as they could without maﬁing mistakes, and were sub-
ject to a time limit which was rather generous in the case
of the completion and the reading tasks, but rather limited
in the case of the arithmetical tasks. The smaller overlap-
pings (that is, higher correlations) for the sixth grade
group are due probably partly to this fact and partly per-
haps to a greater variability of the sixth-grade group in
intellect.

The eleven cases of negative correlation in the college
group are in some cases due to badly chosen tasks; in
others they are due probably to some constant error in the
scorers; in others they are due to the chance error attached
to a determination from a limited number of cases.
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SUMMARY

The sum and substance of this chapter is an emphatic
conclusion that for every theoretical and practical purpose
in the measurement of intellectual difficulty, we should use
collections of tasks rather than single small tasks. We
ought to measure the difficulty of single tasks; but we can
profitably measure intellectual difficulty only in the case of
composites which contain enough kinds of tasks to repre-
sent a fair sampling of all of intellect as it operates at that
level, and enough tasks to make the error closely the same
for any one composite as for any other with which we wish
to compare it in respect of difficulty.

‘When such composite tasks are attained we can infer
the difficulty values in terms of ¢, from the values in terms
of 6, 0w, o, ete., or, since o, oty o3, etc., are closely
equal, we can use ¢, as the unit.
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CHAPTER V

THE MEASUREMENT OF THE INTELLECTUAL DIFFICULTY OF
Tasks BY A CoNsENsUs oF ExpErRT OPINION

No one doubts that a certain validity attaches to human
judgments of the difficulty of intellectual tasks,—that, for
example, it is harder to find an opposite of ‘‘government’’
beginning with ‘‘a’’ than an opposite of ‘‘below’’ beginning
with ‘‘a,”’ or to answer correctly, ‘‘How many quarters of
a quarter equal half of a half?’’ than to answer correctly,
‘‘How many cents are three cents and one cent?’’

If a thousand psychologists or others who are ac-
quainted with intellectual tasks are required to state which
of two tasks is harder, the amount of agreement is a mea-
sure, or at least a symptom, of the magnitude of the real
difference. If 910 of the thousand rank A as harder than
K, whereas only 510 of the thousand rank B as harder than
K, the difference A-K will be supposed by all sensible per-
sons to be greater than the difference B-K, except for
tasks in respect of which the thousand suffer from some
illusion or constant error.

Given the truth of certain assumptions about the judges
and the process of judging, the magnitude of the real dif-
ference may be determined from the percent of judges
discerning it. These assumptions have been used as a pro-
visional way to determine the magnitudes of differences in
the general merit of handwriting and drawings by Thorn-
dike [’10 and ’13] and Kline and Carey [’23]; the general
merit of compositions by Hillegas [’12] ; and the beauty of
designs by Thorndike [’16]. They have been used widely
by Hollingworth, Strong and others in measuring various
features of advertisements.

This method of deriving units of measure is more appro-
priate in the case of certain esthetic and ethical values,

134
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where to be more beautiful (amusing, sublime, refined, rev-
erent, patriotic) is to be thought so, than in the case of in-
tellectual difficulty, but it has obvious advantages in econ-
omy and ease of application, and, at the worst, it utilizes
human judgments without exaggerating their intrinsic
errors and without introducing any new errors.

What the intrinsic errors of human judgments of the
difficulty of intellectual tasks are has not been known be-
cause hitherto there has been no extended or systematic
study of such judgments, and no criterion against which to
check their validity and precision.

THE EXPERIMENTS

‘We have carried out two experiments with these impres-
sionistic judgments of the difficulty of tasks. The first,
which was reported in the Journal of Educational Research,
February, 1924, [Thorndike, Bregman and Cobb, '24] used
a hundred tasks as the material to be judged, and forty stu-
dents of psychology and education as the judges. The raw
correlation of the ranking for difficulty by the consensus
with the ranking by the percentages of a group succeeding
with the respective task elements was .88.

The second experiment used some twelve hundred tasks
and twenty sets of judgments, these being made by Dr. E.
M. Bailor, Dr. E. O. Bregman (2), M. V. Cobb (2), Dr. A.
I. Gates, Z. F. Miner, Dr. R. Pintner, E. E. Robinson (2),
G. J. Ruger, Dr. L. S. Hollingworth, Dr. Godfrey Thomson,
Dr. L. M. Vincent (2), J. W. Tilton, Dr. B. D. Wood, Ella
Woodyard (2), and E. L. Thorndike (2).

The number 2 in parenthesis means that the person in
question made two sets of judgments. The instructions for
the ratings and a few sample tasks including some near
both extremes are quoted below.

INSTRUCTIONS FOR GRADING

Each slip is a task in Arithmetic, Sentence Completion, Vocabulary,
Directions, Reading, Information, or giving Opposites. The nature of each
task will be apparent, if you remember that:

1
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136 THE MEASUREMENT OF INTELLIGENCE

1. A single word preceded by a letter means that the task is to give an
opposite to the word beginning with that letter, e.g., ‘‘b...white’’ requires
¢‘black’’ as the response.

2. A word followed by 5 other words means that the task is to select that
one of the five which means most nearly the same as the first word, e.g.,
¢¢powerful...holy...strong...during....sad...old’’ requires ‘‘strong’’ as the re-
sponse.

3. A word followed by 4 or 5 pictures means that the task is to select
that one of the pictures which best fits the word.

4, If the task is preceded by the word ‘‘oral,’’ the task is not to be shown
to the person in print, but put to him clearly orally, and repeated once, and a
second time if he desires.

5. If the task is not preceded by the word ¢‘oral,’’ the person doing the
task is supposed to have the opportunity to read and re-read it. If he has
difficulty in reading, he is supposed to have the task stated to him orally in
whole or in part as often as he wishes.

The tasks are to be rated in 200 or more groups, in respect of their intel-
lectual difficulty, for a group of persons twenty years old brought up in the
United States, with an opportunity to go to school for at least 7 years, unless
they were so dull as to be unable to learn at school. At one end will be the
tasks which you think only the best intellects would do correctly; at the other
end will be those which all save the lowest imbeciles would do correctly.

You should assume that the general nature of the task of giving an oppo-
site, or of completing a sentence, or of selecting the word most nearly of the
same meaning, has been stated in very simple language and illustrated by five
easy samples, and that the tasks of any one sort are given at one time and in
an order beginning with the easiest.

In all ratings pay no attention to the possibility of chance successes.
Think of the difficulty of the task in every case as the difficulty of succeeding
with it by real knowledge or ability.

In about one case out of 200 there was an omitted or am-
biguous rating. To simplify later computations, an esti-
mate was made of the probable intent of the judge in such
cases, by consideration of his ratings of four tasks of ap-
proximately the same sort.

The basis for the judgments doubtless varies from one
judge to another and from one task to another for the same
judge, and for the same task for the same judge at different
times. It would be interesting and perhaps valuable to dis-
cover what qualities in a task and what facts or fancies
about it make any given judge regard it as hard. We shall,
however, limit our inquiry to the ratings themselves re-
gardless of how they were caused.
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138 THE MEASUREMENT OF INTELLIGENCE

THE RATINGS

The ratings were combined by simple addition, the re-
sult being a series of arbitrary numbers from 32 to over
3,600 which represent accurately enough for all our pur-
poses an order of difficulty by the consensus. Its statistical
reliability is fairly high. The sum of the ratings by ten of
the judges (Br., Mi,, Ro. (2), Thom., Thor. (2), Vi. and
Wo.(2)) corresponds closely with the sum of the ratings by
the other ten. The facts appear in Table 17.

The reliability is about the same for any one sort of
task, such as sentence completion, or arithmetical prob-
lem or word knowledge, as for the entire series. That is,
the judges agreed about as closely when they compared two
tasks of different sorts as when they compared two tasks
of the same sort.

The correlations between the two sums of ten are as fol-
lows:

Completion tasks — e 973
Arithmetie tasks e 988
Vocabulary tasks . .954
Directions tasks 996
Information tasks . 979
Opposite tasks 978

The average of the six is .978. The correlation when all
are mixed together is .984.

This material is unsuitable for the computation of co-
efficients of correlation, the distributions being of very ir-
regular form. The correlations given above are used only
as rough indicators of the closeness of agreement between
the two groups of ten judges.

The mean square error and the median or ‘‘probable’’
error of the sum of the twenty ratings for any task are as
shown in Table 18.* The error varies, increasing in general

1 These measures of unreliability are computed from the mean square devia-

tions of the differences between the sum of the ratings of the first ten and
the sum of the ratings of the second ten judges. The mean square error for

1
a sum of ten equals 2,05,,,,. The mean square error for the average
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MEASUREMENT OF DIFFICULTY BY EXPERT OPINION 139

with the difficulty of the tasks, but also decreasing at the
two extremes of the set of tasks used. On the average, it is
about one thirtieth of the difference between task I and
task II, shown at the bottom of Table 18, for the mean
square error, and about one forty-fifth thereof for the prob-
able error.

TABLE 18

THE PROBABLE DIVERGENCE OF A DIFFICULTY RATING BY 20 EXPERTS FROM THE
AVERAGE OF AN INFINITE NUMBER OF DIFFICULTY RATINGS OF THE TASK,
(EAcCH RATING BEING THE AVERAGE OF THE RATINGs or 20 EXPERTS).

The unit being the| The unit being one| The unit being one

same as that of the hundredth of the hundredth of the

difficulty ratings by difference? between|difference between

the 20 experts Level A and difficulty rating for

Level O Task I and Task II

Tasks rated under 8.D. P.E. 8.D. P.E. 8.D. P.E.
400 (approx.) 44 29 1.5 1.0 13 8
400 to 799 81 55 2.8 1.9 2.3 1.6
800 ‘¢ 1199 97 66 3.3 2.2 2.8 1.9
1200 ¢¢ 1599 99 67 34 2.3 2.9 1.9
1600 ¢¢ 1999 129 87 3.7 2.5 3.2 2.1
2000 ¢ 2399 110 74 4.4 3.0 3.7 2.5
2400 ¢¢ 2799 117 79 4.0 2.7 3.4 2.3
2800 ¢¢ 3199 108 73 3.7 2.5 3.1 2.1
3200 ¢¢ 3599 86 58 2.9 2.0 2.4 1.7
I

1. Hold up your hand.
2. S8how me your nose. Put your finger on your nose.
3. Bhow me your mouth. Put your finger on your mouth.

1 1
of two sums of ten equalsv—z_ X —Vz_—x Caser.. Since, however, we are using
the sum of twenty in place of the average of two sums of ter, our numbers
are all twice as large as they would be for the average of two sums of ten.
That is, the mean square error for a sum of twenty equals:
1 1 .
2 x —V—E_— X W X Gagee. OF 8IMply oqee..

2 Level A is the ability of adults of mental age a little under 36 months, and
s0 with 1.Q.’s of about 20.

Level O is approximately the ability of the average graduate of American
eolleges of high requirements.
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n
1. Read this and then write the answers. Read it again if you need to.

COLERIDGE

I see thee pine like her in golden story

Who, in her prison, woke and saw, one day,

The gates thrown open—saw the sunbeams play
With only a web ’tween her and summer’s glory;
‘Who, when the web—so frail, so transitory,

It broke before her breath—had fallen away,
Saw other webs and others rise for aye,

Which kept her prisoned till her hair was hoary.
Those songs half-sung that yet were all divine—
That woke Romance, the queen, to reign afresh—
Had been but preludes from that lyre of thine,
Could thy rare spirit’s wings have pierced the mesh
Spun by the wizard who compels the flesh,

But lets the poet see how heav’n can shine.

Copy the first word of the line which implies there had not been a con-
tinuous stream of like songs.

2. Supply the missing words to make this a true and sensible sentence.

Speech, gesture and form of human

action are in run resolvable ... m

.. contraction.

3. Arrange these numbers and signs to form a true equation.
2/3 2 3 158 156 = - - X

So much of these unreliabilities as is due to the small
number of judges can be reduced to any desired extent by
increasing the number of judges. The crude summations
of ranks can also be replaced by more precise and refined
uses of the differences between the rankings for any two
tasks. The general value of the method can, however, be
studied well enough for our purposes with the sums of the
twenty ranks as they stand.

The meaning of these sums of the twenty ranks in terms
of the percentage of the judges who judge the direction of
the difference correctly may be realized from the following
facts:
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Taking 618 pairs of tasks at random from those pairs
which differ in the ‘‘sum of the twenty’’ by approximately
100 (95 to 105), we find that, in 263, eleven and a half or
fewer of the twenty judges® judged correctly; in 114, twelve
judged correctly; and in 241, twelve and a half or more
judged correctly. A difference of 100 in the ‘‘sum of the
twenty ranks’’ thus corresponds to a percentage of judges
a little under 60.

Taking 853 pairs of tasks at random from those pairs
which differ in the ‘‘sum of the twenty’’ by approximately
200 (195 to 205), we find that, in 404, thirteen or fewer of
the judges judged correctly; in 49, thirteen and a half
judged correctly; in 400, fourteen or more judged cor-
rectly. A difference of 200 in the sum of the twenty ranks
thus corresponds almost exactly to a percentage of 67%.

