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EDITOR'S
FOREWORD

The nature and measurement of man’s abili-
ties as a central preoccupation of psychology had its day in the closing
years of the last century and in the early decades of the present one. Un-
fortunately, the enterprise faltered, and interest declined as other aspects
of psychology became more fashionable. Perhaps it is not entirely fair to
say that interest in abilities went out of style but rather that the field stag-
nated, suffering from a paucity of new ideas and characterized by the per-
sistence of out-moded concepts. Such a state feeds upon itself, for able
psychologists are attracted elsewhere, leaving the arena to those willing to
aceept and live within parameters set by the past.

However, times as well as fashions change. The events of the 1960’s have
radically modified the nature and direction of society, and with these
changes have come corresponding alterations in the interests of behavioral
scientists. One such change has been a recognition that a civilization has a
duty to consider its human resources and to make the most of them, not
only for the sake of the civilization itself but also for the benefit of the
individuals and groups that comprise it. Modern society, taking its text from
the Bible, is becoming increasingly “mindful of man” and looking for
answers helpful in implementing its new programs. One resulting interest
is in human abilities, as the reactions catalyzed by Arthur Jensen’s article
in the Harvard Educational Review attest. The 1969 meeting at the Uni-
versity of Illinois considering the revision of contemporary intelligence con-
cepts is reminiscent of a similar meeting held nearly fifty years earlier at
Indiana University. The circle appears to be closing. The last quarter of the
twentieth century may well see the study of human abilities regain both
the prominence and the quality that characterized it in the first quarter of
the century. And Raymond Cattell's present volume is a giant step in that
direction.

A new book by Professor Cattell is a major publishing cvent because his
works are invariably stimulating, unorthodax, and controversial; one always
senses a thrust into the future. Abilities: Their Structure, Growth, and

vil
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Action is no exception. Cattell brings impeccable credentials of training,
experience, and personal research to the task of writing a definitive book
on human abilities. Actually the volume deals almost entirely with intelli-
gence, allotting relafively litfle space to motor and perceptual abilities or
to occupational ability patterns. Professor Cattell ignores side issues that
would distract the reader from a plan to give coherence and unity to the
overall field of abilities.

Many readers who know the Cattell of recent years as a psychologist
concerned primarily with personality and motivation may wonder why he
has selected the present topic. Yet Cattell’s pioncering work was in the field
of intelligence, and it was he who developed and introduced culture-fair
intelligence tests. Numerous research articles on intelligence and related
topics, various intelligence scales, and such provacative concepts as fluid
and crystallized intelligence attest to his eminent qualifications and interest
in the field. As Professor Cattell notes in his own preface, he might have
called this volume “Intelligence Revisited.” One might truthfully add,
“Defined, Extended, and Projected.”

As 2 behavioral scientist Cattell contends that an understanding of the

structure of intelligence must come mainly through the study and analysis
of behavior, accomplished with cross reference to evidence from other
cognate disciplines bearing upon the nature of man and his activities. His
approach is holistic in that he demands the destruction of the artificial
barriers erected by such restrictive categorizations as motivation, per-
sonality, and intelligence. The fourteen chapters of the book take the reader
from psychometric beginnings through discussion on the nature of abilities
and their exemplifications. Chapters dealing with heredity and environment
and with intelligence and society speak directly to those concerned with the
worlds of today and tomorrow. Of special theoretical interest is the dis-
cussion of the triadic theory of abilities, particularly in terms of develop-
mental relationships. Throughout the book, his references to his own work,
stretching over forty highly productive years, illuminate the points he makes
fr.o?\ direct personal experience. Few scholars can draw upon such 2 pro-
digious personal backdrop of research and writing—a backdrop consisting
of some thirty books and over three hundred articles.

Abilities is a book to be read with profit by the untrained psychologist
as well as by specialists in other fields relating to the nature of man and
3:) programs designed to further his welfare. Research workers interested
in intelligence and its social implications will find it of particular interest.
This volume will not answer all possible questions about human abilities
and their potential rale in social planning. Not everyone will agree with the
author’s formulations and conclusions. Yet Abilities is unmistakably a mile-
stone in a chaotic field, and, despite the highly technical nature of much of

the subi_cct matter, an imaginative contribution which will stimulate both
antagonist and supporter to pursue the crucial task at hand.

John E. Horrocks



PREFACE

A preface to a scientific book has the pur-
pose, in my opinion, of being more frank and personal than is appropriate
in _the scientific treatment itself. It can expose the backstage canstruction,
knit up historical connections, and, by a freer use of the first person singular,
permit the expression of values and reactions properly excluded in a text-
book. Some critic, I venture to prophesy, will say that it would be hard to
be more frank or singular than I have been in the text, and that my chapter
on intelligence and saciety is already full of “Beyondist” values. That may
be true, but there are still some things to say that may help the student.

As far as my own forty years of published research is concerned, this
book might be called “intelligence revisited,” for I may seem to have been
absent on other frontiers for thirty years. Between 1928 and 1942, stimu-
lated by personal research with three giants in the field—Spearman, Burt,
and Thurstone—I published about a dozen contributions to the field of
ability research. After that, as I set out on my own QOdyssey into personality
and motivation research, I can claim only sporadic contributions. What
then justifies this return? I could reply, at a superficial level, that the best
vacation is a change of work, or that the invitation of a good publisher
is not to be spurned. But there are more solid reasons.

First, the traveler returning to his native Jand can see it with more under-
standing than can either the stay-at-home or the stranger. Second, I am
convinced that the topic of abilities has such roots in the growing science
of the total dynamics of personality that it should no longer be handled
by an educational psychometrist. Third, in terms of the continental develap-
ment of concepts about this area, I think I might paradoxically say that
I never really Jeft it.

Nevertheless, there is a sense in which I left my intellectual offspring—
the research articles and books and the three intelligence scales of the
thirties, the concept of fluid and crystaflized intetligence borm in 193G,
and the introduction of culture-fair intelligence tests—to starvation. 1 had
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ot learned—as older researchers know from the history of science—that
more original and vital ideas than mine have collected dust on ‘bookshelves
for lack of exegesis by their parent or some scholarly leader.

Not that these contributions stagnated; the whole field seemed to stand
still after the tremendous pioneer work of Binet, Burt, Piaget, Spearman,
and Thurstone in the first quarter of the 20th century. The field of psychol-
ogy that had been first to achieve a precision yielding a real technology, and
which, in Spearman’s development of factor analysis, opened up that major
half of method we now call multivariate experimental psychology, seemed
to stand stifl. A certain ant-like industry went on in psychometric details,
but, judging by the kinds of tests which established themselves as standard
educational instruments, the drifts in these stagnant waters were retro-
gressive-—into pre-Spearmanian chaos.

Since I have described my absence as an Odyssey into personality re-
search, I may continue the allegory and say that on returning I found myself
at odds with the crowd of suitors who were unsuccessfully besieging my
first love. With equal feeling they seemed to resent, and with conspicuous
inadvertence to omit from their writing and teaching, both the theory of
fluid and crystallized intelligence, and the argument that the new culture-
fair tests should be given at least as large a role in applied psychology as
traditional tests.

Fortunately, the citadel of the tired establishment was also simultane-
ously attacked at this juncture from the opposite side by Guilford and his
colleagues researching on creativity. The sounds of our independent march-
ings began to awaken the whole countryside. Alas, in this book I am com-
pelled to ask whether those stirringly active researchers in the area of
creativity are marching in the right direction, in a basic research sense.
Even if they were, T would not be very happy with the vulgar misunder-
standing by the camp followers, who have tried to make creativity a popu-
lar cult. The thoughtful, subtle work of Galton, Lombroso, Spearman,
Havelock Ellis, and Kretschmer is lost in monotonous drumbeats which

assert that the individual has only to lose his inhibitions to become a
da Vinci, a Newton, a Beethoven, or an Einstein.

However, the important fact is that ability study is on the move again,
as shown by the appearance of half a dozen books by distinguished writers
in these two or three years. My personal belief is that it is moving toward a
new and more subtle view of structure, incorporating the concepts of fluid
and crystallized intelligence in what I have called the friadic theory, and
that.it will now develop its relations far more richly with personality and
motivation theory than ever before.

The concepts of ability structure, like those of any other psychological
structure, must be derived from analysis of behavior. The concepts from
actual behavior can then, if the time is ripe, be integrated with evidence
fr'om physiology and neurology, comparative animal behavior, machinc
slmlflali.on. developmental analysis, and the domains of personality and
motivation. Thus, while my aim has been to meet a major need for inte-
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gration across these fields, and while I feel that ability study must be rescued
from the narrow confines of psychometry, I actually begin this book with
technical psychometric presentations. I foresee difficulties here, both for the
student and with the critic. The former has my sympathy, for, in view of
bis having been led along primrose paths by teachers who never taught the
disciplines of factor analysis and other necessary multivariate concepts, he
may find the first three chapters difficult. I can only suggest that he use this
concrete problem as a stimulus for doing some reading in factor analysis
indicated as a desirable supplement (in particular, the chapter in the Hand-
book of Multivariate Experimental Psychology, 1966) and the recent
simplified presentation by Guertin and Bailey (1970).

On the other hand, from the critic, I anticipate possible dissatisfaction
expressed in the accusation that I have handled the psychometric evidence
with insufficient elaboration and rigor to give full support to my triadic
theory. Throughout this book, however, I have attempted a judicious com-
promise among several utilities. Primarily it is intended to be a compre-
hensive and integrating statement of where this field of knowledge stands
today. As such it is a textbook for the graduate student and the under-
graduate major in psychology. Secondarily, it is intended to suggest leads
to the researcher, and in this interest it asks awkward technical questions,
and comments on more theoretical issues than would arise in an under-
graduate text. These bits of crucial reasoning, I trust, will be treated as
didactic oppsortunities by the good teacher who wants the flavor of explora-
tion and research in his hing from the beginning. The triadic theory is
itse}f the most provocative of these issues, for it points to several areas
where evidence is missing and where ideas for research can be found.

There is a third aim with which I have sought a successful compromise,
that of communicating with the intelligent reader in other speciaities who
wants an up-to-date, research-oriented birds-cye view of the psychology of
abilities. It is for this reader that [ have extended discussion of current issucs
of debate in education and the social sciences further than 1 might other-
wise have done. Nevertheless, I feel no nced to apologize to the teacher of
academic courses on tests, measurements, and abilities for the rather exten-
sive treatment given to social aspects of expression, recruitment, and foster-
ing of abilities (in the last chapter). Any student worth his salt will want

to pursuc these “activist™ issues.
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Mifflin office. Finally, as more than the usual required formality, I want to
thank the committees of NIH, inasmuch as my personality researches, sup-
ported in part by Public Health Research Grants Nos, MH1733-8 through

MH1733-12 from the National Institute of Mental Health, have helped
toward this integration.

Raymond B. Cattell
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CHAPTER  THE
ONE SCIENTIFIC

GOALS
OF
ABILITY
STUDY

oN THE IMPORTANCE OF

1.
INTELLIGENCE
An opening remark familiat to a reader is
that he is about to study the most jmportant thing in the world. Further,
it may be hinted that prior to the work in question the topic has been
neglected, Neither of these claims can be made for the subject of intelli-
gence. Students, it is true, place cleverne destal of importance,
but a more experienced psychologist or an older man begins to perceive
that other personality qualities cant be more valuable than intelligence—
th experience one may reach the

even in school achievement. Indeed, Wi
conclusion that “the most jmportant ability 1s dependability." Surveying
human history, as Lowell did, we may agree with such individual judg-
ments as “If Napoleon’s heart had bormne any proportion to his brain, he

with Terman’s

would have been one of 1 in all history,” ©f
(1947) observation that the order ©! geniuses to human

culture is by no means the same as that of their 1.Q.'s- In all the writing in
the New Testament, and since, about Christ, culogies of §

heer intelligence
are not prominent.
. Nevertheless, intelligence is a fascinating
ijlined application of high intelligence by
tists of genius between the Renaissance an
sponsible for the unpreccdcmed health and wealt
population of the globe, for we arc not conspicuously bet
cestors in po]itical sense or other things 10 which our fortunc

natively be credited. Morcover, to the individual possessed of intelligencc,
the doors of universitics and the T fessions are freely

and important topic. The dis-
a few thousand Jeading scicn-
d today is almost solely re-
h of the present vast
ter than our an-
might alter-

anks of the respeeted Pro
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2 | The Scientific Goals of Ability Study

opened. And, apart from considerations of either competition or service,
greater intelligence increases for its possessor perception of the esthetic
grandeur and deeper significance of our universe. As by a great lens, or by
those capacities to see color which distinguish man’s view of scenery from
the drab black and white world of the dog or the rat, the gift of intelligence
creates an ever-enlarging spectacle.

Therefore let us concede our topic some importance. But certainly we
cannot proceed further to say that it is also neglected! Many scientists in
the field might wish heartily that it were—or at least that it could be freed
from the misinterpretations heaped upon it by the hosts of amateur author-
ities in school, home, and industry. As the expenditure of time and money
on education has increased, so has the volume of paper in magazines,
books, and newspapers devoted to more or less superficial, or politically
tainted, or grossly wishful views of the nature of human ability. The
central interest of the topic is further witnessed by the birth in this gen-
eration of an international society, Mensa, entrance into which is based
simply on being intelligent—beyond a certain, prescribed, high test hurdle.
Great societies have begun to spend enormous amounts to raise the ability
levels of their persistently less competent members. Thus, it is becoming
socially important to find out what scientific knowledge about abilities
and their development may lie hidden under the clouds of dust raised by
recent disputations about the nature and distribution of human capacities.

2. A BRIEF HISTORY OF IDEAS

ABOUT INTELLIGENCE

The history of ideas about intelligence is so
long that whole books have been written about it. Plato compared the
intellect to a charioteer guiding the powerful horses of the passions, ie.,
he gave it both the power of perception and the power of control. He
introduced the term “nous” for this reasoning power, which, via the classics,
became in England an upper class slang term for almost the same subtle
quality as was covered by the common word “gumption.” It implies some
§hccr insight—some insusceptibility to being fooled—which is not to be
1E!entiﬁcd either with a trained, polished intellect, or with the more emo-
txo.nal reasonableness of “common sense.” But Plato and Aristotle saw
things a little more simply than our modern sophisticate. Indeed, if the
academic philosophers will excuse the blasphemy, they appear a little
“stuffy” in wishing to make intelligence and reason practically synonymous.
(‘As Philosophcrs of that time they were naive physiologically too, in con-
sidering the brain a sort of sponge radiator for cooling the blood rather
th:.m the seat of intelligence, which they placed clsewhere.) During the
.\?K'id\c Ages, the “darkness™ of which we love to overdo, the Scholastics
d{\'nflcd this classical “intellect” into intellect as it remains today and a
dnstmit, new eatity to which Thomas Aquinas gave the new word “intelli-
gence™ or understanding, i.c., a “gumption” bereft of academic “culture.”
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The basis of effective description and measuremenf’ that duly appears
in any science, sometimes designated as its “'taxouomy, was slowbto c°$e
to the science of psychology. Until recent t\m'es‘ psycholog,y has been lhe
happy hunting ground of the literary and chmcal'theonsts. A.;mong [
more mature sciences it has been derided, not unjustly sometu'n'es, as a
mere popular carnival of pasteboard concepts. But the. area of ability study
actually has had the honor of being one of the first in psychology (along
with perception and memory research) to move onto firmer ground. Its
steady advance is a tribute to the resolving power of measurement. In fact,
ability study has been the real father of psychometrics, the branch of
psychology concerned with technical developments of measurement. Afld
from this area of firm order, psychometrics took over areas of personality
and motivation previously left to psychoanalytic and other speculation.
But those developments are another story (Cattell, 1965 a).

Usually the first and most elementary step in taxonomy has been the
recognition not of measures but of types. Medical psychology made a
qualitative beginning with such distinct types of intelligence defect as
microcephaly, mongolian imbecility (now renamed Down’s syndrome),
hydrocephaly, phenylketonuria, and galactosemia. But ultimately taxonomy
requires measurement, and the introduction of intelligence testing was the
prelude to the measurement of many aspects of cognitive behavior. Ulti-
mately, in additional areas of psychology, accurate descriptions of behavior
as it takes place at a given moment in time must be obtained if we are to
get any laws worthy of the name. The theorist who wants to proceed to
developmental laws about abilities—who wants to be “dypamic” in his
explanations of the origin, growth, and nature of intelligence—must be
patient to make and record observations first. He can no more focus
meaningful movement without this “description of a given moment” than

a movie director can get intelligible movement in a film without the indi-
vidual “static” frames themselves presenting each a clearly focused “still.”

3. THE TESTING AGE BEGINS
i These truths became espoused and imple-
n!cnted in research around 1900 by two leading psychologists of very
different backgrounds and goals. One was Charles Spearman (1904a) of
London, about whom more will be said. The other, Alfred Binet (1905),

was the son of a French physician. Prior to his work on intelligen i
. . ce, Bi
had been a kind of knight-errant of science, g aths

ocen a ki treading several div

of scxer}'nﬁc investigation before psychology. He hz%d investig’i\tzasea:iantx};sl

magnetism, the behavior of microbes, and finally the study of mental

diseases. It was this last interest which led him, with the psychiatrist Si

o the i ion of intelligence e
Their cmphasis was on the pathology presented by sub i i

gence. French psychology always has hadpn practical},’ m‘::dril::,;lm lz:::nltn tiilllcl;

much 9( ﬂ}c psychology in the Mediterrancan countries. 1In fact, Binc’t was

{following in the footsteps of a predecessor, Séguin, who, \vilh’ltard, had
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succeeded in taming and tcaf:hing the famous “Wild Boy of Aveyron,” who
apparently had grown up without contact with human culture. Séguin, the
J'nven.tor of a training device which later became a “formboard test of
1ntelllgfer{ce,” thereby earned for himself the affectionate title “the apostle
?f the idiots.” Binet himself, however, also had a lively theoretical interest
in psychology, and, as early as 1889, he had founded the first psychological
laboratory in his country (a few years after that founded by J. McKeen
Cattell at Johns Hopkins University). In the end the actual provocation for
the construction of the first intelligence tests came from the Parisian school
authorities, who pointedly asked Binet and Simon to clarify the diagnosis
of irremediable forms of backwardness in school children.

To get ideas Binet began an intensive study of the mental capacities of
his own two children. His explicit objective was to devise a means of
measuring the level of general intelligence possessed by any particular child
as by “a metric scale of intelligence.” Thus, he conceived that there was a
mental capacity, different from school achievement, which could be meas-
ured “as with a ruler.” The rationale of his procedure ultimately turned out
to be one of sampling a person’s ability in all directions by means of in-
genious and carefully graded tests of comprehension, memory, judgment,
ability to detect absurdities, capacity to resist foolish suggestion, cleverness,
and penetration.

