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the laws of repulsion; every step fonvard is made by 

refutation of prevalent errors and false theories. 
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1 

ONCE RE1IARKED that psychology has a long past but a 
short history. He might have made the same comment with even greater 
cogency about one of psychology's problems-the nature of intelligence. 
Its past stretches back to the ancient Greeks who speculated about the 
soul. Its history, as an area of scientific investigation, began Jess than 
three quarters of a century ago, a decade or more after \Vundt founded 
his famous laboratory at Leipzig in 18ï9 and inaugurated the modern 
era in psychology. The phrase "mental test" was first used in an Ameri
can journal in 1890. The first crude intelligence test of the current type, 
that of Binet, appeared only in 1905. The word "intelligence" is itself a 
relatively recent term in psychological literature, rarely encountered be
fore the opening of the present century. As \Vechsler notes (1958, p. 3), 
it did not rate a separate entry in Baldwin's encyclopedic Dictionary of 

1 Ebbinghaus ( 18 50-1909) was a German psychologist fa mous for his monu
mental investigation of memory, published in 1885. 
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Philosophy and Psychology, published in igoi, but was given merelv as

an alternate to. or s\non\m of, intellect. \\Viters of textbooks seldom

treated the topic, as Spearman complained.

Right up to the present day a large number—perhaps even the ma-

jority—of the best accredited textbooks on ps\chology do not so much
as mention the word "intelligence" from cover to cover."

Considering the reeencv of the idea, interest in intelligence and in

intelligence testing has grown at a phenomenal rate. On the basis of

such tests, one and three quarters million soldiers were classified and

assigned in W^orld War I and another four million in World War II.

Hardlv a child has emerged from our school svstems in the last twentv-

five years without having his intelligence "measured," and oftentimes

important educational and vocational decisions have hinged on the

outcome. Business and industr}- have shaped their personnel policies to

results of tests. The ver\' phrase "intelligence quotient" and its symbol

"IQ" have become household terms. In perhaps no other area has psy-

chology' had so much impact upon society at large, nor aroused such in-

tense curiosity.

You, the reader, have probablv had questions about it: "How intel-

ligent am I, compared with mv family, my friends, and my fellows?"

"Am I intelligent enough to succeed in my vocation?" "Can I increase

mv intelligence?" You may have speculated as well about problems of

broader social import: "Is intelligence inherited and unchangeable, or

can it be modified bv the environment?" "Are men more intelligent

than women—or vice versa?" "Are some races inferior to others in intel-

ligence?" "Does intelligence continue growing or does it decline in

maturity?"

These are questions of the greatest importance, but the answers all

depend upon a more fundamental issue: "W^hat are we to mean by intel-

ligence?" Psychologists have carried on a tremendous amount of re-

search to answer such questions, but they can give no settled reply to

any of them, because they have never been able to agree upon the basic

meaning of the word. Writing in 1958, David Wechsler put the matter

thus:

Some psychologists ha\'e come to doubt whether these laborious

analyses have contributed anything fundamental to our understanding

of intelligence while others have come to the equally disturbing con-

elusion that the term intelligence, as now employed, is so ambiguous

that it ought to be discarded altogether. Psychology now seems to find

itself in the paradoxical position of devising and advocating tests for

- From C. Spearman, The Nature of "Intelligence" and the Principles of Cogni-

tion, 1923, p. 2, and used by permission of St. Martin's Press and The Macmillan

Company, New York.
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measuring intelligence and then disclaiming responsibility for them by

asserting that "nobody knows what the word reallv means." ^

Perhaps in consequence of the brief time span involved, it is harder

to perceive the historical ebb and flow of alternative interpretations in

the domain of intelligence than, for example, in that of brain localiza-

tion (see Chap. 2). Rather, there has been a more or less continuous

Donnybrook of rival views in which any number of theorists could and

did join in. Meanwhile, more pragmatic psvchologists have gone pur-

posefullv ahead testing millions without too much concern for the fray

that raged around them, or for the charge that thev were not realh' meas-

uring intelligence at all.

How did these things come about? This chapter is devoted to an ac-

count of developments both in theory and in practice for the last seventy

years. Since a mental test necessarily reflects the theoretical position (or

lack of one) of its author, the nature and measurement of intelligence

will be considered together. But first let us consider some of the ante-

cedent developments which paved the wav for intelligence testing.

Nineteenth-century Influences Which Shaped the Modern
Approaches to Intelligence and Its Measurement

It is always hard to point to the source of an idea, for even the

freshest of innovators is influenced by those who went before. The be-

ginnings of our topic arc lost in the mists of history, but the writings of

Plato (429-348 B.C.) and Aristotle (384-322 b.c.) which have sun'ived

make it clear that elaborate theories of human nature were already

worked out four centuries before Christ. Typical of the times was Aris-

totle, who postulated the existence of multiple souls to explain the be-

havior of men and animals which he observed, and to account for his

own thoughts and dreams. The lowest soul presided over purely vegeta-

tive functions shared bv all living things. Members of the animal king-

dom possessed additionally a motive soul, responsible for movements of

the bodv. Men alone possessed the highest soul, nous, or "intellect,"

which controlled reason.

The Greek theories did not survive long in their original form, but

thev profoundh' influenced Christian thought. P'or example, nous, de-

rived from the Greeks, became the theologians' soul and can be traced in

one form or another down through the Medieval churchmen, through

Descartes, to widely held religious beliefs of our own times. However,

nous or intellect, thus viewed, was a common property of men which

distinguished them from animals.

^ From D. Wechsler, The Measurement and Appraisal of Adult Intelligence,

1958, p. 4, and used by permission of the author and Williams and \\^ilkins, Balti-

more.
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For more than two thousand years the focus was upon typifying

man as a species rather than upon differentiating among particular men.

Societies in which one's status and occupation were fixed bv the level of

one's birth had little use for the study of individual differences, and it

did not occur to most men to concern themselves with the problem. The
few who did sometimes came to regret it. For example, Beaumarchais'

witty plays, "The Barber of Seville" and "The Marriage of I^garo" were

branded subversixe b\- Louis XX^I's ministers because they implied that

a low-born barber might be brighter than his noble master.

At the close of the eighteenth century, time ran out for the old or-

der. The intellectual ferment which found expression in the American

and French revolutions encouraged new interests and new ideas, some
of them crucial for our topic.

Developments in France

In France, Franklin's experiments in electricity and magnetism fos-

tered an interest in science which Mesmer exploited in his "animal mag-

netism" seances (see Chap. 12). Mesmer himself was later discredited,

but his work focused attention on the phenomena of hypnosis, suggesti-

bility, and abnormal psychology generalh'. Through the subsequent dec-

ades of the nineteenth century, European thinking on these topics was

dominated by a succession of great French figures—Scguin, Bernheim,

Licbault, Charcot, and Janet. Kraepelin, the German psychiatric taxono-

mist, and Sigmund Freud, the Austrian founder of psychoanalysis, both

studied extensively in France and were influenced by French points of

view.

Interest in the science of education, especially education of the de-

fective, was stimulated by Itard, whose attempt during the first decade of

the nineteenth century to train the famous Wild Boy of Aveyron (cf.

Humphrey and Humphrev, 1932) was followed with great interest for

its bearing upon Rousseau's doctrine that natural man is innately good

until corrupted by society. Most significant for later developments was

the publication in 1838 of a two-volume work, Des Maladies mentales,

by Esquirol (1772-1840). He was the first to differentiate between the

insane (i.e., dements) who had lost the wits they once possessed, and

the feeble-minded (i.e., aments), who had never had many. In an age

dominated by the anatomical preoccupations of the phrenologists (cf.

Chap. 2), Esquirol proposed a functional, psychological criterion for

classifying the feeble-minded into grades depending upon their use of

language. This line of de\elopment culminated in Alfred Binet (1857-

1911), the inventor of the first successful intelligence tests, of whom we
shall have much to say later.

In sum, the French kept interest alive in psychopathology and men-
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tal deficiencv, but they were primarily clinicians rather than experimen-

talists. It is doubtful whether the French tradition alone would have led

to the quantitative approach and the emphasis upon controlled, stand-

ard procedures which characterize modern intelligence tests. De\cl-

opments along these latter lines represent the influence of a different

tradition in nineteenth-century psychology, that of the German experi-

mentalists.

Developments in Germany

Curiously, the first experiments upon individual differences in a

psychological function were made by an astronomer, Friedrich Wilhelm

Bessel (1784-1846) . Bessel had read of the dismissal in 1796 of an assist-

ant at the Greenwich observatory near London for being nearly a second

slower than his superior in observing the transits of stars used to check

the accuracv of clocks.* Beginning around 1820, Bessel experimented

upon himself and other astronomers, and found considerable variation

among individuals in speed of response. The investigation of "reaction

time" was carried forward and elaborated by German physiological ps}'-

chologists during the next fifty years, and became a major concern of

Wundt's laboratory at Leipzig. It w^as learned that reaction time is influ-

enced by many factors, e.g., by the sensory modalitv concerned, by the

intensity of the stimulus, and bv whether the instructions set the subject

to concentrate upon the stimulus or upon his own response. Wundt
even went so far as to attempt to measure the time intervals required by

the mind to perceive, to discriminate, and to associate, by noting differ-

ences in reaction time for tasks presumably involving different combina-

tions of these complex activities.

Wundt's mental chronometry has long been discredited. Yet he and

other German workers laid one cornerstone of the mental-test move-

ment and of modern psychology in general by transferring the investiga-

tion of the mind from the realm of speculative philosophy to that of em-

pirical science, and quantitative science at that! Further, their discovery

that small-appearing differences in experimental conditions could lead to

large differences in results sensitized the intelligence testers of a later day

to the necessity of providing for their instruments the most complete

specification of test materials, instructions, and scoring standards.

* The determination of longitude requires precise knowledge of the time. Hence,

ships' chronometers were checked by the obser\'atory, and the importance of their

accuracy to a seafaring nation could hardly be overestimated. Exact observatory time

was measured by noting to the nearest tenth second the time at which a star whose

movements were known crossed the hairline in a telescope eyepiece. The human

nervous system, before Bessel's work, was assumed to react instantaneously. Hence

tardiness in reporting a star transit could only be a matter of careless inattention.
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Nevertheless, tlie German tradition was fundamentally uninter-

ested in, if not unsympathetic to the study of individual differences. In

the astronomical context in which Bessel initiated reaction-time research,

differences between subjects or within a single subject on different oc-

casions were errors which reduced the precision with which physical

events could be observed. German psychologists took the same view.

Tliey sought to learn the fundamental laws that govern the mind. Dif-

ferences among particular minds were hindrances in studving the tvpical

bcha\ior of man as a species. Much of the ingenuitv expended in pro-

viding strict control of all the situational variables in an experiment had
as its goal eliminating, or at least minimizing, differences among sub-

jects. One fundamental requisite for the modern developments in studv-

ing intelligence was still lacking

—

a positive interest in individual differ-

ences for their own sake. The British evolutionists supplied it.

Developments in England

Charles Darvvin (1809-82) is known to all students as the father of

the doctrine of e\olution. The fundamental ideas were not all original

with him, and time has altered our conceptions of some of the mecha-

nisms invohed. Nevertheless, the massi\e and painstaking documenta-

tion which he provided crushed rational, if not theological, opposition

to the central idea.

Basic to the operation of evolution b\- natural selection—the "sur-

vival of the fittest"—was the occurrence of variations from which nature

might select. The measurement of such variations among the individual

members of a species became an absorbing pursuit of the evolutionists.

The study of man was not neglected. Investigations of psychological

variability under the impetus of evolutionarv theorv were concerned not

only with pathological extremes—the feeble-minded, the psvchotic, etc.,

which had most interested the French—but with the entire range from

subnormal to supernormal.

Tlie quantitati\'e description of such \ariations received much at-

tention from Dar\\in's cousin, the brilliant and versatile Francis Galton

(1822-1911), best known as the founder of eugenics (see Chap. 4). Be-

tween 1884 and 1890, Galton maintained a laboratorv at the South

Kensington IMuseum where, for a three-pennv fee, interested visitors

could have themselves measured on a wide variety of anthropometric

and simple psychological tests. Height, weight, arm span, breath volume,

strength, color vision, hearing acuity, reaction time, etc. were recorded

for nearly 10,000 persons. To summarize his data, Galton had recourse to

the statistical methods of Ouetelet, a Belgian statistician who had first

applied to human beings the laws of probability derived earlier in con-

nection with games of chance. The following quotations reflect both
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Galton's enthusiasm for the study of variabihty and the charm which

pervades his writing:

It is difficult to understand why statisticians commonly limit their

inquiries to averages, and do not revel in more comprehensive views.

Their souls seem as dull to the charm of variety as that of the native

of one of our flat English counties, whose retrospect of Switzerland was

that, if its mountains could be thrown into its lakes, two nuisances

would be got rid of at once [1 889, p. 62]

.

Or again, on his discover}' of lawfulness in frequency distributions:

I know of scarcely anything so apt to impress the imagination as the

wonderful form of cosmic order expressed by the "Law of Frequency

of Error." The law would have been personified by the Greeks and

deified, if they had known of it. It reigns with serenity and in complete

self-effacement amidst the wildest confusion. The huger the mob and

the greater the apparent anarchy, the more perfect is its sway. It is the

supreme law of Unreason. Whenever a large sample of chaotic ele-

ments are taken in hand and marshalled in the order of their magni-

tude, an unsuspected and most beautiful form of regularity proves to

have been latent all along [p. 66]

.

This discovery led Galton to the realization that a man's position on

a variable can be specified wholly relativistically, i.e., by his position in a

statistical frequency distribution of other men. Apparently, Galton was

unaware of the tremendous importance of this conception. Since all his

tests could be scored in physical units—inches, cubic centimeters, foot-

pounds, seconds, etc.—he did not need to develop purely statistical

scales such as percentile ranks or standard scores. Yet in measuring func-

tions which lack a physical scale, for example intelligence, there is no

alternative to statistical scaling. Modern mental tests from the Army
Alpha of 1917 to the Wechsler Adult Intelligence Scale (WAIS) of

1956 characterize a person essentially according to his position relative to

other men measured on the same test, the actual scale units being usu-

ally derived from certain features of the frequency distribution of crude

scores.