A percentage of 67} correct means a difference of .673
times the median deviation of the judges in ability to judge
the intellectual difficulty of tasks, and 60% means a differ-
ence of .375 times it. So we may regard the median devia-
tion (or difference observable by 75% of these judges) as a
bit over 300 in the units of the ‘‘Sums of twenty.””* The
entire range is thus only about twelve times the amount of
difference which 75% of these judges recognize, which
means, of course, that our judgments of the intellectual dif-
ficulty of tasks are not acute.

THE VALIDITY OF THE CONSENSUS

The important matter is, of course, the validity of the
consensus,—its correspondence with intellectual difficulty
when that is objectively determined. How far we have a
right to use a consensus of expert opinion to measure the
difficulty of a task depends upon the freedom of the con-
sensus from systematic or ‘‘constant’’ errors, such as a

3 When any judge assigned the same rank to the two tasks which the twenty
put as 100 apart, he was scored as half right and half wrong.

4 It will be a little less than that at the two extremes, and more than that in

the middle, the agreement of the judges being closer for a difference of 100 or

200 at the extremes than for the same numerical difference in the middle ranges.
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tendency to over-estimate the intellectual difficulty of com-
pletions in comparison with arithmetical problems, or to
underestimate differences in intellectual difficulty at the
hard end of the series, or to fail to see differences over a
certain range of the scale.

We can determine intellectual difficulty objectively for
certain composite tasks. Thus, for very dull adults the re-
spective intellectual difficulties of the composites A, B, C,
and D are determined by the facts that 159, 87, 23, and 1 out
of 180 such dull adults succeed with these composites. That
the composites measure Intellect CAVD is elsewhere
proved. From the form of distribution of the group of 180,
the differences between A, B, C, and D in intellectual diffi-
culty may be found.

If now we examine the average consensus estimate of
difficulty of the forty elements of composite A, and simi-
larly for B, C, and D, we may easily compute the average
differences between A, B, C, and D in intellectual difficulty
as estimated by the consensus. The closeness of correspon-
dence of the objectively and subjectively determined sets
of differences in intellectual difficulty may be measured in
various ways. A similar procedure can be carried out for
composites used with a group of college graduates, or for
any other set of composites, whose intellectual difficulty is
objectively measured in suitable units. In proportion as
the consensus agrees closely with the objective results in
the case of composites where we have such objective re-
sults, we can trust the consensus® in the case of tasks where
we lack objective results. It is therefore of great impor-
tance to inquire how close this correspondence is, how free
the consensus is from errors other than the variable errors
due to the small number of experts.

It will be useful to state in a summary manner the out-
come of the inquiry before presenting its details.

Such a consensus, even from a thousand experts, will not
be trustworthy throughout. It will make blunders, suffer

8 Subject to due consideration of its variable errors, and within the range
of difficulty and sort of task where it has been proved valid.
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from ‘‘constant errors,”” some of them regrettably large.
We shall see, for example, that it overestimates the diffi-
culty of easy sentence-completions in comparison to that of
directions or vocabulary or arithmetic tests, and that it
fails to observe genuine differences in difficulty within a
rather wide range of vocabulary tests. If composite tasks
were made up on the basis of its estimates of the intellec-
tual difficulty of tasks, the difficulty of these composites as
composites would need to be carefully measured objectively.

The consensus would, on the other hand, often be near
the truth and rarely be greatly in error. There will be a
substantial correlation with objectively determined results.
If such a consensus alone had been used to estimate the dif-
ficulty of single tasks, and CAVD composites of forty had
been constructed on the basis of its estimates, they would
have been serviceable composites, forming a gradation in
intellectual difficulty, and containing in any one composite
few single tasks which would appear puerile on the one
hand or mystifying on the other to the individuals who
could succeed with half of the tasks in that composite.
After being evaluated as composites by objective methods,
these composites would be not much inferior to those which
we have constructed at enormous cost of time and labor
spent in experimentation. Consequently, the use of esti-
mates by a suitable consensus may well replace measure-
ments of the percents succeeding in the case of single tasks,
in the preliminary work of making composite tasks.

The evidence that the consensus is in certain respects
definitely wrong is as follows:

‘We have four composites each made up of ten sentence-
completions ; four, each made up of ten arithmetical tasks;
four, each made up of ten vocabulary tasks; four, each
made up of ten directions, and four, each made up of ten
information tasks. Each of 180 very dull adults was tested
with each of these twenty 10-composite tasks, which we
shall designate hereafter as
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The results were as shown in Table 19, the 180 individuals
being divided into two groups, of 100 at one institution,

and 80 at another.
TABLE 19.
MEASURES OF THE DirrFicUuLTY OF 10-CoMPOSITE TASKS.

By Experiment By the Consensus
Distances from
Percent the Median. Median Sum of No. of
Succeeding In terms of g, 20 Expert Ratings Tasks Rated
n=100 80 n=100 80
C A 84 821 -119 -113 800 8
B 65 56 - .51 - .20 830 2
C 35 27y + 45 + .68 970 4
D 3 o0 +1.59  high 1023 4
A A 69 80 - .65 -103 309 3
B 45 49 + .15 + .03 536 2
c 15 21 +1.05 + .87 458 2
D 5 5 +1.47  +147 858 3
vV A 8 81 -1.03 -1.07 292 9
B 49 57% + .03 - .25 562 9
C 14 19 +1.09 + .93 925 7
D 1 5 +1.78  +1.47 848 6
D A 90 86 -145 -1.27 not over 300
B 45 674% + .15 - .59
C 19 27% + 93 + .68 529 5
D 12 14 +1.16 +1.09 668 10
I A 76 83% - .89 -117 341 7
B 51 59% - .03 - 32 618 4
C 23 21% + .81 + .86 733 7
D 3 4 +1.59 +1.53 792 6

In the same table are shown the median summation
scores for the single tasks in each of these composites so
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far as they were included in the 1200 rated, and the number
so included.®

There is an obvious ‘‘constant error’’ in the direction
of overestimating the difficulty of the sentence-comple-
tions, especially the easier ones. To be in line with the
other tasks, the figures for them should be, respectively,
about 500, 300, 350, and 200 lower than they are. There is
a failure to distinguish the Arithmetic B’s from the Arith-
metic C’s. There is a similar failure with the Vocabulary
C’s and D’s.

TABLE 20.

DIFFERENCES IN DIFFICULTY OF VARIOUS COMPOSITE TASKS AND OF THE
MEepIAN SuMs oF 20 EXPERT RATINGS oF THE SINGLE TASkS oF THESE
CoMPOSITES WHICH WERE RATED. EacH DIFFEreNCE Is Ex-
PRESSED AS A PERCENT OF THE DIFFERENGE BETWEEN THE
A AND THE D CompPosITE oF ITs KIND.

Differences in Difficulty Disagreements
. 100 100 80
A58 Comsenms iR with o with

- 80 Consensus Consensus
CB-CA 24 30* 10 6 34 20
CCCB 35 28* 65 7 30 37
CD-CC 41 42* 25 1 16 17
AB-AA 38 42 41 4 3 1
AC-AB 42 34 -14 8 56 48
AD-AC 20 24 73 4 53 49
VB-VA 38 32 49 6 11 17
VC-VB 38 46 65 8 27 19
VD-VC 25 21 -14 4 39 35
IB-TA 35 31 611 4 2614 3014
IC-IB 34 44 2514 10 814 181,
ID-IC 31 25 13 6 18 12
Bum of disagreements 68 322 304

* The difficulty of CD is estimated as + 2.00.

¢ The probable errors of these medians will be approximately 50 when n =2,
40 when n =3, 35 when n =4, 31 when n=5, 281% when n=6, 2614 when n=7,
25 when n=8, 23 when n=9, and 22 when n=10.
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146 THE MEASUREMENT OF INTELLIGENCE

If we list the differences between the A and the B, the
B and the C, and the C and the D tasks and express each as
a percent of the difference between the A and the D tasks,
we can observe more readily how closely the consensus par-
allels the objective results, when the kind of task is kept
constant. The disagreement between the consensus and

TABLE 21.

ForM OF DISTRIBUTION USED IN THE CALCULATIONS OF TABLES 19 AnD 20.
RELATIVE FREQUENCIES AT EQUAL SUCCESSIVE INTERVALS.

Interval Frequency
0to .99 5.5
1¢¢ 199 5.5
2 ¢¢ 299 11
¢ 3¢ 399 11
4 ¢¢ 499 17
5 ¢ 599 17
6 ¢ 699 22
7 ¢ 799 28
8 ¢¢ 899 33
9 ¢ 999 33
10 ‘¢ 10.99 34
11 ¢¢ 11.99 39
12 ¢¢ 12.99 38
13 ¢¢ 13.99 39
14 ¢¢ 14.99 39
15 ¢ 15.99 39
16 ¢ 16.99 39
17 ‘¢ 17.99 39
18 ¢¢ 18.99 44
19 ¢¢ 19.99 45
20 ‘¢ 20.99 44
21 ¢¢ 21.99 45
22 ¢¢ 22,99 44
23 ¢¢ 23.99 44
24 ¢¢ 24,99 45
25 ¢¢ 25.99 44.5
26 ¢¢ 26.99 38.5
27 ¢¢ 27.99 33.7
28 ¢¢ 28.99 27.8
29 ¢¢ 29,99 22.3
30 ¢¢ 30.99 16.6
31 ¢¢ 31.99 12.2
32 ¢¢ 3299 5.5

Google



MEASUREMENT OF DIFFICULTY BY EXPERT OPINION 147

the result of either experiment is about four times as great
as the disagreement between the results of the two experi-
ments. The facts are shown in Table 20.

In the calculations of Table 19 and Table 20, the form
of distribution of these low imbeciles is taken to be that
shown in Table 21. We ask the reader to take the validity
of this form of distribution on faith for the present, or to
turn to Appendix VI and examine the facts given in con-
nection with its derivation there. To show that the present
conclusion does not depend for its validity upon the par-
ticular form of distribution used, we have carried through
the computations supposing it to be Form A (the ‘‘nor-
mal’’ form) and supposing it to be a rectangle. The results
appear in Table 22 and Table 23.

The resemblances may also be measured crudely by cor-
relation coefficients, after first expressing the estimates of
difficulty as a rank order. The correlations’ using

__ 6XD?
A —1) are
97 for the experiment with 100 with the experiment with
80;
.62 for the experiment with 100 with the consensus;
.70 for the experiment with 80 with the consensus.

We have records from 240 college graduates and from
189 candidates for college entrance with the composites of
ten tasks listed in Table 24. We have also computed the
medians of the 20-expert sums of ratings of such tasks in
each composite as were rated by the experts. These and
the measures of difficulty from the experiments with the 240
and the 189 are entered in Table 24. In this case the form
of distribution of intellect in the 189 is known to be ap-

7 We may here use p for r without transmuting, since the form of distribu-
tion of these twenty composites in respect of difficulty is probably better repre-
sented by a rectangle than by a surface of Form A. If transmuted, all would
be a trifle higher. In the ranks for the consensus, D A is put as 1 and D B as

5 on the basis of the ratings by the consensus of certain tasks closely resembling
the tasks of D A and D B.
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148 THE MEASUREMENT OF INTELLIGEMNCE

proximately of Form A ; and that of the 240 may be treated
as such with no damage to the present argument.®

A general inspection of Table 24 reveals notable irregu-
larities in the measures by the consensus, as when A O is
rated 178 points easier than A N, and D5 is rated 242
points easier than D4}. The consensus seems to fail to dis-
criminate well in general among the D (reading) tasks.

TABLE 22.

MEASURES OF DIFFICULTY IF THE FORM oF DISTRIBUTION ASSUMED Is FORM A
OR A RECTANGLE. DisTANCE FrOM C.T. IN TERMS OF g AND oF Q/25.

In terms of o In terms of Q/25
Percent assuming assuming a
Succeeding Form A rectangle
100 80 100 80 100 80
CA 84 8214 - 995 - 935 -34 ~-321%
B 65 56 - 385 - .158 -15 -6
c 35  27% + 385  + .598 +15 +22%%
D 3 0 +1.881 high +47 high
A A 69 80 - 496 - .842 -19 -30
B 45 49 + 126  + .031 -5 + 1
C 15 21 +1.036 + .798 +35 +29
D 5 5 +1.645  +1.645 +45 +45
VA 80 81 - .842 - .883 -30 -31
B 49 57y + 050 - .189 +1 - 714
C 14 19 +1.080  + .887 +36 +31
D 1 5 +2.326 +1.645 +49 +45
DA 90 86 -1.282 -1.092 -40 - 36
B 45 67% + .126 - 454 + 5 ~-17%
C 19 271 + .878 + .598 +31 + 2214
D 12 14 +1.175 +1.092 +38 + 36
IA 76 831% - .706 - 974 -26 -3314
B 51 5914 - 025 - .240 -1 - 9%
C 23 21% + .739 + 789 +27 +2814
D 3 4 +1.881 +1.751 +47 + 46

8 By the best treatment which we are able to make of the available evi-
dence, the form of distribution of level of intellect in the 240 college graduates
diverges from Form A only in the manner and to the extent shown in Table

165 of Appendix VI.
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150 THE MEASUREMENT OF INTELLIGENCE

- ith the rank
E—(_Ilz———l—) with the ra

orders, are .94 for the 240 experiment with the 189 experi-
ment, .79 and .72 for the correlations between experimental

The correlations, using p=1

TABLE 24.