These tests, in various translations and developments, such as the Stan-
ford-Binet, are too well known to psychologists to need illustration. But
one might consider briefly the instance of a seven-year-old being asked,
“Do you see this book? Put it on the chair by the door. Then open the door.
Then come back here.” To pass he has to execute all three commissions
without error, Or, again, five numbers are read deliberately, e.g., 7, 5, 1,
9, 8, and the child is asked to repeat them. Then he is given five little
cubes, which look very much the same to the eye but vary in weight, and
he is asked to put them in order from the lightest to the hfzaviesL Then
simple designs on paper are exposed to his view for a certain numl?cr of
seconds, and he is asked to draw them from memory. Or again, a picture

is placed before him, and be is asked to say what it is all about. Then he is
asked to state what is wrong or ridiculous in such ifems as: “chte_rday the
police found the body of a girl cut into eighteen picces. They believe that
she kilted herself.” (‘This somewhat ghoulish item was omitted from the

American translation!) . o )
Although this is the first, known, systematic realization of a standardized
test of intelligence, the idea of intelligence tests was not new. In fact, such

devices have been proposed a number of times over t}}c course of ccmunc;,
for selection for special positions; indced, Plato, by xmphcauon,. prgposc
such selection in his Republic. However, as happcns_so oﬁcn.m ; u?r::}r:
thought (witness Democritus’ propmfnding of an :'uomllc thcor}" in ; cx hlc i
century B.C., or H. G. Wells® description of a working 'lm;’c ]mac hine n'nd e
is all the difference in the world between a general verbal notion

precise, imaginative, working out in practical steps.
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Many teachers at the time Sa\;l tht': gr;at virt:n; zi r&l};::ng\r:;l-dsl\sr::;u::}s:

e i ractical realm—in fact in the greate :
;zgh;;t:v::;ame mental defect and mere Iack_ of school .pmg,;lcss‘.l l;si’ :;}llrcl)—
logical researchers saw also the gains in experimental design throug ‘ Com{%
able to make concise measurement statements Z}nd proceed to exac -
parison. But perhaps the greatest gain from. 'thxs attempt at measurem "
wwas that it forced concentration on a definition of the concept of mtc_ i-
gence. For the problem always is thrust brfnally upon any person proposing
any measurement to define precisely the thing that he is measuring.

‘As we shall see, an armchair, philosophical definition of intelligence is

not enough. Nature may have other ideas about how abililies. acn{ally a;i
organized. Indeed, before the question, “How do you define mtelhge.nce.
we must ask, “Does there even exist a single power or focus of ability, or
are there several distinct foci?” It is clear from the operations he followed
as well as from what he wrote initially that Binet held a multifocal concept
of intelligence, Actually he proceeded like a mining engineer wishing to get
an estimate of the richness of some widespread deposit of ore; he took the
equivalent of a series of borings at a mumber of points and aver':iged the
assays. However, in various writings he implied also the unifocal view, that
intelligence is some one thing, and he debated the relative appropriateness
of the concepts in such terms as “cleverness” and “judgment.”

Regardless of the soundness of his somewhat mercurial definitions, a
very real contribution made by Binet was that of measuring by units of
“mental age.” This measuring unit has weathered the storms of decades of
debate, though with minor modifications. Essentially, after arranging his
tests in order of difficulty, he gave them to a large number of normal chil-
dren to see which and how many tests the normal, average child at each
age would pass. If a particular child passed all the guestions normally
passed by children of, say, eleven years, he was given that mental age level,
whatever his actual age might be. From this, with the help of an idea by
the German psychologist Stern, Binet proceeded to the concept of “intelli-
gence quotient,” a value obtained by dividing the mental age by the actual
age and multiplying the result by 100. It was observed within a few years
that the intelligence quatient tends to stay fairly constant for a particular
child, but the issue of how constant it stays has been debated ever since,
and will be taken wp here later in technical detail.

(;harles Spearman was a man of a very different stamp. Coming from an
eminent family with military traditions, he was an officer in the Army in
India, who very properly might have been occupying himself with polo but
w'ho rather eccentrically carried an extensive library of books around with
him. Tk_lus, _hf’ devoted a rather generous leisure to the satisfaction of a
df‘cgt); égqix:?& mind. Even so, he came to Tegret the early years he had

of my Tfe. 1 had givem myselt up 1t oy °1 had made the mistake
Ccmpa}m‘welyg)‘men'my‘se up to the youthful illusion that life is long.”
in life he came to be a professor at the University

of London, where he built up a world-famous research center in psychol-
ogy- Spearman took up the fundamental question of the definition of intel-
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ligence much more serjously than did Binet. He asked himself whether we
should think of intelligence as a single power or as a bundle of very unre-
lated abilities—*"a crowd of faculties,” as seemed to be implied by Binet’s
multifocal view. In other words, he asked, “Could a persan be quite a
gex:lius at mathematical problems, a perfect fool at expressing himself in
writing, and an average man in handling sensitive social situations?” In
fact, would the profile of abilities of a person pass through a series of ups
and downs as one goes over a long list of possible performances? The value
and uniqueness of Spearman’s contribution was not only that he asked
very clearly the fundamental questions first, but also that he developed a
highly original and effective method for answering them.

4. THE BASIC ISSUE OF THE
STRUCTURE AND DEFINITION OF
ABILITIES
‘What was developed by the genius of Spear-
man as the scientific, technical means of answering these questions is a
somewhat complex methodology of correlational statistics known as facfor
analysis, which must be approached in the next chapter. Here, at the out-
set, it is enough to recognize clearly that the approach of making up sub-
jective, armchair definitions of intelligence is foredoomed, logically and
methodologically.! In a short time definitions of intelligence could become
as numerous as psychologists—more so, in fact, since any one psychol-
ogist can be inconsistent! As in any other area of science, our hope is to
operate with a certain limited number of operationally precise concepts,
derived as far as possible from nature. And the issue, before definition, is
how many unitary abilities exist in behavior covering what can be desig-
nated semanticaily “intelligence.” Thomdike, one of the most eminent of
American workers in this area in the first two decades of this century, also
asked this question very clearly (1931) and answered it to his owa safis-
faction by saying that there were three or four main groupings of ability—
four “intelligences,” if one likes. Thus, it transpired, fortunately, that every
logically possible view found its sponsor. These were: (1) the unifocal or
monarchic view in Spearman, (2) the oligarchic idea of a “few big abilities”
in Thorndike, (3) the multifocal, “host of unrelated abilities™ view appear-
ing intermittently in Binct but most uncompromisingly in Watson (191‘?),
and others of the “reflexological” school of feaming theorists who consid-
ercd intelligence a vast collection of specific acquired competences. Also,
(4) there were various combinations of these three. .
In spite of the differcnces among Binet, Spearman, Thorndike, :mc.!.
eventually, Watson, Terman, Kohler, and others who joincd the fray, this

1 One s reminded of Haldane's pithy comment: “[In science] we are compelled to
tipating. and as our Lnowledpe indreascs

nvestigate before we know what we are inves! A
we must contiaually restate our questions.” The Couses of Evolution (New York:

Harper, 1932) p. 63,
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group of early twentieth-century psycho.logists at least agr:ed:——tslnbitla:ttergls;
with their predecessors and many philosophical psycho! ggls el
active as contemporaries—that one of the first goals of ability researc! N
to discover the structure of abilities. That is to say, as good researc

strategists, they recognized that before science could :ma.ck the ex?ltll}g
questions of how intelligence develops, what part heredity plays in it,
which parts of the brain are involved, and the like, the rf"sea“:?‘?f must
study behavior itself and find out the unitary patterns in which abilities are
arranged. Further, in spite of contemporaries who created a fynher smoke
screen by claiming that the human mind is beyond understanding, they had
to proceed on the courage of their convictions that all psychol.o_gy must
begin with actual behavior measurement. They took the position that
human nature, like any other object of scientific analysis, is susceptible to
quantification. Here they were heartened by a dictum of Thorndike (which
some say comes from the English eugenist, Karl Pearson) that “whatever
exists, exists in some quantity, and can therefore be measured.” Such a
statement was not to be made without protests from many who represented
the literary and clinical approach to psychology, who readily invoked such
terms as the “soul,” and whose writings were sprinkled with synonyms for
“the ineffable and the unmeasurable.”

While following positivist explorations, however, let us admit that when
we advance toward the boundaries of psychology we shall find strange un-
predictables, which such modern physicists as Heisenberg believe we find
at the boundaries of physics also. Nevertheless, to make clear our general

psychologicz? position, let us assert that, like the physicists, we have to
march on with staunch scientific faith in order and explicability, aiming to
reduce the inexplicable until, if such be the case, something inscrutable
finally stops us.

Beginning with actual behavioral measurement, therefore, the experi-
mental psychologists whom we shall f

ollow here proceeded to attack the
structure of abilities. They rightly anticipated that beyond this understand-
ing of §tr.ucmre,’a further understanding of the development of abilities
and their xntere}chons with physiology and with the rest of personality would
l.se reached. Historically, the first important step along this path was taken
in 1?04, when Binet’s intelligence test was given to the world and Spear-
man's paper “General Intelligence, Objectively Determined and Measured”
zf\ppearefi in the American and the British Journal of Psychology. (In the
ormer 1.1‘ nppea}'eq, as if to remind us of the times, alongside an article
!’:rr;::skdx A Preliminary St'udy of the Psychology of the English Sparrow™!)
B'mezc a:dol::udrcesl ?f scxem.iﬁc endeavor, the practical contribution by
man, Tater oo dee'p) theoretical and ma'thematical contribution by Spear-
cam.c oy e lln a common, l}:mnonmus stream of research. But that
ol smm)um\ i:saemosl ; generation 9[ debate, some misunderstanding of
prem— ammu ls. and many traffic Jams along the path of progress from
tougher by Pls 10 answer questions of popular interest before the
¢r, basic, scientific, and structural questions were tackled.



CHAPTER  PRINCIPLES
TWO AND
METHODS IN
INVESTIGATING
GENERAL
MENTAL
CAPACITY

1. THE NATURE OF VERBAL

DEFINITIONS OF

INTELLIGENCE

If it is agreed that, as suggested in the last
chapter, one of the first steps in snvestigating the s«namural history” of
human abilities has to be the construction of measuring instruments, but
that before setting up a measuring instrument one has to define what is t0
be measured, the investigator may find himself in 2 paradoxical position.
For the definition of intelligence may become possible oaly after the unitary
structures have been discovered experimentally, but they can be discovered

only from measurement research. Let us consider this apparent paradox.

1t is part of the greater methodological sophistication required of the
psychologist, compared to some other investigators, that he must recog-
nize that the process of definition is very different for the scientist, on the
one hand, and the philosopher, mathematician, of logician on the other.
The latter are free to define subjectively as they wish, whether they be

defining a unicorn or the jdeal man or the square oot of —1. The scier.nist,
y and iteratively. That is 10

on the other hand, has to proceed empiricall !

say, he starts with a rough definition of what he is looking for and grad-
ually reshapes it as he begins 10 €2 what is really there.
Lavoisier, as shown by his choice of the name “oxygen,” thought that all
acids would include oxygen in their composition- In the Fnd the firm
definition of acid hinged on a somewhat different feature, since only the
majority but not all chemicals fitting the acid type contained oxygen- An
acid could not logically be defined a priori, 00cC and for all. The definition
of acid therefore shifted, in @ scrics of such wierations,” as many other

scientific definitions have don¢.
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Purely a priori attempts to define intelligence verba“:y could :e x\'s\ﬁcnc;::z
pumerous, as the last chapter indicates. But three major emp _asg o
sponding to fields of psychological endeavor can be recognize ne
those which actually were produced. First came the educat.ors, p?rcel llng
intelligence as “the capacity to learn.” Since schfsol 'lenmmg might ast;
include sheer rote memorizing capacity, or the motivation to study, boﬂ_\ of
which most people considered semantically outside the Co}\cept, variaus
more elegant and more restricted forms of “learning capacity” were p_rO-
posed, such as “the capacity to acquire capacity.” Second came the notion
derived from the philosopher, the poet, and the mathematician, convergmg
on the phrase “the ability to think abstractly.” This is a notion one mlg}.lt
reach especially from noticing the capacity of more intelligent humans, in
notable contrast to mental defectives, to abstract and generalize correctly.

A third definition came from the world of comparative animal psychol-
ogy in the phrase “intelligence is adaptability to new sitzations.” Any com-
parison of what commonly are regarded as more and less intelligent animal
species points to the former being better able to achieve their instinctual
goals in cir ances where 1 abstractions have been introduced,
so that some new, roundabout adaptation has to be made. In this definition
it is necessary, however, to add a footnote to make clear that one does not
mean merely adaptation in the sense of being “able to tolerate” as in the
more clinical sense of “adjustment”—which intelligent rebels always think

is anything but intelligent! Nor is it physiological and anatomical adaptabil-
ity in the wide Darwinian sense.

Facile theorists of the untutored kind often overlook the fact that their
ideas—like the enquiry, “when did you stop beating your wife?”—beg the
real question. In cur present study they beg the question of whether intel~
ligence is a single thing, as noted above. If we have a phrase like “the
capacity to abstract,” there is a tendency, as Francis Bacon warned us
back in Elizabethan times, automatically to assume from a single term that
there is a single thing, The more fundamental thinking of Spearman did
not overlook this logically necessary question. What is far more remark-
able, he showed a novel means by which it could be answered in this
tenuous field of behavior. For in that same year, 1904, he published an
article, “The Proof and Measurement of Association between Two Things,”
which became basic to all examination of structure in psychology. '
To appreciate the importance of this,

suspicion of words. Incidentaily,

one must first acquire a deep
psychology,

in no science is this so important as in
e and cm:mtless, sorry, wild goose chases would have been
avoided if psychologists, beginning, for example, with William James, had

learned this in their elementa ical li
ry classes. In physical life we d
wrong about and are seldom asked con ; ettt o

v 0 to prove our intuitive belief that the cat
1‘sv }::}e‘ 9b1;°' and the dog another. But in the vast jungle of observation
bcmm;s ;:havmr—the s_ul?stance of psychology—the taxonomist has to

< 2 far more sophisticated methodologist than in almost any other
science. What in fact do we mean, )

X Vhat i and how do we prove it, when we
say, that “musicaj aptitude” is a unitary gift? P ’ et
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The basic rule for proving the unity of an entity is the same (as John
Stl.}art Mill explained) regardless of whether it is physical or behavioral
unity. A thing is a unity when its parts move together, change together,
and respond together to some treatment or stimulation. The cat and dog
may be a single amicable heap by the fireside, but when you call the dog,
four legs, two cars, a nose, and a tail cross the room to you at once while
the other, cat-like elements stay put. Similarly, if I hypothesize that per-
ceiving analogies, judging the lengths of lines, and seeing the points of
subtle jokes are parts of a single thing called intelligence, then if 1 put one
hundred students in the rank order of their performances on each of these,
my hypothesis can be tested by seeing if this rank order is the same (or
nearly the same) for all three performances. This method has been applied
widely in psychology. For example, Scheier and the present writer (1961)
investigated the hypothesis that anxiety is a psychophysiological unity by
measuring a patient on each of a hundred occasions on blood pressure,
tendency to see threatening objects in pictures, electrical skin resistance,
and level of confidence in a new performance. The fact that the raised
blood pressure, lowered confidence, and the other measures correlated
positively and adequately together pointed to the existence of a unitary
anxiety state appearing as a single response to various influences. The
central principle of this method, in the developed form of factor analysis,
was born in Spearman’s concern about the nature of intelligence.

2. IS INTELLIGENCE UNITARY?
SURFACE AND SOURCE TRAITS
Although factor analysis is a complex sub-
ject, a general logical (if not mathematical)} understanding of its principles
is vital to any real penetration of the issues about structures and traits.
Factor analysis, as its name implies, is concerned with identifying the
unitary factors or influences accounting for the patterns of behavior that
we see. It has been used similarly in other branches of science—from
medicine to meteorology—where a large number of variables is involved
and where it is difficult to pick out the single undexlying influences. Often
in psychology we use the term rait for such an influence or the single pat-
tern it produces, as when we say that Smith believes thus and so because he
has acquired a strong superego or that Jones is able to solve these prable'ms
and learn rapidly because he has more intelligence. In the present section
the reader is asked to bring his intelligence to bear to grasp the vital logic
of factor analysis, before we proceed to apply it to some debated issues.
Historically, factor-analytic and correlational methods began with the
work of a handful of geniuses, among whom Karl Pearson, Sir Francis
Galton, and Charles Spearman were the leaders. In Spearman’s work they
began with the above-mentioned article on “proof of association."’ Out of
this have grown concepts of surface traits and source traits, unitary re-
sponse processes, dimensions of psychological states, homostats, and seg-
regate types, and other operational concepts which arc among the most
complex but also the most useful in psychology.
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A grasp of three of the most basic concepts is’ ’ahsolutely m’.cefsari};,1
however, before the student or even the “lay reader. can come toan;ZS b
any meaningful way with the real nature of. Lhe'ablhty ?roblex?.. u'sd, .
should know the correlation coefficient, which is a device, ongma‘}e | y
Sir Francis Galton, for measuring the degree of agreement—of “going-
togetherness™—between two series of measurements—such as perform-

ances in the analogies and line judgment tests mentioned above. Typically,
in figuring a correlation, we start with a list of people and. two col-
umns of scores, one for each performance involved. The correlation coeffi-

cient works ont from such data, in the form given it by Karl Pearson and
the French statistician Bravais, so that it equals +1.0 when two senes go
together perfectly, becomes 0.0 when they are utterly unrelated, and drqps
to —1.0 when they are exactly inversely related (e.g., the speed of trains
and the time they take to go from A to B).

Even if two manifestations of behavior spring from the same source, W&
should not expect them to show a perfect 7, that is, a correlation® of +1.0,
because various other things may influence them also. For example, the
correlation between the statures of fathers and sons may reach only +0.5,
because, although they have some genes in common, the son also has the
mother’s genes. Furthermore, they may be affected by differences of en-
vironment or by sheer errors of observation which may be contained in the
measures as written down.

Now let us suppose we have a theory that six performances, a, b, ¢, d, €,
and f, are all expressions of some single ability. We could test, say, 200
people on all six of these and work out all possible (fifteen) correlations
among the six as shown in the correlation matrix in Table 2~1.

The experimental result shows that our theory is wrong. Actually a, b,
and e form one correlation cluster, being linked significantly a with b, b
with e, and a with e, while ¢, d, and f do not belong and form another
cluster. And the first cluster is independent of the second, for there are
virtually zero correlations of a, b, and e with ¢, d, and f. Here one would

have ;oB infer that two different abilities are at work; these might be called
aand 8.