There is, to be sure, another important class of intelligence tests,

especially those designed for children, which evaluate an individual child

not by describing his position in a distribution of his peers, but rather by

determining the age at which the performance of the average child just

equals the performance of the child in question. This procedure, ex-

ploited by Binet, may also owe something to evolutionary theory. On
the anatomical evidence Darwin was led to the formulation beloved of

charade-players
—

"ontogeny recapitulates phylogeny." This is simply to

say that the evolutionar)' history of a species is reflected in the sequence

of development of the individual members of that species; thus the
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gills which characterize a certain embryonic stage among air-breathing

mammals are evidence for their evolution from fishlike marine ancestors.

From studying embr^ological structure, it was a short step to seek for

sequential stages in the behavior of infants and children, e.g., in loco-

motor patterns, which could throw light on the nature of our most an-

cient forebears. Darwin kept a dian,- of such observations of his own son.

By Binet's time the basic idea was well established that children vary in

the age at which they acquire a particular bit of behavior, but that the

order of acquisition of the successive stages of development is quite in-

\-ariant, a fact upon which the concept of mental level is based. Thus the

two fundamental patterns of statistical scaling found in modern intel-

ligence tests, the deviation scale and the age scale, involve ideas formu-

lated bv the British evolutionists.

Mental Testing in the United States: the First Phase

(1890-1905)

For the convergence of German experimental methodology

and British interest in individual differences, our account must now turn

to the United States. The starting point is
J.
McKeen Cattell (1860-

1944), who in 1890 published an article entitled "Mental Tests and

Measurements," apparenth- the first use of the term.

Contributions of J.
McKeen Cattell

Cattell was an American who studied in Germany as a young man,

learning there the techniques of the experimentalists and absorbing

their concern for precision and control. He took his degree with \\^undt

in 1886, but his lifelong interest in individual differences allied him
much more with Galton. During the twenty-six years that he headed the

laboratory- at Columbia Universitv, he influenced a generation of stu-

dents in the direction of differential ps\cholog}-, though the potentiali-

ties for applying it to practical affairs probably made it congenial to the

American temper an\how.

Cattell's 1890 paper described the detailed procedure for a series of

ten separate tests, as follows:

I. Dynamometric pressure

II. Rate of movement
III. Sensation-areas (two-point dermal discrimination)

IV. Pressure causing pain (threshold determination)

V. Least noticeable difference in weight

VI. Reaction time for sound

VII. Time for naming colors

VIII. Bisection of a 50-cm. line
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IX. Estimation of a lo-second interval

X. Number of letters remembered on once hearing

These tests, for some of which Cattell noted his debt to Galton,

were "made on all who presented themselves." For psychology students,

there was a longer list of fifty, mostly measures of sensory discrimination

and grouped according to the sense modality involved.^

Cattell stated a rather ambitious purpose for his tests:

Psychology cannot attain the certainty and exactness of the physical

sciences unless it rests on a foundation of experiment and measure-

ment. A step in this direction could be made by applying a series of

mental tests and measurements to a large number of individuals. The
results would be of considerable scientific value in discovering the con-

stancy of mental processes, their interdependence, and their variation

under different circumstances. Individuals, besides, would find their

tests interesting, and, perhaps, useful in regard to training, mode of

life or indication of disease [1890, p. 373].

Cattell then urged uniformity of procedure by different workers to

enhance the comparability, and hence the scientific value, of their find-

ings. The paper was followed with a brief commentary by Francis Gal-

ton, who sounded a modern note in emphasizing the importance of in-

dependent test validation:

One of the most important objects of measurement is hardly at all

alluded to here and should be emphasized. It is to obtain a general

knowledge of the capacities of a man by sinking shafts, as it were, at a

few critical points. In order to ascertain the best points for the pur-

pose, the sets of measures should be compared with an independent

estimate of the man's powers. We may thus learn which of the meas-

ures are the most instructive [p. 380].

In neither Cattell nor Galton was there any clear tendency to con-

ceptualize intelligence as an entitv, though Galton did refer to securing

a "general knowledge" of capacities by a sort of sampling procedure.

The tests they described were simple, discrete, and specific, and presum-

ably the "powers" they measured were likewise.

American Enthusiasm for Tests, i8go-igoo

The publication of Cattell's proposals was followed by a great deal

of interest in mental testing. Many of the eminent American psycholo-

^ In emphasizing discrimination, Cattell was in accord with Galton, who had

justified such tests by appeal to Locke's theory: "The only information that reaches

us concerning outward events appears to pass through the avenue of our senses; and

the more percepti\'e the senses are of difference, the larger is the field upon which

our judgment and intelligence can act" (1883, p. 27)

.
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gists of the da\- made up tests of their own and used them to collect data.

Jastrovv introduced tests similar to Cattell's at the Columbian Exposi-

tion in Chicago in 1893. Franz Boas, at Clark, used tests on school chil-

dren in i8gi, as did Miinsterbcrg at Harvard in 1891 and Gilbert at Yale

in 1893. So great was the enthusiasm that a special committee was set up

bv the American Psychological Association in 1895 "to consider the fea-

sibility of cooperation among the various psychological laboratories in

the collection of mental and physical statistics." Another committee was

formed in 1896 by the American Association for the Advancement of

Science to organize an ethnographic sur\'ey of the white race in the

United States, which would include a program of ps\chological testing.

Yet the academic interest in testing which seemed so flourishing in

1895 was moribund by 1905. G. M. Whipple's monumental Manual of

Mental and Physical Tests, which appeared first in 1910, preserved the

remains but did not resuscitate them. What had happened?

Reaction: the Studies of Wissler mid Sharp

After so great an outburst of enthusiasm, a reaction was perhaps in-

evitable, especially since mental tests lay far afield from the concerns of

such influential men as William James, the Harvard psychologist-

philosopher, or E. B. Titchener, the Cornell introspectionist whose

"mental measurements" concerned sensation. However, the heaviest

blows were dealt by two research studies, one h\ Clark W^issler, the other

by Stella Sharp.

W^issler's paper (1901) was based on some of Cattell's data. Utiliz-

ing the then new Pearson correlation method, Wissler reported in quan-

titati\'e terms upon the consistenc\' of the ps^'chological tests with one

another, with anthropometric measures (e.g., height, weight) and with

college grades.

The results were disappointing. Ph\sical measures showed a gen-

eral tendency to correlate \\ith one another, and the correlations among

grades earned in different courses were also positive, ranging from .11 to

.75. However, correlations between physical tests and college grades were

low, and neither category showed much relation to Cattell's psychologi-

cal tests. Most dismaying, the latter group failed even to correlate with

each other, r's between different pairs ranging from —.28 to +.39
—

"lit-

tle more than a mere chance relation." In the absence of correlations

among them, Wissler could only conclude that each psychological test

measured an independent ability. It followed that such tests had very

limited \aluc for predicting the useful capacities of the individual.

Sharp's study (1899) had a somewhat different orientation. It will

be recalled that Cattell's tests were mostly of simple sensor^' functions

which could be scored in precise physical units, e.g., seconds, centime-
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ters, etc. Nevertheless, they \^•e^e expected, on the basis of Locke's rea-

soning, to provide a sound basis for predicting the higher mental powers

of individuals. There were other mental testers of the period, notablv

Miinsterberg in this countn' and Oehrn, Kraepelin, Ebbinghaus, and

Binet in Europe, who favored and actualh- invented tests to measure

directly complex mental functions, such as judgment, reasoning, mem-
ory, imagination, and the like. Generally speaking, these psvchologists

were the heirs not of British Associationism but of the facultv psychol-

ogy of the Continent, and in most cases the\- were interested in applied

psycholog\- and psxchiatry.

Stella Sharp, a student in Titchener's laborator}- at Cornell, set out

to evaluate the claims made for tests of complex functions, particularly a

set which had been described by Binet and Henri in 1896. Following

Binet and Henri, Sharp included several tests for each complex func-

tion. For example, there were five tests of memon-: for letter series, for

digits, for word series, for sounds (several questions asking the subject

about his memory- for melodv) and for sentences—such as, "The Chi-

nese regard us as strictly just and truthful, and it is onlv when we dis-

abuse them of that impression that the\- show us any disrespect." Other

functions tested included imager}', imagination (based on responses to

ink-blots), attention, etc.

Not only was each function assessed by several tests, but the tests

were repeated several times,

in order that it may be obser\-ed whether the variations in the different

individuals maintain a constant relation to one another at various

times, and consequently, under varying subjective conditions. . . .

This necessitated of course a very large extension of the time beyond

the limit allowed by the French investigators. . . . Since the experi-

ments were of this detailed character, the number of subjects was nec-

essarily restricted. . . . The subjects consisted of seven advanced

students . . . , three men and four women, all of whom had had

training in introspection. . . . [Sharp, 1899, p. 349].

Sharp's conclusions were carefully framed and fair, but created a

negative impression.

The results, we believe, have shown that while a large proportion of

the tests require intrinsic modification or a more rigid control of condi-

tions, others ha\e really given such information as the Individual Psy-

chologist seeks. ... In general, howe\er, a lack of correspondences in

the individual differences observed in the various tests was quite as no-

ticeable as their presence. . . . Whether the fact indicates a relative

independence of the particular mental activities under investigation,

or is due simply to superficialit}- of testing, can hardly be decided.

While, howe\er, we do not reject the latter possibility, we incline to
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the belief that the former hypothesis is in a large proportion of cases

the more correct.

But little result for morphological [i.e., introspective] psychology

can be obtained from studies of the nature of the above investigation.

So many part-processes are involved in complex activities, and the

manner of their variation is so indefinite, that it is seldom possible to

tell u'ith certaint)- what part of the total result is due to any particular

component. It is doubtful if c\cn the most rigorous and cxhausti\e

analysis of test results would yield information of importance as re-

gards the structure of the mind. At all events, there is not the slightest

reason to desert the current laboratory methods [i.e., Titchcnerian

introspection] for the "method of tests" [p. 389].

Sharp's recommendations for repetition on several occasions and for

carefully controlled procedure reflected the scientific scrupulousness of

experimental psychologists, but if taken seriouslv could only have ren-

dered tests unfeasible for use outside the laboratory-. Worse, the disap-

pointing lack of self-consistency which the tests revealed made their em-

pirical utility doubtful anvwav. Most damaging from the point of view

of the structural psychology of the day, the "method of tests" contrib-

uted little to the introspective analysis of the mind. Experimentalists

might safely go back to measuring their "pure" sensations and percep-

tions, and philosophers return to their speculations.

On the original issue, to be sure. Sharp supported Binet, but this

aspect of her w'ork was lost sight of.

In fine, we concur with MM. Binet and Henri in believing that

individual psychical differences should be sought for in the complex

rather than in the elementary processes of mind, and that the test

method is the most workable one that has yet been proposed for in-

vestigating these processes. The theory of the German psychologists,

who hold that the simplest mental processes are those to which the

investigator should look for a clue to all psychical differences existing

among individuals, we belie\e would be productive of small, or at any

rate, of comparatively unimportant results [p. 390.]

In retrospect, it is surprising that the Wissler and Sharp studies

should have counted so heavily against the "method of tests." Wissler's

tests were of the simple sensor}^ variety which have never differentiated

effectively among people except, perhaps, between normals and feeble-

minded. Moreover, the criterion of college grades is itself so unreliable

a measure of ability (as every mediocre student knows) that high cor-

relations were scarcely to be expected. Most important of all, the sub-

jects in both studies were advanced uni\crsity students, highly selected

and probably quite homogeneous in abilitv—and Sharp had only seven

of them altogether. Nevertheless, the conclusions were taken as a con-

demnation of mental measurement. When modern intelligence tests
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were introduced a few years later, it was under non-academic auspices.

University departments were often uninterested where they were not

hostile.

Alfred Binet and the Binet Scales

Alfred Binet (1857-1911) was a brilliant and original worker

whose place in the histor}- of psychology would be secure even if he

had never originated the famous tests which bear his name.^ Originally

trained in medicine, he was the leading French psychologist of his day,

founding with Beaunis (1830^1921) at the Sorbonne the first French

psychological laboratory (1889) and the first French psychological jour-

nal, L'Annee psychologique (1895).

Author of many books and articles, he was above all a tireless inves-

tigator. Few topics escaped his attention—literally from the psychic life

of micro-organisms (1887) and insects (1894) to that of great calcula-

tors and chess players (1894); from head measurements (1901) and

anthropometrics (1910) to perceptions of ink-blots (1896) and hand-

writing (1906). There is scarcely an area or type of approach in modern

psychometrics of which it cannot be said "Binet was first," yet his wide-

ranging investigations were the antithesis of superficial. His insight and

inventiveness, combined with the most scrupulous care in observing and

recording, make his studies still models of their kind. As Peterson re-

marked,

Through all this search, Binet has shown a master's hand in discover-

ing realities in human nature and in letting facts lead, rather than

being determined by prejudice and theories.
'^

Nevertheless, Binet grew up in the French tradition of psychology.

His own work reflected that tradition, not only narrowly, in his interest

in psychopathology (which gradually faded out in favor of experimental

psychology and pedagogy), but broadly, in clinical concern with the

whole individual rather than with abstracted psychological dimensions.

As a result, his studies had always a somewhat more pragmatic flavor

than those of his British or German contemporaries.

Binet's "Individual Psychology"

Characteristically, Binet labeled his approach "individual psychol-

ogy," and argued that the most important differences among individuals

^ The evolution of Binet's philosophical and psychological views is thoroughly

described in the monograph of Varon (1935) .

' From
J.

Peterson, Early Conceptions and Tests of Intelligence, 1925, p. 149.

Published by World Book Company, Yonkers, New York.
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are to be found precisely in those higher mental acti\ities, reasoning,

judgment, and the like, which had seldom been studied, either because

thev could not be measured along physical dimensions or because they

inseparably merged the supposedly elementar^' units of mental actiyity in

which most psychologists were interested. The correctness of his view

was confirmed by Stella Sharp, as we ha\e seen. Howeyer, his major in-

vestigation of 1896 (with Henri) which Sharp repeated, reveals in Binet

another facet of the French tradition, namely, its acceptance of the cate-

gories of the faculty psychologists as a basic point of departure for psy-

chological analysis. To cover the field of indi\'idual ps}cholog\', Binet

and Henri proposed se\eral tests to measure each of eleven mental fac-

ulties, including mcmor\', imager^, imagination, attention, comprehen-

sion, suggestibility, aesthetic appreciation, force of will (persistence),

moral sentiments, motor skill, and judgment of visual space. Yet less

than ten years later, Binet was able to abandon the faculty view alto-

gether in his famous 1905 scale for measuring intellectual level.