DIrFFICULTY OF TWELVE COMPOSITES BY THE RESULTS WITH 240 COLLEGE GRADU-
ATES AND 189 CANDIDATES FoR COLLEGE ENTRANCE, IN DISTANCES + AND -
FROM THE MEDIAN FOR THE 240, IN TERMS OF THE ¢ OF THE CoX-
POSITE CONCERNED. ALSO THE MEDIAN RATINGS BY THE CONSEN-
sUs oF SucH TAsSkES IN EacH CoMPOSITE A8 WERE RATED.

Estimated
Difficulty Probable
By the con- Error of the
By the By the sensus: Consensus
240 189 Median N Median
CN -147 -1.29 3084 6 35
o - .87 - 77 3279 2 60
P - .29 - .00 3482 3 50
Q + .21 + .86 3314 1 95
AN -203 -2.07 2855 6 35
O -123 -1.18 3047 3 50
P - 92 - .67 2869 4 42
Q - 45 - .36 3338 3 50
D43 -1.79 -2.07 3191 4 42
5 -108 -1.54 2949 3 50
6 -~ .64 -1.07 3258 3 50
7+ .30 + .16 3291 1 85
Differences Disagreements
By the By the By the 240- 240~ 189-
240 189 Consensus 189 Cons. Cons,
C O-N 36 24 85 12 49 61
P-0 34 36 88 2 54 52
Q-P 30 40 - 73 10 103 113
AON 504 52 3914 1% 11 121
P-0 19% 30 - 36% 10% 56 6614
QP 30 18 97 12 67 79
D 5414 34 24 -242 10 276 266
6-5 21 21 309 0 288 288
7-6 45 55 33 10 12 22
Sum of disagreements 68 916 960
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MEASUREMENT OF DIFFICULTY BY EXPERT OPINION 151

results and the consensus. A treatment of the differences
in terms of percents like that of Table 20 is presented in the
lower half of Table 24. The disagreements between ex-
periment and consensus are 13 or 14 times as large as the
disagreements between the two experiments. The disagree-
ments between experiment and consensus would, however,
be reduced if we had ratings of five or six tasks instead of
one in the C Q and D7 composites.

‘We have extensive experiments with the vocabulary
composites la, 2a, 3a, 4a, 5a, 6a, and 7a with pupils in
Grades 9, 10, and 11; and four of the tasks of each of these
composites were rated by the consensus. The essential
facts appear in Table 25. The consensus is badly in error
in putting 1a much too low, or 2a much too high, or in doing
both.® It also erowds 4a, 5a, and 6a close together, failing
to distinguish fully the large differences which exist be-
tween these. It makes the sum of the differences between
1a and 2a and between 6a and 7a nearly four times as large
as the entire difference between 2a and 6a, though the ex-
perimental results make the latter nearly twice the former.
The disagreements between the consensus and any experi-
ment are about seven times as large as the disagreements
between any one experiment and any other. In spite of
these notable errors, there remains a general correspon-
dence between consensus estimates and experimental re-
sults. The rank-order correlation is indeed almost unity,
Table 25 showing no reversals.

9 It would not be fair to make this statement on the basis of the facts
of Table 25 alone, since both V la and V 2a are so easy for pupils in
Grade 9 and above that results from these grades are not suitable to measure
the difficulty of either at all accurately. We have evidence from a group of
200 pupils in Grade 534, however, to the effect that the difference between
V 1a and V 2a is less than the difference between V 2a and V 3a.
The percents correct are: 99.5, 89.5, and 58.0 Taken at their face value,
these give differences of .88¢ for 1a to 2a and 1.50¢ for 2a to 3a. The .88
may be too small because the one pupil in 200 who failed to get five of the 10
words in 1a right may have been extremely careless. Very, very low percents
are of course unreliable for n =200, for many reasons. It is extremely un-
likely, however, that the true o value for V la will be below —3.20, so as
to make the difference between 1la and 2a actually greater than the difference
between 2a and 3a.

12
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152 THE MEASUREMENT OF INTELLIGENCE

We have also very extensive experiments with the D
(reading) composites 1 to 7, the results from which are pre-
sented in Table 26. Unfortunately, the median consensus
ratings for composites 1 and 7 are from only one task
each. Even after liberal allowance for the large probable
errors of these medians, there is a clear failure of the con-

TABLE 25.
MEASURES OF DIFFICULTY.

Grade9 Gradel0 Gradell Consensus
n=1041 n=700 n=752 Medians n

V lan=10 -2457 -2457 -3.090 2139 4
¢ gq ¢ -2.576 -2.366 -3.090 2622 “
“ 3a ¢ -1.366 -1468 -1995 2679 “
“ 4q - 719 - 990 -1483 2787 “
¢ 5g + 068 - 264 - .845 2809 ‘e
“ 6a ¢ + 904 4+ 527 4+ 050 2854 “
“ q7g ¢ +2120 +1.866  +1259 3227 “
Differences
2a-la 119 091 000 483
3a-2a 1.210 898 1.095 57
4a-3a 647 478 512 108
5a—4a 787 726 638 22
6a-5a 836 791 895 45
7a-6a 1.216 1.339 1.209 373

Differences Divided by the 7a—1a Difference

2a-1a .026 021 .000 444
3a-2a 264 208 252 052
4a-3a 141 11 118 .099
Sa—4a 172 .168 147 .020
6a-5a .183 183 .206 .041
7a—6a .266 .310 278 342
Discrepancies
9-10 9-11 10-11 9-Con.  10—Comn. 11-Con.
2a~1a 005 026 .021 418 423 444
3a-2a .056 012 044 212 .156 200
4a-3a 030 .023 .007 042 012 .019
S5a—4a 004 025 .021 125 148 127
6a-5a .000 .023 .023 142 142 .165
7a~6a 044 .012 .032 .076 .032 064
Sum 139 121 148 1.042 913  1.019
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sensus to distinguish differences in difficulty accurately
amongst these reading tasks. The range from D1 to D7
represents the range from what two thirds of pupils in
Grade 6 can do to what not one in twenty-five high-school
seniors can do. By the experimental results, it is clear that

TABLE 26.
MEASURES OF DIFFICULTY.

Grade10 Gradell Gradel2

n=1185 n=1053 n=742 Consensus n
D1 -2409 -2.878 -2.652 2713 1
D2 -1398 -1.695 -1.812 2743 4
D3 - 690 - 999 -1.170 3118 2
D4 - 055 - .333 - 516 3177 5
D5 + .542 + 306 - .065 2949 3
D6 +1.243 + .966 + .824 3255 4
D7 +2.170 +1.896 +1.774 3291 1

Differences

D2-1 1.011 1.183 840 30
D3-2 - 708 .696 642 375
D43 .635 .664 654 59
D54 597 641 451 -228
D 6-5 701 .660 .889 306
D7-6 927 930 950 36

Differences Expressed as Fractions of the D?-D1 Difference

D2-1 221 248 .190 .052
D3-2 155 146 145 .649
D4-3 139 139 148 .102
D54 130 134 102 -.394
D65 153 .138 201 529
D7-6 .202 195 214 062
Disagreements
10-11 10-12 11-12 10—Con. 11-Con. 12—Con.
D2-1 027 031 058 .169 .196 .138
D3-2 .009 010 001 494 503 .504
D4-3 .000 .009 .009 .037 037 046
D54 .004 .028 032 524 .528 496
D65 015 048 .063 376 391 328
D7-6 007 012 019 140 133 152
Sum .062 .138 .182 1.740 1.788 1.664
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154 THE MEASUREMENT OF INTELLIGENCE

each step is a substantial increase in difficulty. But by the
consensus we have great irregularities and reversals, and
the differences 1 to 2 and 6 to 7, which should be the largest,
are specially small (if we trust the single-task medians).

The comparisons of the last 10 pages are all subject to
the criticism that the experimental results do not measure
the truly intellectual difficulty of the composites in ques-
tion, but rather their difficulty for whatever ability each
involves, and that if by a miracle we could know how well
people would succeed with these composites if each individ-
ual could use all of his intellect and nothing but intellect
with each composite, the results thus obtained might corre-
spond more closely with the consensus estimates than our
actual experimental results do.

For this eriticism to have force the r,, correlations of
the tasks which are put as unduly hard by the consensus
would have to be lower than the others. For example, r.,
for the sentence-completions should be much lower than r.,
for the arithmetic, vocabulary, or directions. This is not
the case. We have computed the correlations of each with
a composite made up of completions, arithmetie, vocabu-
lary, directions, information and opposites with approxi-
mately equal weights, using 176 of the 180 imbeciles. They
are:*

Completions with CAVDIO 90
Arithmetic with CAVDIO .80
Vocabulary with CAVDIO .68
Directions with CAVDIO 92
Information with CAVDIO .85
Opposites with CAVDIO 92

The range is here very restricted, all the individuals
being within a range of 28 to 58 months of mental age, with
a ¢ of about 8 months. If the correlations were for all

10 There is some spurious correlation in each of these, but this does not
seriously damage the argument, since the amount is not large and is approxi-
mately equal for all.
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twenty-year-olds or for adults, they would all be very much
higher. If we take the variability of adults as ¢=2.85
years, as computed from the army data [Memoirs, p. 391],
and apply the correction™ for restricted range, we have:

Completions with CAVDIO 994
Arithmetic with CAVDIO 985
Vocabulary with CAVDIO 9N
Directions with CAVDIO 995
Information with CAVDIO 990
Opposites with CAVDIO 995

In the case of 240 college graduates, the correlations of
10-composites made up of completions, arithmetical prob-
lems, vocabulary, and reading, respectively, with a CAVD
summation score from 160 tasks averaged as follows:

C .69
A 49
A% 51
D .56 or higher.**

Nowhere in fact do we find any inferiority of C to A, V,
and D in closeness of correlation with i or anything ap-
proximating to i.

Wherever and however we estimate it, the r,, for ten of
our sentence-completions will not be below the average of
the correlations for ten of our A’s or V’s or D’s.

We can think of no good reason why the discrepancies
in the case of the vocabulary and reading tasks should be
any less on the whole if we should compare them with the
difficulties found by experiment corrected for differences
in r,,, instead of with the mere difficulties. We may, it is
true, hope that the experts’ estimates of difficulty will dis-
regard some of the sources of error to which the experi-

Oy Tn
“Rni_"’= Vl-r’n+r’n(2./o|)’-

12 Some of the D composites had fewer than 10 elements, so that the aver-
age of .56 is somewhat too low.

See [Kelley, ’23, p. 225.]
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mental determinations are subject, and so deviate from the
experimental determinations toward the difficulty for intel-
lect uncontaminated by non-intellectual factors. But the
particular constant errors which we have deseribed do not
seem alleviated in this way.

SUMMARY

On the whole it is certain that we cannot trust any con-
sensus of present opinion to provide an accurate measure
of the difficulty or of the intellectual difficulty of a single
brief task. Psychologists do not as yet know enough about
intellect and intellectual difficulty to avoid occasional large
constant errors, such as the over-estimation of the difficulty
of easy completions, or to distinguish well amongst vocabu-
lary or reading tasks. The psychologist cannot as yet know
from inspecting a task what fraction of intellect it will eall
into action, how high degree of intellect will be needed to
succeed with it, and what effect non-intellectual factors will
have upon its solution, so as to answer the question of how
hard it will be in an actual experiment or how hard it would
be if each person in the group used all of his intellect and
was entirely uninfluenced by non-intellectual factors. A
consensus of experts cannot, in the present status of psy-
chology, either relieve us from the need of experimental
tests of difficulty or provide an escape from our previous
conclusion that the measurement of intellectual difficulty
may best limit itself to composites, varied enough to utilize
all of intellect and to equalize non-intellectual factors.

On the other hand, the consensus estimates are in no
sense fortuitous. The correlations of estimates with ex-
perimental results are always positive and fairly high, even
within the very narrow range of low-grade imbeciles, or of
college graduates. Over a wide range the correlations will
of course be much higher. The correspondence of opinion
with experiment is not close enough to justify us in accept-
ing estimates of the difficulty or of the intellectual difficulty
of single brief tasks as always even approximately true, or
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in leaving any result of any such estimates unchecked by
experiment. But it is not so slight as to justify us in mak-
ing no use of it. On the contrary, if we free it from its over-
and under-estimation of the difficulty of certain types of
tasks, it will give a serviceable first rough approximation
to an order of intellectual difficulty. Even without any cor-
rection or amendment, composites formed by taking ten of
C, ten of A, ten of V, and ten of D, all forty of which had

TABLE 27.

TarE DIFFERENCES IN DrrricuLty oF CAVD 40-CoMPOSITE TASKS BY
EXPERIMENT AND BY THE CONSENSUS or 20 EXPERTS.