. A correlation cluster such as « or B is called 2 surface trait, because it
simply shows that manifestations in some way “go together” but tells us no

1 " s

l;{encefonh. for b(.evu.y, e may write just » for correlation coefficient. The calcu-
" mx:! u! the Bravais-Pearson “product moment,” r, from two series of measures,
X 2nd Y, on the same persons, N, is done by the formula:

Txy R 7
VI Neyo, '

where x and ¥ are the deviations of eacl
sns. fand ¥ teapectively, and .
tions over all persons: e is the o
€oviation of the y scores. I the
1223 at this point some bric
19523, or Ferpuen 11959)

h person's scores from the mean of each
Ty means adding up the products of the two devia-
tandard devintion of the x scores, and ¢, the standard
.r:adcr is unfamiliar with simple v:orreh\';'on. he should
{ introductory text, such as Baggaley (1964), Guilford
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TABLE 2-1
The Recognition of Unitary Surface Traits by a Correlation

Matrix
Variables

| a b [ d € f

a
) b These correlations would
Variables ¢ repeat values in
d ~.1 (. i) lower left.
e L6y L7 g1 =2 0
f -1 2 9 (8 0

Correlations of .2 or less are here considered negligible.
First surface trait relations marked by [ ]. Surface traite = a +b + e
Second surface trait relations marked by ( ). Surface trait B=cH+ad+r

more, By contrast with this, we may talk of a source trait as some under-
lying influence which causes things to go together. In statistical terms, the
former is just a correlation cluster, as immediately observable in Table
2-1, whereas the latter is a “simple structure” factor or a factor given a
unique position by “confactor rotation” (these qualities of a factor will be
described below). The fact that manifestations to some degree “go together”
in a surface trait (in ability, personality, or even nonpsychological data) is
no proof that they spring from a single source. For example, it is a fact that
one obtains a surface trait (correlation cluster) among measures on school
children on such variables as size of vocabulary, familiarity with history,
knowledge of literature, and ability to solve mathematical puzzles. And it
is easy to see that a tendency to get a high score on these will contrast the
“educated and intelligent” type of man with the “unintelligent and poorly
educated.” But we recognize at once on commonsense grounds that this
surface trait of “the educated man” is a combination of exposure to a good
school and a good natural intelligence. We recognize that underneath it lie
two distinct influences—natural giftedness and years of schooling—and
that both contribute to all four observed variables. One can reach the
highest score only with the help of both factors, and the existence of the
cluster js brought about by the two factors—source traits—being super-
imposed in their effects. But how do we locate such factors in a mathe-
matical way, beginning with the observed, given correlation matrix in
Table 2-1?7

3. BEHAVIOR STRUCTURE

INVESTIGATION: FROM

CORRELATION TO

FACTOR ANALYSIS

Factor analysis, which began in psychology
with Spearman and Pearson and has been carried forward since by Burt,
Thurstone, Kelley, Hotelling, and more recent contributors, is a method
of getting out the underlying factors when we are given, by cxperiment,
only the matrix of corrcfation coeflicients, as in Tables 2~1 and 2-2(b).
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TABLE 2-2

Factor Structure Derived from Experimentally Given
Correlations

(A) UNROTATED FACTOR MATRIX, Vo, SHOWING TEN VARIABLES POSSESSING
Two BroaD FACTOR INFLUENCES UNDERLYING THEM.

(i) Unrotated, Vo.

TLoading on Loading on
Varieble  Factor 1 Factor 2

(i) Rotated, Vz.
Loadingon Loadingon

F1 Fo
2 75 ~13 S 02
) .69 25 {50 40
c 38 .56 .05 .66
d 50 69 [ 09 82
e 38 .69 | =02 19
i — 69 13 I —70 —.00
g — 93 19 | =95 o1
h =31 —.50 | —.02 .58
i —25 —.56 | o1 63
i 25 —.06 | 26 01
(B) CORRELATION MATRIX, R, FROM WHICH V,, WAS DERIVED.

| a b c d e f 2 h i i

a 00
b 49 100
¢ 21 40 10
4 2% 52 S8 10
e 20 4 53 61 10
f —53 —~# =19 -~26 ~17 100
4 -72 ~59 -25 33 -2 67 100
h —17 —34 —40 -50 -—46 15 19 100
i -11 -3t -4l
1

—~51 48 10

20 16 06 08

13 36 100
05 18 —24 —05 03 100

. The process by which one calculates from the correlation matrix to what
is ca“.ed the factor matrix, such as that shown in Table 2-2(a), will not be
explained here—it would require too much space—but the student should
undcrsgand the meaning if not the arithmetic of this calculation and trans-
!ormauon. 1f we consider the slightly enlarged example with nine variables
in Table ?-2(b). we are taking a case where the covariation (correlation)
0’( }hc ninc ability tests can be accounted for by only two sources of
\"ar-\,:\ncc, ‘E:s shown by Factors 1 and 2 in the jactor matrix V, in Table
.l.h-i;(f:;)c.m;o;‘ :}:c mam:nt let us not pause to ask just how the computer got
s factor rix V, rum .lhc correlation matrix R, which we fed in. (It
e o g e A Y
X B alled loadin
the given hc‘lor contributes to the variance t:!' &;;‘ea;;gcﬁltzs: dlli 'l'll“::' sf“:c':
patitive, an increase in a person’s endowment in the fncto;- incrcnscl:g h‘is
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performance in that variable; if the sign is negative, an increase in en-
dowment in the factor decreases it.

The rows of the factor matrix V, can be written as an algebraic equa-
tion, in this context commonly called the behavior specification equation—
for example,

Pe = .J5F; — 13F, + U,

where p, is anyone’s performance in the test a, and F; and F, are that
person’s endowments in the factors. U, represents an unknown, unique
influence in p,, i.e., something “special” affecting it beyond the two factors
we know are definitely commion to most of the variables a, b, ¢, d, ¢, f, g,
h, and i.

The same statement of resolution into factor loadings can also be ex-
pressed geometrically, for those who enjoy geometry more than algebra, by
plotting the ten tests a, b, ¢, etc., as points in a coordinate system given by
the two factors, with projections arranged to be equal to the loadings in V,,
as shown in Figure 2~1(a). (Let the reader check the positions of a few
points from Table 2-2 to satisfy himself.) In the geometrical system two
tests are drawn so that the angle between them shows how big the correla-
tion between them has been found to be (in R) from the experiment. The
angle is drawn conventionally so that the cosine of the angle (multiplied
by the length of the two test vectors?) equals the given r.

FIGURE 2-1
Plots Showing How the Variance on Variables Can Be
ition, by Source Trait Coordinates

Assigned a Factor C
£
Sy
2e o
(8) Orthogonal *b P
Unrotated L B (57 Obligue 55
Factors . o s Simple )
Ie Structure |
- Factors
2
ol Correlation of gonelatign of
ts
*h Factars Fy + F2 = 0 s:n_:_rcsez ats
of C
g

2The term vector will be familiar from high school math. The lengths of these
vectors are fixed by what are called the communalixies——lh? am.oun! of all common
factors in the test, obtained by squaring and adding the loadings in the row of the V,
for that test. The communality js written h? (for test a it is .58), m.\d the l.eng(h of
tthe test vector is h. The factors are in standard scores and are given unit lcn;'lh
(i.e., 1). Usnally no test vector reaches unit length, for that would mcan that its
variance was sotally accounted for by these two common factors alone.
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If the test vectors are drawn in with the angles between them fitting thi
obtained correlations, then by this convention, the “correlation. clusters
can be seen literally as clusters, like sheaves of arrows, and it 1s’at once
evident that we have four such correlation clusters or surface traits here,
A, B, C, and D, though A is less “tight” and clearly defined than the
others.

In the geometrical system one can see now from the matrix in Table 2—2
what the computer’s calculation of factors must amount to. Tt is the equiva-
lent of drawing the tests with the proper angles to one another—as given
by the experimental results (r's) directly—and then drawing in two co-
ordinates. The factors are simply the coordinates F, and F, in Figure 2-1.
Some angles among tests, incidentally, if tests were represented by billiard
balls on sticks thrust into a potato, would force one to go into three-

dimensional space. Beyond that one might be given by the experiment
certain cosines that will mutually fit only if one goes into four- and five-
dimensional “hyperspace’

! That is to say, the correlation matrix, given by
the experiments, itself decides (within certain experimental limits) how
many factors are going to have to be called in to explain, i.e., to fit, the
correlations. Let us note once and for all this fact that the number of major
infiuences require
often, the rooted

gles in Figure 2-1) and on the solution of this
more will be said.

. In }he above psychological example (Table 2-2) one surface trait—

4. THE DIFFERENCE BETWEEN
THE SCIENTIST'S AND THE
MATHEMATIC!AN'S FACTOR
MODEL: ROTATIONAL
RESOLUTION

Now although the terms
0 “surface traits™) have been used here ini-
geable concepts, it m

n definition exists whi

“factors” and

4 pace——a space
the given test vectors which
angles given by the results of i hen th
o) - s of the experiment—th,

ber of coordinates is fixed, but they can be drawn in later at whea':c:'};i
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fmgles we plc‘ase‘ To the mathematician one set of orthogonal coordinates
is represenmt.xonally as good as another—one can spin them like a roulette
wheel and still get equivalent (but different) sets of loadings, fixing the
test points at whatever rotation one chooses. Indeed, as the results come
out of the computer, by various programs, the position of the axes is
‘z:rbitrary, an'd. we can shift them I.ater into any one of an infinite series of

rotated positions” without changing anything that the mathematician val-
ues in the resulis,

The scientist, however, wants something that has meaning not only in
this particular calculation but also in those from all his experiments. He is
not so nonchalant as the mathematician as to where the axis shall be spus,
for actually a source trait proves to mean more to him than just a factor.
He knows that, granted certain special restricting conditions on rotation,
the coordinates he settles upon can have the additional properties of being
real and particular influences or causes. In physical measurement correla-
tions, for example, a coordinate axis can be placed in one position where
it means temperature, another where it means mass, and another where it
means volume. (Sullivan and the present writer (1962) factored fifteen
measures on one hundred cups of hot coffee to show this.) However, these
meaningful positions are reached only after rotation, for as the (vertical)
coordinates were placed immediately as in the V, matrix coming directly
from the computer, their positions represented only obscure mixtures of
mass, temperature, volume, etc.

The story about how the uniquely meaningful position—the perfect
roulette spin of fortune—can be found is too recondite for brief descrip-
tion here. One way is by finding what is called “simple structure.” This
supposes that in any widely sampled set of variables any one natural cause
is unlikely to affect more than a minority of all variables. Consequently, if
we shift to a position where there are as many zero loadings as possible
for the factor—a position realized by comparing the columns in Vi, with
those in the original V, from which it is spun in Table 2-2—this should

correspond to the true position of the influences. A more complex—but in
principle more positive—method than simple structure is called “confactor
rotation.” In either method, what the psychologist has achieved is the dis-
covery of uniquely defined source traits underlying the observed mani-
festations (variables) of behavior—source traits to the meaning of which
he can direct his next enquiries.

To recapitulate, the experimentally given correlation matrix _is factored,
and the plot expressing variables as vectors fixed by their projections has
the coordinates shifted, until the position, as in Figure 2--1(b), corre-
sponds to a simple structure. It will be seen that in Figure 2-1 the plots

(a) and (b) are the drawings from the unrotated (V,) and rotated (V,,,.)
matrices, respectively, in Table 2-2. (The expression Vy, means the vari-
able-dimension matrix fixed at a factor pattern position.) Accordingly, an
investigator would assume at this point that he has bro.ught his fa.cxors to
the unique source trait (S; and S; in Figure 2-1) positions at which they
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ing i i r the
are likely to correspond to real underlying mﬂue'nces, accou]ém:'g f:nique
variations seen in his variables. It is good practice to chet': blt xs.n e
position at once by a new experiment, mixing these' varial t};es (;'ﬁerent
others, to see if the simple structure rotational resolution in the di
’ . .
context gives the same source traits again.

Now, if the cosine of an angle, in this geometrica_l mprf:§entat10nilr§p;§;
sents a correlation, it is obvious that the source trait posnlt{ons reac! el -
the factors in Figure 2-1(b) must make S, and S, positively correlate _
(Since Cos 90° = 0, only orthogonal axes are uncorrelate.d.) Mathem‘:h
ticians are not fond of the complexity of calculations which come witl
oblique coordinates; but to the scientist it would be incredible t'.haI the Varlc;
ous influences found in nature and interacting in a common universe 5}10\11
be exactly uncorrelated! The causes and forces we know in our uu'wer§e
do not “proceed on parallel lines to infinity” without interaction. Being in
one universe, they interact.

Air pressure and air temperature are distinct factor corncepts, corre-

sponding to the distinct source trait factors we would get if we factored a
lot of variables affected b

y air pressure and temperature—e.g., plant
growth, sinus infection incidence, water consumption, and wind velocity—
recorded at one hundred city observatories. But when we plotted them they
would be oblique, as in Figure 2-1(b), not orthogonal as in 2-1(a), be-
cause with changing latitudes and altitudes the factors of pressure and
temperature will become correlated. Similarly in psychological variables,

if, say, intelligence and emotional stability come out as distinet factors (as
we know they do), we scarcely

should expect them to be uncorrelated.
Among students who passed difficult scholarship exams, for example, we
might expect intelligence and emotional stability even to be negatively
correlated, because those who lack stability and persistence will get through
only if they are very bright, whereas those who are not bright may hope to
succeed only if they are Particularly steady workers. Thus, the source traits
we locate in Ppsychological experiments  quite typically turn out to be
drawn obliquely as in Figure 2-1 (b) and have some moderate degree of
mutual correlation,

5. EARLY FACTOR FINDINGS:
THE TWO-FACTOR (3 AND s)
HIERARCHICAL THEORY
. . It is to be hoped that the reader’s patience
k(ms vmhstooq this excursion into the abstractiors of correlation coegicicnts,
ﬁa;(urs. n;:alxmns. and the surface trajt and source trait concepts. At one
= psychology courses were the recognized f i

0 tke @ o withows fo; gn reluge of those who wished

ng the rigors of mathe, ati n-
countered, for example, in chemistry o matics—as e
OBt and even the

biologiar ot lll)(cl physics. Nowadays the psychol-
- ist need 1o as good at mathematics as the
:Zin;:n:l\g student. Indeed, in Proportion as the human mind is more

TPiex than the most complicated machine invented by man, the psychol-
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ogist’s mathematics needs to be more refined and subtle than that of the
physical scientist or the engineer. No psychologist today can hape to under-
stand the complexities of ability structure and {earning without a grasp of
at least the general principles of correlation and factor analysis. He needs
insight also into such concepts as are met in the various probability propo-
sitions in learning theory, in multiple regression, and in variance analysis
approaches required in all behavioral analyses. Nevertheless, the above
sketch of the fundamentals in multivariate experimental methods and con-
cepts can carry the reader most of the way, though some additional
methodological reading may be suggested as we reach the heart of certain
theoretical issues, for those who wish to look independently at our state-
ment as to what the factor-analytic evidence implies.

Meanwhile, let us note that Spearman really did not get as far as these
multifactor analysis methods, as they are called now. They grew in due
course out of the further development of his ideas by others. What he
actually stopped at has been called the two-factor theory of intelligence,
which we should grasp before proceeding. In pursning the question “What
is intelligence?” he measured good-sized samples of children on a varied
set of cognitive performances which other psychologists of his day claimed
to be measures of intelligence. On examining the correlation matrices
which he first obtained, he made the interesting discovery that by re-
arranging the order of the tests along the edge of the matrix hf" always
could get what he called a “hierarchy.” That is to say, as shown in Table
2-3, the correlation coefficients would decrease in size uniformly from
above downwards and from left to right.

He showed that the existence of a hierarchy (Jater checked by some-
thing better than scanning the columns, namely, the statistical test known
as the “tetrad differences” criterion) is compatible with the theory that
every ability can be divided into two contributions: (1) a gt:neml mental
ability which it shares with all other abilities and (2) an ability absolulc.ly
specific to that performance. The two-factor theory of'a g.and an s in
every cognitive performance has had to face 'Iater modifications, but for
twenty-five years it was a tower of strength in the form of a clean—cu.t,
methodological, testable reference theory among the ragtag am.i bt'abtml
of superficial speculation which sought to justify the rather feverish intel-

ligence testing activities of those times.

TABLE 2-3 X
Corralations Among Diverse Abilitles Arranged in a

Hierarchy
5 6

Performance 1
Vocabulary Size {1

1. 0)

2. Solving Math Problems 7 ‘g) .

3. Spatial Thinking o (] . .3 a0

4. Following Complez( Directions 5 4 . . 0

g. Judging Musical Pitch ; 3 ? ¥ 3 oo

Matching Colors
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The experiments which the g and s theory provoked brought out inter-

esting facts: (1) that almost all correlations in such matrices are positive;
(2) that the ratio of the g to the s

(necessarily higher in performances at
the top of the hierarchy in such rearranged lists as in Table 2-3) is highest
in complex mathematical and abstract verbal abilities and lowest in motor
skills and repetitive tasks; and (3) that speed of intelligence item solution
and final intelligence level in intelligence-demanding tasks are not so differ-
ent. The fact that correlations among all abilities tend to be positive sup-
ports the idea of a really wide “general” mental capacity factor, and
suggests that “negative transfer”—i.e., one ability getting in the way of
and detracting from another—must be quite uncommon.

The determination of the ratio of g to s has both general interest and
specific application to intelligence test construction. By the calculations
available in the carly twentieth century it was shown that success in
mathematics is nine times as dependent upon g as upon s, and about the
same for classics and understanding of grammar and syntax at an explicit
level; that success in music (by grades) is about three times as dependent
upon g as upon s, and that ability to draw (from nature) is about one-
quarter times as dependent upon g as upon some special gift peculiar to
drawing (Spearman, 1927).

Regarding speed, it was found that there is very little difference in the
rank order of one hundred people {of similar age) on an intelligence test
score when they are made to do it 1o a demanding time limit and when.
alternatively, f.hey are given all the time in the world. Naturally, there are)
‘:}‘10“3 complaints from people under the first condition to the effect that

1cy are not do-mg themselves justice; but the correlation of the two con-
dmor}s. is so high that it does not seem to matter much under which
condmon.t.hey are tested. Thorndike, with more mixed groups, evaluated
l::‘cdnlagx‘:tuee of t}.le difference as more significant, and talked ,of “speed”

o jusg?y :Zp;:‘n:l::gzu:neasures of intelligence as sufﬁcient?y 'diﬁerent
wgeneral spaed of emer:f. As we shall see later, there is indeed a
mental work” factor distinct from general ability, but it

shows itself more strongly utine ideomo

k gly in routine ideomot i i

r cancelation of mumere o b motor performances like reading
o of numbers and rs,

problems (among coevals) is much

whereas speed of solving complex
(Spcarman, 1927),

more a matter of intelligence itself

6. A FIRST GLIMPSE OF
PROPERTIES OF "GENER:I‘_"E
1M}]ENTAL CAPACITY"

experimental work rough the above approaches

‘hz‘; smdc“:.s-\\:“r}l. \:‘y _Spcarm:m, Thomdike, Hollz,i[;gcr, Tcr::::nm:x::'l

tomal pcrformanccspbrfml;hﬂ?‘ through the large-scale analysis of cduca-

proncries of gm: : urt in London school children, the nature m;d

the opening quart. rr:x mental capacity factor were clarified greatly i
T of our century. That clarification gave firm gmundy 0]:
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Principles and A

the practical side, to the construction of intelligence tests (where formerly
the only definition in practice had been the somewhat cynical “intelligence
is what intcllizence tests measure,” sadly subject to “whose intelligence
test?”), and on the theoretical side, it suggested a new framework for

research,

If Spearman’s theory were correct, the
on the microscope slide, and it remained only to describe it and its natural
history. The entity “g"” was operationally defined as “that which enters 9:1
in mathematics, 3:1 in music, etc., and into all abilities in a pervasive
fashion.” Whether the predilections of a particular psychologist, or a whole
school of psychologists, favored application of the popular word “intelli-
gence” to this entity is almost 2 matter of fashion and actually of small
importance. If they did not, to what else would they attach it? There could
be little doubt that this most massive influence, demonstrated to be en-
shrined centrally in the ficld of human abilities, best merited the term
intelligence. But, as elsewhere in science, the best designation of a precise
entity requires one to get out of the morass of semantics and set up a new
symbol, freed of the subjectivities and confusing associations of popular,

loosely used terms. This Spearman proposed to designate “g.” One then
has an operational referent, and it is merely a secondary, semantic issue
whether or not one uses “intelligence” to refer to “g” (The same argu-
ment supports the application of universal index numbers to personality
dimensions discussed in Chapter 12, such as U.L 24 for anxiety or U.L 32,
exvia, for the true core of extraversion.)
Actually, an examination of the properties ©!

essential germ was now caught

£ «g” showed that the best
and most representative verbal definitions previously useq for intelligence
were not far off. The performances which load “g” most highly as a factor,
do involve “the ability to think abstractly” to 2 far 'grealer degree thfm do
Jow-loading performances. The definition of in.telllgence as “capacity to
acquire capacity” was supported by the corrﬁf]atxons ?f 0.5 to.0.7 between
g and measures of rate of learning of scholastic r.nate'rxal. And it was shown
in Laycock’s experiments ol resourcefut adaptz‘mon in Prob}em iolvmg that
«g” is indeed «adaptability (of means to ends) in new sm.muons. ; )
Questions still might be raised about «how general is general:l., for it
could be objected stitl that the concept of “the total field of cognitive per-
formances,” about which, as a basis for “fixing” the gen;eral factor, {nost
theorists fortunately were in rough agreement, has rt‘:‘mamcd §ubjectxvc1'):
defined. The difficulty exists, but is not acg!t'c, and “personality sPh?m.
sampling of variables does offer some objcctxvnty‘.‘ Howevsr, nowadays it 11?
recognized that there is no such thing as 2 truly general fnctor. acrcssha
behavior. (General is 2 mathematical notion—general to a xns:rxt:;—nm:h :‘:

i i d is a be
than a psychologically meaningful concept). Broa  tha
genemlpoz comng\on, and will be so contrasted with narrow or specific in

our further discussions. X
y that most lcading psycholo

It is probably correct to 52 t
factor position which Spearman reac

gists today accept
hed. With minor

the general or broad
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modifications this is the position of Burt, Humphreys, McNemar, Vernon,
and other experienced reviewers of the field, while Guilford’s position is in
agreement at least to the extent of keeping an orthogonal system. Most of
the work of test instructors, and those investigating the age trends, physiol-
ogy, and general “natural history” of intelligence, operate on a single
broad factor definition. However, in the present book, a development dif-
ferent from all of these is taken, which, while consistent with the spirit and
technical methods of Spearman’s basic approach, leads to the conclusion
that in fact we have to deal with two broad or “general” ability factors,
fluid and crystallized.