During the decade between the two publications, Binet conducted

a long series of investigations with children, both normal and defective,

trying out empirically a great variety of tests for suggestibility, attention,

senson' discrimination, memory, etc., to discover which ones showed the

clearest relationship to age, to school attainment, and to teachers' esti-

mates of mental ability. This work was notably careful and thorough,

and gradually led Binet from a concern with tests which should measure

one or another of the con\entional faculties, to those which in fact did

measure differences in intellectual level.

This work came to fruition when in 1904 the Minister of Public

Instruction appointed a commission to study the measures to be taken

to assure the benefits of education to defective children. As Binet tells

us, the Commission decided to provide special schools for the purpose,

and further

decided that no child suspected of retardation be eliminated from

regular schools and admitted to a special school without having under-

gone a pedagogical and medical examination attesting that his intel-

lectual state renders him unable to profit in the ordinary measure

from the instruction gi\cn in regular schools.

But how to conduct the examination of each child? \\'hat methods

to follow? What obserxations to make? What questions to ask? W^hat

tests to invent? How compare the child to the normal? The Commis-

sion did not believe it ought to say; its work was administrative regula-

tion, not science.

It seemed to us that it would be extremely useful to give a guide to

future examination commissions: It is necessary that these commis-

sions be properly oriented from the beginning. It is necessary to guard

against the judges who will compose them getting into the habit of
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leaving decisions to luck, based on subjective and hence uncontrollable

impressions, which will be sometimes good, sometimes bad, and will

give too large a part to the arbitrary, the capricious. This would in-

deed be unfortunate, and the interests of the children demand greater

circumspection. It will never be to one's credit to have attended a spe-

cial school. We should at the least spare from this mark those who do

not desen'e it. Mistakes are excusable, especially at the beginning. But
if they become too gross they could injure the good name of these new
institutions [i.e., special schools]. And finally, as a principle, we are

convinced, and will not cease repeating, that one must introduce into

the practical procedures [of testing] the precision and the exactitude

of science every time one can, and one can almost alwavs [Binet and
Simon, 1905a, pp. 163-64].

Note in the above paragraph both the concern with scientific rigor and

the warmth and human sympathy which were typical of the man.

The Binet Scales

The 1905 SCALE. The famous 1905 scale which Binet and Si-

mon, his collaborator, produced to aid the Commission in its work is re-

garded as the first successful test of general intelligence, the direct an-

cestor of the Stanford-Binet and most other modern intelligence scales.

Yet it was a pragmatic tool intended to meet a specific, if limited, social

objective—to screen from the school population those children unable

to profit bv regular instruction. Preconceptions and theories about the

nature or indeed the existence of general intelligence entered in hardh-

at all. As Binet wrote.

Our goal, when a child is placed in our presence, is to make a meas-

urement of his intellectual capacities, in order to learn whether he is

normal or is retarded. To this end we must study his present state,

and that state only. We need concern ourselves neither with his past

nor with his future; in consequence, we will neglect the etiology, and

specifically we will not make a distinction between acquired and con-

genital feeblemindedness; even more emphatically, we will set aside

all considerations of pathological anatomy which might explain his in-

tellectual deficit. So much for the past. Concerning the future, the

same abstention; we seek not at all to establish or prepare a prognosis,

and we leave unanswered the question of knowing whether his retarda-

tion is curable or not, ameliorable or not [Binet and Simon, 1905a,

p. 191].

Our goal is not at all to study, to analyze and to disclose the apti-

tudes of those who are inferior in intelligence. That will be the object

of future work. Here we confine ourseh'cs to evaluating, to measuring

their intelligence in general; we shall establish their intellectual level;

and to give an idea of this level, we shall compare it to normal chil-

dren of the same age or of an analogous level . . . [p. 193].
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The fundamental idea of this method is the cstabhshment of what

we shall call a metrical scale of intelligence; this scale is composed of

a series of tests, of increasing difficulty, starting at one end from the

lowest intellectual level that can be observed, and emerging at the

other end at the level of average, normal intelligence, with each test

corresponding to a different mental level [p. 194].

The thirty tests constituting the 1905 scale covered not only a ver)'

wide range of difficulty, but also a great diversity of content drawn from

Binet's earlier work on many different topics. Included were visual co-

ordination—following a lighted candle with the head and eyes (Test

1), executing simple orders and imitating gestures (Test 6), naming ob-

jects in a picture (Test 9), digit-span (Test 19), suggestibility—compar-

ing two lines of equal length or tning to find in a picture nonexistent

objects, the patapoum and the nitchevo (Test 13), defining words rang-

ing from familiar objects (Test 14) to abstract terms (Test 30), sensory

discrimination of lines (Tests 10 and 21) and of weights (Tests 12, 22,

and 23), comprehension—WTiat is the thing to do when you are sleepy?

(Test 27), and many others whose value is attested bv their inclusion in

scales of the present day.

The standardization was grosslv inadequate—about ten children at

each of five age levels, 3, 5, 7, 9, and 11, selected bv their teachers as pos-

sessing average ability, plus an unstated number of feeble-minded chil-

dren. The scoring procedure, empirical but necessarily tentative, permit-

ted only a rough classification of subjects according to the highest level

reached; idiots could not go beyond Test 6, nor imbeciles be\ond Test

1 5. The boundaries for morons were less definite, though they were un-

able to answer abstract questions passed by most normal eleven-year-

olds.

The age of the subjects clearly had a bearing upon their success.

Binet had as vet no good method of making allowance for age differ-

ences, but in the following passage he was clearlv groping toward the

concept of mental age:

It is possible . . . [that we will someday succeed in] . . . finding

signs of psychological retardation, wholly independent of age. It

would obviously be a great advantage to recognize such signs. But for

the present, what strikes us most often are the resemblances between

ver}' young normals and older subnormals. These resemblances are so

numerous and so curious that to read the description of the reactions

of a child whose age has not been given, one could not say whether he

is normal or subnormal [Binet and Simon, 1905c, p. 321].

Innovations. Tlie limitations of the 1905 scale are clear. Less

apparent are the features which made it a turning point in the history of

mental measurement. In this scale for the first time, tests of diverse con-
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tent were combined to strike an average level of performance rather than

to measure separately the dimensions of conventional psychological

analysis—faculties, sensorv thresholds, or whatever. Moreover, the inclu-

sion or exclusion of specific test content was an empirical matter, reflect-

ing Binet's many years of prior experimentation to discover which tests

were corroborated by criterion judgments. Lastly, the tests were not pre-

cise laboratory determinations but brief, simple, and eminently practical

tools for examining children in a schoolroom.

We have desired that all our tests be simple, rapid, convenient, pre-

cise, heterogeneous, keeping the subject in continuous contact with the

examiner. . . . Speed is a necessity with these sorts of examination. It

is impossible to prolong them more than twenty minutes without tir-

ing the subject, and during this time it is necessary to probe him from

all angles and to carry out at least ten tests, which leaves only about

two minutes for each one . . . [Binet and Simon, 1905b, p. 195].

Clearly, here speaks a man familiar with the realities of working

with children and with the defective.

The publication of the 1905 scale attracted considerable attention

from those working on problems of mental deficiency or of educational

classification. Goddard translated it into English for use at the Vineland

Training School in New Jersey. Decroly and Degand tried it out in Bel-

gium, and other workers, including Terman, were in communication

with Binet and suggested tests of their own.

The 1908 SCALE. In 1908 appeared a new Binet-Simon scale,

drawing extensively upon the earlier instrument but embodying funda-

mentals of organization only dimly forecast in the 1905 test. Signifi-

cantly, the new publication was titled, "The Development of Intelli-

gence in Children." The focus of the 1908 scale shifted sharply from the

subnormal to the normal, and the tests for idiots were dropped. The
general plan of numerous brief tasks, diverse in content and ordered

empirically by difficulty, was retained. However, for the first time tests

were now classified by level, from age three to age thirteen, according to

the age at which normal children should be able to pass them. The allo-

cation of tests to age levels was rather crude, not only because of the

small standardization sample, but also because of the practical compli-

cations of finding tests at precisely the levels of difficulty required. In

general, the tests assigned to a given level were passed by from 50 to 90

per cent of normal children of that age. This time the standardization

group consisted in all of 203 children, aged three to twelve and tested

within two months of their birthdays.

The arrangement of tests by age levels permitted the examiner to

express the developmental level of a given child as the age at which the
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average child acliie\ecl eqiiixalcnt ability. Although no definite stand-

ards of passing of failing were set on individual items, the child was
assigned a basal mental age corresponding to the age level at which he
passed all tests but one. An additional year of mental age was assigned

for each five tests passed at more difficult levels.

Here is the essential pattern of an age scale, wideh' adopted in later,

more refined instruments. Although there are serious statistical diffi-

culties inherent in constructing an accurate age scale (cf. McNemar,
1942, pp. 84/f.), the method has the undoubted merit of providing an
easily understood way to describe differences between children in

general level of ability. Two complications remained, however, in the

1908 scale: first, the number of tests at each level varied from three to

eight; second, the mental-age score was meaningful as a measure of

brightness only in relation to the chronological age of the child eon-

eemed.

The 1911 sc.\LE. In 1911, shortly before his untimelv death,

Binet published a further, thorough-going revision (Binet, 1911b), re-

locating many of the tests and pro\iding five at each age level. The
scale was also lengthened by the addition of five tests for fifteen-year-

olds and fi\'e for adults. By equalizing the number of tests at each age

level, Binet made it possible to assign fractional units of mental age

—

one-fifth of a year for each test passed beyond the basal level. However,

he ne\-er utilized a brightness index which was independent of age. The
concept of "intelligence quotient," i.e., mental age divided bv chrono-

logical age, was first proposed in 1912 by Stern in Germany (Stern,

1912, pp. 48/f.), and successfully exploited by Lewis M. Terman in the

famous Stanford revision of 1916.

Criticisms of the Binet Method

Despite the general success of the new scales, it should not be

thought that enthusiastic support greeted Binet's efforts at even- hand.

Teachers and psychiatrists alike were incredulous that a forty-minute

examination could be more accurate and reliable a basis for judgment

than long interviews or even extended acquaintance. Binet's rebuttal

was characteristic. He set critics to establishing the mental level of

particular children, and demonstrated that always they themselves

resorted to the self-same method of tests. However, they used it awk-

wardly. Their tests were over-dependent upon special knowledge, and

they changed the scoring standards and even the instructions to the

subject so much from child to child that their conclusions were far

from accurate.

As evidence accumulated over the vears, it became clear that not
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all the tests were properly located, those at the lower levels tending to

be too easv and those at the upper too hard—but this ^^as a matter of de-

tail. More serious was the charge that Binct's quantitati\e approach

neglected important diflferences of a qualitati\e sort. To be sure, his

tests were deliberateh- constructed for quantitative screening, and thev

are remembered best of all of Binet's work because they served a

pressing social need. However, Binet's investigation of qualitative differ-

ences in the intelligence of his two daughters (Binet, 1903) has seldom

been matched for thoroughness and subtlet}." It refutes the charge that

he was interested onlv in the quantitati\e, but it had no immediate

utility and was eclipsed by his other ^^ork.

Critics have also pointed out that Binet's "metrical scale of in-

telligence" lacks a zero point and does not permit true measurement in

the phvsical sense, but only an ordinal ranking among individuals. This

limitation certainly exists, but Binet was the first to point it out.

... I have not sought ... to outline a method of measurement

in the phxsical sense of the word, but onlv a method of classification of

individuals. The procedures that I ha\e described uill make it possi-

ble, when they are perfected, to place a person before or after another

such person or series of persons; but I do not think that we can meas-

ure one of their intellectual aptitudes in the sense that we measure a

length or a volume. Thus, when the person studied can retain seven

digits after one hearing, one can classify him, from the point of view of

his memon' for digits, after indi\iduals who retain eight digits under

the same conditions, and before those who retain six. This is a classi-

fication, it is not a measure. It is not at all the same thing to measure

three wooden beams, to say that one is six meters long, one seven, and

the other eight. In this latter case one really measures; one establishes,

for example, that the difference between the first beam and the second

is equal to the difference between the second and the third, and that

that difference is equal to one meter. It is absolutelv precise. But we
can not know in the case of memory whether the difference between a

recall of six digits and a recall of seven digits is or is not equal to

the difference between the recall of seven digits and the recall of eight;

moreover, we do not know the value of that difference; we do not

measure, we classifv! [Binet, 1898, pp. 122/.].

Another charge has been that the tests do not measure intellectual

ability apart from the effects of experience, and that the resultant score

is hence not a proper measure of nati\"e endowment. This objection

® The line of careful, qualitative inquin' has been brilliantly extended by lean

Piaget at the University of Geneva. Piaget and his coworkers of the Centre

d'Epistemologie Genetique, notablv Barbel Inhelder, have published a series of

painstaking investigations of the sequential development of perception and of logical

thinking from infancy to adolescence. Ho\\e\er, this work is normative rather than

differential in emphasis, and as such falls outside the scope of this chapter.
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derives from a curious misunderstanding of Binct, the historical origin

of which we shall consider later. Binet, to be sure, tried to choose only

content for his tests that would be familiar to all the subjects for whom
they were intended. But the ps\chologist who had pointed out the

futility of trying to measure faculties separately from one another was

the last person to attempt to measure innate biological endowment apart

from the matrix of learned social beha\ior through which it is expressed.

Binet did not live long enough to check the consistency of test

performance across appreciable intervals of time, but he rejected the

view held bv some later workers that intelligence as measured bv tests is

unchangeable. Indeed, he reacted against what he called the "brutal

pessimism" of those who regard intelligence as a fixed quantity

which cannot be increased. To prove the contrary, he and his col-

laborators developed methods, called by him "mental orthopedics," for

raising the intellectual level of the defective.