Percent which the Stated Difference
is of the Difference P-A

Difference
By the Median
of the Four
Consensus Medians By Experiment Discrepancy
B-A 16.8 8.0 +88
C-B 11.0 4.8 +6.2
D-C 74 41 +3.3
E-D 5.8 6.2 - 4
F-E 2.6 6.1 -35
G-F 3.7 7.7 -4.0
H-G 4.2 9.4 -5.2
I-H 74 16.5 -9.1
J-I 10.0 14.6 -4.6
KJ 58 3.5 +23
L-K 5.3 -9 +6.2
M-L 5.3 6.0 -7
N-M 4.2 2.1 +2.1
O-N 6.3 5.7 + .6
P-0 4.2 5.4 -12

identical consensus estimates, would be useful composite
tasks. We have not had time actually to make and test
such, but we have carried out the converse procedure of
computing the median consensus estimates for the tasks of
our experimentally determined composites. The results
appear in Table 27.

The number of single tasks from the different com-
posites which were rated by the consensus, ranged from 6
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of P to 29 of F, being for A, B,C,D,E, F,G, H, I, J, K,
ete., in order 20, 13, 18, 23, 18, 29, 20, 20, 13, 15, 17, 8, 12, 16,
13, and 6.

The derivation of the experimental results for com-
posites A to P is given in Chapter IX.
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CHAPTER VI

LEvELs oF INTELLECT

We measure the level or altitude of an intellect by the
difficulty of the intellectual tasks which it can perform suc-
cessfully, or more exactly, by the difficulty of the tasks a
certain defined percent of which it can perform successfully.

Such tasks, to be truly intellectual, have to be com-
posites of a number of single tasks. In the case of Intellect
CAVD, each should represent C, A, V, and D with approxi-
mately equal weight to each. Success with such a composite
task may be taken to mean getting all of its single tasks
right, or 99 percent or more of them, or any other defined
fraction of them. For several reasons, the most useful

1 This chapter should properly be preceded by a chapter presenting the
facts concerning the difficulty of the single tasks used in constructing com-
posites with which to measure altitude or level of intellect, and concerning
their intellectualness as measured by r,,, or some approximation thereto, where
that information has been obtained.

In constructing the tests for intellectual level or altitude, we have made
measurements of the difficulty of over three thousand tasks. The number of
individuals concerned in one of these measurements varies from a hundred to
over four thousand. ’

These measurements are of great value quite apart from the uses which we
have made of them. They will assist future workers in the field to extend
and refine the selection of tests for altitude of intellect. They provide a sub-
stantial beginning for the comstruction of tests of mental growth in its later
and higher stages, including alternative forms. They provide material for
many scientific studies, for example, of judgments of intellect, of the organi-
zation of intellect, of the nature of intellectual Qifficulty. They may be used
in many ways in the practical work of examining for intellect. The publication
of such an inventory of intellectual tasks with a rough measurement of the
difficulty of each will encourage others to add to it, so that after some years
we shall have a standard source of supply of intellectual tasks of any kingd,
at any desired level of difficulty.

The expense of ordinary publication is, however, prohibitive. Consequently,
we have prepared a hundred sets in the form of volumes of mimeographed
sheets. These will be sold at cost by the Bureau of Publications of Teachers
College, Columbia University.

159
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meaning to take is getting 50 percent or more of the single
tasks right. We shall use this meaning, unless some other
is specified.
COMPOSITE TASKS
The sub-series presented in Chapter III are samples of

the composite tasks which we have constructed; and addi-
tional ones are shown below.

LeveL I

Write words on the dotted lines so as to make the whole
sentence true and sensible. Write one word on each inch

of dots.
1. Hot weather comes in the and .
weather the winter.
2. The first oo .. after June 18 w
3. Children . ~arerude ... not easily
win friends.
4. The dog e @ useful ... because
S ... his intelligence and faithfulness.
5. The rose is a favorite ... because of .
fragrance and e
6. The poor little has nothing
t0 e ; he is hungry.
7. He will come .. he is not ill.
8. Not ... persons are eager to work hard.
9. Divisor times quotient will . .. dividend, if
the ... is done correctly.
10. e you looky . will see flowers.

Write the answers to these problems. Use the empty space
to figure on.

11. What will 4 eight-cent stamps and 1 three-cent stamp
cost?

12. How many inches are there in 2 feet and 7 inches?

13. How many stamps are there in a sheet 8 stamps wide
and 5 stamps long?
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14. What does a pound of candy cost when you pay 10
cents for a quarter of a pound?

15. How much longer is 100 minutes than an hour?

16. 32 plus what number equals 361

17. How much more is 7 X 6 than 2 XX 20?

18. How long is it from seven o’clock in the morning to two
o’clock in the afternoon?

19. The sum of two numbers is 40. One of the numbers is
14. What is the other number?

20. What number added to 16 gives a number 4 less than
271

Look at the first word in line 1. Find the other word in
the line which means the same or most nearly the same.
Write its number on the line at the right side of the page.
Do the same in lines 2, 3, 4, etc. Lines A, B, C, and D show
the way to do it. Do all the lines you can. Write only one
number for each line.?

4. beast 1 afraid...2 words...3 large...4 animal..5 bird 4
B. baby 1 cradle...2 mother...3 little child...4 youth.5 girl 77 3
C. raise 1 lift up...2 drag...3 sun...4 bread...5 deluge

D. blind 1 man...2 cannot see...3 game..4 unhappy...5 eyes

21. confess 1 agree...2 mend...3 deny...4 admit...5 mingle

2. backward 1 downwards...2 after...3 toward the rear..4 defense...5 arrears

23. advertise 1 detain...2 explore... 3 give notice of...4 adverse...5 newspaper SR
24. combat 1 fight...2 dismay....3 club...4 expedition...5 comb . -
25. blond 1 polite...2 dishonest...3 dauntless...4 coy...5 fair

26. broaden 1 efface...2 make level...3 elapse...4 embroider...5 widen .
27. chubby 1 indolent...2 obstinate...3 irritable...4 plump...5 muscular F—
28. concern 1 see clearly...2 engage...3 furnish..4 disturb...5 have to do with

29, cargo 1 load....2 small boat...3 hem...4 draught...5 vehicle

30. clutch 1 exploit...2 nest...3 flit...4 grasp...5 cane -

Read this and then write the answers. Read it again if you
need to.

Then, upon one knee uprising,

Hiawatha aimed an arrow;

Scarce a twig moved with his motion,

2 If it has not been given previously, practice or supervision should be given
to insure that the individual tested understands these directions.
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Scarce a leaf was stirred or rustled;
But the wary roebuck started,
Stamped with all his hoofs together,
Listened with one foot uplifted,
Leaped as if to meet the arrow;

Ah! the singing, fatal arrow;

Like a wasp it buzzed and stung him!

31. What was Hiawatha trying to kill?
32. What word is used to deseribe the roebuck? __________ —
33. What is the arrow said to resemble?

Read this and then write the answers. Read it again if you
need to.

There is an old saying, ‘‘As harmless as a fly’’; and
until recently the fly has been regarded only as an unpleas-
ant but harmless nuisance. Had our forefathers known as
much about flies as we now know, they might have made the
proverb, ‘‘As dangerous as the fly.”” His origin and his
habits are of the worst sort. He is, in short, a disgusting
and dangerous pest.

The scientists have told us also how to keep clear of the
flies. Houses and grounds should be kept free of decaying
organic matter, and stables should be screened so as to cut
them off from their breeding places. Our houses should be
carefully screened and food kept free from their dangerous
feet and mouths. Fly paper and fly traps can be bought
everywhere. Your teacher, also, can probably tell you
other means of protection. But don’t forget that the
““harmless fly’’ of the proverb is the dangerous fly of fact.

34. Did our great grandparents know as much about flies
as men do now?
Should flies be prevented from reaching their breeding-
places?

Is it desirable for a girl to be so gentle that she cannot
bear to kill a fly?

[All three answers must be right in 34.]
There are only four single D Tasks in level I, 8o each receives a credit

of £1.
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LeveL J.

Write words on the dotted lines so as to make the whole sen-
tence true and sensible. Write one word on each inch of

dots.
1. The . Way t0 is by airplane.
2. There isno v omnearth . cannot
bear ... misfortune.
3. Two pounds of silver are ... —. more than two
pounds of iron.
4 He is cheerful will make friends.
5. A body of.........._entirely surrounded by ...
is called an
6. The I think about it, the. .. per-
plexed I am.
7. 1t strength to.............a heavy weight.
8. When lines are perpendicular to each
other, they form a right. ...
9. One...........times one half equals one fourth.
10. The..—.. ... of five and ten is fifteen.
Write the answers to these problems. Use the blank sheets
to figure on.
11. What number minus 7 equals 23%

12.

What number minus 16 equals 20?

13. 12isgof. ...

14.

15.

16.

17.
18.

19.

If a present costing $9.45 is to be paid for by 27 men
contributing equal amounts, what is one man’s
share?

Dick started from his house, walked two miles north,
then two miles west, then two miles south. How far
away from his house was he then?

A man bought land for $400. He sold it for $445, gain-
ing $15 an acre. How many acres were there?

12is ¢ X. ...

Counting that 100 Ib. will last 15 men for a week, how
much will be required to last 30 men for 3 weeks?

A girl had 20 quarters, 16 dimes, 12 nickels and 8 pen-
nies. She made four piles, Pile A, Pile B, Pile C and
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Pile D. In Pile A she put half the quarters, one
fourth of the dimes, one third of the nickels, and all
of the pennies. How much money had she in Pile At
20. At the rate of $2.25 per week how long will it take to

save $90.00?

Directions and samples as on page 161.
awe 1 lamb...2 fear...3 tool..4 mound...5 opera
aged 1 years...2 active....3 old...4 merciful...5 punctual
arrive 1 answer...2 rival...3 enter...4 force...5 come
blunt 1 dull..2 drowsy...3 deaf..4 doubtful..5 ugly
accustom 1 disappoint...2 customary...3 encounter...4 get used...5 business
bade 1 gaze...2 & tool...3 fetched..4 wait...5 ordered
bog 1 ebb...2 disorder...3 swamp...4 field...5 difficulty
cascade 1 hat...2 waterfall..3 firmament.. 4 disaster..5 box
bray 1 ery of an ass...2 bowl.. 3 ery of an ox...4 frustrate...5 raven’s cry
disembark 1 unearth...2 ashore...3 dislodge...4 disparage...5 strip

In each set of sentences, check the two which mean most
nearly the same as the sentence printed in heavy type.

31. I weigh the man, not his title.—(Wycherley.)
wwm'Ti8 not the king’s stamp can make the metal
better.
——.Fine feathers make fine birds.
.......... Titles are the marks of honest men and wise.
........... ~The rank is but the guinea stamp, the man’s the
gold, for a’ that.

32. Anyone can hold the helm when the sea is calm.
wnmeeiS@il when the wind blows.
e .Untempted virtue is easily retained.
—The pilot cannot mitigate the billows or calm
the winds.
———-An unassaulted castle is easily held.

33. In the presence of the greater malady, the lesser is
forgot.
........ —We see not the candle if the moon be shining.
—m—-An ounce of prevention is worth a pound of cure.
—~—The greater glory dims the less.
——-There are some remedies worse than the disease.
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34. What is failure? It is only a spur to the one who
receives it in the right spirit.
Every rebuff is a stepping stone to higher
things.
w10 Teach the port of heaven we must sail, and
not drift, nor lie at anchor.
——-Failure makes the spirit within stir to go in once
more and fight.
..... -Not failure, but low aim is crime.
The paragraph for task 35 is the Hiawatha paragraph
on page 161.
35. What two words are used to tell the noise the arrow
made?
The paragraph for tasks 36, 37, and 38 is the ‘‘Fly’’
on page 162.
36. Where does the paragraph say the fly is born? ... —

37. Who or what informs us how to avoid the dangerous
pest described in the paragraph printed above? ...

38. Name three devices which protect us from the disgust-
ing pest.

EVERY HOME NEEDS A GARDEN

A MAGAZINE published to promote real gardening.
Most people do not think much about their gardens at this
time of the year, but if more people did, there would be
more good gardens. If you live in the city where space is
at a premium, we provide pleasure for you by suggesting
how to grow flowers indoors. If you live in the country
and have a garden and do not experience the satisfaction
of seeing things grow as a result of your own efforts—then
you need the X.Y.Z. magazine.

39. What is recommended for persons who fail to make
things grow in their gardens?
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40. Which one of these words could best be used instead of
at a premium? Draw a line under it.
space flowers valuable extension extensive
cheap noble

LeveL K
Write words on the dotted lines to make the whole sentence
true and sensible. Write one word on each inch of dots.

1. When a man is of sight,
also very soon out mind.

2. No is powerful to
two and two be five.

3 e you wish me to help you
Latin, please me by telephone.
4. He is genteel who does deeds.
5 It may__ effort and a long but
the result is sure.
6. This magazine is the ... ..of a new and pro-
gressive movement.
7. Fourmm o ~two is more seven.
8 Noweo —what happens wrong is right.
9. The source wealth in Denmark
S agriculture.
10. In to maintain health, one

should have nourishing

Write the answers to these problems. Use the blank sheets
to figure on.

11. A man spent two thirds of his money and had $8 left.
How much had he at first?

12. T bought 4} yards of cloth, gave the clerk $2 and re-
ceived 20 cents as correct change. What was the
price of the cloth per yard?