Naturally, this radically different view of two equally important but
different “sister” factors has come in for some fierce debate; which makes
it all the more important that the student should master methodological
questions thoroughly. The attack on these technical issues is made—after
the present preliminary introduction—in Chapter 5 below. But before
entering that fray, we need to build up, in Chapters 3 and 4, an adequate
body of substantive knowledge concerning the ability field generally.



CHAPTER THE

THREE NATURE
OF
PRIMARY
ABILITIES

1. FROM THE GENERAL
ABILITY FACTOR TO MULTIPLE
FACTOR ANALYSIS
X Our attention 50 far has been given to hunt-
ing the main quarry—2, or general ability—allowing the numerous small
s’s, or narrow special abilities, to €scape so to speak, il all directions.
Quite early in the research of the London group, however, Spearman him-
self began to ask what these latter really might be. In explaining them he
borrowed a model from engineering and said g was the size of the main
power house, while the §'s represemed the magnitude of special engines in
particular localities which employed the power. This is more of a colorful
metaphor than a theory, though in physiological terms one could express
it as level of total cortical electrical activity in relation to goodness of
various local neuron structures.

Regardless of the par
began to give theorell
ments kept cropping UP in
example by the occurrence of 2 correlation of 0.7 instead of the actual
value of 0.4 in the ueell” of the correlation matrix where tests 2 and 4
intercorrelate (scc Table 2-3 in Chapter 2)- Spearman brushed these aside,
saying that when this happened the experimenter had chosen two tests,
in 2 and 4 cited, which were far more alike than they should b€, 50 that
the intercorrelation was more than that due simply to the amount of g in
them. A formula was known:

fop = Tag X To8 31

d between WO tests,

to be expecte
amount of § in common. Here Tug

23

, a and b,

which gave the correlation
and fyg ATC

through their having a given
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the correlations of a and b, respectively, with the common general. factor,
g. Anything greater than that r,, value must be due }o a and b sharing also
the same $—or, at any rate, something perhaps a little broader than an s,

that is no! intelligence. Spearman’s explanation o

f a break in the hierarchy
was correct, but it left one wondering on what inspectional grounds one
excludes a test as being “too much Yike” another.

Thorndike, who was not yet convinced of g, e
such breaks in the hierarchy were considerable, in any actual experimental

data, and were due to what he called “group factors.” He believed that if

one {00k 2 yandom set of tests one would find several massive group fac-
tofs, e.g., verbal, mathematical, and dexterity abilities, which are so broad

that they might reasonably be called distinct g’s or varieties of intelligence.
Spearman began to be accused of grooming his hierarchies by simply
throwing out any test that upset them (and him!), and he was urged by
critics to pursue the study of group factors instead of ignoring them. (As
often happens in scientific research, the onlookers urgently ask the busiest
man to do still more!) But he continued to concentrate on uncovering the
nature of g, and like the able ex-officer that he was, his scientific maneuvers
continued to follow the strategic aim of first annihilating the main body of
the enemy.

inclined to the view that

In the end the so-called “group factors” came into their own from a very
different analytical approach. Thurstone, a talented and inventive engineer-
turned-psychologist, produced an elegant and powerful generalization of
the factor-analytic model and method. Spearman originally had introduced
fac\or analysis in a fit of absent-mindedness, as it were, as a necessary
instrument 1o support his main theory of intelligence. He had kept close 1o
thc‘ correlation matrix, showing a proof—by the “tetrad differences” cri-
terion—of one general factor and of a specific factor for each test, when
all the tests were of a similar general nature (cognitive), Thurstone tran-
sccr.]dcd these first limitations and developed the general principles for
taking olT from any correlation matrix, no matter how mixed the variables

and arriving at the set of factors needed to “explain,” or at least reproduce,
1.hc cxperimental correlations. Whether the factors thus found would bé
judged finally to be general, group, or specific rested on other criteria. The

new factor model thus produced broad or .
. or “‘comm i
analysis could show to be either of onarchie et a8

universal monarchic infl i
o < ! of 1 c influence, as in
d;.vc rman’s g, or of only oligarchic influence among peers, as in :I‘horn-
ike's group factors. ’

2. THURSTONE DEMONSTRATES
THE EXISTENCE OF ®

PRIMARY ABILITIES
rultiple factor analysis!
n countless areas, but §
moment it threatened 1

c new  mathematico-statistical tool of
ll.'\\.xs bn‘mgh\ into psychology has influenced theory
nitially it affected ability theory most of all, For a
o replace general intelligence and the 1.Q. by a quite
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g;ginrctnz Z:‘l;i(:gra}rzxcégrc, thh(ijCh about a dozen “‘primary abilities” were
that though D ltifact mprehend the next arguments we must recognize
emerge, the questio: o(f)rwz}lln';\}llysmth initially perml.ts all kinds of factors to
Drong ot nerow, is dccidcdeevcr ey are recognized as commou or group,
N s entually by the process of rotation described
in the last chapter.
thgh“fSlOHG, .in short, no Jonger stuck close to the correlation matrix, as if
psychologist would know beforehand pretty well how each correlation
5h°“!d be interpreted. Instead, his method vaulted far from the correlation
:2‘:;1'12,“ fiorthwith into hypc\:space, i.e., typically into more than three fac-
IS, : settled the question of meaning by applying perfectly general
principles (not tied to any particular substantive psychological theory) of
factor resolution (rotation) in that ‘hyperspace- (The difference of tem-
perament and imagination between relatively earthbound psychometrists
who, for example, in so-called facet analysis—as proposed by Guttman in
1955_—l'€:se:mb1e the first aeronauts, who believed in “flying slowly and
keeping near the ground,” and those more imaginative, open-minded souls
w.h(_’ fly high and navigate freely in the new medium of hyperspace still
divides the psychological field.)
When Thurstone applied his multiple factor analysis (pub! ished in 1931)
to the realm of ability data (1938), he came out with a result which at first
appeared to bring the whole Spearman position tumbling to the ground.
Instead of one general ability he found seven OF eight quite distinct primary
abilities. Tt was treated as a psychological earthquake by manys and a con-
siderable number of educational psychologists-—especially those who had
for various reasons been unhappy with the 1.Q.—began burning their in-
telligence tests, convinced that with the overthrow of the single, monarchic
general intelligence factor, the 1.Q. was no Jonger a useful concept. Two
years later, in a paper at the annual meeting of the American psychological
‘Association (Cattell, 1941), the present writer pointed outs and Thurstone
fully concurred, that since a “g” factor could be obtained as 2 second-order
factor among his primaries, the concept of g Was stifl firm. The Spearman
and Thurstone findings were reconcilable; and With mutual illumination-
r analysis constitutes complex and interest-

hile it was being developed by psychol-

ultiple facto
ing i depcndcmly what is

1The historical origin of m
The fact is that W

ing scientific story in itself. devel in
icians were eveloplng A
mathematict 5" —in mathe-

ogists for psychologists the e :
is and the extraction ©
e <20, Only later did the tvo streams

ca“fd principal componen!
matical terms which no psychologist would recognize. st
merge. Truman Kelley at Harvard was Jeveloping multiple compotlcnl analysis in "h;
e. And also in that same ccade Hotelling developed .uu
is also a “lost article™

s:m:; decade as Thursiort, hod. But there i

mathematical finesse the full rincipal axes method. ) artic
by J. C. M. Garnett in the Pfocee;ing: of 1919, which discovers
the principle, and recently Sir Cyril Burt ha

earlier, clearly set out the idea H follow it up- In sho
science, n new conception €0 have independents P b
sometimes forgotten roots: each with the special flavor of the
genius concerned.
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The technical meaning of second-order factors will be introduced as we

proceed further. 1t mmust suffice for the moment that Thurstone not only

proved the existence of several distinct primary ab‘xﬁﬁ.cs—-verbal, numer-
ical, spatial, perceptual, etc.—but also showed that a single general ability
could be considered to Yie further back, in some sense as a source of these
specialized developments, Thus, he was under no illusion that he had
succeeded in abolishing g. Indeed, he pointed out an extremely important
though suble sense in which his approach to “g” through primaries ﬂctuall?'
defined “g” in a more scientifically satisfactory way (see page 74) than it
had been defined by Spearman, Burt, and others of the London group. .
Among practicing psychologists, the creation of this alternative of “pri-
mary or secondary” has led to swings

importance of measuring children on the primaries and on the second-order
general ability behind them. First the fashion ran to abolishing “g” and
measuring primaries only, but recently Vernon (1964) and McNemar
(1958) have urged independently that “g” is the more important predic-
tive entity after all (somewhat as the present writer argued in 1940). By
now, however, through those developments we shall describe (and as the
next chapter will show) which are concerned with g having split into two
general factors, g, and g, these older disputes are irrelevant. To those tied
1o the pendulum of fashionable theoretical emphasis in schools and educa-
tion departments, however, the standing record must be insisted upon—
that Spearman was actually broad and comprehensive in his perspective.
I?espite his concentration on locating g, he never underestimated the prac-
tlc.al importance of his s (some few of which nowadays would be called
primaries). At a meeting of the British Association in 1928 (on the brink
o.t the economic depression and its discouraging unemployment), he de-
Tivered a l?cture pointing out the likelihood that every individual is a genius
at somethmg.' Fnr. since the §'s are extremely numerous and unconnected
V‘;“h general intelligence, the high probability is that there is at least 6ne of
v:r‘;‘h‘i’;‘hl";}‘g‘i‘gleilz\y given individual, no matter what his intelligence, is

of opinion on the relative practical

0['2::: ;gn;;ognng_’zr?' abilities give substance and precision to the element
had begun by bo u: ©'s more vaguely perceived “group” factors. Thurstone
at unusual ;‘:d di (2) looking more widely than had the London school
one apparent e 1suncuv? Xinds of al?llity and (b) permitting more than
bor of poctm {presemfmve of each. kind of ability. The tests for the num-
crude, but Th om a given con.e\a\\on matrix were at that time admittedly

s urstone had no difficulty in showing that a single broad fac-

3
2 An anecdote of that meeting ma;

of a great theorist. By 1
the chalk bo: elore a larg

y be of interest as illustrating the absent-mindedness
h ard, the vari
tion. Perceiving the pressios

¢ audience Spearman rteeled i i
off, without writing on
mplex formulae supporting his main theoretical posi-
susistant to § c: Of ahe audi :
oy 1o e;:da:?i:. \:n!ur:d 1o put a piece of ch:
fully ¢ hour and then, sayi
£." he wrote one small and very solita: s

the _present writer, as research
el da:}l; in his band. He held it faith-
Ying, “And this is what T call the theory of
Ty “g” in the middle of the large board} Y

e
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torn
o longer sufficed, and that more likely there were six to a dozen factors

in su i i
ch behavior. The simple structure, however, showed that the primary

abilits
ilitics (as they have always been called since) were all somewhat posi-
ence a single general ability might

z;:;ly llfltCICOUelated, and that in consequ
ade ;I: ::ethem z}xlll at the second order. A reasonably assiduous but still not
Chologistssc'arc for fl'xrther.group. factors has been made by various psy-
on faors fmce that.nme (including the later work by Thurstone himself
hensivel zllndperceptxon). Horn (1965) .has attacked the problem compre=
reaso t})’ n French. (1951)‘ has published 2 list of what he considers

nably well-established primaries, covering, initially some twenty such

abilities (see Table 3-1).

3. A ROLL CALL OF

PRESENTLY RECOGNIZED

PRIMARY ABILITIES

The further pursuit of primary abilities, fol-
s has gone on not S0 much in 2 desultory as in

Zn uncoordinated fashion, which renders a final map rather difficult to
raw. The studies of Adkins (1952), Alexander (1935), Bechtoldt
(1947), Broadbent (1965), Brown and Stephenson (1933, Carroll
(1941), Cox (1928, 1934), El Koussy (1935), Fleishman (1954), Hal-
stead (1947), Kelley (1954), Rimoldi (19510, Swineford (1949),
Woodrow (1938), and others have often produced ne¥ suspected pri-
maries, sometimes as 2 byproduct. Even so, these and the more direct
studies and summaries of Horn (1965), French (1963)s and others cannot
yet claim to have covered the whole domain.
Late in the day, largely in the last ten years, the picture of primaries
has been enriched, but, by Thurstone standards, 10t clarified, through the
rkers—Christenson

industrious test construction O d his co¥o

lowing Thurstone’s method

(Guilford, Christenson, et al» 1954), Cox (1928): Frick (Guilford, Chris-
tenson, Frick, and Merrifield, 1961), Green (Guilford, Christenson, ¢t al.,
1954), Herzka (1954), Hoepfner (1964), Kettner (1959), Merrifield
(Guilford, Christenson, Frick, and Mersifield, 1961), peterson (1963,
Zimmerman (Guilford and Zimmerman, 1948), and others: Some ques-
tionable features in Guilford’s theoretical framework will be discussed in
Chapter 11, and at this stag® we have § that his factors (a) are
kept orthogonal and (b) derive from fes
scheme (see the box on page 's4) which would yie . :
abilities. The first of these, i ' opinion, is a7 entirely
wrong principle. The second (se¢ P35 ¢ several possible
arbitrary classification principles 1o on¢ cc covering
the total ficld of human ability performance- .
A better principle for the sccond purpose—coverinE !
akin to the personality sphere concept (Cauell, 19463,
personality research. This takes the total realm of behavio

he ficld—is onc
19652) used in
¢ in our culture,
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essentially by sampling the twenty-four hours‘ of our daily b;ha\.nc:, ;1;112
reaches a stratified sample of the total populauon'of h.uman bel awod.. e
conversion of this to an ability modality subsection is made accor u;)g.m
the principle on page 55 below. Such a concegt of a to.ttfllrealm of a 1}:ou)t’
performances is vital to a reliable map of prlmm;y-abllmes. For wi out
some guide as to how performances are “spaced, i.e., whether one Izl -
formance is very different from another or so close as t_° be con.stdere
virtual duplicate, there can be no objectivity to our primary ability con-
cepts. For example, a psychologist could (as Humphreys and others have
accused Guilford of doing) “blow up” a specific factor into a group factor
(a primary) by multiplying the number of separate tests in quite a smail
specialized area. Only moderate ingenuity is required to invent ten dlﬂ'e}'ent
measures of efficiency in putting on and lacing one’s shoes, and thus (since
they are likely mutually to correlate highly) produce a broad “primflry
ability” (covering ten variables) for “putting on shoes.” Explicit attention

to this personality sphere principle has been, at worst, simply lacking in the
primary ability surveys of, say, French or Vernon. But it has been used
deliberately, yet in a perverse and deluding sense, in the work of Guilford.
For he deliberately makes the initial choice
framework rather than a naturalistic sampling of existing behaviors.

The maintenance in Guilford’s work of orthogonal factors, where the
natural structure Tequires oblique

factors, necessarily means, as the ex-
amples of Cattell and Dickman (

come fairly near,

three rotated ones. In factors
later than the opening ones, however, chags ensues. It is as if a man had
ten cases of whiskey, each of a different brand, and then began switching
the bottles from €ase to case in random fashion, doing so most thoroughly
in the later cases. Now if he

h Were to drop the first and second cases, and
strain off the whiskey from the broken

, but after that
We may take Guilford’s
Pproximations to the first couple of

1d. However, it is time

3 personality sphere
g about. The question of how such a list
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Perceptual Speed (Figural Identification) )
‘aH-(4) }{;:e:rches (more than 30): Guilford (1967), Thurstone (1938
P
1950). . . -
‘();) Tests: z:omparing similarity in vxsu?l' material and configura
tions, mirror reading, dial recognition.
i iti Perception)
Speed of Closure (Visual Cognition, Gestalt
:J.I.(5) }{esearches: Botzum (1951), Guilford (1967), Roff 9999)50)’
or Thurstone (1958, 1950), Pemberton (1952), Meili (1949).
[(eA) Tests: Street Gestalt, Speed of dark adaptation.
R P
UL Inductive R (General ) “Pe.
a © Regarding reasoning factor Pawlik (1966) Foncludes Dr:l
or ductive is certainly distinct, whereas Inductive and G'e'neWe
(I&R) Reasoning may or may not represent separate factors.
assume here they do not. . .
Researches (about 15): Thurstone (1938), Meili (1949), Guik
ford (1967). . -
Tests: Thurstone’s “mark test,” discovering rule or principle,
series, secret writing, pedigrees.
uLm Deductive R, ing (Logical Eval )
Qar Researches (Only half a dozen show it clearly): Thurstone
or (1938), Guilford (1967), Botzum (1951). A
(D) Tests: Proceeding from general to specific, syllogisms (select-
ive), assumptions made.
U.LEG) Rote Memory® (Associative Memory)
A OT gy, Researches (about 25): Anastasi (1958b), Carlson (1937),
or Carroll (1941), Garrett (1946), Thurstone (1938), Guilford
™) (1967).
Tests: Word-word pairs, figure-word pairs, number-figure, etc.
U.L®) Mechanical Knowledge and Skil
Any Researches: Cox (1928, 1934), Guilford (1967), Bennett (1952).
or Tests: Knowledge of tools and machinery, Perception of mode
(Mk) of working of machines.
U.L©) Word Fluency
2w Rescarches (about 30): Bernstein (1924), Cattell (1933b,
o 19362), Guilford (1967) Hargreaves (1927), Studman
()] (1935), Thurstone (1938). ’ ’
= Tests: Words beginning or ending with —___, anagrams.
c83rding the autempt to General R ing from Inductive R our
zzﬁ‘fnr::m::g‘:“?; &“"‘E‘mins is nothing more than a partial perception of fluid
anthmetic problems a/x‘: obvi:usl?; :‘l:l:!r .gsun‘;h i e ford's ship destination and
2 Despite the very o !