Having on our hands children who did not know how to listen, to

pav attention, to keep quiet, we pictured our first duty as being not to

teach them the facts that we thought would be most useful, but to

teach them how to learn. We have therefore devised . . . \\hat we
call exercises of mental orthopedics. [Examples are practice in sitting

still, carrying a glass of water without spilling anv, etc.] ... In

the same way that physical orthopedics straightens a crooked spine,

mental orthopedics strengthens, cultivates and fortifies attention,

memory, perception, judgment, and will . . . [From Binct's Les

idees modernes sur les enfants, 191 1, p. 1 50].

And again:

Now if one considers that intelligence is not a single indivisible

function with a particular essence of its own, but that it is formed by

the combination of all the minor functions of discrimination, observa-

tion, retention, etc., all of \^•hich have proved to be plastic and subject

to increase, it will seem incontestable that the same law governs the

ensemble and its elements, and that consequently the intelligence of

anyone is susceptible of development. With practice, enthusiasm, and

especially with method one can succeed in increasing one's attention,

memory, and judgment, and in becoming literally more intelligent

than before; and this process will go on until one reaches one's limit

[p. 143].

Binefs Conception of Intelligence

Our account of Binet's contributions should not close without a

brief discussion of Binet's concept of intelligence. It is clear from what

has gone before that Binet's 1905 scale was an empirical de\ice to

meet a specific social need. His later revisions, though embodying all
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the essential features of current tests which ambitiously purport to

measure "general intelligence," assumed their final form not by deduc-

tion from a formal theory of intelligence, but grew like a mosaic by the

gradual accretion of specific test ideas and procedures culled from a

lifetime of research.

Curiously, Binet nowhere in his voluminous writings defined in-

telligence as such. At different times he emphasized one or another of its

aspects. In his earlier writings he gave most weight to the power of

memor}' and imagery. Later he stressed attention, conceived broadly as

adaptation to new situations. Still later, he described judgment—the

power to comprehend and to reason—as an essential component in

intelligence. Although he continued to use the vocabulary of faculty

ps\chology, the sequence of his work is evidence that he concerned him-

self less and less with distinguishing or measuring separate mental

faculties in intelligence. For him, they were inextricably interwoven

both in real-life adaptation and in tests of whatever kind. Intelligence

was the sum total, or rather the resultant, of all the higher processes in

complex interaction, and could be measured only by an extensive

sampling of many kinds of behavior.

Regarding intelligence as a product of many abilities, Binet sought

in his tests to measure not an entity or single dimension
—

"general

intelligence"—but rather an average level
—

"intelligence in general."

Within this broad domain, the criterion for retention or rejection of a

particular type of test was empirical—whether it yielded large individual

differences and whether these were congruent with age differences,

teachers' estimates, or the like. Such was Binet's insight and fertility of

invention that an astonishing proportion of the tests which have

stood the test of time can be traced back to one or another of his early

investigations.

Intelligence Tests in the United States:

1910 TO THE Present

The disappointing outcome of the American testing movement

of 1890-1905 has already been described. Reports of Binet's successes

in the }ears after 1905 aroused little interest in university centers of the

United States, although Cattell, Thorndike, and others at Columbia

University continued to use tests of special functions to measure fatigue,

transfer of training effects, etc. Also, G. Stanley Hall at Clark Univer-

sity, though not a tester, created an atmosphere friendly to empirical

research upon individual differences, and attracted as students L. M.
Terman, F. Kuhlmann, and other leaders of the next generation of

differential psychologists.

Quite different was the enthusiastic reception given Binet's papers
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b\ the clinicians and educators who were strugghng with tlie practical

problems of mental classification which had interested Binet. Foremost

among the latter was H. H. Goddard (1866-1957), another distin-

guished student of G. S. Hall, who, from 1906 to 1918, was the

psychological director of the Vineland Training School, a New Jersey

institution for the feeble-minded.

The Work of H. H. Goddard

Goddard was not particularly impressed with the 1905 Binet series,

but changed his mind when the 1908 reyision reached him. He wrote:

When I read Binet's Measuring Scale, I rejected it as too formal and

exact. I thought "mind" could not be measured in that way. A second

thought showed me that my impression or feeling was of no value

compared to the serious declaration of a man like Binet. I accordingly

set about trying out the scale on our children. The more I used it the

more amazed I was at its accuracy [In K. Young, 1924, p. 35.]

Thereafter Goddard translated the Binet scales into English, and

spent many years in vigorous and eloquent advocacy of Binet's ap-

proach to the measurement of intelligence. Probably no one else had so

much to do with launching the Binet method in the United States.

Yet it often happens that the dexoted disciple transforms the ideas of

the prophet in the ven" process of transmitting them. So it was in this

case.

Accepting Binet's empirical method, he substituted for Binet's idea

of intelligence as a shifting complex of inter-related functions, the con-

cept of a single, underlying function (faculty) of intelligence. Further,

he believed that this unitary- function was largely determined by

heredity, a view much at Nariance with Binet's optimistic proposals for

mental orthopedics.

In retrospect, it seems inevitable that Goddard should have espoused

these ideas. On the conceptual side, Goddard, like most Americans, was

far more influenced than were the French bv de\elopments in Britain.

The work of Galton and the e\olutionists had emphasized the im-

portance of heredit\-, and Spearman in 1904 had "demonstrated" the

unitariness of intelligence (see below, pp. 502-4). On the practical

side, Goddard was working vnth grossly defective children whose mental

retardation was onh- one aspect of a general biological inadequacy,

expressed from birth in anatomical and ph\siological abnormality as

well. Nowadays we would regard some of these conditions as con-

genital, resulting from prenatal accident or infection, e.g., German
measles. Goddard saw such defects as evidence for the prepotency

of heredity. He was probably strengthened in this view by the fact
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that the defecti\'e are far less able to learn than the normal, and en-

vironmental manipulation, even intensive training, often produces onh'

meager results.

Goddard, al\va\s more the social reformer than the dispassionate

researcher, labored long and hard for his twin enthusiasms, eugenics

and Binet testing, and soon had them indissolublv linked in the public

mind. He wrote his famous genealogical study, "The Kallikak Famih"

(1912), to prove his hereditarian thesis, though his facts lend themselves

about as well to an environmentalist interpretation (see Chap. 4). The
following quotations summarize his mature views on intelligence and

intelligence testing:

Stated in its boldest form, our thesis is that the chief determiner of

human conduct is a unitary mental process which we call intelligence:

that this process is conditioned bv a nervous mechanism which is in-

born: that the degree of efficiencv to be attained bv that ner\ous

mechanism and the consequent grade of intelligence or mental level

for each individual is determined bv the kind of chromosomes that

come together with the union of the germ cells: that it is but little

affected by anv later influences except such serious accidents as mav
destroy part of the mechanism.^

On this base he proposes a sweeping program of social reform:

It is no useless speculation that tries to see what would happen if

society were organized so as to recognize and make use of the doctrine

of mental le\els ... it is quite possible to restate practically all of

our social problems in terms of mental level. . . . The great advan-

tage of having e\"erv man doing work on his own mental le\'el would

prove fundamental. Testing intelligence is no longer an experiment or

of doubted value. It is fast becoming an exact science. The facts re-

vealed by the Army tests cannot be ignored. Greater efficiency we are

always working for. Can these new facts be used to increase our

efficiency? No question! We onh' await the Human Engineer who will

undertake the work [pp. vi. vii].

Who could resist the appeal of so broad and Utopian a vista? Mental

testing was adopted in every training school, even' teachers' college in

the land, and even stormed the citadels of experimental psychology on

uni\'ersitv campuses. There were few who noticed the logical flaw

behind the eloquence—that the hereditary-, biological intelligence that

Goddard postulated and the intelligence which the tests in fact meas-

ured were not the same thing. In subsequent sections of this chapter

^ From H. H. Goddard, Human Efficiency and Le^els of Intelligence, 1920,

p. 1. Published by Princeton University Press. Excerpt here and following used with

their permission.
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we shall see how failure to distinguish between these two caused endless

confusion and contro\ersy.

LeMns M. Terman and the Stanford-Binet

Although Goddard was in the forefront of the Binet movement in

the United States, he was not alone. Wliipple and Huey both published

translations of Binet's tests in 1910. Kuhlmann and Wallin issued their

versions in 1911. Nevertheless, the first thoroughly revised and re-

standardized test on the Binet pattern for American children was the

well-known Stanford-Binet of Lewis M. Terman. This test, published in

1916, was a major landmark in the histor)' of psyehometrics, and earned

enduring fame for its author.

Lewis M. Terman (1877-1956), the twelfth child in an Indiana

farm family of fourteen, was originally interested in the studv of

individual differences by an itinerant book peddler and phrenologist

who visited the Terman home when the boy was nine or ten, and

predicted great things for him after feeling the bumps on his head

—

at least one instance when phrenology ser\ed society well. After an

undergraduate education at a local teachers' college and at Indiana

University, Terman went to Clark University and G. S. Hall to work

for his Ph. D. His life-long interest in the gifted began with his doctoral

dissertation in 1905 and culminated in his classic Genetic Studies of

Genius, the five volumes of which were published between 1925 and

1959. His researches in psychological masculinity-femininity and in

marital happiness are almost as well known. Not the least of his many
achievements was his part, as departmental head (1922-42), in building

at Stanford University one of America's most distinguished departments

of psychology'. But there is no doubt that his most significant contribu-

tion was the Stanford-Binet, and the concept of the 10, borrowed

from Stern (1912), which it embodied.

The work of constructing the 1916 version took several years and

involved altogether some 2,300 subjects—a considerable increase from

the fifty on whom Binet had founded his first scale eleven Acars earlier.

Although Terman dropped certain tests, introduced others, and re-

assigned many to different age levels on the basis of the American

standardization, his 1916 scale resembled Binet's 1911 version closelv in

its adherence to the age-scale pattern.

The practice of dividing mental age earned on the test by actual

chronological age yielded a brightness index, the famous "10" which

was independent of the subject's years, and could hence be used to

compare subjects differing in age. The IQ concept was simple, easy to

understand, and easily applied to children, who were the main subjects
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of study by tests. Statistical difficulties inherent in the use of such

a ratio which led to numerous misinterpretations and misunderstandings,

were not fully appreciated until later.^

In theoretical position, Terman adopted Binet's view.

The assumption that it is easier to measure a part or one aspect of

intelligence than all of it is fallacious in that the parts are not separate

parts and cannot be separated by any refinement of experiment. . . .

After many vain attempts to disentangle the various intellective func-

tions, Binet decided to test their combined functional capacity with-

out anv pretense of measuring the exact contribution of each to the

total product. It is hardly too much to say that intelligence tests have

been successful just to the extent to which they ha\e been guided by

this aim.-

And again:

The reader will understand, of course, that no single test used alone

will determine accuratelv the general level of intelligence. A great

many tests are required; and for two reasons: (1) because intelligence

has many aspects; and (2) in order to overcome the accidental influ-

ences of training or environment. If many tests are used no one of

them need show more than a moderately high correlation with the

scale as a whole. As stated by Binet, "Let the tests be rough, if there

are only enough of them" [p. 77].

Although Terman's careful standardization of his test placed it

far ahead of all rivals, Terman had only modest hopes for it.

I was a little surprised that my publications in the test field were so

favorablv received. I knew that my revision of Binet's tests was supe-

rior to others then available, but I did not foresee the vogue it was to

^ There was, to be sure, a problem in calculating IQ's for adults, which had to

be met by a special procedure. It was known empirically that the average adult did

no better on these tests than the typical sixteen-year-old youth. Hence the rule was

set that adult IQ's should be calculated by dividing mental age, not by actual

chronological age, but by a fictitious CA of sixteen years, regardless of actual age.

To permit brighter than average adolescents to earn IQ's over 100 and to maintain

the symmetry of the IQ distribution at all age levels, enough difficult tests were in

eluded and assigned to so called "adult" levels of the scale to permit a maximum
MA of nineteen years and six months. While this expedient worked reasonably well

in practice for calculating adult IQ's, it involved the use of a fictitious C.\, and of

MA's which do not in fact correspond to the average performance level of anv real

age group. In later years, the whole age-scale concept was severely criticized by Da^•id

Wechsler as being fundamentally misleading and inappropriate for the measurement

of adult ability (1958, Chap. 2)

.

^ From L. M. Terman, The Measurement of Intelligence, 1016. p. 43. This

and the following e.xceipt are used by permission of the Houghton MifHm Company,

Boston.
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have and imagined that it would probably be displaced by something

much better within a few years.'^

The "something much better" did not appear for another twentv-

onc years, and then once more from Terman's own hand—the revised

Stanford-Binet of 1937, to which Merrill, McNemar, and others

made important contributions (Terman and Merrill, 1937; McNemar,

1942). This version retained the basic age-scale arrangement, but pro-

vided two parallel forms and extended the possible M. A. range from

two years to twenty-two years and six months. The construction and

standardization were models of their kind, and based on a truly national

sample. The test is currently in wide use, although the age-scale design

has certain inherent weaknesses (along with unique advantages), and

some clinicians prefer the excellent Wechsler tests which have appeared

since 1939.'*

Growth of the Testing Movement

As with Binet's contribution, Terman's was seized upon not only

because of its intrinsic merit, but also because it met a pressing social

need. Compulsory- education and the burgeoning of the public-school

svstem demanded in the United States, as in France, a simple and con-

venient method of screening for over-all scholastic ability. To achieve it,

Terman was willing to forego more differentiated or qualitative

assessments of intellectual status, and to leave in abeyance questions as

to the ultimate nature of intelligence.

I am fully aware that my researches have not contributed \er}' greatly

to the theory of mental measurement. On problems of less theoretical

significance, but of importance for the usefulness of tests and for the

psychologv and pedagog}' of individual differences, I think I have made
contributions of \aluc [1932, p. 328].

The success of the Stanford-Binet was a triumph of pragmatism.

but its importance must not be underestimated, for it demonstrated the

feasibility of mental measurement and led to the development of other

tests for many special purposes. Equally important, it led to a public

acceptance of testing which had important consequences for education

and industn', for the military, and for society generally.