13. A dealer bought some mules for $800. He sold them
for $1,000, making $40 on each mule. How many
mules were there?

14. How much more is the sum of 3} and 4} than the sum
of 24 and 3}?
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15. 20 =how many times 12%

16. How many times must you add 13 to 6 to have 15 as
a result?

17. How many times as long as 8 feet is 12 yds.?

18. 20=% X e .

19. 8is 13 X

20. 20is 13 X

Directions and samples the same as on page 161.

conspire 1 plot...2 breathe...3 rely...4 die...5 outrun

check 1 error...2 stop...3 flash...4 rude...5 haste

cherish 1 dedicate...2 happy...3 covet...4 hold dear...5 marry

chirrup 1 aspen...2 joyful..3 capsize...4 chirp...5 incite

accessible 1 indefatigable....2 successful...3 limpid...4 easy to reach...5 liable
dingy 1 afraid...2 hostelry....3 small bell...4 midget...5 dirty

edible 1 auspicious...2 eligible...3 fit to eat...4 sagacious...5 able to speak
confound 1 discovered....2 fulfill...3 establish...4 mix up...5 expire

concur 1 agree...2 race...3 mongrel...4 pounce...5 ramble

contact 1 tactful...2 hate...3 injunction...4 touch...5 oversight

In each set of sentences, check the two which mean most
nearly the same as the sentence printed in heavy type.

31. Today is worth two tomorrows.

——-Time is an herb that cures all diseases.
——A bird in the hand is worth two in the bush.
—.-To speed today is to be set back tomorrow.
—-There is no time like the present.

32. Faint heart never won fair lady.
——Nothing venture; nothing gain.
———-Married in haste we repent at leisure.
————Fools rush in where angels fear to tread.
———Fortune favors the brave.

33. Fight fire with fire.

———Set a thief to catch a thief.

————Knavery is the best defence against a knave.
——Sow the wind, reap the whirlwind.
——Fire that’s closest kept burns fiercest.

34. One sorrow never comes but brings an heir.
———Two in distress makes sorrow less.

———It never rains but it pours.
13
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35.

36.

37.

38.
39.
40.

—mmON horror’s head horrors accumulate.
e SOTTOW’S crown of sorrow is remembering hap-
pier things.
The paragraph for task 35 is ‘““Every Home Needs a
Garden,”’ on page 165.

‘What does the advertisement say would be the result
if people thought more about their gardens in the
time of year referred to? :

The paragraph for task 36 is the paragraph on Work
on page 81.

According to the paragraph what even would a prisoner
welcome ?

The paragraph for task 37 is ““The American State,”’
on page 84.

In what respect are some of the original thirteen states
and California unlike all the others?

The paragraph for tasks 38, 39, and 40 is ‘‘Dirge in
Woods,”” on page 94.

To whom does ‘‘we’’ refer?
What veins the moss carpet?
What event of man’s career is like the falling of the

fruits of the pine?

LeveL L

Write words on the dotted lines so as to make the whole
sentence true and sensible. Write one word on each inch

of dots.

1. Many new — .. - are printed every year, but
some wis€ ... .. preferto . the
old ones.

2. Telephoneand —_____ weremeansof ... .

3. Much of the débris

unknown in the seventeenth _. .
e UpOD the o

is valuable.
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4 Mostmen .. themselves SR ¢ 1) J:}
kindly than their ... judge them.

9. Power is generated , Zaso-
line, and several ... .. things.

6. A of ease i8S - preparation for
achievement.

7. Sailors fear most ... and SNOWY i
because then there ismost ... of a collision
between .

8. She was . - to fashion fine .
from the cloth she had learned to e

9. The . . of the river are being constantly
SENSOT ) 2% | V- J— . of the water.

10. ANy o will stick to a master ... . .- 18
e e and kind to

In the lines below, each number is gotten in a certain
way from the numbers coming before it. Study out what
this way ts in each line, and then write in the space left for
it the number that should come next. The first two lines
are already filled in as they should be.

</ 2 4 6 8 10 ..1a.
SAMP LES{ 11 12 14 15 17 ..18..

21.
22,
23.
24,
25.
26.
27.

11. 8 79 T3 67
12. 90 81 72 63
13. 763 85.3 943 103.3 ... )
14. 64 32 16 8 .
15. 240 120 60 30 ...
16. 12 16 22 26 32 36
17. 7 11 15 16 20 24 25 29 ..
18. 13 12% 1234 12 ...
19. 46 453 45} 45} ..
20. 2 5 7 8 11 13 14 17T ... )

Directions and samples as on page 161.

downcast 1 thrown down...2 neutral...3 judicious..4 sad..5 brokem _..._. -
pact 1 puissance...2 remonstrance...3 agreement...4 skillet...5 pressure ... -
audible 1 festive.. 2 easy...3 audit...4 heard...5 downy . -
solicitor 1 lawyer.. 2 chieftain...3 watchman...4 maggot...5 constable .. ... -
beguile 1 entreat...2 delight...3 dispense...4 deceive...5 foster

dominate 1 abide...2 goad...3 threaten...4 control..5 dissuade

average 1 level..2 count...3 evident...4 ordinary...5 distinct
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28. behave
29. comely
80, cycle

1 ignoble...2 handsome...3 disagreeable....4 enter...5 in time
1 scythe...2 cyclone...3 circle...4 ode...5 junction

In each set of sentences, check the two which mean most

nearly the same as the sentence printed in heavy type.

31. Man’s evil manners live in brass; their virtues we

32.

33.

34.

35-

write in water.—(Shakespeare.)

Some rise by sin and some by virtues fall.

..... —...The evil that men do lives after them; the good
is oft interred with their bones.

———He lives in fame that died in virtue’s cause.

——The memory of vices lives longer than the mem-
ory of virtues.

In this world a man must either be anvil or hammer.

—.To get along, a man must be a knocker.

......... Man must either do or be done.

______ Man cannot be neutral; he must accomplish
something or lose out.

- Might is right.

No greater grief than to remember days of joy when
misery is at hand.—(Dante.)
———.Misery loves company.
e SOTTOWS  Temembered sweeten present joy.
—To recall past pleasures is but to aggravate our
present miseries.
S A sorrow’s crown of sorrow is remembering
happier things.
It is a consolation to the wretched to have com-
panions in misery.
——Society in shipwreck is a comfort to all.
——Misery acquaints a man with strange bedfellows.
——Company in misery makes it light.
When misery is highest, help is nighest.
Nothing emboldens sin so much as mercy.
Spare the rod and spoil the child.
———Pardon one offense, and you encourage the com-
mission of many.
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He that has no charity merits no mercy.

—Let the punishment fit the crime.

He counsels best who lives best.

Practice what you preach.

——A poor cask may hold good wine.

A good example is the best sermon.

————An ounce of prevention is worth a pound of cure.

The fault is not in our stars but in ourselves, that

we are underlings.—(Shakespeare.)

———-JEvery man is the architect of his own fortune.

———-Man is the master of his destiny.

——We can’t read our fates from the stars.

If we are underlings, it is not our fault.

Every white will have its black, and every sweet
its sour.

———]It never rains but it pours.

...... Birds of a feather flock together.

. Jivery cloud has a silver lining.

e YOU cannot pluck roses without thorns.

The paragraph for task 39 is the ‘‘Fly’’ on page 162.

What is meant by ‘‘his origin’’?

The paragraph for task 40 is ‘‘Every Home Needs a
Garden’’ on page 165.

What feeling is usually said to be experienced by people
who see things grow as a result of their efforts?

Lever. M

Write words on the dotted lines so as to make the whole sen-
tence true and sensible. Write one word on each inch of

dots.

1. Modern ..o of communication should ... -
e ClOSET 0 €ach other.

2. Astronomers are uncertain e the  planet
Mars i8 e

3. Cleanliness is & - item in securing and

good health.
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4, More e .. were killed, more houses
more money .. during the Great
than during any equal number of . . . .. in
history.

5. In the e .. time squirrels store ...
for food in the — —~whenthe o
is such that they cannot . for things to
eat.

6. Columbus ................. America, but it was .. —_
for another Italian, e

7. A boy on a farm things about
animals and ... which a city ...
usually does not ...

8. The wind . the streets .o of
every flake of oo,

9. The benefit to the .o from the -
of science is incalculable.

10. The e - old days are often ..o with

the present.

Tasks 14 and 15 must both be right to secure credit.
There are thus only 8 tasks; and each counts as 1%.

A 3 for 5ec. E 6 for 5c. J 4 for 25c.
B 3 for 10c. F 80c. per peck. K 2}c. each.
C 3 for 25c. G 40c. per 1b. L 1jc. per 1b.

D 48c. per 1b. H 50c. per Ib. M 43c. per 1b.
I 8 for $1.00.

4,B,C, D, etc., are articles costing as shown above. 14
means 1 of A, 24 means 2 of A, 34 means 3 of 4, etc. Sup-
ply the missing numbers in lines 11 to 15 as shown in lines
I,1I,and I11. Use the empty parts of the page to figure on.

I. 3 A cost 3 as much as 3 B.
II. 2% Ib. G cost just as much as 8 I.
II1. 1 1b. H costs 2 times as much as 4 J.

11. 3 Ib. H costs ... as much as } lb. G.
12. 1. D ¢ “ 11b G.
13. 1 peck F ¢ - ¢ 1 1b. H.
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14. 21bs. M ¢ .. “ 11b. L.

15. 1b. L ¢ e “ 1 1b. M.
Write the numbers and signs in each line below in the

proper order, so that they make a true equation as shown

in the three sample lines. Use the bottom of the page to

figure on if you need to.

336=+ 3+3=6
Sample lines{li 7820=-+X 7X4=20+8
2337T18=+—X() 7+2=18—(3X3)
16. 2 2 3 5 15 = — — X
17. 1 1 4 4 16 = — — X ()
18. 2 5 6 7 10 = 4+ 4+ —
19. 1 4 8 15 20 = 4+ — —

20. Counting that 25 dozen sheets of paper are worth ten
cents, how many sheets of paper are worth a fifth
of a cent?

Directions and samples the same as on page 161.

. action 1 play...2 deed...3 mention...4 opinion...5 crime -
. avarice 1 ordinary...2 various..3 empress...4 frailty..5 greed

. bearing 1 a large ring...2 behavior...3 cub...4 commendation...5 destination

. allusion 1 aria...2 illusion....3 eulogy...4 dream...5 reference

. dynasty 1 davenport...2 very unpleasant...3 framework...4 ruling family...5 engine .

. habitat 1 dweller...2 bodice....3 prodigality...4 habit...5 home

. adversity 1 ill fortune...2 dialogue...3 advertisement...4 dislike...5 distemper

. caprice 1 value...2 a star...3 grimace...4 whim...5 inducement

. ignominious 1 seductive...2 not guilty...3 incontestable...4 ignorant...5 shameful

. chastity 1 dissension...2 pursuit...3 eminence...4 purity...5 punishment

In each set of sentences, check the two which mean most
nearly the same as the sentence printed in heavy type.

31. What a man has, so much is he sure of.
——There’s many a slip ’twixt the cup and the lip.
e J1€ Who hesitates is lost.

e Js0OK before you leap.
e A bird in the hand is worth two in the bush.

32. Tho the knowledge they (the ancients) have left
us be worth our study, yet they exhausted not
all its treasures; they left a great deal for the
industry and sagacity of after ages.—(Locke.)

—e Worth is wholly dependent on long use.
—ow...Build the present on a knowledge of the past.
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33

34.

35.

36.

37.
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——w—-Do not neglect the present in admiration of the
past.

There is nothing new under the sun.

Cowards die many times before their death.—
(Shakespeare.)

Fortune favors the brave.

———-Discretion is the better part of valor.

The valiant never taste of death but once.

They suffer more who fear than they who die.

Some books are to be tasted, others to be swal-
lowed, and some few to be chewed and digested.
—(Bacon.)

————Reading 1s profitable to every one.

One should read only parts of some books, while
others should be carefully studied.

..... —-Only a few books repay one for painstaking

effort.

———People’s tastes differ in books.

Write it on your heart that every day is the best
day of the year.—(Emerson.)

There is no time like the present.

weme—Never do today what you can put off until to-

IOITOoW.
wm—-Anticipation is better than realization.
w—A common delusion is that the present hour is
not the eritical, decisive hour.
Our virtues disappear when put in competition
with our interests.—(La Rochefoucauld.)

A dog with a bone knows no friend.

s My teeth are nearer than my kindred.

—_ Virtue is its own reward.

—— A good friend is my nearest relation.

If men wish to be held in esteem, they must asso-
ciate with those only who are estimable.—(La
Bruyere.)

What a man does shows what he is.

e You cannot always judge a man by his sur-

roundings.
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——He who comes from the kitchen smells of its
smoke.

. If you always live with those who are lame, you
will yourself learn to limp.

38. We too often forget that not only is there a soul of
goodness in things evil, but very generally also a
soul of truth in things erroneous.—(Spencer.)

-Falsity frequently has a nucleus of reality.

— Beliefs that are shown to be untrue may, never-

theless, be based on some element of truth.

Benevolence sometimes has evil consequences.

Evil is commonly due to error.