£
the

Memory factor by
31013 like Memg;

easures. See Marron (1953),
car demonstration (sce text,
Kelley (1954), Roff Qoo o

(1950), and a distinct Meaningful
. and ot
Ty Span (sce Pawly) and others, an,

» and also of some narrow
ment that 1t repacsenr < ‘1966) we have not lisf
tha Tesents only a projecti i
(mance, Qs assumption 1 Y & projection of intell

ted the former here, on
LR ligence, g, into memaoriz-
i Ot Memory represents o basic capacity to
¥ and retain, which operates regardless of meaningfulness and com-
lshoul r the general effecti of
cral retenuvity, but at present they are probably
s 3ctor of factg should appear cventually as a “gencral capacity
nlually among ﬂ]c pnmaries, Consequently
since the figures in parentheses are retained
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U.L(10) Ideational Fluency

ay Researches: Cattell and Tiner (1949), Carr
H ) , oll (1941), Bech-
((’{f) toldt (1997), Guilford (1967), Taylor (1947), Meili 2194;;.
Tests: Topics, Riddles, Plot titles, Uses.
U.L(n Restructuring Closure (Flexibility of Closure)

‘:)r; Rescayghcs: Thurstone (1938), Roff (1950), Guilford (1967),
© Meili (1949), Pemberton (1952), Schaedeli (1961).
f) Tests: Gottschalk, Hidden figures, Hidden letters.
A large part of the variance often included in this factor
belongs to personality factors U.L 19 and UL 21.

U.L©) FIexibiIily-us.-Firmne:ﬂ (Originality)

& Researches: Cattell and Tiner (1949). Possibly same factor in

or Guilford.

©) Tests: Riddles, unusual uses, remote consequences of by-
potheses.

(Psychomotor coordination)

U.L(12) General Motor Coordination

2me Researches (about 12): Cox (1928, 1934), Dudek (1948),

Fy Guilford (1967)- )

(Mc) Tests: Two hand coordination, pursuit meter, hand and foot
adjustments.

U.L(13) Manual Dexterity (Also Aiming)

z”“’ Researches: Cox (1928, 1934), Guilford (1967, Hempel and

* Fleishman (1955)- .

@ Tests: Minnesota raté of manipulatioz, aiming small arm-hand

movements. (Possibly also Kinaesthetic sensé ol_‘ Bass and
trast with Finger Dex-

of Fleishman [19541; but note con

terity.)

ULay Musical Pitch and Tonal Sensitivity
el Rescarches: Karlin (}941). .
Tests: Seashore Musical Aptitude.

ULas) Re omal Drawing Skl
presentationdl rawing
A  Spearman (1927), Butt (1940). )
?szzrg'fw zﬁ:n, Draw a house. The factcn'al poundari.s of
this test have not been well deﬁnefi, nor has its rclal;‘on bc:rx:
worked out 10 esthetic taste (as 1 the Meier Seashore

Judgment test).
Lesser, NARROWER, LESS SUBSTANTIATED PRIMARIES
U.L(70 ional Fluenc, i
ag D arehes: Ftuere 19a), Tayior (197 G;‘""”"cgi%f,’)'fo,
or Tests: Not production of ideas but verbal expr
(Fe) assigned ideas. el
n
7 Theoretically thisisa very important factof (sce pB® :: n'r'u‘i): ’l?l)t ‘:\sslﬁm
investigation. It is classified here as 2 igher-order “‘P‘:‘ :’;im Guilford's ~
covers not only Cattell’s wfiexibality” r{hcngm“‘.“-ﬂ ity 15 posited
and some of Guilford's adaptive “lexbility.” THIS i‘;um. Toa
and not always advantageous—quality of the "‘”ngc)’ has becn nam
used to be called flexibility of cloSUE® (UL 11 360%0) (0 ihe fgwre be s lockin,
Closure, which is actually more apt. For the person W00 SE L fing und 1en3ki0
in Gottschalk figures is actually no! ing flexibles he is
the figure he is to sec.

closer
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U.Lx10) Ideational Fluency

iy Researches: Cattell and Tiner (1949), C
: | , Carroll (1941), Bech-
(()Irf) toldt (19517), QUllford (1967), Taylor (1947), Meili ()194;;h
Tests: Topics, Riddles, Plot titles, Uses. )
U.L(11) Restructuring Closure (Flexibility of Closure)

Researches: Thurstone (1938), Roff (1950), Guilford (1

Oé Meili (1949), Pemberton (1952), Schaedeli (1961). asen,

n Tests: Gottschalk, Hidden figures, Hidden letters.

A large part of the variance often included in this factor
belongs to personality factors U.L. 19 and UL 21.

Are

U.L®) Flexibility-vs.-Firmness’ (Originality)

8 Researches: Cattell and Tiner (1949). Possibly same factor in

or Guilford.

©) Tests: Riddles, unusual uses, remote consequences of hy-
potheses.

U.L(12) General Motor Coordinati (Psych coordination)

Ame Researches (about 12): Cox (1928, 1934), Dudek (1948),

or Guilford (1967).

(Mc) Tests: Two hand coordination, pursuit meter, hand and foot
adjustments.

U.LA13) Manual Dexterity (Also Aiming)

Amd Researches: CoX (1928, 1934), Guilford (1967}, Hempel and

or Fleishman (1955)-

(G} Tests: Minnesota rate of manipulation, aiming small arm-hand
movements. (Possibly also Kinaesthetic sense of Bass and
of Fleishman [1954]; but note contrast with Finger Dex-
terity.)

U.L1D Musical Pitch and Tonal Sensitivity

Amu Researches: Karlin (1941).

Tests: Seashore Musical Aptitude.

U.L(15) Repre:entational Drawing Skill

ag Researches: Spearman (1927), Burt (1940).

Draw a house. The factorial boundarizs of

Tests: Draw a man,
this test have not been well deﬁne.d,
worked out 10 esthetic taste (as in the

Judgment test).

1Ess SUBSTANTIATED PRIMARIES

nor has its relation been
Meier Seashore Art

LESSER, NARROWER,
U.L Ex) ional Fluency
0 e Taylor (1947), Guilford (1967).

e Researches: Carroll (1941), T L
or Tests: Not production of ideas but verbal expression for
(Fe) assigned ideas.

a1 and 412) which needs closer

7 Theoretically thisisa very important factor (se€ Rages A1 an : :
investigation. Itis classified here as 8 higher-order capacity,” on the nss:‘\m‘!mgn_ that it
covers not only Cattell's “flexibility” phenomena, but also .Gulll'?rd s “originality

and some of Guilford's adaptive “flexibility.” This flexibility is pon'ltd ton geneml—
and not always advanmgcous——quali(y of the nervous system. To avoid confusion, what
used to be called flexitolity of closure (UL 11 above) has been named l_(cslruclunng
Closure, which is actually more apt. For the person who sees the figure heis Joohing for
in Gottschalk figures is actually not being flexible; he is holding in mind tenaciously

the figure he is to se¢
<
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Ul Motor Speed

A @ Researches: Guilford (1967), Cattell & Kulhavy (1971).
Ul1(72) Speed of Symbol Discrimination

-1 Researches: Guilford (1967)

UL(73)

Musical Rhythm and Timing

Research: Karlin (1941)

Test: Reproduction of musical rhythms.
U.L3749)

Judgment (Possibly Biner's “coup d’oeil’”)
a;

Researches: Corter (1952), Guilford (1967). .
or Tests: Described by French (1963) as solutions to “‘practical
U]

problems where some estimation or guesswork” is involved
(see Pawlik [1966], p. 551).

And several smaller factors in Guilford’s (1967) list.

Tt will be noted that two major factors commonly listed among primaries have been
omitted above. Unlike U.I. 5 and U.Y. 6 which might, with further research, prove to
h;ve a primary as well as a general component and therefore are listed above, visualiza-
tion (U.L. 7) and speed (U1,

[ . 4) are almost certainly higher-order factors and, as such,
are listed in the powers below.

should be organized faxonomically has also been set aside for the present
(see Chapters 4 and 11, however). For discussion would be necessary on
Sl.X(Eh a}tematives as grouping them by higher-order structure (an impossi-
bility in ﬂ.xe Guilford scheme), or by Guilford’s scheme itself, or by some
:)c:;:sme hinging on cultural importance, or by some further,, independent

Meanwhile,

t0 begin with —1, it has seemed best

strongest confirmation
U.1. 75) the order of
overy and confirmation must decide th )

x 5) was begun (see also the
Somaliy andurs article in Psychologia, Cattell, 1957b),g11;1e ;reimar;opef'
om UL (16) through U.L. (69),
tun from U,I. (1) to (15) and again

re ready to be indexed. @ further bateh of personality factors

» Which are at the

» as above. Second-
test general personal;

general intelligence
are Arabic numbers

same level as
ity factors,
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without parentheses. The strata above these, as here and in the work of
Pawlik on higher-order personality factors, proceed to Roman numerals
and Greek letters.3

4. DESCRIPTION OF SOME

REPRESENTATIVE PRIMARY

ABILITY PATTERNS

In the perspective appropriate for the present
book there is no need to discuss in detail the nature of all primary abilities
and the concrete tests which measure them. French’s test kit (1963),
Thurstone’s PMA test (1948), Pawlik’s (1966) fine chapter on research
sources, as well as the IPAT Primary Ability Tests will give detailed
information, as will the exhaustive treatment by Guilford (1967). Actually,
not enough is yet known, in any case, about the “natural history,” e.g., age
course, nature-nurture ratios, physiological and learning processes, of these
primaries to justify extensive treatment, so illustration must be our aim.

Verbal ability (V or U.L(T)13 or a,) was characterized as a “hierarchy-
breaker” by Spearman, and has figured (along with “education™) as almost
a “general” factor in the writings of Burt and Vernon. Thurstone’s analysis
showed verbal ability as an emphatic primary, and his and later works
have revealed that it includes mainly size of vocabulary and command of
syntactical (grammatical} and stylistic sense but also many other relatively
minor aspects of verbal skill. (Spelling is a different ability, located partly
in visual memory.)

The boundaries of numerical ability (N or U.I.(T)10 or a,) are quite
different from those one would expect from any subjective notion of
“mathematical ability.” In both school children and the average adult, N
involves skills (accuracy and speed) in the basic processes of addition,
multiplication, subtraction, and division, and the somewhat more complex
procedures commonly superimposed on them. It is quite different from
arithmetical reasoning or mathematical ability, which has much “g.” .

A very different factor pattern that one might hypothesize to arise
similarly to a, and a, from cultural learning but which falls outside the
scholastic area, is that of mechanical aptitude, an. But something often
popularly suspected to be the same, namely spatial ability, s or a, is

3 This elaboration is unavoidable if confusion is not to cnsue, since, in the pcrsona!fly
realm, we have no less than four stratum fevels now known: personality qucstfonnatrc
primariest UL (1), etc; i ire daries and objective-test primaries, U.I.
1, efc.; second-stratum objectives UL I, etc.; and, finally, third-stratum factors on
objective tests, UL o, etc. . o

We must also anticipate later conclusions about three taxonomic classes of ability
bolizing visualization as p_, is 10 be under-

factors if present i ing, € g.. that sy i i ¥
stood. That classification calls for higher-order “powers™ which are cither (1) reneral

capacities, like intelligence and speed, which are .'ndc,fgd g.,y 5',_ €8 o cr)xhdf:tu{
intellipence, or (2) provincial arganizations, hl'c visuafiration (p,). or "fd,"f’r’
organization (p,), and finally, (3) agencies (mainly our present pr[m?rly. abifitier)
which are indexed as a's, €.R. 8y D0 for verbal and numerica) primary abilities.
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actually very different indeed, showing no appare
cultural institution.

+ FTpa] : ST 5 3
Spatial thinking involves especially keeping oricntations” in mind, 2

ne
shown by examples in the upper pact f’f .Fig\frc 3-1 bc.:low. Th:r:‘::; "
brought some evidence to show that thinking in three dimension:

involve different skills from thinking in two dirqcnsiqns. A snmpr: vgxbczlllji
presentable example Is to ask the subject to imagine a thrcc-mc "
painted red and sawn into one-inch cubes. One th.en as}s: ‘How many o
the Jatter will have paint on one, twe, three, four s‘uics?. ’ljhe c.mcrgcncc t
a spatial reasoning factor and the discovery that vxsu?llzat{on.xs also 15‘_)111112.
thing distinct—quite distinct in this case—from spatial thinking \v?l i u_n
trates 2 point which cannot be emphasized too much to the beginner 1

psychology. It is that introspection and common sgnse are Very un

reliable
bases for forming hypotheses about ability structure.

Visualization, p,, as indicated in the footnote to Table 3-1, thoug.h
commonly listed with primaries, has nat been included becau%e the evi-
dence by Horn (1965) powerfully supports the concept that it is a bro'ad.
higher-order, “provincial” factor, i.e., broader than a primary. Visunhz%l—
fion extends to a broad array of performances, such as “secing” what will
happen to a piece of paper when cuts are made in a folded state
(W. Harrell, 1940), imagining the change of view when an object is rotated
(see Figure 3—1(b), envisaging the direction of movement in one part of 2
machine when anether part moves (this is also determined partly by 2md
see Cox, 1928). What is involved is aptly described by Pawlik (1966,
. 543) as “the ability to imagine properly the movement of spatial displace-
ment of a configuration or some of its parts.” For reasons given later this is

considered connected with a “province” in brain localization (hence, the
Py symbol) in the visual cortex.

nt impress from any

Assuming that Table 3—1 will suffice to give the reader as much idea of
the typical nature and variety of the chief fifteen (and possibly twenty)
primar)" abilities as he needs, it might be more appropriate here to turn to
the main controversies. As pointed out below, the whole area is rent and
made difficult 1o integrate at the present time by the differences of methods
and results between those who follow Thutstone, on the one hand, empiri-
cally com{erg'mg on (oblique) simple structure, dealing with perhaps
twenty primaries, and recognizing a higher-order structure, and on the
other hand, Guilford’s fo "

) d llowers, dealing only with orthogonal factors,
cn?atm‘g tes§s according 1o a theory, and ending with well over a hundred
Pumanes with no higher-order structure.

In a few regions in the ability domain,
speaking as if one Thur
Thus, Thurstone's
speed,”

the difference can be reduced to

Tl stone factor splits into four or so Guilford factors.
Perceptual Speed” is cut up into

h ! “figural perceptual

D cf}m:(.)hc perceptual speed,” “symbolic discrimination perceptual

lec .‘ tc., by Guilford. But in other areas the differences in the two kinds
resolution will not permit even this degree of translation.
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FIGURE 31
Operations in Spatial and Visualization Abilities

(a) Spatial Abilities

In this test you are to try to imagine or visuglize how a piece
of paper can be folded to form some kind of object. Look at
the two drawings below. The drawing on the left is of a Piece
of paper which can be folded on the dotted lines to form the
abject drawrt at the right. You are to imagine the folding and
are to figure out which of the lettered edges on the object are
the same as the numbered edges on the picce of paper at the
left, Write the letters of the answers in the numbered spaces at
the far right.

Now try the practice problem below. Numbers 1 and 4 are
afready correctly marked for you.

1 H
2.
KB
4 C
]

NOTE: The side of the flat pfece marked with the X wilf
ahvays be the same as the side of the obfect marked with the
X, Therefore, the paper must always be folded so that the X
will be on the outside of the object.

In the above problem, if the side with edge 1 is folded growed
to form the back af the object, then eidge } will be the 13me
ar edge H. If the side with edve 5 is folded baek, then the
stde with edge 4 may be folded down so that edre 4 s the
same ar edge C. The otker grywers are a3 follows: 2 is B
305 G;and 5 is H. Notice that tuv of the axreers can be

the same.

Adartnd from Xerfae Develymmens B9 1 TYoteewes Cormangta = 1Y 1 Plwadoma
Totrg Merine Usmd 80 S povesin e 2t Sacatemeal Tonrirg fuwons

(b) Visus’ sation Eramptes
THis £r oy trst of powy @b 0y b PeTCETIV 3w bsle g cteer e
thosrh It Bp ot evomplerely Beoww Vi grd 80 8 s
Frnipimzteon b 207 im the eulse wp portt
ook ot eoid foivmaless o otort el By 2o st v i i
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Write on the line beneath it a word or a few words telling what
the picture is, You need not describe it in detail; just name
the picture or its importan( parts.

Try the sample pictures below.

-

-,
'S

\ LN

[

.-
- wA

\ ™

\

L

B

Picture A is a flag and picture B is a hammer head.,

Copyright ® 1962 by Educational Testing Service. AM rights reserved,

Other debates are of a more tr:
as t

uced to a question
- 2, (I}, and dedu (D)—or three, through
admitting a general reasoning factor (R). Three can be agreed to exist only
if all three are found in the same research, and

our conclusion here must
wo (Iand R becoming a

of whether there are two reasoning
factors—inductive,

ctive, a,,

old, and Sarason, 1941), it

ependence on thig power, as
seem to differ fu 1 of Figure 5.2, (Men and Wwomen, however, do not
T in level st, 50 whatever sex difference
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FIGURE 3-2
Operations for Inductive Reasoning and Word Fluency
Primaries

(a) Inductive Reasoning

This is a test of your ability to discover rules that explain
things. In eack problem on this test there are either two or three
Eroups, each consisting of three figures. You are to look for
Something that is the samne about the three figures in any
one group and for things that make the groups different from
one another.

Now look at the sample problem below. In the first line, the
figures are divided into Group 1 and Group 2, The squares
in Group 1 are shaded and the squares in Group 2 are not
shaded. I the second line a 1 has been written under each
[figure that has a shaded square as in Group 1. A 2 has been
written under each figure with an unshaded square as in
group 2.

Group 1 Group 2

7z @ | B || 0|0

a

Z . | = | 7

‘\‘

Ooj0ao| &=

2 3 [

~

Now try this more difficult example, which has three groups:

Group 1 Group 2 Group 3
L ¢ SO LS
T\ A2 [ //l I/< >l\/]

4
< O v

The figures in Group 1 consist of both straight and curved
fines. The figures in Group 2 consist of cursed lines only, The
figures of Group 3 consist of straight lines only. As you can
sce, there are other details that hve nothing to do with the
rule. The answers are I, 1, 3, 1,2, 1, 2, 2.

niveruty of Norh Caroling Alsrution
Copyright @ 1962 by Fducationa! Testing Service. A Unl
of :{:": by L. L. Thuntone. Used with permission of Fdscations? Toraog Servicr
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(&) Word Fluency Primaries

I want you to think of as many diffetent things as you can
that might be drawn under the tree somewhere about where the
cross is. You might not be able to put them all in the same
picture together, of course. Write down anything you can think
of as quickly as you can.

With children 10 years and under the examiner says, “Tell
me anything you can think of.* and writes down the things
given.