^ From L. M. Terman, "Trails to Psychologv," in C. Murchison, ed., A History

of Psychology in Autobiography, Vol. 2, 1932, p. 324. Excerpt here and following

used by permission of Clark University Press, Worcester, Mass.
•* There has recently appeared a new revision of the Stanford-Binet (Terman

and Merrill, i960) which preserves the age-scale arrangement of subtests, but adopts

a deviation IQ similar to W'echsler's to obviate the statistical difficulties inherent in

the ratio IQ.
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The onset of World War I in 1917 created a pressing need for a

mental test to sift out from the draft men unfit for military service

because of lack of intelligence, to select the more intelligent men for

further training, and to provide more nearly balanced companies.

Yerkes, who had produced a test in 1915 on the point-scale pattern

later used by Wechsler, was made chairman of a committee including

Terman, Boring, Otis, and others to produce such a device. Army Alpha

for literates and Army Beta for illiterates and the non-English speaking

were the result.

These instruments, unlike the Binet tests, could be given to large

groups at one sitting. Between September, 1917, and January, 1919,

more than 1,750,000 men were tested with Alpha. This enormous vol-

ume of data was for many years the prime source for studies of

occupational, ethnic, racial, and geographic differences in ability in the

United States (Yerkes, 1921).

In World War II, data were collected on some four million men,

using the Army General Classification Test, AGCT-i. Numerous other

tests were devised for special purposes. W^hile the AGCT was a far

more refined instrument in construction, scaling, and standardization

than Army Alpha, it represents no basic break with the group tests of a

generation earlier.

During the interval between wars, new mental tests, both individual

and group, were devised for special groups and special needs.' Many
group tests were prepared for different age levels and ranges of talent

from kindergarteners to university students. Following Army Beta, both

individual and group tests minimizing the role of language were in-

vented for testing the illiterate, the deaf, and the foreign-speaking.

Special individual tests on the Binet pattern, such as the Merrill-

Palmer Scale, were published for use with infants and voung children,

not to mention numerous other adaptations of the Binet scales them-

selves, each with its special merit—e.g., the Kuhlmann-Binet for pre-

school testing, the Herring-Binet for brief testing, the Hayes-Binet for

the blind, etc. Many such tests are now superseded and largely for-

gotten, but a few found an enduring place in the clinical arma-

mentarium.

The worth of most of these tools turned ultimately on their

correlation with the Stanford-Binet. During the nineteen-twenties and

thirties, the Stanford-Binet came ver\' close to constituting a sort of

meter-bar standard in the domain of mental measurement. Those who
defined intelligence as that quality which intelligence tests measure

had the Stanford-Binet in mind.

^ The massi%'e Mental Measurement Yearbooks compiled by O. K. Euros are

evidence for the growth of new test devices since Whipple's day.
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The Issue of Test Validity

There was, to be sure, continuing concern about issues raised bv the

mental-testing movement. Central among these was the basic validity

of the tests, a question which in turn hinged upon how one defined

intelligence. For a 1921 symposium on the nature of intelligence,

fourteen of the leading psychologists of the day submitted their re-

spective definitions. These statements were all sound enough, though

thev \aried in rather fundamental wavs. The trouble with them was that

they failed to prescribe the content appropriate to tests. As Garrett re-

marked, in another connection,

Such "definition," like the time-worn shot-gun prescription, can

hardly fail to hit the trouble somewhere, but just where is not entirely

clear. Omnibus definitions are in general too broad to be wrong and

too vague to be useful."

Boring's suggestion was perhaps the most helpful one, that we
define intelligence as that which the tests test (1923, p. 35). However,

different "general intelligence" tests measure somewhat different

things. Even the Stanford-Binet is a composite of manv items as

div^erse as digit span, abstract definitions, and spatial orientation.'

The usual practice in industrial psvchologv, of validating a test by

correlating it with a specific criterion variable which one is interested in

predicting, failed in this instance for lack of a satisfactory criterion.

Indeed, the Stanford-Binet has itself been the criterion against which

manv other tests were validated.

Noting that Binet and later Terman gave great weight to the

relationship between success on an item and age, some critics have

charged that on this basis one might as well determine intelligence by

measuring stature or counting erupted teeth. This misses the point that

the criteria for the selection of test content were always multiple, and

the central one was the judgment of the psychologist. Correlations

with age, with teachers' judgments, with school success, with other

items, and with scale-as-a-\\-hole were necessary empirical checks upon

that judgment, not substitutes for it.

The basis of validation for mental tests might have been more
acceptable had test constructors acknowledged forthrightlv that their

" From H. E. Garrett, "A Developmental Theory of Intelligence," Amer.

Psephologist, 1946, 1, 372. Used by permission of the author and the American Psy-

chological Association.
" No single type of test content has ever been found which can be applied

throughout the entire age span covered by tests, and if there were one, we should

have no guarantee that it could call into play the same psychological functions at all

levels.
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tests rested on sampling all kinds of functions, and provided a rational

scheme for doing the sampling—or had they selected, as had Thorn-

dike in his CAVD examination, three or four types of content with the

best claims and employed them at all possible levels of difficulty. For

better or worse, however. Spearman (cf. pp. 502-4) had already sup-

plied a theory that tests built from more or less accidental "hotch-

potches" nevertheless could measure a unitary, underlying function,

and Goddard had popularized the idea. That it would create new and

worse problems was not evident until later, as we shall see when we
return to the issue of basic test validity in the next section. Meanwhile,

there arose another major issue—that of "IQ constancy." Curiously

enough, it, too, derived not from Binet but from the implications of

Spearman's and Goddard's theorizing.

The Issue of 10 Constancy

If, as Goddard maintained, one's total store of intelligence is fixed

by one's genes, one's achievement on an intelligence test should be

always the same, apart from errors of measurement and the influence

of one's age and maturational status. Now "IQ" was a brightness index

independent of age. It seemed to follow, at least for those who equated

test intelligence with biological intelligence, that one's IQ was a

constant,* i.e., was, within narrow limits of experimental error, a fixed

personal attribute like eye color or hair texture. But those who rejected

the prepotency of heredity as a determinant of intelligence, or who
doubted that the tests were valid measures of intelligence, rose to

attack the concept of IQ constancy defended by the hereditarians.

One result was the long and acrimonious Stanford-Iowa controversy.^

There were facts enough to keep both sides well supplied with

ammunition. The defenders of constancy acknowledged that there were

sometimes appreciable discrepancies between a person's IQ's earned on

different tests, but these could be at least partially explained by reference

to differences in test content, in scaling techniques, and in standardiza-

tion populations. Imperfections in test construction produced some

variation from time to time even on the same test, but the better ones

had excellent reliability over short intervals. Data for long intervals

^ On this basis, IQ and school subject-matter tests were often contrasted as

measures of "capacity" and of "achievement" respectively. A moment's reflection

should, however, have sufficed to show that "capacity," i.e., potentiality, is necessarily

an inferential variable. Both types of tests measure achievement, albeit in learning

somewhat different things. When school opportunity or motivation are less than

optimal, the IQ may be a better predictor of ultimate academic status under

improved conditions than is the school-achievement test.

^ See McNemar (1940) vs. Wellman et al. (1940). R. L. Thorndike (1940)

supplies a review and critique of the relevant research during the decade 1930-40.
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were not available until the major longitudinal studies initiated about

1930 reached fruition. Nevertheless, the impression \\as current that an

individual would continue to maintain roughlv the same IQ barring

dramatic changes in ph\sical condition or life circumstances. Also,

familv resemblance studies of twins, siblings, and foster children seemed

on balance to accord greater importance to hereditary than to environ-

mental determinants. (Sec Chap. 4.)

On the other side, there was evidence that not only direct coaching,

but also general enrichment of the enxironment could effect significant

changes in 10. Morco\cr, anthropologists repeatedlv warned that tests

depend heavily upon familiarit\' with elements of middle-class urban

culture, and that lO reflects not only native endowment but also such

familiaritv or the lack of it (cf. Eclls, 1951).^

The nature-nurture question could never really be stated or answered

in anv simple way, because hereditv and environment are inevitablv

confounded in functional measures such as intelligence tests. Dis-

putation has waned as facts from longitudinal studies have become avail-

able. We now know that lO's are far from constant, even without

deliberate manipulation of the environment. For example, in a brighter-

than-average group of 222 tested annually during the interval from six

years to eighteen years of age, the difference in IQ points between

the highest and the lowest IQ earned was ten or more points for

85 per cent of the group. Nine per cent changed thirty or more points,

and there were instances of fifty points of change (Honzik, Mac-

farlane, and Allen, 1948, p. 312). However, such changes tend to be

proportional to the level of ability. A dull child generally varies less

than does a bright one.

Since 1939 David Wechsler has been attacking the constancy prob-

lem from an entirely different angle (Wechsler, 1958). He has pointed

out that \\'hile much attention had been given to the growth of intelli-

gence during childhood and adolescence, the use of a fixed CA (as

on the Stanford-Binet) to calculate adult IQ's involves a constancv as-

sumption, and rests on no firmer basis than the fact that differences in

average performance are verv" small between successive age levels during

late adolescence. With test materials better adapted to adults, Wechsler

has reported that abilitv increases at least until the mid-twenties and

thereafter systematicallv declines, slowly at first, then faster.

To allow for this decline, Wechsler has constructed his general

intelligence tests, the Wechsler-Bellevue and WAIS for adults and

Wise for children on the point-scale pattern. He abandons the age

scale and the concept of MA altogether. His IQ is really a kind of

^ Few problems have elicited more research, with more equivocal outcome, than

the relative contributions of nature and nurture to intelhgence. See H. E. Jones

I 1954) for a lucid discussion and an extensive bibliography.
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standard score which describes one's position in a frequency distribution

of one's age peers.

Wechsler argues for a gradual decHne in adult ability with age,

on the basis of cross-sectional data collected at one time on people of

different ages. However, follow-ups of some of Terman's investigations

in which the same adult was tested repeatedly show not drops but gains,

at least with respect to certain kinds of tests (Bayley, 1955). Also, data

comparing World War I and World War II soldiers tested at the same

age show large discrepancies in favor of the more recent army, suggest-

ing that the differences between older and younger generations found

by Wechsler may not necessarily reflect aging as such (Tuddenham,

1948). At present the question of the relation of age to intelligence in

maturity is still an open one, complicated by conflicting evidence on

whether the different aspects of intelligence grow more independent

of one another in maturity than in youth (cf. Garrett, 1946; Curtis,

1949; Swineford, 1949). It seems probable that the curve of develop-

ment from childhood to old age is very different for different types of

items commonly lumped together in intelligence tests.

Intelligence Tests in Research

In spite of persistent concern about validity and constancy, the

new tests have opened up many avenues of research. Individual and

group differences have been intensively studied, with the tests used as

measuring instruments. Results have often been contradictory, and even

when the facts were unequivocal they have sometimes been hard to

interpret. Perhaps the clearest lesson from this research endeavor is

that measurements of group differences cannot transcend the measuring

instrument. For example, sex differences in intelligence usually turn out

in empirical studies to be small. This is a necessary consequence of using

scales whose authors, from Binet to the present day, have systematically

excluded test items which showed sizable sex differences. Moreover,

since women excel in vocabulary and verbal skills, and men in quanti-

tative and spatial problems, the direction of such minor differences as

are found depends upon which content is emphasized bv the test. Even

this difference in test performance need not necessarily reflect a bio-

logical difference, but only a difference between sexes in the systems

of training and reward characteristic of our culture. Hence the ap-

parently simple question raised at the beginning of this chapter

—

"Are men more intelligent than women or vice versa?"—cannot be

answered without specification of the measuring scale.

For analogous reasons, only a ver)- uncritical psychologist would

offer sweeping generalizations about the intellectual superiority or in-

feriority of particular racial or ethnic groups, despite the not very sur
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prising fact that members of the dominant racial and cultural group in

our society ordinarily score higher than others on tests of socially relevant

accomplishments invented by and for members of that group.^

Recent Trends

Preceding paragraphs have indicated how intelligence tests have

been used in research upon problems of importance to psychologv and

to societ\-, c\en though controversv has persisted about the validitv and

stability of test scores. We have also seen how the success of the Stan-

ford-Binet and the Armv Alpha inspired the development of special

intelligence tests for infants, adults, the nonlitcratc, the blind, etc.

Especially in recent years there has also been a change in the or-

ganization and purpose of the tests themselves.

In the early years of testing, quantitative screening instruments

were needed, and tests on the Binet pattern which vielded a single score

e\ol\ed to meet the need. With the growing a\ailability of tests,

ps\"chologists began to gi\e more than one to a subject, and to speculate

about the meaning of differences in score which were obtained. "Per-

formance tests," i.e., non-language measures involving motor-manipula-

ti\-e content, were employed earlv in the histor^ of testing to supple-

ment the primarilv \erbal estimate supplied by the Binet.'^ Psychologists

found the additional information contained in the extra scores impor-

tant and suggesti\e for scholastic and vocational counseling.

One consequence was the development of special "aptitude" tests

for particular vocations. Clerical, scientific, artistic, even medical and

legal aptitude tests were invented, though it proved unexpectedlv diffi-

cult to find aptitude measures which would predict success in specific

lines of endea\or much better than the general intelligence tests.

Another consequence, related to the burgeoning of clinical psvchologv

during and after World War II, w^as the development of "diagnostic"

tests which yield separate scores for different areas of cognitive func-

tioning, and thus pro\ide qualitati\e cues to the clinician. Among
individual tests of this t^pe, the W^echsler scales—WAIS, and WISC,
with their separate verbal and performance IQ's, their deterioration

ratios and diagnostic profiles—are well known.

The general trend toward multiple scores can be obser\ed also in

^ The topic is too extensive to treat here, but it should be noted that dif-

ferences among racial groups, between adjacent age groups, or between sexes are

ordinarily ver\' small compared to the differences among individuals within the same

group. Overlapping among groups is characteristically very large.

^ The first well-standardized performance test was the Pintner-Paterson of 191 -,

though Knox had invented such tests for screening immigrants at Ellis Island and

published on them as early as 1914.
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the newer group tests of general intelligence. Examples are the Amer-

ican Council on Education Examination ACE with its quantitative

and language scores, and the factor-based Differential Aptitudes Tests.

This evolution from global-score to multi-score scales has been in-

fluenced, not only by changes in the way tests are used, but also by

parallel developments in the theory of intelligence. To these theoretical

developments we now turn.