39. They build too low who build beneath the stars.
——Not failure, but low aim is erime.
——Hiteh your wagon to a star.
———He that strives to touch a star often stumbles at
a straw.
...... —-Wouldst thou reach stars because they shine on
thee?
The paragraph for task 40 is ‘“ Every Home Needs a Gar-
den,”’ on page 165.

40. Copy the four words which most fully state the pur-
pose of the X. Y. Z. magazine.

TrE ConstrUCTION OoF CoMPOSITE TASKS

With the knowledge gained in the course of our investi-
gations, we could now construet composite tasks for use in
measuring altitude or intellect which would be much supe-
rior to these. But these will serve reasonably well.

If we had begun our work with the knowledge which we
now have, we should also have proceeded somewhat differ-
ently in their construction. The procedures which we did
use will consequently be reported here only very briefly.
We shall preface them by a deseription of a more efficient
and economical method of construction of such composite
tasks, which we recommend for the future.
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It is as follows: Select the special abilities which to-
gether constitute the sort of intellect (call it intellect
abe . . . n) for which composite tasks are to be constructed.
Select a sufficient number of single tasks to provide one
hundred for each special ability that is included at each
twentieth of the total range of intellect abe ... n from the
lowest thousandth of human adults to the highest thou-
sandth (or the proper segment of such a collection, if the
tasks are to cover only a part of this range). In this selec-
tion you trust your own knowledge and judgment. Have
twenty or more competent judges rank these tasks for intel-
lectual difficulty for the group whose intellect abe . . . n
you plan to measure by the tasks. Let them use as fine a
scale as is convenient up to two hundred compartments,
and require the use of approximately the same number of
compartments by each judge (say, 150 to 200, or 75 to 100,
or 60 to 75, or 45 to 60, or 32 to 45, or 25 to 32, or 18 to 25).
Express the results of this consensus by simple summing.
Arrange the single tasks in order of difficulty as estimated
by the consensus, and in series representing each the same
special ability (unless some better way is found to insure
that persons to be tested understand the general nature of
the tasks, and do not fail because of misunderstanding
directions).

Test with a cross-section of these tasks from fifteen hun-
dred to twenty-five hundred individuals, taking about two
hundred from each of ten groups selected to represent dif-
ferent altitudes of intellect abe ... n, such as, college
graduates, pupils in grade 12, pupils in grade 9, . . . adults
of mental age 4. Let the tasks used always begin at a point
where 95% of the group of two hundred can succeed with at
least four out of five of the tasks. Be sure that each indi-
vidual has sufficient time. It will be found most convenient
to have each individual in the group attempt all of the tasks
used with that group.

Enter the score as ¢, X, or — (correct, wrong or omitted)
for each individual in each group for each task. Find the
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percent of successes for each task in each group. Make
up composites containing 2 tasks of a, 2 tasks of b, 2 tasks
of ¢ ... 2tasks of n, putting in one such composite tasks
most nearly alike in difficulty. Call such a composite a 2n-
composite. Find the percent of successes for each 2n-com-
posite in each group which was tested by all its tasks. Plot
the successes and failures® in each 2n-composite in at least
one group* against the total score (number of tasks cor-
rect), and compute the overlapping of the failures past the
median of the successes in that group. Compute the bi-
serial .

Combine the 2n-composites into 4n or 6n or 8n or 10n or
12n composites, using 2n composites which are neighbors
in difficulty, and making each composite large enough so
that its r,, will be at least .90 for a grade population or
other group of approximately the variability of a grade
population. How large composites will be needed can be
judged from the size of r,, for the 2n composites, the self-
correlations of the 2n composites, and the self-correlation
of the measure of i. This last® should be approximately
1.00.

The resulting composites should be nearly or quite as
satisfactory for measuring intellect abc . . . n as the 40-
composites described in this chapter are for measuring In-

3 A success in a 2n-composite is a case which has n or more right. A
failure is a case which has fewer than n right.

4 Use the group which most nearly approximates 50% of successes with
the 2n-composites.

8 Let LITH =the average r from the 2n composites.

¢ r,, =the average self-correlation for a 2n composite.
‘¢ Ty =the self-correlation of the measure of i.

¢¢ ryy =the average self-correlation of a composite necessary to produce
an r,, of .90.

T,
tll

Then .90 =
Tox® T
and n, the number of 2n composites necessary to produce a self-correlation of
Tex can be computed from
(l'ul)z nre,

81, “ifr(@- Dr,,
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tellect CAVD. The r,, for any one of them should be very
close to 1.00 for all adults, or for any group of the same
chronological age. All the tasks in any one of them will be
enough alike in difficulty to seem neither much too easy nor
much too hard to those for whom the composite as a whole
is suitable.

The same procedure may be followed in constructing
levels for any ability which has what we have termed ‘‘alti-
tude,’’ that is, which has to master tasks varying in diffi-
culty. The difficulty may be in words that are harder to
spell, that is, require a higher altitude of spelling ability
for success; or in temptations to dishonesty that are harder
to resist, that is, require a higher altitude of honesty to
pass; or in hundreds of other sorts of tasks. But wherever
the concepts of difficulty and altitude are applicable, this
method of constructing measuring instruments is appli-
cable.

At the outset of our studies, we lacked the knowledge
of how often and how far a consensus of expert judges
could be trusted in its estimates of intellectual difficulty,
and the knowledge of how many single elements are needed
to give a reliable measure of intellectual difficulty, and the
knowledge of the essential impossibility of measuring the
intellectual difficulty of any single small task. So we did
not proceed in the way outlined above, but began with single
small tasks, estimated their difficulty by the percent of vari-
ous groups which succeeded with each, combined these into
composites by special abilities, that is, into sets of ten or
twenty completions of approximately equal difficulty; sets
of ten or twenty arithmetical problems of approximately
equal difficulty, and so on. The 40 element composites were
made by putting together a 10 completion composite, a 10
arithmetic composite, a 10 word knowledge composite, and
a 10 sentence-comprehension composite, which were, as
composite tasks, as nearly equal in difficulty as could be
found in our material.

This method does have the advantage that we have
means of conveniently measuring the difficulty of tasks in
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these four abilities separately, and have made many such
measurements of value (these are reported in Chapter
VIII). The disadvantages are that our composite tasks do
not represent as narrow segments or slices of difficulty as
they might have done; are not spaced apart as evenly as
they might have been, and required much more labor in
their construction than would have been the case by the
other method.

We shall describe briefly the derivation of the word-
knowledge composites of ten single tasks as a sample to
show the nature and validity of the selection and the extent
of the experimentation involved. In the case of the others
we shall simply present the evidence that the elements of
each composite of ten (occasionally fewer), do belong fairly
in that rather than in an easier or harder composite. We
shall then even more briefly relate samples of the evidence
by which these composites of ten were put into composites
of forty. Finally we shall state the facts concerning the
value of the composites of forty as intellectual tasks the
difficulty of which we shall later measure.

10-CoMposiTES IN Worp KNOWLEDGE OR V

Consider the tasks shown below. Each ‘Level’ or 10-
Composite is, by our definition of difficulty, harder than
the preceding for such a group as persons twelve to twenty
years old or older who have lived in the United States five
years or more, since a smaller percentage of them will get
five or more of the ten elements right. The difficulty is
‘intellectual’ to the extent that within any sub-group of
equal age the greater intellects will show higher percents
correct than the smaller intellects in the case of any word.

It may seem far-fetched and forced and an unhappy
consequence of our definitions to argue thus that it requires
more intellect to know such words as cloistered, madrigal
and ignominious, than to know such words as confess, ad-
vertise and combat. A dull person, it may be said, could
learn the former as well as the latter; and it is a matter of
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range rather than level that he does not. There is much
force in this eriticism, and we chose the case of Word
Knowledge as one illustration of the measurement of dif-
ficulty, in order to state the answer to the criticism.

Word Knowledge is representative of many tasks of an
informational character where many of the harder tasks
might have been in the repertory of the dull so far as the
essential difficulty of mastering them is concerned, but sim-
ply are not as a matter of observed fact. They are not
there because the greater intellect can learn more per unit
of time and has learned more at equal age; range is posi-
tively correlated with level. Also there is, for any locality
and epoch, a certain rough order of acquisition, whereby
people usually do not progress to learn certain things until
they have learned certain other things. The former are
then ‘harder’ by our definition although, if customs had
been reversed, they might have been easier.

Look at the first word in line 1. Find the other word in
the line which means the same or most nearly the same.
Write its number on the line at the right side of the page.
Do the same in lines 2, 3, 4, etc. Lines A, B, C, and D show
the way to do it. Do all the lines you can. Write only one
number for each line.

A. beast 1 afraid...2 words...3 large...4 animal..5 bird 4
B. baby 1 cradle...2 mother...3 little child...4 youth...5 girl B
C. raise 1 lift up...2 drag...3 sun..4 bread...5 deluge 1
D. blind 1 man...2 cannot see...3 game...4 unhappy...5 eyes e
LeveL V1
Begin:

1. await 1 pace...2 slow...3 wait for...4 tired...5 quit

2. beautify 1 make beautiful...2 intrude...3 exaggerate...4 insure...5 blessed

3. bug 1 insect...2 a vehicle...3 fiber....4 abuse...5 din

4. arrange 1 put in order...2 hasten...3 distance...4 frighten...5 charge

5. different 1 not the same...2 quarrelsome....3 better...4 complete...5 not here

6. cotton 1 cloth....2 small bed...3 hut...4 flour...5 herd

7. blacken 1 a fern...2 interpose...3 impel...4 make black...5 slack

8. ablaze 1 ostensible...2 on fire...3 slightly...4 loaf about...5 urbane
9. avenue 1 justice...2 arrival...3 street...4 jury...5 library —
10. bench 1 tool...2 pull ashore...3 opinion...4 seat...5 pond —
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LeveL V2

11. confess 1 agree...2 mend...3 deny...4 admit...5 mingle J—

12. backward 1 downwards...2 after...3 toward the rear...4 defense...5 arrears J—

13. advertise 1 detain...2 explore...3 give notice of...4 adverse...5 newspaper J—

14. combat 1 fight...2 dismay....3 club...4 expedition...5 comb

15. blond 1 polite...2 dishonest...3 dauntless...4 ¢oy...5 fair e

16. broaden 1 efface...2 make level...3 elapse...4 embroider...5 widen

17. chubby 1 indolent...2 obstinate...3 irritable...4 plump...5 musecular = e

18. concern 1 see clearly...2 engage...3 furnish...4 disturb...5 have to do with ...

19. cargo 1 load...2 small boat...3 hem...4 draught...5 vehicle -

20. clutch 1 exploit...2 nest...3 flit...4 grasp..5 cane e .
Lever V3

21. awe 1 lamb....2 fear...3 tool...4 mound...5 opera

22. aged 1 years...2 active...3 old...4 merciful...5 punctual

23. arrive 1 answer...2 rival...3 enter...4 force...5 come

24. blunt 1 dull..2 drowsy...3 deaf...4 doubtful..5 ugly

25. accustom 1 disappoint...2 customary...3 encounter...4 get used...5 business

26. bade 1 gaze...2 a tool...3 fetched...4 wait...5 ordered

27. bog 1 ebb...2 disorder...3 swamp...4 field...5 difficulty

28. cascade 1 hat...2 waterfall...3 firmament...4 disaster...5 box

29. bray 1 ery of an ass...2 bowl...3 ery of an ox...4 frustrate...5 raven’s cry

30. disembark 1 unearth...2 go ashore...3 dislodge...4 disparage...5 strip .- -

31. conspire 1 plot...2 breathe...3 rely...4 die...5 outrun
32. check 1 error...2 stop...3 flash...4 rude...5 haste .
33. cherish 1 dedicate...2 happy...3 covet...4 hold dear...5marry ... -
34. chirrup 1 aspen...2 joyful..3 capsize...4 chirp...5 incite @~ ...
35. accessible 1 indefatigable...2 successful...3 limpid...4 easy to reach...5 liable
36. dingy 1 afraid...2 hostelry...3 small bell...4 midget...5 dirty
37. edible 1 auspicious...2 eligible...3 fit to eat...4 sagacious...5 able to speak
38. confound 1 discovered....2 fulfill...3 establish...4 mix up...5 expire
39. concur 1 agree...2 race...3 mongrel...4 pounce...5 ramble
40. contact 1 tactful...2 hate...3 injunction...4 touch...5 oversight

LeveL V5
41. downcast 1 thrown down..2 neutral...3 judicious...4 sad...5 broken
42. pact 1 puissance...2 remonstrance...3 agreement....4 skillet...5 pressure ...
43. audible 1 festive...2 easy...3 audit...4 heard...5 downy
44, solicitor 1 lawyer...2 chieftain...3 watchman...4 maggot...5 constable
45. beguile 1 entreat...2 delight...3 dispense...4 deceive...5 foster @~ ...
46. dominate 1 abide...2 goad...3 threaten...4 control..5 dissuade
47. average 1 level...2 count....3 evident...4 ordinary...5 distinct
48. behave 1 act...2 own...3 keep still...4 enable...5 entitle
49, comely 1 ignoble...2 handsome...3 disagreeable...4 enter...5 in time
50. cycle 1 scythe...2 cyclone....3 circle...4 ode...5 junction J—
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LeveL V6

action 1 play...2 deed...3 mention..4 opinion...5 crime
avarice 1 ordinary...2 various...3 empress...4 frailty...5 greed
bearing 1 a large ring...2 behavior...3 cub...4 commendation...5 destination
allusion 1 aria...2 illusion...3 eulogy...4 dream...5 reference
dynasty 1 davenport...2 very unpleasant...3 framework....4 ruling family....