WoRp Srries

Material.—Pencil and paper.
Instructions to subject.

() I am going 10 give you a minute, and I want you to

write down (or tell me) as many things as you can think
of that are ‘round” or could be round. A penny would do.
Giie me as many as you can. Ready ? Go.

(®) Now write a list of things we can *eat.

®
» \:m‘\m of 1o« Irsutste of Feronalily end Atility Testing, 1602 Coronsdo Drive,



The Nature of Primary Abilities | 39

(1917) or Cattell's (Guide to Mental Testing, 1936¢) drawing ability
scale (dxﬂ"ere{xt from intelligence, spatial ability, or manual dexterity). How
clf)se, again, is artistic executive skill to esthetic sensitivity, of the kind one
might get at through the Meier-Seashore test of esthetic judgment? Al-
t'hough, as Spearman pointed out very carly, these “artistic abilities” are
little correlated with intelligence and require explanation in terms of what
we should now call independent primaries, their structure is far from under-
stood. For example, the careful work of Karlin (1941) on tests in the
Seashore musical aptitude test shows several quite distinct factors, some
having to do with apparently more innate gifts, such as judgment of abso-
lute pitch, and others with acquired musical motor skills. Similarly in art,
there is no clear evidence yet as to how motor drawing skill is related to
the esthetic judgmental skills.

A serious problem which presents itself as one proceeds to the artistic,
musical, poetic, literary, and similar areas is the absence of an objective
criterion. This is actually a double problem: first, that society itself may be
in doubt as to what is excellent performance, and second, that the nature
of the performance is such that conspective* scoring is difficult or impos-
sible for the psychologist.

§. FLUENCY, MEMORY, AND

PERCEPTION PRIMARIES

POSSIBLY TIED TO

PERSONALITY

A class of alleged ability primaries about
which there is much confusion are those variously called fluency, ideational
fluency, associational fluency, flexibility, rigidity, dispositional rigidity, ctc.
Although these are mentioned in some recent writings as though they had
begun as concepts in Guilford’s divergent ability schema, the basic work on
structuring them is much older, and they can be scen in proper perspective
only by respecting the substantial and strategically planned original work
done on them by Spearman (1927), Bernstein (1924), Hargreaves,
(1927), Studman (1935), Cattell (1950a), Pinard (1932), Stephenson
(1953), and many others.

Spearman and his coworkers demonstrated that fluency, speed, and per-

severation must be considered general factors (not narrose primaries) out-
side the area of general intelligence and possibly of abilites.

4 Conspeciive means scored in such a way that two psychometrists piving the same
test are bound to get the same answer for a piven indisidual’s performance. In edu-
cational circles thesc are often called objective 23 opposed 10 csuay fype toh But
objective, in psychology froper, means much more than conspective. §or rf:mrlr, in
personality testing, a questionnaire requiring self-cvaluation is not objecthe, but 2
behavioral test {s ohjective, as in the O-A (Objectise-Analytic) Ratterres (Cattell,
1955h). Multiplecholee is not an adequate synonym for conspecthe, becsuse the
Jatter is a broader term covering both multiple<hoice, sefecthe amuer festy and
open-ended, imentive tests For when the cvaminer has a bey that will conver alf
eventualitic, the latter can also be fully compective.
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i i i out, as extend-
Fluency was recognized, when mtelhgencelvfas Ii:;t;glle:eginning ith a
ing across such measures as speed of supplying ing storics or topics,
gi:en letter, volume of material per m‘mutta in completing s < an oversight
and fertility of ideas in completing dra\v1ng§. ?t a'p:pears i;l o
that Thurstone conceived it as “word association,” W, \; t;l it to be
work of Cattell (1933b, 1936a) and Studman .(.1935) had s N ieval in
much broader, indeed a general fertility or facility of memory
o0 any kind of material. L §
reg;;c:t;erm{)re, the introduction of objective pergormance dewce.s in ;n:lfl!;-
uring temperament factors by Cattell (1933.a) in 1933, rev.ealxn% o hat
stantial role of the surgent personality factor in t.h_xency, made it certa e
fluency would have to be pursued with both ability and Personallty co by
tations, and that test performance in fluency must be assigned x'e‘:og.mlk o
distinct ability and personality factor components. The recent wor
Hundleby and Pawlik (1965), Riley Gardner (1958), oo
rms this tracing of a substantial part of fluency to a temperament soul .
trait (UL, 21, Exuberance), The picture was further clarified by Bernstein'

> Which runs across ajl kinds of high fluency
or retrieval capacity. A
‘While studying fluency—which we shall later bring evidence to show 1s
a higher-order, generaj capacity factor, g and not g primary—it is appropri-
ate 1o show its relation 1q ideational fluency, a,, in Table 3-1, and to
since in recent Popular discussion they have been thrown
of so-called “divergent thinking”
Pt of flexibitity,
Cept of “perseveratio,

2 momentum or inertia to be overcome in
mentat Pprocesses—which ha, i

Xperiments b
transformation of the

Y the present writer
“disposition rigidity,”

concept from one of
For the evidence that de-

s s "

Speed, ﬁ!zn:h isa h.lgher-ordcr factor, will not be discusseq further among the pri-
mary atilities, nor *ill the factors of body tempo, which
strated (1951a) ang which have since
true lempenmenl
Ur 29, Supcrtxo.

Perseveration to one of

Rimoldi so clearly demon-
been confirmeq and extended ag aspects of
factors, notably Uy, 22, Cortertia, U 26, Narcissistic Ego, and



The Nature of Primary Abilities | 41

cidedly higher saturations on this factor are found for performances re-
quiring a switch-over from some old, accustomed, overlearned activity to a

new way of efecting the same end rather than any mere perseverative

momentum as such, points to the need for a rigidity concept. This disposi-
tion rigidity, as an actual test performance, has since been shown to in-
volve primarily the personality factor U.L 23 (in the negative direction of
“Inability to mobilize”), or “Regression” (Hundleby, Pawlik, and Cattell,
1965), but it also has variance contributions, in the form of attempted

willed control of rigidity, from three other personality factors.

In 1945, in connection with personality research, it seemed to the writer
that fluency and disposition rigidity were not enough to account for certain
flexibilities and rigidities observed in the higher mental processes. Could
it be that although fluency and rigidity are, so to speak, very basic prop-
erties of all mental activity (as indeed Spearman had theorized, at least on
fluency and “perseveration"), yet we are dealing in the higher cognitive
processes with some more specialized wideational fluency” and “jdeational
flexibility versus ideational rigidity” which come into play only there? The

answer could be given only by 2 research design in which both the old
epts (the latter represented

(fluency, disposition rigidity) and the new conc
by new tests) were simultaneously measured and factored.

This the writer and Tiner proceeded to do, and a clear answer was Pub-
lished (1949) showing that in the general realm of fluency, idealmnql
general fluency appeared as a pattern in higher meptal processes. It mani-
fested itself by loadings on, for example, invention of _mz'iny nonsense
syllables, retrieval of many words with some sim;?le: restriction, and also
flicker fusion and perspective oscillation. In the rigldlty—ﬂe)ubxllty area, on
the other hand, the usual broad disposition rigidity factor gppearefl in
perceptual-motor manifestations (backward writing, restructuring habxtudal
visual perception, etc.). But now there also appea.red a second factor, load-
ing the ability to answer riddles, to reconstruct hldd?n words. (anagrams)d,
etc. This latter, called Ideational F lexibility—versus—F irmness is set t;)111t :tx}rlx
discussed more fully in Chapter 13 on creativity- Suffice it to say atf .xs
ideational flexibility, in the sense of being able to get out of 2 ruf of in-
veterate habit, almost certainly has dynamic, personahty roots, which can
be associated tentatively with personality factors U.1 19 and UI ?6,

About a decade later, the ideational general fluency .and jdeational ﬂcg-
ibility factors were confirmed (and given slightly different names) sy
Guilford and his coworkers, who made possible a morc accurate as;;:s -
ment of the factors by adding some new tests, not'ably'thc matcl}dpro_ cn;
(Luchins, 1959) the water jar problem, etc. Also in this arca of i cnhotl:
flexibility measurement are the tests called unusual uscs.‘ ﬁgul;c %{L;Upih{c;
(“figure concepts™) and number associations. Suc.h work—-lcx bc‘n ll :this
known expressions of previously located factors—is very valuable.
context

of orthogonal factors, however, the loading p:{ucms must b<;
watched for the warpings duc to incomplete rotation, while the fitting 0
results into the Procrustean bed of Guilford’s threcfold schema leads to
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labeling inconsistent with that which would be given on a Thurstonian basis
of direct formation of concepts from empirical patterns.

Along with fluency, it is appropriate o study memory phenomena, since
we shall develop the theory later that fluency is really a special aspect of
memory—the facility and speed of the process of retrieval from a memory
store. As mentioned, two memory (besides immediate and long distance)
factors have been found, one rote, one intelligent, but we have listed only
the rote—as a,, or g,—since we hypothesize that intelligent memorizing
is finally to be resolved into intelligence and rote memory. Throughout the
discussion here we have been unable, on present evidence, to reach a con-
clusion as to whether memory should be considered narrow enough to be a
“primary,” a,,, as Thurstone and other factorists have found it, or whether

it has the status of a general power, perhaps to be indexed g, (since g's are
retained for general capacities),

Th'e unfortunate fact is that not nearly enough steps and aspects of the
learning and recall process—such as immediate committing to memory,
rate of fading, mod

¢ -onfine themselves to some total learning effect, either in
meaningless material o

r in some one content arca. As Pawlik well says

(1966, p. 5"16), “Tests of memory functions have been somewhat under-
represented in factorial research on abilities.” Thus, existing results cannot
be taken as Tepresentative of the structure likely to emerge ultimately in
fa(ftor ana'dysxs, and until the fuller factor picture is at hand the rest of the
evidence is hard to integrate, If we assume that the g fact’or is essentially
:e fatctolrgoi goodness of refention—which, as Underwn(l)od (1957), Broad-
sh:w1(1 tgjgs’ It\/le:)tonh(l963) (in the “decay hypothesis”), and others have
cont'm:m h0 e the same for meaningful and Tote material, as if in a
m-—then any special factors found beyond this are likely to be
mmitting to memory, Thus, Kelley's “meaningful memory”

a peculiarity of operation (intelligent
© -0 present writer is inclined to favor
aiiitr:l}xl:; o comper L PMALY powers might be expected to
's possee ent, e.g., school achievement areas, because
i 5;1011 of Teservoirs of content jn an area would favor,
’emf}:::eindc."mm“f‘“g to memory of new content in that area.
2 1o the nau:catefd’ﬂ“e“ces. in power of committing to mem-
Hunt 1962). Gabrie] (1r9e6o the matt‘:nal (Schwartz and Lippman, 1962;
differences ofS)f a‘:jd Kintsch (1963) haye also made an

With different ““committing 1o - am,e,ms and relations being associated
might COnnect’“ef’t‘:f}’ Processes. This use of relations and

T}: “pcl;lccpt'lon of relations,” onwtlhe (l::: iz:edral f:C!Or lpod intelligence,

¢ other. In ' P s and with “rote »

Kelley's indiv?:::::;’dlihﬂl:rﬁndmg i the realm of “process” Obsx:::g?rll’s f;,:;
331y for the processiny - finding, if we gran that intelligence is neces-
SINg and storing of relations but that rotg memory suf-
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fices for"propcr names and nonsense syllables. Thus Kelley’s “intelligent
memeory” would be a derived composite of g, and rote memory. Further-
morc, thf: nature z}nd development of the existing apperceptive masses
(which give :‘mcamng” to some stimuli} as well as of the dynamic interest
s'ystems (which tend to match apperceptive masses), will add further spe-
cial memory factors likely to appear as narrower primary abilities.

(.Jnc special influence in committing to memory comes to light from
brain physiology—namely the special reduction of the power of committing
to memory which comes with injury to the lower brain around the corpus
callosum as well as with delirium tremens and senility. This could be an
interference with whatever strength of motivation does to memorizing
recognized here in physiological terms. The question is taken up again in
a later chapter.

With this brief statement of some observations on fluency and memory,
an hypothesis will be suggested about their relationship, namely, that what
are called localized, special fluencies (except ideational fluency) are the
increases in fluency which come in a particular area through a high reser-
voir of material already committed to memory in those areas. This s taken
up in more detail in the next chapter, where it is argued that a general
fiuency factor, g,, is essentially a general power of retrieval which is, how-
ever, a composite outcome of present physiological retrieval efficiency and
past memorizing power, plus past exposure to what needs to be stared.

The multiplication of perception factors, which has occurred alike in
Thurstone’s and in Guilford’s work, though for different reasons, and the
variety of specific proposed perceptual abilities (except for a,, and a,

listed here), also present a rather confused picture at the present moment.
Instances of perceptual ability factor tests are given in Figure 3-3. In this
case, however, the solution to the apparent multiplication of factors may lie
outside the field of abilities altogether, in the field of personality (as jt did
for fluency, to the extent that U.L 21, Exuberance of Temperament,
enters). By including markers for four or five of Thurstone’s perceptual
“ability” factors in objective test personality researches pursued from 1947
to 1957, the present writer and his colleagues were able to show that three
of these Thurstonian perceptual abilities appeared to express the projection
of personality factors into the cognitive perception realm. That is to say, if
a reasonable number of personality and temperament varlables were in-
cluded in such experiments, the factoring showed that the cognitive, per-
ceptual expressions were only part of a broader temperamental tend'ency.
Thus, it seems that the factor (variously called ideational flexibility, intel-
lectual flexibility, etc.) involving parficularly Gottschalk figures—and
which is also the heart of Witkin's cluster (1962) of “field independent”
behaviors—is largely an expression of the personality factor ir‘x objective
tests originally called Independence (or Promethean Will) and indexed as

U.L 19, »
Indeed, it is true in all primary ability rescarch that work on ability

structure can approach clarity and precision of conclusion only if the
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FIGURE 3-3

Tests Used as Markers for Perceptual Ability and Personality
Factors

(a) Perceptual Ability

This is a test of your ability to compare lengths of lines by
eye. Shown below is a box containing 5 pairs of lines of
differing lengths marked A, B, C, D, and E. Each pair consisis
of a vertical and a horizontal line of the same length, The
lines marked A are the shortest and those marked E are the
longest. (Both vertical and horizontal lines are shown in the box
because some people think that 2 lines of the same length
look different lengths when one is vertical and the other is
horizontal.)

Below the box of lines are two rows of test lines numbered
Jrom 1 to 10. The lines in the first row are the same length as
the ones in the box. The lines in the second row are twice as
long as the ones in the box. Beneath the number for each test
line write the {"—_“EL of the line which is the same length or
half as long as the test line. Measure the lines with your eyes.
Do not use your fingers or your pencil.

Now try the practice items. The correct letter has been
written beneath the number of the first item in each row.

R

- N 4\ o

The answers 10 the other Ppractice items are as JSollows:

2—-D; 3—L; 4-B; 5—C;
T—E: 8—A4; S5—B; 10—D,
Cemmu™ P iz py Edacations} Yewting Service, Al rights rererved,
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(b) Perceptual Tests in Personality Factors
Find out in whick square of five both signs in left single square occur
again. There may be more lines than necessary. The shapes may be moved
but not directly turned and they retain their size. In the last example you

would check *e” in the answer sheet. Don't lose time.
a
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By kind permission of The Institute of Perronality and
Champagn, THimols.
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46 | The Nature of Primary Abilities

variances due to personality factors are first “partialled out,”. by l}l\lclu}?:\:i
personality factor markers and locating these factors al(.)ng wn‘h wha o
been supposed to be special ability factors. T'hc resolution of mﬂuencltl? ot
perception largely into well-known personality factors has been we!

out recently by Schneewind (see Cattell, 1971).

6. METHODS NEEDED TO
CLARIFY THE PRIMARY
ABILITY FIELD

It will be evident from the above that the
pursuit of primary abilities that began simply by correlating all kinds of
abilities and hoping to group them, first as correlation clusters and later as
primary factors—narrower than such general factors as intelligence—has
Tun into difficulties. It cannot reach itg objective by an accumulation of
individual studies planned without common principles and variables, but
Tequires instead a global strategy and a far more disciplined and complex
methodology. The thorough surveys made by French (1963), Hom
(1965), and Pawlik (1966), which usually were undertaken initially in
the hope of reaching a tidy and limited list of mutually confirmed and
agreed upon primaries, have run into these difficulties. In some cases they
good convergence and interpreta-

. The alternatives are: (a)
either (i) getting as near to
structure ag orthogonality can i ten is not at al] close, or (ii)
> as in Guilford’s work; or (b)
2 uni ){determinate (oblique) simple structure according to
scientific ?nnciple not peculiar to the data, as fulfilled in the work
?i Thurston'e and his successors. The latter, in the present writer’s opinion,
: 1>f:u- su;iegnor, for a variety of reasons, which are examineq in detail else-
sci:::iﬁsz raiiz;):;l Thgy are these: (2) The approach possesses a basic
heories. (o0 le. (b) Tt cannot be biased by the experimenters’ particular
o ('h lS. not affected, €XCept in a trivia] sense, by the variables
€ experimenter happens to Put into his study, whereas the

Burt (1940) (at times) and

general factor (with all jts subsequent train of
at the mercy of the first choice of tests, (d) It
Tucture may .exist at higher strata; i.e., we can
the inftia primanc. ever broader influences may affect and organize

a general

e issu g ¢ i
o i, Sdlcu:l; \::cct}}:cr We gain or lose gt this stage in applying some
00sing the tests that we will factor js distinct from
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the above tthnical question of a meaningful resolution in factor analysis
p.er se. But ma.smucp as Guilford uses such a scheme, it is an additional
difference causing divergence of findings from those of the Thurstonian
approach. As will be seen in the next chapter, the Guilford ability schema,
or any schema, is only one of many that could be applied. Unfortunately it
is possible for any schema to connive, with weaknesses created in defective
uses of the factor-analytic method, to give an apparent proof to almost any
theory present in such a schema.

A taxonomy of abilities is a desirable aim, but, like the taxonomy of the
biologist, the psychologist’s scheme should derive from a naturaiistic ob-
servation of discovered primary abilities. The only real necessity in a
schema for choosing tests—and it is a real necessity—is the practice of
sampling a population of ability performances from life (not the labora-
tory), in starting any correlational, factor-analytic study. As pointed out
above, this has worked well in personality research, through the employ-
ment of the personality sphere concept, and similarly one could sample the
cultural dictionary, or take a time sampling across time and people, in the
ability domain.

When this is done—and it may be considered half-done in current results
—the definition of a primary ability is “that which one obtains as a
uniquely simple structure rotated, replicated, factor pattern. Secondly, it is
one which holds across a set of performances far less broad than all be-
havior or, indeed, than all behaviors of a cognitive modality.” At the same
time, if primaries are to have scientific predictive value and utility in ap-
plied psychology, they must not be so narrow, i.e., so “manufactured” out
of tests artificially multiplied in the laboratory, that the primary factor is
really 2 mere blown-up “bloated specific” (Cattell and Tsujioka, 1964).
Thus, one aim of sampling is to avoid the Scylla of confusing a primary
with a general factor, while the other is to steer free of the Charybdis of
innumerable overblown specifics. Instances of what may be errors of the
first kind are given in Table 3-1 in U.L 5 and U.L 6, and of the latter in

the last few factors allowed in Table 3-1 above and several of Guilford’s
going beyond that list.