Factors and Factorists

Over nearly fifty years, the Stanford-Binet and other gen-

eral intelligence tests have had great value for educational classifica-

tion, vocational counseling, and the like. In the preceding section we
noted, however, that opinion on their basic validity has been divided to

an extraordinary degree, considering their popular acceptance. In the

early decades of testing, Goddard had written, "It cannot be doubted

that the mental level of the individual is determined [by tests] with

marvelous exactness" (1920, p. 28). At roughly the same period,

Whipple, noting that to measure higher functions such as memor\',

numerous and repeated tests are desirable, had remarked, ".
. . to try

to concoct a single and final test of such a comprehensive capacity as

'general intelligence' becomes doubly absurd" [Manual of Mental and

Physical Tests, 2nd edition, 1914, p. 12). A generation later, George D.

Stoddard, one-time President of the University of Illinois, wrote scorn-

fully, "The Iowa workers [of whom Stoddard had been one] feel that,

over the years, the Stanford re^isions have offered not very reliable

measurements of functions not very close to intelligence" (1943, p. 116).

In the same year. Prof. Henr}' A. Garrett of Columbia, later to become
president of the American Psychological Association, voiced a more

widely accepted view.

I should like to express the opinion that the New Revision [i.e., the

1937 Stanford-Binet] is the most useful and is certainly the best con-

structed instrument for measuring the intelligence of children which

we now possess. It represents an achievement of first rank; and one of

which all psychologists, no matter what their persuasion, may well be

proud.*

That conflicting opinions might exist when mental testing was

young is perhaps understandable. That contradictory judgments could

be made a generation later is evidence that the theoretical validity of

intelligence tests is far less well agreed upon than their practical use-

fulness.

* From H. E. Garrett, "The Standardization of the TermanMerrill Revision of

the Stanford-Binet Scale," Psychol. Bull., 1943, 40, 201. Used by permission of

the author and the American Psychological Association.
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In the writer's opinion tlic basic difficulty stems from the attempts

by most workers over the years to substitute Spearman's theor}- of

intelligence for Binet's, while continuing to use tests founded on Binet's

pragmatic measuring instrument. To understand the origins of later

contro\ersies we must begin with Spearman's formulations.

Charles Spearman and the Two-Factor Theory of

Intelligence

Charles Spearman (1863-1945), after a nnlitarv career lasting until

he was thirty-four, turned belatedlv to psyehologv, which he studied in

Gcrman\- with W'undt, Kiilpe, and G. K. Miiller. Returning to Uni-

versity College, London, in 1907, he spent a long and vigorous career

on new battlefields, attacking sensationism, assoeiationism, hedonism
("an abomination"), Pavlovian reflexologv ("not psvchologv"), Titche-

nerian structuralism ("distorted"), behaviorism ("a South Sea bub-

ble"), and Gestalt psyehologv ("mvstical and romantic"),—and ad-

\ancing his own "nocgenetic laws" of the mind as a substitute for

those of the associationists." Curiouslw he regarded his famous statistical

contributions—the Spearman-Bro\\"n prophecy formula, the rank-order

correlation, and e\'en his two-factor theon- of intelligence—as secondary-

in importance.

The disco\'ery of ihe two-factor theory. Spearman's

theory- of intelligence deri\ed originallv, he tells us, from a rather casual

attempt to verif\- Galton's belief that differences in sensor\" discrimina-

tion are the basis for differences in higher abilities (see p. 477 above).

Experimenting in a village school, he discovered rather high correlations

among the children's school marks in various subjects, and between

these and sensory discrimination as measured bv a musical "dichord" of

his own contrivance. Not long thereafter, he discovered the opposite

findings embodied in W^issler's analvses of Cattell's data.

Since the conflicting results were there, howc\er, they had at least

to be explained. After much pondering o\cr them, I had at last a

happy thought which embodied itself in the concept of "attenuation."

This means that the correlation coefficient between two abilities (or

other variables) suffers a spurious decrease of apparent size from the

(random) errors of measurement involved. A method was devised for

determining the amount of this spurious decrease, so that allowance

could be made for it [i.e., bv the correction for attenuation.] The

•' "In spite of writing, as I myself believed, in the blandest of tones, the effect

upon readers has often been called provocative; so that mv literarv life seems to ha\c

been one long fight" (Spearman, 1930, p. 330).
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upshot was to show that such decrease was quite sufEcient to account

for the lowness of the coefEcients obtained by Cattell; and in this way

the seeming contradiction between us was happily dissipated. . .
.®

To go back to my httle experiments in the village school, not only

were mv correlations large, but their magnitudes were noticed to have

systematic interrelations. At first, this system used to be described as

"hierarchical," because it was such as to allow the table of correlations

to be arranged with the highest values in one corner and with the

other values regularly decreasing in both horizontal and vertical direc-

tions. ... At the present day, the most usual way of indicating this

same system is by saying that the "tetrad differences" tend to be zero."

I was then faced by the problem of explaining it. And here another

happy thought came to the rescue. Aided by the concept of attenua-

tion, proof could be furnished that such a system must needs occur

whenever each of the abilities at issue is the compound result of two

factors, of which one is common to all the abilities, whereas the other

is specific to each different ability. Herewith was born into the world

an extraordinary source of discord and labor, but also, let us hope, of

progress. It has been called the "Theory of Two Factors"; or in more

general terms, that of "Factors."

... As so far mentioned, evidence had only been brought that the

analysis of each ability into the two factors was theoretically possible.

There soon followed a device by which the analysis could actually be

performed, and thus the general factor could be measured. This could

be done, it was shown, simply by measuring promiscuously any large

number of different abilities and pooling the results together. In such

a hotchpotch of multitudinous measurements, the specific factors

must necessarily—since they vary randomly from one measurement

to another—tend in the average or mean to neutralize one another.

Whereas the general factor, being in every measurement just the same,

must in the average more or less completely dominate. Accordingly the

average . . . must approximate toward being a measure of the pure

general factor. In such wise this principle of making a hotchpotch,

which might seem to be the most arbitrary and meaningless procedure

imaginable, had really a profound theoretical basis and a supremely

practical utility.'^

The elaboration of Spearman's "happy thoughts" constituted two

long papers in the American Journal of Psychology for 1904, and became

'^ Spearman does not explain why Cattell's data were presumably so much more

unreliable than Spearman's own, though carefully collected and on a larger sample of

subjects.

^ For the mathematically trained reader, this simply means that determinant

minors of order two drawn from the correlation matrix tend to be zero; expressed

symbolically, na rs4 — ri3 r^ = o, and so for all other minors.

^ From C. Spearman, in C. Murchison, ed.. A History of Psychology in Auto-

biography, Vol. 1, 1930, pp. 322-4. Used by permission of Clark University Press,

Worcester, Mass.
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indeed "an extraordinary source of discord and labor." Here, clearly

enunciated, is the doctrine that an assortment of tests yields a measure

not of "intelligence in general," but rather of "general intelligence,"

a unitary, underlying, causal factor (facult\) re\ealing itself in all

cognitive activities, including simple sensory discrimination. To be

sure, Spearman designated the common factor by a purely mathe-

matical s)mbol "g"—the specifics were labeled "s's"—and speculated

that it might in fact be mental energ}-. Nevertheless, the tests which

seemed to be determined most by "g" and least by their respective

specific factors involved precisely those complex "higher" functions of

reasoning and judgment which accord with the common understand-

ing of "intelligence."
^

With the additional assumption that one's store of "g" is deter-

mined exclusively by inheritance, we have Goddard's bold thesis (see

p. 491 above) and the basis for belief in "10 constancv." In the doc-

trine of underlving causal \ariables we have the impetus for the efforts

of a generation of such statistical psychologists as L. L. Thurstone,

J.
P. Guilford, and R. B. Cattell, and an influence upon clinical

psychology so strong that David Wcchsler characterized himself in 1958

as a "reformed but unchastened Spearmanite" (1958, p. vii). For the

fact is that Binet, handicapped as he was by the vocabular}' of faculty

psychology, never adequately delineated his own evolving theory of

intelligence. Bv default. Spearman's theory came to constitute the

conceptual basis for Binet's test approach. The monarchic doctrine ^

of an underh'ing factor of intelligence struck a sympathetic chord

among ps}'chologists accustomed to explanations in terms of under-

lying "faculties," but added the simplicity and elegance of a single

cause.

Reactions of Binet and Terman. Although Spearman in

later ^^ears blandlv counted Binet a convert if not a plagiarist, Binet's

reaction at the time was interested but not enthusiastic. In the same

volume of L'Annee in which he published his own 1905 scale, Binet

reviewed Spearman's two papers.

^ It should be noted that Spearman's statistical procedures permitted one to

determine for a test the percentage of total variance associated with "g" and on this

basis to select the best tests. The amount of "g" possessed by a person could only be

estimated indirectly. On a given test, "g" and the particular "s" concerned were sup-

posed to be involved in the same fixed proportions from person to person, although

it is apparent that owing to differences in background and experience, individuals

may sometimes utilize quite different knowledges and skills, vet earn the same score.

^ It was dubbed the "monarchic" theory by this doughty ex soldier of the Queen.

Proponents of dissenting views were branded "oligarchic," e.g., Thurstone, Guilford,

and R. B. Cattell, or "anarchic," e.g., Thorndike, Thomson, and Tryon (cf. Spear-

man, 1927).
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He [Spearman] regards this conclusion [that sensory discrimina-

tion and school achievement are expressions of the same unitary fac-

tor] as profoundly important. It is possible. We ourselves are pro-

foundly astonished at it, because of the very defective character both

of the sensory experiments of the author, and of the manner in which

he rated or secured ratings of total intelligence. Before pronouncing

[judgment] one must wait until other investigators obtain similar re-

sults [1905, p. 624].

Terman was actively antagonized by Spearman.

I shall never forget the impression that these articles [of 1904]

made on me^—the dogmatic tone of the author, the finality with which

he disposed of everyone else, and his one-hundred-percent faith in the

verdict of his mathematical formulae. . . . The author's logic ap-

peared to be waterproof, but the conclusion to which it led, namely,

that there is a correspondence between what may provisionally be

called "General Discrimination" and "General Intelligence" which

works out with great approximation to one or absoluteness seemed to

me as absurd then as it does now.^

E. L. Thorndike's Connectionist Theory

The views of Spearman's perennial antagonist, E. L. Thorndike

of Columbia (1874-1949), seem to have been much closer to Binet's

final position. Thorndike, influenced by the Cattell-Wissler studies in

the same laboratory, developed a theory of multiple "bonds" which

rejected the existence of a universal trait of intelligence in favor of a

very large number of independent elementary abilities (possibly corre-

sponding to neurons or synaptic connections) sampled in different

combinations by different intelligent acts (cf. Chap. 6)

.

The standard orthodox view of the surface nature of intellect has

been that it is divided rather sharply into a lower half, mere connec-

tion-forming or the association of ideas, which acquires information

and specialized habits of thinking; and a higher half characterized by

abstraction, generalization, the perception and use of relations and

the selection and control of habits in inference or reasoning, and ability

to manage novel or original tasks. The orthodox view of its deeper

nature . . . has been that the mere connection or association of ideas

depends upon the physiological mechanism whereby a nerve stimulus

^ The underlying correspondence, via "g," between complex cognitive activities

and simple sensory discrimination to which both Binet and Terman took exception,

has been largely ignored in recent years by writers on factor analysis, although his-

torically it was the foundation of Spearman's theory. The excerpt is taken from L. M.
Terman, 'Trails to Psychology," in C. Murchison, ed., A History of Psychology in

Autobiography, Vol. 2.
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. . . The laws of probability alone will cause a tendency to zero

tetrad-differences among correlation coefficients . . .

It is, in the opinion of the present writer, this fact—a result of the

laws of chance and not of any psychological laws—which has made
conceivable the analysis of mental abilities into a few common factors

(if not into one only as Spearman hoped) and specifics. Because of the

laws of chance the mind works as if it were composed of these hypo-

thetical factors. . . . The causes may be "anarchic," meaning that

they are numerous and unconnected, yet the result is "monarchic," or

at least "oligarchic," in the sense that it may be so described

—

pro-

vided always that large specific factors are allowed [pp. 311/.].

The psychological meaning of all this is that if, when we attack

some task, some test, our ability to solve it depends upon a large num-
ber of things—genes we have inherited, pieces of information we have

acquired, skills we have practiced, little habits of thought we have

formed, all and sundry influences from past and present—then the

correlation coefficients between performances in tests will show exactly

the same relationships with one another as they would have done had

our ability depended on our possession of a small number of common
"factors" (plus specifics). This does not prove that we have no such

"factors." But it does show that perhaps we haven't, that perhaps

they are fictions [1952, p. 283].^

The sampling theory made little headway against Spearman's doc-

trine, though it vi'as never driven from the field. One reason was that it

offered not a refutation, but only an alternative explanation of the same

facts. Moreover, the postulation of discrete bonds, however satisfying

to connectionists, seemed to some to deny the role of global physio-

logical variables, although as Hull (1928, p. 202) pointed out, the

sampling theory provided a sounder basis for the construction of apti-

tude tests than the Spearman view. For those seeking general causes,

"g" reigning supreme had far greater appeal than a horde of little bonds.

The overthrow of Spearman's view, when it came, was on other

grounds—the tetrads sometimes failed to vanish, even within per-

missible limits of error! Spearman, who seems to have preferred his

theorv' to the facts which disturbed it, felt that tetrads failed to approxi-

mate zero only when the tests (upon whose intercorrelations the tetrads

were based) were improperly selected—i.e., were "unduly similar" to

one another—and hence overlapped on the specific factors as well as on

If such "disturbers" were found coexisting in the team of tests, the

team had to be "purified" by the rejection of one or the other of the

two. Later it became clear that this process involves the experimenter

in great difficulty, for it subjects him to the temptation to discover

^ Used by permission of Clark University Press.
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"undue similarity" between tests after he has found that their correla-

tion breaks the hierarchy. Moreover, whole groups of tests were found

to fail to conform; and so group factors were admitted, though always

by the experimenter trained in that school, with reluctance and in as

small a number as possible [Thomson, 1951, p. 63].

These group factors were on an intermediate level of generality.

Unlike specifics they were in\ol\ed in more than one test, but they

were less general than "g" which invests all tests.