5 engine
habitat 1 dweller....2 bodice....3 prodigality...4 habit...5 home
adversity 1 ill fortune...2 dialogue....3 advertisement... 4 dislike...5 distemper
caprice 1
ignominious 1
chastity 1
gainsay 1 persuade...2 beshrew...3 deny...4 profit...5 imprint
eclogue 1 obituary...2 a poem...3 carousal...4 epigram..5 portrait
cloistered 1 minijature... 2 bunched....3 arched...4 malady...5 secluded
reciprocal 1 saturnine...2 mutual...3 receptive...4 morose...5 careless
accolade 1 salutation...2 anchovy...3 procession...4 bivouac...5 acolyte
benighted 1 fraudulent...2 weary...3 insuperable...4 ignorant...5 venal
madrigal 1 song...2 mountebank ...3 lunatic...4 ribald...5 sycophant
pinnace 1 a boat...2 doublet...3 pinnacle...4 hold fast...5 forfeiture
broach 1 dodge...2 clasp...3 open...4 top...5 edify
nectarine 1 bouillon...2 a fruit...3 a jewel...4 a drink...5 diurnal

Intellectual tasks range in this respect between two ex-
tremes. At one extreme the tasks are, in and of themselves,
almost or quite impossible for the dull person regardless
of which things the world tries to teach him. At the other
the tasks are such as he can master nearly or quite as easily
as he can master any intellectual tasks, the question being
rather how many a dull person can master at a given age or
with a given set of opportunities. For example, two of our
very hard word tasks are:

reciprocal  saturnine mutual receptive_
mMorose.......careless

nectarine bouillon a fruit a jewel ____a
drink _____diurnal

A person twenty years old with a mental age of four not
only would not know the meaning of reciprocal, but also
probably never could be taught it. The idea involves think-
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ing of things by aspects and in relationships in a way that
is probably beyond his degree of intellect. He would not,
save in rare instances, know nectarine; but with proper
training he could know nectarine instead of some word, say
apple, which he does know.

Theoretically it is best to measure level or ‘‘altitude’’
of intellect by tasks that lie toward the former extreme;
and for practical purposes also, we may, in general, expect
better results per hour of time spent from using such.
They are likely to involve more of intellect, and to be less
adulterated by other influences than intellect, and to be
more representative of level and less of width or range.®
However, the standard tests used for measuring intelli-
gence contain tasks that range far toward the other ex-
treme, and it is obviously desirable to measure the diffi-
culty of these tasks and ascertain how much of it is due to
intellect pure and simple, and how much of it is due to other
factors.

Word Knowledge is a specially suitable case for study,
because it has been approved by Terman as one of the very
best single measures of intellect, and is involved to some
degree in many of our better tests, such as oral and printed
directions, paragraph reading or comprehension, sentence
completion, opposites, and other tests of relations pre-
sented in words.

We began with four hundred words chosen originally
to make an instrument for measuring word knowledge with-
out regard to the merits or demerits of any one of them as
a measure of intellect.

The selection amongst these was made solely on grounds
of the percentages right in certain groups, the end sought
being to have for any one level word-tasks which were ap-
proximately equally hard in the sense of being done cor-
rectly by approximately equal percents of the group; and

¢ These matters will be treated in connection with new experimental data,

to be presented in Chapter XV. We shall there see that the theoretical and
practical advantages are much less than has been supposed.

14
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to have, at the next higher level, words which were done by
fewer of the group.

The procedure was as follows: 400 words, ranging from
very common words to words far outside the first ten thou-
sand as listed in the Thorndike Teachers Word Book, were
used in the case of 278 pupils in grade nine. On the basis
of the percents correct, 110 of the tasks were chosen,

10 done correctly by 276 or 277 or 99.3 to 99.6% of the pupils
10 < 6 ¢¢ 271 to 273 or 97.1 to 97.89, ¢¢ ¢ <«
15 «¢ ¢ ¢¢ 257 to 261 or 92.4 to 93.99% ‘¢ ¢¢ ¢
15 ¢¢ 6 ¢¢ 228 to 236 or 82.1 to 84.9% ‘¢ ¢ o
15 ¢« “ ¢ 185 to 194 or 66.6 to 69.89% ‘¢ ¢¢ ¢«
15 ¢¢ “ ¢ 134 to 143 or 48.2 to 51.59% ¢¢ ¢¢ ¢«
15 ¢ ““ ¢ 79 to 90 or 28.4 to 32.4% ‘¢ ¢¢ ¢
15 ¢ “ ¢ 37 to 51 or 13.3 to 18.3% ‘¢ ¢ ¢

-

These 110 tasks were experimented with in the case of
430 pupils in grades 11 or 12, 500 pupils in grades 9 or 10,
250 pupils in grade 8}, and 514 pupils in grade 6, and
smaller groups of college students.

From them were chosen the seven ‘Levels’ of ten tasks
each shown above. Levels 1 and 2 were constructed chiefly
on the basis of the results with the 514 pupils of grade 6.
Levels 3, 4, and 5 were constructed chiefly on the basis of
the results with pupils of grades 9 to 12. Levels 6 and 7
were constructed chiefly on the basis of the results with
pupils in grades 11, 12, 13, and 17. The tasks within any
one level vary in difficulty somewhat widely and it is pos-
sible that results from as many thousands as we have hun-
dreds might show some tasks in adjacent levels which actu-
ally should be transposed.

Greater equality within and distinctness between levels
could have been attained by reducing the number from ten
to eight or fewer, but this did not, on the whole, seem de-
sirable. The order of difficulty of these tasks varies so
much from group to group, and so enormously from one
individual to another that, at levels where a person gets
from 20% to 80% right, the percent which an individual has
correct from one of our sets of ten is probably a more re-
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liable measure of the percent which he would have correct
from a hundred tasks each of exactly the same difficulty as
the median task of the ten than is the percent which he
would have correct of the middle eight of the ten.
culty is taken in the above to be difficulty for the sort of
persons who get about half right at the level in question.

TABLE 28

PERCENTS CORRECT FOR EACH SINGLE WORD OF SEVEN 10-WoRrD COMPOSITE
Tasks IN EAcH oF VARIOUS GROUPS OF INDIVIDUALS

Diffi-

The essential facts concerning the percentages correct
for each of the 110 tasks are shown in Table 28.

Grade 6a 814 9 9+10 11+12 12 12
City N.Y. N.Y. Mix K K K, K,
Number of
Individuals 514 250 278 500 430 200 200
1 await ... .. 94.9 90.0 99.6 92.8 97.9 95.5 96.5
3 Dbeautify . 94.3 93.2 99.3 94.6 94.2 97.5 94.0
6 bug oo - 94.6 94.4 99.6 97.8 99.5 99.5 99.0
7 arrange ... — 96.0 95.6 99.3 97.2 99.3 98.5 98.5
9 different — 94.5 93.0 99.3 97.4 100.0 99.5 96.5
10 cotton .. 93.2 99.6 96.4 98.8 98.0 96.5
12 Dblacken .. 94.4 97.5 98.0 99.3 98.5 98.0
13 ablaze ..o, 95.6 97.8 94.6 99.3 99.0 97.0
18 avenue ... 93.2 97.8 98.0 99.5 98.5 98.5
21 bench 90.8 93.5 92.2 96.3 92.0 95.5
22 confess ... - 62.4 86.0 93.9 92.2 96.7 99.0 98.0
25 backward ... 70.9 88.4 92.4 87.6 90.5 95.0 94.5
26 advertise ... 69.0 82.0 93.1 79.6 88.8 89.0 89.0
28 combat ... — 09.6 88.4 92.4 89.2 974 99.0 99.0
30 blond . . 624 63.2 92.8 87.2 96.0 97.5 98.0
31 broaden ... .. 62.9 83.2 93.1 94.6 99.1 97.5 98.0
32 chubby . . 64.6 78.8 93.5 92.4 95.8 97.5 98.5
33 concern ........ - 65.1. 74.0 93.5 87.6 94.7 97.0 95.5
34 .. 67.1 89.2 93.9 84.0 89.1 92.5 95.5
35 .. 60.2 80.4 92.4 89.8 94.0 97.5 97.5
36 62.8 82.4 69.0 83.5 89.0 86.0
37 69.6 83.5 73.8 85.8 88.5 90.0
39 68.8 83.8 63.8 68.8 73.5 74.5
40 66.8 84.5 85.8 92.3 96.5 94.0
41 62.4 82.4 52.0 68.6 70.0 68.0
42 » 84.9 72.6 82.8 84.5 83.5
43 56.8 84.2 66.6 79.3 87.5 88.0
44 56.8 82.1 65.6 75.3 87.5 92.5

* Omitted because of a misprint in test.
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Grade 6a 8% 9 9+10 11+12 12 12

City N.Y. N.Y. Mix K K K, K,

Number of

Individuals 514 250 278 500 430 200 200
46 bray . S—: % 4 62.0 84.2 79.4 85.8 93.0 95.5
50 disembark ... . 50.4 66.0 82.4 65.4 814 89.5 95.0
51 conspire ... 29.6 70.8 69.1 61.0 85.8 94.5 93.0
54 check e . 28.0 67.6 69.8 50.6 714 80.5 77.0
56 cherish ... 229 404 68.4 48.4 70.5 72.0 79.0
87 chirrup .. — 39.4 56.8 68.0 66.0 70.2 73.0 71.0
58 accessible ... . 29.8 58.8 68.4 54.8 82.3 94.0 94.0
59 dingy ... e 27.9 53.6 66.6 71.0 87.2 93.5 92.0
61 edible ... e 30.2 424 69.1 57.2 73.0 91.5 87.0
62 confound ... 27.1 47.2 68.4 43.2 56.0 52.5 52.5
63 concur ... e 40.8 56.4 68.0 61.6 79.3 83.5 80.0
64 contact ... 211 54.0 66.6 57.2 81.9 85.0 88.5

. 213 44.0 51.5 42.4 61.4 64.0 61.0
38.8 49.3 29.2 63.7 715 77.0
69 audible ... 5.0 52.8 49.3 38.8 60.7 83.0 80.5
70 solicitor .. 57.2 49.3 39.8 47.0 71.0 68.5
71 beguile ... . 45.6 48.6 444 59.1 475 51.0

66 downecast ..
67 pact ...

73 dominate 420 493 422 707 790 825
75 average .. 26.8 48.2 52.1 61.6 72.5 67.5
78 behave ... 356 482 398 430 70.0 645
79 comely 452 486 390 428 625 645
94 cyele 404 317 37.6 507 64.5  67.0
81 240 295 234 333 465 420
84 avarice 31.6 29.2 31.0 423 60.5 58.5
86 bearing ... 348 324 200 349 540 435
87 allusion ... 172 317 228 321 430  43.0
90 dynasty .. 228 321 238 565 705 715

91 habitat ... . 15.8 324 26.0 44.9 54.0 49.5
92 adversity 25.2 28.8 22.6 41.6 67.5 67.5

93 caprice 22.0 29.2 21.2 40.5 55.0 61.5
105 ignominious ... 17.2 17.6 17.6 30.7 41.5 42.0
107 chastity ... 26.0 16.9 25.2 38.4 64.0 64.0

88 gainsay 22.0 32.1 18.8 24.9 30.0 375

89 eclogue .. 40.4 30.9 23.8 23.3 33.0 35.0

97 cloistered ...
98 reciprocal .
99 accolade ...
100 benighted

. 12.0 * 10.8 142 31.0 24.0
- 10.0 133 11.0 20.0 26.0 25.5
16.0 13.3 11.8 12.3 15.0 17.0
11.2 14.7 7.5 13.3 16.0 17.0

102 madrigal .. 224 17.6 8.2 114 21.0 28.0
104 pinnace ... 15.6 13.3 8.4 10.7 145 13.5
106 broach ... 16.4 18.3 14.6 27.4 39.0 34.5

110 nectarine .. 5.6 18.3 6.8 14.9 13.5 12.0

* Omitted because of a misprint in test.
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Ninety tasks were chosen to represent harder words
than level 7, and were used with one hundred college gradu-
ates. From these ninety, four composites of ten each were
chosen to be most alike in difficulty within a ten and most
widely apart between tens. These four sets of ten were
used with 240 college graduates who were also tested with
levels 6 and 7. The results are shown in Table 29. We
thus obtain level 8 of about the same difficulty as 7, and
levels 9, 10, and 11 progressively harder. These levels
from 1 to 11 are competent to measure word knowledge
from below the level of the average ten-year-old to far
above the level of the average college graduate.

Composites la, 2a, 3a, 4a, 5a, 6a, and Ta, of approxi-
mately the same difficulty as 1, 2, 3, 4, 5, 6, and 7, were con-
structed by testing many pupils in grades 6, 8%, 9, 10, 11,
12, and 100 college graduates with composites 1 to 7 and
also with 240 new tasks, obtaining the percents succeeding
with each of the 310 and selecting sets of ten from the 240
to match sets 1, 2, 3, 4, 5, 6, and 7, respectively. The facts
are shown in Tables 30 and 31.