Among primaries meeting these basic conditions there will be some
natural correlation, of course. For example, verbal (a,) and numerical (a,)
primaries will be appreciably correlated, for the good reason that (see
Chapter 6) intelligence enters into the production of both of these struc-
tures. Consequently, higher-order factor analyses of firmly located true
primaries typicaily will yield secondary and tertiary strata structurcs. These
will be recognized as broader influences (as studied here in Chaptcr?).o[
considerable theoretical importance. This higher-strata domain, bringing
out the “wheels within wheels” in psychological determination, akin to the
intriguing complexities with which other sciences are plentifully C{xdowr.:d,
is completcly locked away from the psychologist who insists on dcnl.mg.wuh
orthogonal primarics. To the latter approach this whole domain is as
meaningless as the paintings of Manct to a color-blind man.
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Although the reader may not yet have the facility in multivariate analysis
to follow the detailed argument, he may well appreciate the intent o.f a
technical point which should be made at this point. It concerns the decision
regarding several instances above where the existence of a distinct primary
has been doubted. In many of these instances—such as word fluency,
figural perception speed, symbol perception speed, or meaningful memory
~—one perceives psychologically that the principle of Occam’s razor (parsi-
mony of explanation) could be better served by considering these to be
areas of overlap between two already known general factors, rather than
ad hoc primaries. For example, word fluency might be determined by the
general fluency (speed of retrieval of memories in general) factor and the
amount of word storage in the a,, verbal ability factor. And, as we have
surmised abave, the meaningful memory factor (Kelley) might be an over-
lap of rote memory and intelligence, “g.” The figural, symbolic, and other
speed of perception clusters might be the overlap of a general speed factor
?vith local neural organizations concerned with figural and symbolic process-
ing. Only more careful factor extraction and rotation can settle these issues.
It is not asserted that present evidence favors all these alternatives to
the curr.enﬂy popular explanation by primaries, but only that a mistake in
structuring coulz{ have occurred along these lines. This may be dismaying
:’nlilgjscstsirzle\?:istﬁ tho ha:1 learned to expect that factor analysis will Pe
physician errs in,y sayprt(:;:ntl;re, ::::1;1.:“5; :;15' w:ll'en oo Ieafn hat the family
understand why, > D ol his diagnoses, it behooves us to

br::;:rzgs mbWhlif’h an “extra” primary could be “created,” where
are illustrate(:irs', }Y gher-order analyses, can actually be shown to exist,
and use of a fm hlg\lre 3-4. They concern inadequate choice of variables
made . @ Iaulty number of factors. In the first the experimenter has
1 mistake in not representing a well-known general factor, intelli-
%::ée(;my gfood m.arkers, an-d }3as confined his study of memory to ;nemory
1952 13’66(;rg§$,mg.'he principle of putting in “hyperplane stuff” (Cattell,
COHE,Spondin.g mzl lsxg-vana})le st}xdy (Figure 3-4 (a) (1): see plot and
ingful memory bej td matrix) yields two nonoverlapping factors, mean-
also yields tog £ Ing one. The ten-variable study (Figure 3-4(a) (ii))
actors, rote memory and intelligence, but now with intelli:
is shown to be superfluous, and on, i primary of ~meaningful

e perceives it was falsely oc-
broader capacities, Y

gure 3-4(b),
has taken out one fa
ctor too many-—a mistak
and 1,4,7, 10, The really o rath m; ni Sa ;m;ta;\(e;
I 5 5100, v o T o e i
fact i i at the relati
ot s Sy e oting o . 5 ] 7S e sped
abiliies F“ at correlated, But in the second 2 ymbth and
are assigned 1o he latter. An a oo o cpamte primary

ctual instance of this kind is the

In the second research, Fi
lhc'truc state of affairs, (if)
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FIGURE 34
Possible Systematic Causes of Recording Primaries
Where They Do Not Exist

Research (a). Failure of Marker Rep it , | y for H
Delineation o

(i)

® i)
MEAN-
Rote INGFUL Rore INTELLI-
MEMORY MEMORY MEMORY GENCE
1+ 1+
2+ 2+
3+ 3+
4 + 4 +
5 + 5+ +
6 + 6 4+ +
7 +
8 +
9 +
10 +

Note: Where no plus sign appears, the loading is zero.

Research (b). Dubious Estimate of the Number of Factors

PERCEPTUAL SYMBOLIC FIGURAL PErc.

(i) PercepTUAL CRYSTALLIZED @)
Perc. Speep  CRYSTALLIZED

SPEED INTELLIGENCE SPEED
1 + + 1 + +
2 2
3 3
4 + + 4 + +
5+ 5+
6 + 6 +
7 + + 7 + +
8 8
9 9
10 + + 10 - +
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alternative often presented in Burt’s and Vernon’s analyses. ThereZ instead
of V and N appearing as separate primaries, they come together with com-
mon loadings on a “V:ed factor” of general school achxeven:xent. .

A major problem still to be faced in the mapping of primary f!bl]ltles is
the separation or partialling out® of temperament and motivation factor
effects beforehand, so that the abilities as such can be clearly se;?arated.
Instances have been mentioned e.g., of the low inhibition present in Exu-
berance (Personality factor U.I. 21) affecting the total fluency measure,
and of temperamental Independence (U.I. 19) affecting independence of
perception (Restructuring of Perception or Field Independence). Other. ef(-
amples of “trespass” or cooperative action will be given in more detail in
Chapter 12. To effect this separation insightfully and well requires, of
course, that there be progress in mapping objective personality source traits
parallel to that made in abilities, but with the recent surveys of Hundleby
and Pawlik (1965) and of Nesselroade and Cattell (In Press 1971) avail-
able, this is a much reduced problem.

Granted increased attention to the technical requirements indicated
above of (a) carrying marker variables across researches, (b) objective
rotational resolution statistically tested for significance and congruence of
pattern from study to study, (c) inclusion of personality factors, especially
those which counterfeit abilities, and (d) an enrichment of variables be-
yond those conventionally i

3 ncluded in pencil-and-paper tests by psycho-
metrists; there is no reason why a reliable ma

X p of primaries should not be
completed in one or two decades,

Regarding the last condition, one must reco
delibe i

animal ethology,

of :\vcryday life, has been sadly neglected.and {he Meritrion perfomances
(rommirodeiasfzn?bly comprehensive~ list of pn'maries——clearly separated
sperina e ‘i: ors, from personaht.y dimensions, and from blown-up
rccogniz'c 1h:;1 N rcach‘cd, 2 }af?nquc study must then be prepared to
one e p'nmnry abxlm.cs will by no means turn out to be all of

- Hhey come as a single class only as empirical factor patterns,

on cachct N d to thinking of as “partialling
8 In essentials to the same thi
cto: i H ity
i ar;:!::xxls.thv-:ver. 0 order to set aside personality
o u:id:\: several test markers for the personality
xpress its effects il
escarch e in the ability field—and

ity research
louree trait o

ter than the varyap|
tha rarely planned 1n ability
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but factors can spring from very diverse causes. Later in this book we
reach a taxonomy of abilities as “agencies” or acquired instrumentalities
(a’s), as provincial neural organizations (p’s), and as general capacities
(g's). What we have taken here empirically as “primary abilities” will not
be entirely identical with the class we designate later, by further propen-
sities, as agencies, though mostly “a” (agency) symbols occur in Table
3-1. Some primaries are fairly obviously special aggregates of knowledge
and skill reflecting, in their unity, the unity of a social institution. Verbal,
numerical, mechanical abilities, etc., may thus arise from cultural molds.
Other primaries such as body coordination and spatial ability, may be more
constitutional, representing neurological endowments (p’s) that are still
relatively local in effect. Others, again, as suggested above, may really be
broader, higher-order “g” factors, for the moment “caught by one corner,”
and therefore appearing only as primaries, and so on.

Any attempt to map primary abilities as of 1970 must be likenied to an
attempt to map the physical globe in 1470. The existing map is both limited
by ignorance and distorted, and it Jeaves one only dimly aware of vast spaces
outside it. Beyond its boundaries lie, for example, gourmet taste and hunter
olfactory skills; many social interaction skills, e.g., facial expression skills;
child management skills of nursery governess and teacher; all that the first-
class housewife does in her kitchen (balancing the male’s mechanical apti-
tude); sailing a boat; the proficiencies of military combat; and the spectrum
of abilities in courtship and lovemaking; to name but a few of the absentees.



CHAPTER  PRINCIPLES
FOUR IN

DRAWING
THE

MAP

OF
ABILITIES

1. WHAT GOOD IS A
TAXONOMY?

Our conceptions of the earth come to 1;:
from bold explorers and assiduous map-makers—from the C.oluml‘J}quecl
and the study rooms of Prince Henry the Navigator, Though Eric the

in developing his theory, and as Newton found
in the work of Kepler, is the mother of laws and
hand, a too subjective mog,

theories. On the other

el or map, like some Graeco-Roman maps which

showed nothing beyond the great river circling the Mediterranean empire,

€an be as much of 5 curiosity-stuhiiying curse as a factually inspired map
canbea blessing,

Classifications of abilities as misleading as some of these ancient world
maps were to geographical explorers can be found aplenty in the charts of
phrenologists angd in various Pre-experimental writings such as those of
faculty Psychologists, lnciden!aﬂy, since some Psychologists actually re-
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acted to factor analysis as if it were a rebirth of faculty psychology we
should pause to underline the difference. The faculty psychologist of a
hundred years ago found a word in the dictionary (or floating in his mind)
and then described at length the manifestations of a unitary mental capacity
which conformed to it. The factor analyst, or correlation analyst, does
something very different when he finds the unitary pattern first, and then
describes and names it according to its form. Furthermore, though we have
not discussed this yet, he is not content to state that several behaviors are
bound by some underlying unity. He proceeds as soon as possible to ask
why they are bound, what mental processes are shared in their expression,
and how they come to develop in that way.

However, as we have just seen, there is “many a slip twixt the cup and
the lip” in cruder factor-analytic usages, so that debates still exist as to
what the factor unities are. And we do not yet know what the properties
and ratural history of growth of most of the empirically discovered primary
abilities in Table 3~1 are. A third natural objection to developing any sort
of final taxonomy at this stage is that we are, so to speak, describing the
solar system without the sun. As to the latter, the reader naturally will be
wondering where general intelligence takes its place among these more
localized primaries. However, he will have noted that we refer repeatedly
to “higher strata,” broader or more general capacities, and realize that the
evidence for intelligence is yet to be marshalled (actually in Chapters 5
and 6 below).

Regarding the last we might for the moment be permitted to proceed on
the assumption that something like Spearman’s g is accepted by vilztual.ly
all psychologists. By implication we have begun abave to put alongside it,
and on the same footing of generality, certain other concepts of properties
general to cognitive behavior, such as rote retentivity, gn, fluency, & :{nd
general speed, g, Regarding the incomplete identification and. description
of the primary abilities themselves in Table 3-1, we may point out that
since our aim is not to “place” particular primaries exactly in a framework
but only to get ideas about how the framework might be constructed, the
presently known “suggestive” properties are enough. It would, for example,
probably be a mistake to undertake premature attempts to use L’xp[lann!ory

principles, as in a division of abilities into th?sc shapcd by heredity .and
environment or by their neurological and biochemical sources or iato
derivatives of higher order general abilities, and so on. .

However, for better or warse, psychologists wish 1o havc. som.clh!ng more
than the simple list of assumed, discovered, cmpiricfxl primarics in _T::{blc
3-1. They nced to have some schema in mind for lh.mkl.ng about abilitics,
despitc the fact that at present it cannot be a truly objectively based taxon-
omy and must include subjective elements, Such schemata, as mc~n'uonc.d,
existed carlier in faculty psychology and phrcrzo!ogy at o speeunlative level

and appearcd again in Spearman's classification of genceral, gmf:p. :ufd

specific factors at a theosctical construct Ievel. Although the two main
newer schemes that we shall discuss—Guilford's form-content analysis and
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i skate
the present writer’s triadic theory—are incomplete and are forcfttll ;gserva—
over thin ice at times, they offer frameworks based on subsfnmla
tion and are useful for the ordering of data and further experiment.

2. A CRITIQUE AND FURTHER

EXPLORATION OF SOME

PROPOSED CLASSIFICATORY

PRINCIPLES

Regardless of the particular descriptive cate-
gories one tends to favor, there are here, as elsewhere in sc?ence, two gﬁn-
eral ways in which one can proceed: (1) by waiting unul‘ more precise
scientific knowledge has accumulated around most properties of the pri-
maries—a course which we rejected as not possible at this juncture a_ﬂd
(2) by creating a framework of subjective, philosophical-logical categories
—on present data indications—according to one’s own favored logic. This

latter procedure of not waiting too much upon the correlations and organic
relations experimentally

emerging and instead analyzing the subjective
“logical” categories which appeal to one always has been tempting to that
philosopher who hides in every scientist. In the last two decades this pro-
cedure has been pursued extensively by Guilford, and a classification has
been proposed by him according to operations, content, and “product,” as
shown in Figure 4-1.

FIGURE 41

Guilford's Three-Dimensional Box for an A Priori
Classification of Abilities

OPERATION:
Evaluation
Convergent Production
Devergent Production
Memory
Cognition
PRODUCT:
Unity

Trem 1 .,

o Womn feser.
SN Tse ol MiGran Hy u-:::::—’.--i:: Ge

Mot Copyrignt 1567 by McGraw-Hll. Used
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Guilford’s “box” of three dimensions has been a valuable first step in
stimulating interest in a taxonomy of abilities. Some may think neverthe-
less that its principal value lies in having raised the issue and presented one
of several possible systems, for to various critics it has scemed, on the one
hand, somewhat inadequate and, on the other, to have developed too many
arbitrary features. For example, the product classes could readily be re-
placed by several others with equally good claims. And the content cate-
gories are by no means exhaustive or mutually independent. Finally, the
operations—as witness the Cattell and Warburton (1967) and Fiske
(1970) analyses of operations possible in psychological tests—omit several
possibilities. In particular the terms convergent and divergent, though easy
to remember, seem to express & less essential and central aspect of the
differences here commonly intended. A convergent production is one where
a correct answer exists, 2 divergent is one where several responses aré
acceptable and are given a score. However, in virtually all fluency and
flexibility tests that have been good markers for the factors concerned in
them, quite definite restrictions are in fact given in the jnstructions and
accepted in scoring the answers.

A different and somewhat more extensive basis has been proposed by
the present writer (sce Figure 4-2, P- 56), the rationale for which will be
given in a relatively condensed discussion. First, any systematic discussion
of the possible classification of abilities must be preceded logically by a
definition which segregates abilities themselves as 2 class, in fact as one of

three trait modalities, namely: abilities, temperament traits, and dynamic
traits. (This modality anal d 12, where rela-

Tysis is made in Chapters 11 an
tions of ability with temperament and motivation are discussed). Second, 2
classification is likely to be mer

ely philosophica] and too artificial if it dis-
regards the biological an i es of behavior. The psychologist
deals with behavior, but

himself clues from the nature
of the physical organist. Principally this means that the abil.ity taxon_omist
should keep an eye on the seven sensory an.d motor area brain bases in t'hc
central nervous system, especially as illuminated by study of comp.arauvc
animal psychology. The large nose of the dog and the totally dlﬂcr?l"lt
proportion of olfactory to visual brain areas which goes therewith rcla.m’c
to humans suggests that comparative psychology can give lcads to pos'ﬂb e
sensory and motor behavioral substrates 0f 'fz}ctcxs, .cvcn though 1}'15} are
not yet adequately brought out in human ll:lleld}!ﬂl difference faclonngs.m
The schema proposed in the Ability Dxmf:nsm'n Analysis (;hart (Table
4-1, p. 67) is centered on the same basic sumu]us-o'rgnmsm-rcspg‘r;sc
model as in the personality structure realm (Cattell anq W ar.burtcn, 19." ).
An approach to the final schema is best made by discussing some illus-
trative dimensions. First, a linc can be drawn between pereeptua!

1 abilitics
and performance abilities on the opcr:!lional gro

and that the response to
the former can in the last resort, in motor terms, be nothing but “a this of
s or 2 nothing.

a that," or, indecd, “a this » It involves such @ response as
prcssix;g a 'buuon or not when 2 painting is judped better than a criterion
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FIGURE 4-2

Some Ability Combinations Represented in Three-
Dimensional Subspaces from the ADAC
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ulus series. In what we may call “
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szcond, tpere is an important dimension of distinction among abilities
Whlc}1 combines what may be (for this purpose) the essence of both Spear-
man’s x_xoegenetic and anoegenetic and Guilford’s convergent and divergent
d\mensmfls. In his Principles of Cognition (1923), Spearman defined
n({egt?neuc action as that leading to new mental content and anoegenetic as
thmkm.g which deals only with reproduction or recognition. Thus if 2 child
femgmzes that the solution to “a visitor at the door” is to call mother or if
in SPlving for the square roots of 16, 9, and 4 he reaches figures 4, 3, and 2,
he is utilizing concepts already in his mind. But if, proceeding with square
roots, he reaches the idea of v/—1, he has created (assuming he had not
met it before) a new concept. To sketch a little more background for this,
(which will be developed more fuily in Chapter 13, p. 431) in considering
the eduction of relations, let us note that Spearman recognized the eduction
of relations and of fundaments as the central processes in thinking. Thus if

one takes the following analogies:
4isto1zastistoll 2 3, 4]

rabbit is to bird as auto: [dog, fish, engine, airplanel
rabbit, auto, engine, etc., are
fundaments. One perceives @ relation between 4 and 12 and applies it to
1 to get the new fundament 3, and correspondingly in the second analogy.
A person may create—if he is intelligent enough—=a relation he mever
realized before, €.g., seeing time s 2 fourth dimension, of 2 fundament he
never knew before, €.8 when someone who had never known an airplane
got the idea (but not the wor + of making one) from con-
sidering the second analogy. If he responds with the word “airplane”™ (or
checks it), he is completing 2 relation-correlate eduction process by dip-

ping into memory for something that fits the relation.

While it may be incorrect 0 say that memory is needed in all kinds of
ability performance, there is 2 continuum of increasing neeq for it across
any ability spectrum. And although pure noegenetic action 1 §pc:u:m:m‘s
sense is perhaps rare in everyday life (a culture-fair, pCrccplual intelligence
test comes near to it, ial realm we us¢ it cvery moment, as
when we decide where 2 balt will be when W¢ hit it), it enters
similarly in varying amounts into alt cognitive behavior. Since some per-

formances obviously involve more reproductive memory (anmgcncsxs) and
others morc noEgenesis, all abilities exceutive) can be

(pcrccpmnl or
placed on dimensional continua in these fespects. Regardless c_yf what
further categorics our 1axonomic scheme must posscss eventually, it there-
fore sccms cssential that we start wi 1 coordinates—

th the two orthogond!
perceptual versus exccutive and high versus l.ow memory action.
The categorization of convergent and divergent, by Guillord, s(_n:sws
success in the former asductod prr:Cisc right of wrong answer and in the
latter as due to a large output (ullim:ncly perhaps a¢

the presented items and alternatives 4, 12, 2,

sessed per minute)
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which, in the case of fluency and flexibility, would be due largely to high
reproductive activity. However, it does not seem correct t.o label the c?n-
cept we are approaching here as one more instance of hlgh r?prc.)ductwe
activity. Consider that successful learning or problem solutnox} is elther. by
insight or by trial-and-error. The former means correct relatxon'edu‘ctlon,
but by no means does it imply noegenesis, since when the relation is ap-
plied, success still depends on reproduction. It does not solve the problem
if, when bargaining in a Parisian shop, one can see that the required word
is something the opposite of “more expensive,” but cannot reproduce the
cogent expression “4 bon marché.”