Thurstone and the Multiple Factor Theory

0\er the years, a considerable number of group factors accumu-

lated as \arious test batteries were studied—a situation which destroved

both the elegance and the parsimony of the two-factor theory. More-

over, the Spearman method was extremely laborious to apply." To
Professor L. L. Thurstone (1887-1955) of the Universitv of Chicago is

owing a way of dealing with both the conceptual and computational

shortcomings of Spearman's approach. This solution is called the

multiple factor theory (Thurstone, 1947).

On the computational side it in\olves an ingenious generalization

of Spearman's methods designed to discover the rank of the correlation

matrix instead of proving that it is of rank one. On the conceptual side,

it involves abandoning "g" in favor of as many broad group factors as

necessar}', each involving se\eral but not all of the tests. As before, each

test has its own specific factor, but "g" and the group factors of Spear-

man are reshuffled into new variables intermediate between them in

generalitv.

Beginning with Spearman's famous paper in 1904, there was a quar-

ter of a century of debate about Spearman's single factor method and

his postulated general intcllecti\e factor g. Throughout that debate

over several decades, the orientation was to Spearman's general factor,

and secondary- attention was given to the group factors and specific fac-

tors which were frankly called "the disturbers of g." . . . The devel-

opment of multiple factor analysis consisted essentially in asking the

fundamental question in a different wav. Starting with an experimen-

tally given table of correlation coefEcients for a set of \ariables, we did

not ask whether it supported any one general factor. We asked instead

how many factors must be postulated in order to account for the ob-

ser^•ed correlations. At the very start of an analysis we faced very

frankly the question as to how many factors must be postulated, and it

® Guilford pointed out that with ten tests, there are 630 tetrads to be calculated;

with twenty tests, there are 14,535 (Guilford, 1936, p. 463)

.



8 • The Nature and Measurement of Intelligence 509

should then be left as a question of fact in each inquir)' whether one of

these factors should be regarded as general

7

Major factor s\stems more or less resembling Thurstone's have been

developed by Hotelling, Kelley, Burt, Holzinger, and others.* Until now,

Thurstone's methods have led in popularity by a wide margin. They are

relatively less laborious than most, although the increasing a\ailability of

electronic computers mav make this aspect unimportant in the future.

Also, they permit one to choose, from among an infinity of mathe-

matically equivalent solutions, that one which seems to make the most

psychological sense.''

The process of factor analysis consists essentially of "factoring"

(in a sense analogous to that in which polynomials are factored in

algebra) a table composed of intercorrelations among tests, to obtain

the correlations (i.e., loadings) between each one of the real tests and

a new set of hypothetical variables, called "reference" factors. These last

are fewer in number than the tests with which one started, provided one

does not count the specific factors, which are as numerous as the

original tests. The reference factors are then transformed (i.e., "ro-

tated") into a set of final factors such that each one has very high

correlations with a few tests and correlations as near zero as possible

with the rest, a state of affairs, called "simple structure." ^ One
may then deduce the nature of each factor, and name it by psycho-

logical analysis of the tests with which it is most highly correlated.

The computations involved are formidable, especially if the original

table is a large one. Moreover, there are repeated stages in the process

where the psychologist's judgment enters in. Quite apart from the

subjectivity inherent in naming factors, two workers would not neces-

sarily deri\e from a given table the same factors and factor loadings,

though one solution can sometimes be transformed into another (cf.

Wrigley, 1958). For example, Thurstone permitted his multiple group

factors to be correlated with one another in order to secure better

' From L. L. Thurstone, in C. Murchison, ed., A History of Psychology in

Autobiography, Vol. 4, 1952, p. 314. Used by permission of Clark University Press,

Worcester, Mass.

^ The histor\- of factor analysis is a complex story in its own right, marked by

numerous schisms and sects (cf. Wolfle, 1940, and Tryon, 1959).
^ This last seems a dubious advantage to mathematicians, who prefer that a

problem have a definite answer.

^ There is an infinity of self-consistent sets of factors obtainable by rotation,

which are equally "good" mathematically, in the sense that all possess the funda-

mental property of giving back the original test intercorrelations with which one

started when the loadings are properly cross-multiplied according to the rules of the

game. The "simple structure" set (provided one can be found) is preferred not on

mathematical but on psychological grounds.
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definition of the p,s\ cliological meaning of each one; but one of the

variables which must be assumed to underhc his underlying factors

(i.e., the "second order factors" required to account for the correlation

of the first order ones) seems to be our old friend "g." The Thurstonc

and Spearman conceptualizations hence are not contradictory, but

mere!}' altcrnatixe descriptions of the set of relationships appearing in

the original correlation table.

The correlations of the primar}' factors can be factored, just like the

correlations among tests. When this is done, wc find several second-

order factors. One of these seems to agree very' well with Spearman's

general intellective factor g. The critics feature our support of Spear-

man's g, but they ignore the fact that this work represents at least a

modest gain in unraveling the complexities of mental organization

[Thurstonc, 1952, p. 316].'-'

A graphic representation of the major approaches to factor analysis

is shown in Figure 75.

Factor Analysis in Test Construction

The trend of mental tests over the last quarter-centun' from single-

score de\'ices for screening to multi-score batteries for individual

guidance has already been mentioned. Multiple factor analysis has

played a ver\- important part in this development bv pro\'iding a ration-

ale for deciding what intellectual dimensions to measure and what

kinds of test items to use for the measuring.

The well-known Tests of Primary Mental Abilities (PMA) repre-

sent the culmination of Thurstone's own work in factor anahsis. The
cognitive factors \\'hich Thurstonc, after extensive factorial studies, re-

garded as best established included these seven ''primarv abilities":

Verbal comprehension (V); W^ord Fluency (^^^); Number, i.e., com-

putational facility (N); Space, i.e., spatial visualization (S); Associative

Memor}' (M); Perceptual Speed (P); Reasoning (R). The PMA bat-

ter}-, which has been issued in se\eral versions for different age groups,

yields separate scores on most of the factors listed. This batter^' provides

with se\'eral scores a much more diflferentiated description of an in-

dividual's abilities than can a single-score test, but the advantage is in

part offset by the lower reliability of the necessarih- briefer subscales."^

The Differential Aptitude Tests (DAT) produced bv the Psychological

Corporation are another carefully constructed batter}' based on factor

analysis,

^ Used by permission of Clark University Press, \\^orcestcr, Mass.

^ See Euros (1953, No. 716, pp. 698-710) for a critical evaluation of the PM.\
battery.
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Figure 75. Graphic representation of Spearman's two-factor theor)'

(A), of a sampling theor}- (B), and of the weighted group-factor theory

(C), showing correlated tests. (By permission from
J.

P. Guilford,

Psvchometric Methods, 2nd ed., p. 475, Copyright, 1954. McGraw-
Hill Book Co., Inc.)

The Present Status of Factor Analysis

The goal of factor analysis as conceived by its adherents is cer-

tainly a fundamental one—to discover a set of basic descriptive di-

mensions for psychology comparable to the variables of mass, velocity,

acceleration, temperature, etc., without which classical physics would

have been impossible.

The fundamental variables or dimensions of human ability are still

very much within the unexplored territory reserved for psychologists.
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To meet the challenge of this situation, a few of our number [the fac-

tor analysts] have stepped forward with statistical instruments . . .

with which any unitary traits of personality can be isolated from the

intricate web of mental life.*

Yet with the admission of multiple group factors, history comes

full circle back to faculty psychology, in the fundamental sense that

obser\'ablc bcha\ior is explained by reference to a relatively small num-

ber of "underlying" powers of the mind. To be sure, there are im-

portant differences. Factors are mathematical variables (though the

process of deriving them is not free of subjectivity) and arc based upon

empirical test intercorrelations rather than upon philosophical specula-

tion and tradition. Moreover, the more sophisticated factorists acknowl-

edge that their factors are h}'pothetical and provisional. However,

such phraseology as "primary source traits" or "basic abilities" has

seemed to imply belief that factors are real and causal rather than

imaginan' and explanator\'.

If factor analysis could demonstrate its fundamental superiority as a

basis for test construction, the charge that it constitutes neo-faculty

psychology would seem shallow and irrelevant. The alternative—in

each specific prediction situation to construct and validate tests anew

for the particular group of people concerned and against the particular

criteria available—is cumbersome and inefficient. How much more at-

tractive is the grand design of the factorists—to describe all the mul-

tiplicity of criterion variables by specif}dng the relative importance for

each of a handful of basic human abilities derived from factor analysis;

to construct a set of "factor-pure" tests, each to measure a different one

of these basic human abilities; by administration of the set of tests to an

individual to be able to predict by simple linear equations his most prob-

able status on as many of all the vast array of pre-factored criteria as one

wishes.

Unfortunately, this program remains mostly a program. The sta-

tistical industr}' of a small army of factorists over the past thirty years

has not advanced us very far toward the goal. For one thing, factors,

which were expected to serve us like the dimensions of classical physics,

act more like the bewildering particles of the subatomic world. For

example, a reasoning factor which is well defined in a heterogeneous

batter}' of tests of many tvpes may disintegrate into sub-factor fragments

when the battery contains only rather similar types of tests.^ Hence the

* By permission from Psychometric Methods, ist ed., by
J.

P. Guilford. Copy-

right, 1936. McGraw-Hill Book Co., Inc.

^ For Spearman it mattered not at all what one put into the "hotchpotch," pro-

vided only that "undue similarity" among tests was avoided. But the composition of

a test in terms of Thurstonian factors depends very much upon what other tests are

included with it in the factor analysis. Rotation toward simple structure yields some-

what more invariant factors, but does not dispose of the problem.
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list of factors waxes ever longer, and the suspicion grows that we have

discovered not basic dimensions of the mind, but simply more or less

arbitrary classifications of tests.

The results of testing hundreds of thousands of men in the armed

forces and of analyzing these data suggest to many psychologists that

the number of basic mental abilities may often have been underesti-

mated. From factorial analyses of many different matrices of intercor-

relations obtained as a result of testing aviation cadets in AAF classi-

fication centers, factors that have been mathematically determined

have been named as indicated in the following list. [There follows a

list of twenty-nine.] " There is no objective method of determining

whether the names attached to the factors discovered in the analyses

are accurate descriptions of the mental abilities represented by the

factors.'

And Wechsler notes rather plaintively,

. . . the profusion of factors discovered seems to contradict the intent

or purpose of the factorial technique, the generally stated aim of

which is to account for the major variance of a large battery of tests in

terms of a minimal number of primary abilities or factors. Actually,

there seem to be more factors than available tests, certainly than

good tests of intelligence.^

Nor do the practical achievements of factor analysis thus far oflfer

much firmer justification. As Cronbach remarked.

The best combination of two or three primary factor scores should pre-

dict grades a little better, in most subjects, than the short general men-

tal test. The improvement of correlation is quite small, however, espe-

cially in view of the longer testing time used. All studies of prediction

indicate that in its present stage of development the factorial ap-

proach has not produced tests which are superior to non-factorial diag-

nostic tests for practical purposes.^

® French (1951) offers 59 in the aptitude and achievement area. Guilford

(1956) hsts 40 factors as being well estabhshed, and in a more recent paper (1959)
proposes a systematic classification which allows for 120!

'^ From F. B. Davis, Utilizing Human Talent, 1947, p. 59. Used by permission

of author and American Council on Education, Washington, D.C.
^ From D. Wechsler, The Measurement and Appraisal of Adult Intelligence,

1958, pp. 127/., and used by permission of the author and Williams and Wilkins,

Baltimore.

^ In a more recent statement, Cronbach (i960. Chap. 9) takes a less pessimistic

position with respect to factor analysis, but concedes that "the number of possible

factors is inexhaustible, if we are willing to make the factors sufficiently trivial"

(p. 260). His discussion provides a concise and up-to-date summary of the factor-

analytic point of view. The excerpt is taken from L.
J.

Cronbach, Essentials of

Psychological Testing, p. 210, copyright 1949 by Harper and Brothers, New York,

and used by permission of author and publisher.
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Docs it follow that all the effort and ingenuity of the factor-

analysis mo\ement of the last fift\' \ears have been wasted? The writer

thinks not. Factor analysis pro\ides a systematic way of apprehending

and representing geometrically the complex interrelationships latent

in a large table of test intercorrelations. It may also justify itself in

guiding the construction of more effective test batteries, and certainly

aids us in selecting tests to minimize overlap in a team. Admittedly this

is a modest achie\ement for a movement which has absorbed so much
creative energy.

Retrospect and Prospect

We have now come rather more than full circle. In 1890 the

residue of faculty psychology implicit in men's thinking shaped at-

tempts to measure the mind. Separate faculties were postulated bv
such investigators as Cattell, Sharp, and Oehrn, and tests invented to

measure them. Binet, and later Terman, guided more bv empirical con-

siderations than by theor}', abandoned this approach to sample widely

among the adjustive powers of the mind and strike an over-all average.

The theories of Thorndike and Thomson, which tended to identify

intelligence with the number of "connections" or "bonds" possessed

by the mind, might ha\e pro\ided a theoretical basis for the mental

tests as samplings of such connections. But the tradition of faculty

psychology dies hard. The sampling view seemed almost too much on

the level of common sense; and besides, no clear rules were forthcoming

then or since to insure the thoroughness and representati\eness of the

sampling. Men preferred to explain the phenomena of intelligence bv

reference to underlying po\\'ers of the mind. To be sure, the first of the

mathematical models of intelligence, Spearman's monarchic doctrine

of a single "g" immanent in all cognitive activity, seemed a vast ad-

vance over older psychologies with their arbitrarily chosen and conflict-

ing lists of faculties. Yet the failure of the Spearman theor}- to accord

with the psychometric facts forced a retreat to the neo-faculty position

of Thurstone, a doctrine which seems currenth- to be the victim of too

much success in discovering distinguishable dimensions of intelligence.

If the already numerous multiple group factors continue to multiply,

the ironic possibility exists that Thurstonians, like the Spearmanians

before them, may yet find themselves with a horde of factors almost as

numerous as the sampling theorists' "bonds."