At the low end of the ability, the four sets A, B, C, and
D shown below were constructed by selection from about
twice as many on the basis of trials with 180 individuals
16 years old or older of mental age from 2 to 4. The facts
are shown in Table 32.

Composites of ten intermediate between D and I were
constructed on the basis of the ratings of about 160 single
tasks by the consensus of twenty experts, and trials of these
with a hundred adults of mental age 6.0 to 7.0, with 50
feeble-minded individuals in the same educational ‘‘class’’
in an institution for the feeble-minded, with 101 pupils fif-
teen years old or over in special classes in a large city, and
with 162 pupils in grade 4B (second half). The facts con-
cerning these word-knowledge tasks appear in Table 33.

These composites intermediate in difficulty between
V D and V I are imperfect in three respects. The dif-
ficulty of each single task element is not determined from
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enough cases. The oral picture selection tests are not
equated accurately enough with the oral word-selection
tests. The difficulty of written word-selection tests has not
been equated accurately against the difficulty of the same
sort of test given orally.

In general, we have devoted most of our work in the
preparation of composite tasks to making effective instru-
ments to measure altitude of Intellect CAVD from an alti-
tude corresponding roughly to a mental age of ten up to
very high levels. Our work with composites at lower levels
has been aimed first at demonstrating that Intellect CAVD
can be measured at the altitude of low imbecility, and that
we can, subject to certain limitations, locate an absolute
zero point for intellect and so, by later studies which will
bridge the interval between imbecility and our level I, at-
tach approximate absolute values to all the levels. We have
not been able to give adequate attention to the construction
of CAVD composites to bridge this interval and our com-
posites between D and I are not so well made as the easier
and harder ones.

LeveL 14
Begin:
. boyhood 1 childhood...2 mischief...3 hardihood...4 cap...5 cherub
. churchman 1 janitor...2 member of a church...3 elector...4 disciple...5 steeplejack
. boyish 1 naughty...2 male...3 impudent...4 like a boy...5 informal
cocoa 1 chocolate...2 a drug...3 chrysalis...4 biscuit...5 trivial
. bottomless 1 artless...2 deeper...3 unreasonable...4 ultimate...5 without bottom
. assistant 1 orator...2 perseverant...3 progressive...4 at hand...5 helper
chauffeur 1 carter...2 stove...3 hot water...4 coachman...5 automobile driver
dine 1 sprawl...2 visit...3 make a noise...4 have dinner...5 bespeak
. blouse 1 whisk...2 storm...3 below...4 pouch...5 waist
. cafe 1 chaperon....2 theater...3 restaurant...4 flask...5 festivity
LevrL 2a
dandruff 1 ruffle...2 scamp...3 bald...4 dastard..5 disease of the scalp
abashed 1 ashamed...2 overpowered...3 overlooked...4 bruised...5 lowered
bethink 1 dream...2 molest...3 forget...4 ascertain..5 call to mind
comical 1 funny...2 coming...3 placid...4 typical...5 dlert
apology 1 excuse...2 verdict...3 tribulation...4 conclusion...5 disease
clung 1 held fast...2 part of a wheel...3 stung...4 part..5 nestled
amidst 1 among....2 drenched...3 middle...4 lost...5 partly
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18.

21.

24,
25.
26.
27

28,
29.
30.

31.
32,
33.
34,
35.
36.
37.
38.
39.
40.

41.
42,
43.
44,
43,
46,
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.

57.
58.
59.
60.

baste
causeless
aster

ballot

. rinse

barge

acquit
cambric
brawn
appreciation

alliance
deceiver
calculate

childlike
betwixt
crafty
outstrip
available
certify
annihilate
contentedly
carcass
console

amen

brawl
debase
adventurous
adequate
amiable

ally
benefactor
bethought
aperture

ascribe
default
apparition
appliance
churlish
sexton
buckler
animosity
conflagration
confidential

LEVELS OF INTELLECT 189

1 sew...2 list...3 calico...4 wallow...5 dump .18

1 eventual...2 without reason...3 ineffective...4 highway...5 faultless
1 flower...2 bitter...3 matin...4 star...5 guilder

song...2 vote...3 ammunition...4 dance...5 award

secald....2 wash....3 smear...4 wrench...5 grin

seaport...2 knock..3 tonnage...4 expansive...5 boat

do...2 free of blame..3 leave...4 aquatic...5 pipe

brittle....2 linen....3 moccasin...4 leather...5 crochet

strength...2 brood...3 brine...4 burnt...5 bolster

forbearance...2 accomplishment...3 speech...4 sympathetic
recognition.... 5 sermon
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marvel...2 administer...3 plaster...4 reckon...3 convene

LEvEL 44
innocent...2 saucy...3 foolish...4 piteous...5 affectionate
confused...2 braided...3 between...4 bewitched...5 pinched
meager...2 difficult...3 adjacent...4 sly...5 artistic
subside...2 outer edge...3 outskirt... 4 satiate...5 out-run
..... 3 economical...4 lamentable...5 useful

fully...2 heretofore...3 without a stop...4 cheerfully...5 massy
mold....2 body...3 cargo...4 rind...5 hold of a ship
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LevEL 5a
8o be it...2 hymn..3 proverb...4 farewell...5 communion
pouch...2 roast...3 hoot...4 quarrel...5 lie at length
degrade...2 base...3 chastise...4 blaspheme...5 unfounded
clamorous...2 casual...3 bold...4 travel..5 advancing
capricious...2 conscientious...3 enough...4 added..5 water supply
tractable...2 trusty...3 passionate..4 pleasing...5 odious

perhaps...2 credulous...3 forget...4 bewildered...5 considered
through....2 precipice...3 opening...4 raiment...5 opportunity

LEvVEL 64
attribute...2 pertain...3 clerk...4 write...5 upbraid
defeat...2 blame....3 failure...4 libel...5 displace
ghost....2 insurrection....3 apparent..4 farce...5 apparel
request....2 adjustment...3 conformity... 4 device...5 pliant
..... 2 rude ...3 reckless ...4 contemptible...5 envious
cube...2 janitor...3 compass..4 archbishop... 5 six singers
keel...2 servant...3 stag...4 shield...5 scraper
hatred...2 animation...3 disobedience...4 diversity...5 friendship
carnival.. 2 celebration..3 decoration with flags...4 contagion...5 fire
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LeveL 7a
scrivener 1 searcher..2 forger...3 chaplain...4 clerk...5 sceptic
beaker 1 cup...2 binnacle...3 beak..4 slanderer.. 5 bottle
emanate 1 populate...2 free...3 prominent...4 rival..5 come
landau 1 pier...2 coach...3 postern..4 gable...5 headdress
amaranthine 1 jubilant...2 bitter...3 maritime..4 ungracious...5 purple
athwart 1 alongside...2 above....3 alert... 4 across...5 thwarted
conscientious 1 guilty...2 cautious....3 efficient...4 good...5 knowing
ingenuous 1 ungenerous...2 unselfish...3 dull..4 frank..5 unthinking
betimes 1 hereby...2 sometimes...3 meantime..4 early..5 now and then
lambrequin 1 knapsack...2 drapery....3 raw wool...4 matting...5 chandelier

TABLE 29
PERMILLES CORRECT IN THE SINGLE TAsks oF WORD KNOWLEDGE

10—Composite Tasks 8, 9, 10 and 11

T.C. Grad. L. Grad. T.C. Grad. L. Grad.
n=100 n=240 n=100 n=240
8 10
1. monomania .. 550 392 1. shrievalty 250 283
2. saturnalian 520 375 2. sessile 210 179
3. pristine .. 510 421 3. teleological ... . 210 221
4. quaternion ... 540 346 4. PECCANCY ..mn 210 358
5. predatory ... 520 571 5. cacophony ... 240 413
6. persifiage ... 500 521 6. pediment ... 250 254~
7. encomium . 480 600 7. licentiate ... 190 154
8. abattoir . 480 613 8. ambulatory ... 220 317
9. meticulous ... 510 658 9. murrain 230 133
10. largess ... 500 429 10. cantilena .. 230 288
9 ) 11

1. radial ... 400 408 1. saltatory ... 190 121
2. sequestrate ....... 350 529 2. amerce ... 110 154
8. tactility ......... 360 204 3. distrain 130 458
4. apogee 320 363 4. besom 090 154
5. nugatory . 320 525 5. rhodolite . 090 138
6. sedulous .. 350 363 6. rune ..o 130 112
7. umbel ... 350 129 7. hermeneutic ... 100 021
8. asseveration ... 340 254 8. devolution ... 070 046
9. abjure ... . 340 342 9. palindromie ... 100 112
10. auricular ... 320 321 10. carmagnole .. 120 120
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TABLE 30.

PERMILLES CORRECT FOR EACH SINGLE WORD OF THE SEVEN 10-WORD COMPOSITE
TASES 1A, 24, 34, 44, 54, 6A, 7TA IN EAcH or VARIOUS

191

6b 6e 814 9k 10k 11k 12k

n=139 n=105 250 306 311 224 195

1 boyhood ... 777 990 904 917 927 933 933

2 churchman .. 820 971 928 933 960 964 970

3 boyish ... 777 942 932 891 940 946 964

4 cocoa ... 805 990 848 911 921 937 949

5 Dbottomless .. 683 933 935 968 982 982 979

7 assistant ... 640 895 952 952 960 982 985

9 chauffeur 604 942 976 968 976 991 979

10 626 933 952 952 972 996 990
13 604 914 956 968 966 996 990
15 546 933 932 981 976 991 990
11 dandruff 590 790 896 965 969 991 990
16 abashed ... 661 628 752 757 828 812 872
17 bethink 460 752 892 863 886 875 923
22 comical ... 554 809 952 964 985 996 995
23 apology 446 834 964 912 921 937 954
24 clung 496 866 928 967 966 991 970
31 amidst ... 446 781 856 843 892 914 923
32 baste ... 446 743 640 824 857 914 9138
34 causeless 410 790 820 819 914 954 970
39 aster ... 417 657 532 889 950 946 659
33 ballot .. 424 514 756 771 824 825 816
35 rinse 388 581 676 637 683 749 852
42 barge .. 395 638 836 752 737 888 831
45 acquit .. 453 457 724 523 647 852 841
47 cambric .. 460 343 504 706 747 861 887
58 brawn ... 316 486 736 569 700 834 846
69 appreciation 374 571 708 676 786 847 821
61 alliance 244 447 728 667 728 830 826
64 deceiver .. 252 609 732 7175 721 812 826
86 calculate .. 093 371 720 598 728 843 836
36 childlike .. 496 324 356 500 528 602 718
46 Dbetwixt 230 343 464 572 631 772 785
52 crafty .. 273 457 752 542 583 669 657
60 outstrip 244 324 660 539 670 727 713
67 available .. 173 257 504 494 715 852 852
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TABLE 30—Continued.

6b 6c 814 9k 10k 11k 12k
n=139 n=105 520 306 311 224 195

108 447 532 543 570 683 677
201 171 * 507 667 825 841
302 486 588 549 686 754 785

68 certify
78 annihilate ...
80 contentedly .

94 carcass ... 144 352 580 549 615 731 881
113 console ... 065 228 556 509 663 785 821
50 237 466 564 425 480 629 559
54 266 305 568 350 441 598 636
79 debase ... 273 267 432 294 438 665 682
84 adventurous ... 122 257 432 399 486 500 584
89 adequate ... 187 114 336 363 425 598 657
93 amiable ... 209 £38 448 363 460 624 667
100 ally . 201 219 416 366 441 611 672

103 Dbenefactor ...
108 bethought
109 aperture ...

173 314 384 355 409 558 652
137 152 520 359 502 549 616
093 133 416 342 460 566 616

345 324 256 275 316 317 416
108 219 256 271 316 352 390
85 apparition 151 124 360 164 219 415 605
88 appliance 165 162 224 157 267 406 498
101 churlish ... 230 162 292 229 283 312 359

63 ascribe ...
69 default ..

107 sexton ..
112 buckler ...

216 162 300 228 332 379 462
165 228 220 211 267 526 374
125 animosity ... 065 124 364 176 264 388 482
137 conflagration - 022 048 260 160 293 459 451
138 confidential ... 124 057 216 121 216 357 457

C 53 scrivener .
C 73 beaker .

058 146 158 185
106 158 231 431
Cc76 067 091 098 154
CT79 . 080 101 133 190
C 83 amaranthine ... 102 126 150 159

C 88 athwart
C 89 conscientious

067 101 197 113
061 126 115 195
C90 ingenuous ... 128 154 171 195
C93 betimes 054 032 051 082
C95 lambrequin ... 096 066 098 149

* Omitted because of misprint in test.
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THE CONSTRUCTION OF 10-COMPOSITE TASKS IN SENTENCE COM-
PLETION, ARITHMETICAL PROBLEMS, AND THE UNDER-
STANDING OF SENTENCES AND PARAGRAPHS

The 10-composites for C, A, and D were constructed by
the process of trying many single tasks with various groups
and selecting tasks of similar difficulty, which has been de-
seribed and illustrated <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>