Yet it would be unjust to dismiss the research effort of the last half

centur}' as a sort of complicated ring-around-the-rosy that ends where it

began. Scientific theory swings back and forth, but it also moves for-

ward. The well-constructed, elaborately standardized, and highly re-

liable mental tests of today represent an enormous advance over the
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best efforts of Binet in psychological technics as well as in social utilit\

.

We may well be proud of them. They have, moreover, made it possible

to collect a great deal of information on the nature and extent of

human differences of many kinds, on interrelationships among these

differences, and between them and important biological and social

variables. To be sure, research has sometimes vielded contradictorv

results—but time and the accumulation of knowledge usually resolve

matters, and it often turns out that the confusion arose not from

conflicting answers but from improperlv phrased questions.

Relations between Science and Society

For the thoughtful reader, the histor\" of research upon intelligence

provides an instructive example of the close link between science and the

society in which it is rooted. The idea that intellectual discovery pro-

ceeds in an ivory tower is largely myth; in those instances in which

scientific innovations seem to bear little relationship to the social

matrix, they run a serious risk of being neglected and misunderstood

until emerging human needs provide the circumstances necessar}' for

acceptance and exploitation.

As our account has shown, early attempts to measure the mind, such

as Sharp's, were laborator}- exercises, and regarded as peripheral to

psychology even by the academicians who invented them. Real progress

began when society set the problem—to provide a feasible means of

classifying persons according to ability—generated h\ the needs of the

evolving humanitarian and educational institutions in that society. The
Binet, the Arm\- Alpha, and the other single-score tests served well the

need for screening instruments; but the recent growth of clinical and

counseling psychology, itself prompted bv increasing public concern

for the happiness and welfare of the individual members of societv, is

stimulating the development of multi-score diagnostic tests where

formerly single score tests sufhced. This development has been paralleled

by changes in factor models from Spearman to Thurstone. Indeed,

the production of multi-score tests has been an important achievement

of the factor analvsts. But the trend toward diagnostic tools might well

have taken place even without factor analvsis. \\^hile most current tests

are sooner or later subjected to factor analysis (e.g., the 1937 Stanford-

Binet and the WAIS), it is often something of an afterthought to test

construction. In short, social needs have seemed to lead, and theoretical

developments to follow, the changes in mental tests over the last half

century.

Moreover, as sometimes happens, the absence of an agreed-upon

theoretical basis has not prevented the empirical enterprise from having

reciprocally a very considerable impact upon society—witness the quasi-
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legal status of test results in commitment for mental deficicney, or in

determining draft liability and military assignment. Tests may yet pro-

vide a more rational basis than skin color for pupil-assignment policies

of the schools in areas of the United States where rapid change is pro-

ducing severe strains in the structure of society.

The Need for a Theory

And what of the future? Until now, intelligence tests have proven

extremely useful in the absence of a satisfactory theor}' or definition of

intelligence. E\'en under these conditions, we mav expect further im-

provement with respect to technical details. However, fundamental

progress will almost surely depend upon providing our tools with a more

solid theoretical foundation. Not only the ps}cho-technics of test con-

struction, but also the resolution of such important questions as the

relation of differences in intellectual performance to sex, age, training,

etc. depend upon our success in achieving a more coherent theor\-.

With Spearman's two-factor model, it seemed for some years as if

such a foundation had been discovered. More recently, the Thurstone

group or multiple-factor theory, instigated actually by the failure of the

Spearman model, was hopefullv regarded as the footing upon which

differential psychology might achieve a system of fundamental dimen-

sions, with advantages as great as those conferred upon classical

mechanics by the gram-centimeter-second system. Yet the very pro-

liferation of factors has reduced them from hypothetical constructs to

mere intervening variables, and robbed the factor theon^ of the claims

to elegance and parsimon\- which had been its basic justification. Test

constructors will continue to employ factorial procedures, provided

they pay ofT in improving the efiRciency and predictive value of our

test batteries, but the hope that factor analysis can supply a short in-

ventory of "basic abilities" is already waning.

The continuous difficulties with factor analysis o\'er the last half

centur}' suggest that there may be something fundamentally wrong with

models which conceptualize intelligence in terms of a finite number of

linear dimensions. To the statistician's dictum that \\hatever exists can

be measured, the factorist has added the assumption that whatever can

be "measured" must exist. But the relation may not be reversible, and

the assumption may be false. Is there an alternative?

Criteria for a Theory

First, let us consider the things which a satisfactory theory of

intelligence should do. It should provide a rational basis for the con-

struction of single-score and multi-score tests of intelligence and apti-

tude; it must account for the empirically known relationships among
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them—and between them and the usual criteria of educational and vo-

cational success. This is to say, it must make provision both for the

generality and for the specificity of individual differences in cognitive

areas. It must provide an explanation of the curve of change in ability

throughout the entire life span from earliest infancy to senescence, and

allow for the fact that performances involving different test content

wax and wane at different rates and shift in their differentiation from

one another at different life stages. It must take into account the in-

fluences of brain damage and disease, sensory and motor impairment,

infection, and drugs of various kinds. It must comprehend the facts on

family resemblance in level and organization of abilities, accumulated

in fifty years of research on the role of heredity in human differences.

At the same time it must account for the demonstrated influence of

education and training in altering test performance, including data on

differences associated with schooling, class level, ethnic group member-

ship, language, generation, etc. And lastly, it should be at least con-

gruent with psychological theories of learning and motivation and

theories on other levels of investigation and description, e.g., neuro-

physiology, biochemistry, genetics, etc. Or to put it all very briefly,

our theory of intelligence must deal with empirically known facts of

organization, maturation, structural and functional pathology, heredity,

and environment—and fit into the total structure of science. Psychology

is far from having so comprehensive a theory at present, nor is one

immediately in prospect. The writer believes, perhaps overoptimistically,

that there are signs of increasing agreement about some of the premises

on which future theories will be built.

Basic Premises

One such premise is that intelligence is not an entity, nor even a

dimension in a person, but rather an evaluation of a behavior sequence

(or the average of manv such), from the point of view of its adaptive

adequacy. What constitutes intelligence depends upon what the situa-

tion demands, though we add precision (along with a bit of anthro-

pocentrism) by restricting the term to evaluations of behavior involving

the manipulation of symbols.^

^ As I. Chein (1945) has remarked, "No psychologist has ever observed intel-

ligence; many have observed intelhgent behavior. This observation should be the

starting point of any theory of intelligence. . . . Intelligence is an attribute of be-

havior, not an attribute of a person. Even though we may observe some constancy

in how intelligently a person acts in different situations, we may on this basis speak

of the person's characteristic behaviors and not of a genuine attribute of a person."

("On the Nature of Intelligence," /. gen. Psychol., 1945, 32, pp. 111, 120). Used

by permission of the author and the publisher. Cf. also Bayley (i955) and Garrett

(1946).
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Many ps}chologists would agree also upon a second premise,

that in all behavior involving the manipulation of symbols (including

those behavior samples we call "tests"), content and process are in-

extricabh- confounded. We inevitably sample what has been learned in

the past, as well as how efficiently learning takes place in the present.

In reviewing the phenomena which a good theon' should explain, it is

clear that some concern primarily the functional efficiency of the brain

and ner\-ous system, while others refer to the richness and organization

of the mind.' There is hence heuristic advantage in distinguishing be-

tween content and process determinants of intelligent behavior, while

recognizing that even "contents" have their physiological and ana-

tomical representation in the brain.

The Process Aspect

At the present time, our theories do not handle the process aspect

ver\- satisfactorily.^ Sampling theorists ha\e little to sav about it. Fac-

torists ha\e sometimes implied that general factors refer primarily to

physiological (i.e., process) aspects of intelligence, the specifics to the

content aspects, but this is only speculation. A case can be made for

regarding "g" or even such factors as "fluencv" and "speed" as reflect-

ing the integrative efEciencv of the nervous system; but such factors as

"number," "verbal," "spatial," or the like seem actuallv to refer more
to test content than to dimensions of the learning process.* Cortical

conducti\ity and retenti\-ity, each mediated bv complex biochemical

determinants, mav be two dimensions of individual differences in

process aspects of intelligence, or perhaps such variables take the form of

differential eflBciency in learning via visual, kinesthetic, or auditor^•

' Psychologists discussing this problem have often distinguished between "ca-

pacity" and "ability." The distinction has not been a particularly fruitful one. "Ca-

pacity" remains a purely inferential variable with no independent indices, and the

volumetric connotations of the term seem to undereniphasizc the continuously

changing, self-regulating aspect of a living svstem. "Abilitv," which our tests actuallv

measure, depends both upon what has been learned in the past and upon the present

efficiency of the neural mechanism, though different tasks (e.g., Wechsler's "Hold"
and "Don't hold" tests) maximize sometimes one, sometimes the other.

"The work of Halstead (1947) is unusual in focusing primarily on this rather

neglected topic. Some of his tests offer promising approaches to measuring process

efficiency with relatively little content contamination. Also, Piaget (1957, i960)

who formulates the stages of cognitive development in terms of the abstract, logical

operations achieved, emphasizes the process aspect, though in a genetic, normative

context.

* Guilford's elaborate schema of mental organization classifies factors with re-

spect to "operations," "contents," and "products" ( 1959, p. 470)

.
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modes, as the animal research of Krech, Rosenzweig, et at. (1954) seems

to suggest.^

Intelhgence tests vary in their relative emphasis upon process vs.

content; most of them tend to maximize the importance of the latter,

because they are focused upon estimating the total effectiveness of the

person, not the plasticity of his nervous system at the time of testing.

Nevertheless, there would be great advantage, for example, in diagnosing

organic pathology-—brain damage, feeble-mindedness, or deteriorative

states—in being able to assess directlv the process aspect of intellectual

functioning. Some of our tests attempt this (e.g., Wechsler's deteriora-

tion ratio) but only as a sort of by-product from tests organized pri-

marily for other purposes. Direct physiological, chemical, or electrical

indices of central ner^'ous-s^stem efficiency are not in principle

impossible. Meanwhile, existing procedures aimed at the process level,

e.g., measures of figural after-effect or of fluency and ability to shift

one's set, deserve more careful exploration than they have yet received.

The Content Aspect

The adequacy (intelligence) of behavior depends not only upon

the status of the neural mechanism, but also upon possession of the

specific internalized experiences (i.e., learnings) which are relevant to

effective action in the given situation. We assume that these determi-

nants, too, have their representation in the form of micro-modifications

of the nervous system, possibly in specific loci. These last have not been

directly observed nor are they well understood. We can treat these

determinants better on the psychological level, as mental contents.

With respect to such mental contents, the Thomson-Tr}'on sam-

pling theor}' is the simplest, most elegant, and most satisfactory for ex-

plaining the facts.

Intelligence is not conceived in terms of linear dimensions. Factors

have onl\- classificator}- value and reflect mostlv the environmental field.

The sampling theorv explains phenomena of test intercorrelation on the

basis that facts presented together (e.g., in arithmetic class) tend to be

learned—or not learned—together. Circumstance, and the self-selection

of experience in consequence of rewarding or punishing events, may
lead, with increasing age, to increased differentiation and independence

of abilities in different content areas. However, the richer one's total ex-

perience—conferred, for example, h\ a superior home or by extended

schooling—the greater the likelihood that one will acquire the contents

^ A study has been reported in which it proved possible to predict from test

scores whether an individual could learn better when taught by explanation or by

rote (Edgerton, 1958). Such differences may reflect basic physiological dispositions.
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sampled by whatever test. On such a basis we may account for general

factors, for group factors, and for the increasing differentiation of

ability with age. Similarly, cognitixe sex differences can be explained as a

consequence of the differential training of the two sexes in our society.

The phenomena of growth and decline can also be dealt with in

the framc\\ork of sampling theon'. Inasmuch as learning continues

throughout life, we may expect samplings of "mental contents" to show

steady increase. Howe\er, the rate of acquisition may very well be a

decelerating one, if only because progressively fewer situations teach

anything really new. Declines \\hich ha\e been reported in such func-

tions as information, vocabulary, etc. are probably artifacts of differences

in education between the generations compared.'' On the other hand,

changes in rate of activity may reflect the reduced efEciency of the

aging organism. Hence the relation of age to test score may depend

upon whether content or process variance is maximized, either by

selecting the test material or by scoring power vs. speed.

From the point of view of sampling theor\-, which denies that

intelligence is an entity, dimension, or even a small bundle of dimen-

sions, what is the meaning of test validity?

Generally speaking, that test is most valid which possesses the most

elements in common w'ith the criterion. Specific criteria can usually be

discovered for tests of occupational or educational aptitude, and we
may select our tests in accordance with their validity coefficients.

In the case of general intelligence tests, the real criterion is effec-

tiveness in dealing with the total culture. The validity of such a test is

not its correlation with some underlying dimension of general intelli-

gence, but simply the breadth and representativeness of its sampling,

and its avoidance of content rele\"ant only to narrow kinds of adapta-

tions. Tests of general intelligence predict many criteria with moderate

success, though predicting no specific one so well as a test tailored to the

purpose.'' They thus possess ver}' real utility and economy of application,

even though thev do not disclose fundamental parameters of the mind

which the factorists have sought. Neither Binet, nor Terman, nor

W^echsler claimed more.

Improvement in general intelligence tests, from the sampling point

of view, will require better techniques for sampling the content actually

required for successful adaptation to the demands of living in our

culture. Brunswik's principle of ecological representativeness (1956)

^ It is no accident that the more recent the stud}', the later the age at which in-

telhgence is supposed to conclude its growth phase and begin to decline.

'' Tests somewhat narrower in scope, e.g., the separate tests of a factorized battery,

should predict better than general tests the criteria with which they have most in

common, but by the same token, their range of predictive usefulness is necessarily

curtailed.
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needs to be applied to test construction. Naturally, what is relevant

content will differ from age to age. We shall not be dismayed to find no

tests which are equally suitable for all groups from two to eighty-two,

nor shall we be surprised that "IQ constancy" declines the longer the

temporal interval concerned.

The considerations outlined above are admittedly vague in some

particulars, more a program than a solution for our difficulties in theory.

One aspect of this approach is quite unsatisfacton'—notably its failure

to integrate content and process in a single formulation which can be

related to theorizing on more fundamental levels.

You, the reader, are challenged to produce a better formulation.

The task is not hopeless, but will require freshness of attack and

respect for empirical facts, even when they prove to be "disturbers."
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