There are, indeed, really three dimensions in this area: one is the high-
low memory demand just listed as dimension No. 2; another is the com-
plexity of relation-eduction demanded for an insight type of solution,
which we will call dimension No. 3; and the last is the extent of variability

of response, which can contribute to bringing about a trial-and-error solu-
tion, Variability of res

ponse generally implies good memory resources, for
even in the motor field the various movements tried actually may have to be
stored. There are obviously other influences, however, such as quickness of
retrieval of available stored memories and readiness to get away from
responding in an old rut, which we have called fiexibility and which, at the
lower level, may also be low disposition rigidity.

Thus the distinction often made in abilities between insightful types of
Prob]em~solving and trial-and-error problem-solving would seem to depend,
in defifxi’ng the latter, on recognizing more than one conceptual dimension
of a.bx‘h.hes, namely, on (1) richness of storage of available responses, (2)
flexibility or readiness to change some habitual, inveterate mode of re-
sponse, and (3) speed of retrieval from stor:

In working towars

age.
da classiﬁcation, certain s i T
nctably frE D ystematic problems appear,

Memory storage,
£ories in Guillorgd's «,
MVe categories af
AT 10 operate wiy
separate dimen;
SNLm of mutya)

N ncountered when we come to areas of
erical, semantic,

meri pictorial, etc. (Similar cate-
¢ i :
on;!::rc‘:ls.:’hmcnston, Figure 4-1, are considered alter-
o e ide of his cube.) Tt would seem best, (if we
on. T :; as scems desirable) 1o make cach of these a
Ty exa® ;]mn company, at this point, with Guilford’s
¢ altematives, For example, with jointly opera-
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o havine h mi Y, or Wi igl §yml.mhc or behavioral content,
ing the possibility of being present in high degree. In some cases,
no'tabl)t in interest and motivation where 2 twenty-four hour day precludes'
bt?mg simultaneously high in all, we face a problem occasioned by the usual
slight, negative correlation among such ipsatively scored variables (Horr;
and Cattell, 1965). But such restrictions still do ot preclude use of
(correlated) coordinates.
Another general problem resides in the question of whether we are out
to classify abilities according to certain conceived properties which may not
b.e operationally measurable or to classify them according to certain instruc-
tion and measurement operations. For example, we shall introduce below
a category of “amount of memory processing required,” the operational
definition of which may not be immediately evident. On the other hand,
we deal also with the question of whether speed is a different ability from
sheer (untimed) level of performance in a given content, and in this case
there is a simple operational difference in instruction and scoring which
constitutes the essence of our dimension. However, this dimension is ap-
plied separately to, say, perception, memory retrieval, and execution, with
the implication that speed in each of these is different. Certainly, any good
eventual scheme must admit “sybspaces” in which a certain set of dimen-
sions, m, 0, 0, is applicable only to another subset, t, U, V» though apart
from this all dimensions cut across all other dimensions.
A pioneer attack on classification in terms of actual operations in tests

has broken trail for us in the area of personality tests through the precise
schema proposed by Cattell and Warburton (1967). In the objective per-
sonality test area six d

imensions were finally considered comprehensive as
follows: (1) differentiation between t

wo responses VErsus between re-
sponding and not responding; 2) restricted (channelizcd, convergent)
versus unrestricted (open—ended, divergent) requested respon

se; (3) in-
ventive versus selective response; (4) single response versus patterned and
ordered sequence constituting 2 total response; (5) operating at natural
speed of evaluation versus coerced of required speed of cvaluation; (6)
responding to immediate meaning of to symbolic referent meaning (€8
judging length of lines versus judging tastiness of food described in words,

and so on through less important aspects of test behavior). It will be scen
cnt and convergent confuse dimensions

that the current notions of diverg f
(2) and (3) here. Whether the individual operates under 2 rCf!rif:lnon to
give a single, unique response fitting certain conditions or indicates a
variety of responscs acceptable to him is quite distinct from whether he
reaches this by choosing among selective, multiple-choice answers, already

fluency and memory.

given to him, or reproduces answers from his own .
tests, however, are given here

“The categorics just listed for personality

only as a suggestive stimulus for the ability area. not a final proposition.
The fact that memory cnters o universally into ability performances
makes it ccrtain that onc dimension for classifying abilitics should be
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be
i ion we will argue that cpntent must
content. However,i ‘x,reldﬂu;:;; ’szcstx;r; ot orga.nizallon Cr:::e;i;‘:;‘f
dua\lSllC"}nY o (in ludi;lg cultural) content. The experience conh L at i
a experience (mcz is a much more comprehensive concept.t aj i
sion in Figure 4_}1 . lies largely to artificial test situatio?s. fo'e efj?jisions.
Figure 4._1.’ w};-lcd ;gfe and the encyclopedia is the basis for its . i o
For exam llmpﬂl:’;: cuniéulum categories of the educator—geograp! {étely o
- s, o etc.—are involved here (so that we come comp) S o
e'mams, ‘:‘ﬁ:;lned -tract with the educational test constructor) bmciliaﬁon
:'1: :vtie;lming, the family album, and cam}_)ﬁre_ songs. '}Il'hti, ex:c;l}llen s
of Guilford’s four subdivisions with t:es: :si nsl:lpl};r:ascolfearbitrary e
i ie of content can be cul I . i )
:'\(::rrllssl.d ;:Iix(iig;tc?:t:m, for example, will in'clude Gu1lforq ] slyn:’!:lt:lg,f ?}i
ural, and semantic subcategories. The question becomes simply

: .o H ing of con-
nature of cross-classifications with the latent issue: “Which cutting
tent has the wider utility?”

i me
Many other classifications of ability will suggest themselves, but sol
depend upon knowin

i imari is
g more about the natural history of the .pl.'lma.l'lis- aThti-
is true for example of the counsellor’s preference for a division into ap

. ITTI) Sult
tudes, considered to be more constitational, and abilities, the patent re:
of learning experience. The de

gree of nature-nurture division is of .interis(’lt
but is less fundamental than the divisions proposed in the next section a
which finally crystallize the di i

- CENTRAL LIBRARY

~ ot rssones e
\\l\s{m\\m\\m\\m\ ';';E‘?:ﬂ_lr CAL CLASSIFICATION

The above section,
unneyq ar g pretiminary explor:

ation of and skirmish
ible classificatory principles, Although discussion so far has been re-
stricted to primary abilities, their characteristics are similar to and encom-
Pass those of the higher-order abilities abstracted from them. So the scheme
ROW 1o be considered s one for all abilitjes,
Accepting the general stimulus~0rganism-response model stated above,
we shall take ag g basic framework for descri
looks firsy 1

bing ability a schema which
(2) a stimulys

mponent, including a test instruction,
(b) g the interng] operation, i.e.

as its title indicated,
with a variety of pos-

Perception o
A component deseribin
storage, sorting, etc., th

. the types of
3t must oceur within the organism, and
(c) a motor response component,
These micht more aptly be calleg «
Reeestany ph

; phase activitics” bec
83583 in any ability perfor

ause they are
mance and any

given ability can in
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quantitative “dimensional” terms be assigned so much of each. In what is
called a perceptual ability most of the activity, and therefore the chief limit-
ing parameters, will lic in the perceptual activity regarding the stimulus,
while the executive performance will be trivial. Conversely, in what is an
executive performance, e.g., a motor dexterity skill, a fluency test, or a
construction task, far more of the descriptive parameters will lie in the
motor and verbal response organization tasks, The middle phase activity—
internal storage and processing of data—has to have its characteristics in-
ferred from the nature of the stimulus and the nature of the response, but
it is certainly a distinct abstraction worthy of consideration on its own.
Now, at a commonsense level and without immediate resort to defining
operations, one can see that abilities can be classified according to amount
of activity at each of these three phases. That is to say, in a first reference
to operations the level of success of different individuals in total perform-
ance in one ability will depend more on their relative standing in the per-
ceptual phase or in another on their motor differences, and so on. These
may be considered the first three dimensions along which any ability can
be classified, and one would decide the classification according to the
amount of activity of each dimension which characterizes the ability. For
example, the a,, primary of perceptual speed, is high on the first, moderate
on storage, negligible on execution. Deductive reasoning, g, is high on the
first and the second and low on the third. In Table 4~1, the Ability De-
scription Chart, the above three dimensions are set down accordingly as
Domain or Panel A. X

If we are to begin with the next most obvious set of dimensions which
cut across and describe all these three activities, we should begin with
content. The same content categorics, with possible slight exceptions, will
apply to perceptual input, manipulation-storage, and executive output
dimensions. For this reason, Domain or Panel C, in Table 4-1 is set down
in terms of two dimensions which cut across and interact with all others.
However, it is equally important to notice that content in input for 2 Fivcn
ability may be different from that for output. For example, in plnymg a
piano the input content js visual, the output spatial-kinesthetic. Or again,
one can see that the input in reading an cngine assembly booklet may be
fixed by verbal skills and the output in manipulating the enginc by
mechanical ability content.

Therefore, a very different schema of content from Guilford's “figural,
symbolic, semantic, and behavioral” is proposed here, .namc{)‘, first a dua.l-
ity of independent sets according to (2) 'xhc way in w}uch' content x;
grouped experientially, i.c., in personal learning experience and in historica
cultural institutions and (b) the way in which the blological, neural strue-
ture of the organism groups content. The former yields such categorics as
verbal, numerical, spatial, mechanical, and social content. The latter yields
visua), auditory, and kincﬂlhcu’c. motor scnsntfc{\‘nm{ control, and orhc;’
organic function conlent catcgones. Some subdivision in the motor mnxm{
category may also be necessary as suggested by the scgumfc appearancc ©

e T e

LR N
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. B - t
a general bodily dexterity and a hand dexterity factor. (It 1S‘ ‘[)0:15;:3;;" (::3.
usefulness in some researches would appear also from other “ge . e
tent property” dimensions cutting again across 'these cultural anH ;:/i o
categories such as breadth or variety of content in any one area. s
we shall not pursue these further.)
After contint we turn to an entirely different facet. Indeed, the nlet.mOSt
obvious dimension is that of the degree of demand upon the abll_ll‘y 1.0
handle complex relations. Although complexity of rclatior'l percel?tlf)ﬂ lSt
virtually identical with Spearman’s measure of general intelllgence: it 1s ﬂ]:’
yet appropriate to commit ourselves here to the conclusion that this \jllll e
true also of complexity as it affects storage and output. All we assert is that
the quality of an ability will be strongly affected by the degree of relatu?nal
complexity existing in the content, no matter in what area of processing.
Again, as the dimensional system reminds us, this complexity could be at
quite different levels in the stimulus situation input and in the output, two
extremes in this respect being an intelligence test, where a crude pencil
stroke suffices for output, and walking a tight rope, where extremely com-
Plex relations must be built into the muscular output. Very little is known
about the effect of relationat complexity upon storage, though, as we have
seen earlier in referring to the work of Kintsch and others, and, as will be
seen later in the work of Lashley (Chapter 8), there is reason to believe
that retention may operate differently upon relations abstracted from sen-
ts and upon the fundaments, ie., the literal, concrete ex-
Pperience itself,

Tt would be Ppossible to confuse this dimension of complexity with what is
sun:*ly different, namely, what we have called above the amount of proc-
essing which input, storage, and output may require. The two are different
because the exercise of 3 particular ability could Tequire a greater or smaller
amount of processing—in terms of the number of successive operations
rcquuct.!—at any one of several complexity levels in terms of abstractness
c_af relations involved, Differences in amount of processing in input can be
nllpsualcd by checking wheth me figure is larger than an,
with, say, recognizing which of fo
in the nineteenth century

the phenomena of
) in injury eflects discussed
a fully relevant dimension. For
{ retention is affected by the degree
ation and ordering * ings™ y
ception and befer et cring processings™ thay £0 on after per-
Rt';:n!mg th

T amount
Frocesung, ang eXtCutive

A the course of
Various consolig

of proccssmg required in the pereep h
<eptual, internal
aspects of an abilit

¥» tW0 questions are likely to
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occur to the reader. Each concerns the conceptual boundaries of “process-
ing.” By processing is meant any kind of manipulation of the matesial
given in the stimulus situation, or made available in the initial memory
deposit, or in the storage offered as material for retrieval operations in the
executive action that is necessary for performing what is needed in the
response. Eduction of refations is obviously one such manipulation, as when
the stimulus is an analogies test or when the response is to draw lines which
Tepresent a box in perspective. This being the case, we have already taken
as a dimension a property—the level of complexity of relations utilized—
which is a dimension of the processing activity. Why have we not taken
other dimensions of the processing than its sheer amount, as first sug-
gested, and the level of complexity of the relations used in it, as here?

The answer would seem to be that other dimensions of the processing
activity can indeed be taken, such as speed or content, but that they are
included already in dimensions of afl abilities. There is, however, one
remaining characteristic of processing which has not been defined, and that
is what initially might be called “restrictiveness of mental set.” For exam-
ple, in a perceptual test the individual might be told “Find all ir_lstances
where the figure on the left is the same shape as the figure on the right but
of different size,” or “Look for all people in the crowd whom you ha.ve
known before and who are close to your own age.” Or, in a test primarily
in the executive region, he might be given a cancellation test with the in-
structions “Cancel all e’s except when they occur before t’s, or “Bowl to
knock down the second red pin from the left.” In neither of these cases are
the relations at all complex. The restrictions are no.r suc!: as place the
processing far ont on the “complexity of relations” dm"mnsnon or demand
a high intelligence, but they are what might be called “compound or con-
junctive restrictions.”

Such restrictions operate psychologically in the form ot: a n}cmnl set
which is “compound” because it has several parts operating simultane-
ously or in immediate succession. The degree of complcxn_y o.f the relations
involved in the sets is quite an independent matter, yet it is W""Ffi;“g to
use “complexity of restriction” for this dimcnsiqn. However, 0 m.",’.' CD:;
fusion perhaps it had better be called wultiplexity ,”/ set, Thus, .g.x‘\mg an)
association word would be a task of Jow multiplexity whereas giving four-
letter words beginning with w that have to do with daily tasks would be ‘:f
high multiplexity. This multiplexity d a’pphcs m"all lhrcdc"rc;i:m%.

The question now arises whether we need retain u.m{cr dcn?]and a y U -
rate facet of “amount of processing” or whether it is dc“&'n e ‘nm ac
counted for adequately by complexity of relations and multiplexity of scts.
If we include in the fatter the number of sequential steps in p{zx‘:m::’g.: [
collecting, comparing, sclecting, enlarging, and <o on, then i ““_;’7‘ ‘;'::
that we do not need a separate catepory for amount of processing J s, ot
maximum simplicity until some mote comp!icazc(? treatment :';,.m(:m‘.
by the facts, it scems beet to stop at two dimensions that togeiher

R i
felinr

“amount of processing.”
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: i cess in
Insufficient attention has perhaps bt-:cn given to tht;) T;dgll,‘;g‘::ed that
the organism of referring, storing, sorting, ctc. It has ecicrs oo as rela-
these processes can be assigned levels on other param . t’do e meed 10
tional level, muitiplexity, amount of acnvn)t, and so on, uf 2 Aoparently
refer these to several distinct phases in the internal proccssmg;.. ptp o
we do. At the least there is experimental evider.xce that com.m'mmg oa g
ory, retention, and retrieval (or referral of l-nput to existing S}::{l ignsert
matching, etc.) are independent powers. Thus in Tat?le 4-1 we s gl
in the present Domain P (process parameters) section, three param (en;
one for amount of committing to storage that is involved, one'for the'eX the
to which goodness of persisting retention from ecarlier experience aids e
performance, and one for dependence on efficiency of fclneval or cond
parison in connection with what is in storage. These continue, as 3, 4, a N
5, the two (complexity and multiplexity) process parameters already se
down.

Turning to other possible general process parameters we encoufﬂef
flexibility. As brought out in the last chapter, there is still some uncerfa!l}ty
about the nature, ic., the tests loaded in, a factor designated ﬂEXIb{luy

versus firmness of structure. At least we have evidence that it is distinct
from the well-demarcated, broad factor of disposition rigidity (persevera-
tion, motor-perceptual rigidity) which we have already set aside from the
abilities as essentially a temperament factor (or factors). As tentatively
defined, flexibility in the cognitive, ideational area is a freedom to restruc-
ture ideas due to a lack of firmness i

This ideational flexibility (Cattell and Tiner, 1949) shows itself in riddles,
Le., getting meanings at variance with Ppractical realistic meanings, in think-
ing of unusual uses for objects normally used in other ways, e.g., using a
swimming pool to hold hot sou;

I p for a large dinner party, and probably in
vanous Kinds of absence of mind and failure of

should not be a
through all three Tegions—pe;

tception, internal Processing, and execution—

and we shal} Pposit it as another general dimension (with empirical evidence

locating it ag g ).

Final!y there. is the vexed question of speed. As stated in Chapter 3,
correlational evidence POInts to a number of different speeds rather than a
single general speed. The i is ti
test scoring as such, In

o and in some g ly the
intelligence tegy realm, amount done in 3 i:'A i reas, notably
an unlimited time corr

of abilily—dcxtcrily,
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does a given amount of a task correctly. However, there are two conditions
fecessary for this correlation to be high—that the subject be asked ta work
Quickly, and that the subjects all be of much the same age.

_C'ir.anted these conditions, there are as many speeds as there are distinct
abilities, as l‘ocated. by measurements of goodness and correctness of re-
sponse. But in a wide set of measures under speeded conditions when we
partial out these primary abilities (and intelligence too), two or three
generalized speed measures remain. Indeed the tempo measures remain
even when subjects do not aspire to high speed of task performance, i.e.,
are not asked to work at top speed. Setting aside the tempo factors, which
have been identified by Rimoldi (195 Ia) and Cattell (1957a) as due to a
natural temperamental tempo component most clearly represented by per-
sonality factor U.I. 30 and the depression-elation factor U.L. 33, one finds
two further sources of speed difference. First there are temperamental
sources, notably a general arousal-activation factor, U.L 22, which persists
as a characteristic level of cortical alertness at which an individual operates.
Second, there are various motivation factors (Cattell, Radcliffe and Sweney,
1963), most important of which is the broad factor U.L 16, called As-
sertive Ego (and which can be ambition in the test situation).

The available evidence therefore can be interpreted most simply by
saying that anything that is general in cognitive speed, namely, the general
cognitive speed factor first found by Bernstein (1924), is actually tempera-
mental (U.L 22) or motivational (U.I, 16) in origin. Nevertheless, the
U.L. 22 temperament component, being independent of motivation, depres-
sion-elation, and tempo, and favoring hjgh speed in reaction time (simple
and complex), in cancellation, in reversible perspective, etc., actually ex-
tends in a confusing fashion along the frontier between ability and tem-
perament traits. It is said that in the present high speed age there arc only
the quick and the dead, and, by most people’s judgment, surviving and
getting things done quickly is being useful and “able.” Thus there is"even
a semantic problem. However, careful evaluations suggest that the con-
tribution of the basic neural speed in U.L 22 to the variance in Aigh level
abilities is quite small, though it would appear 1o be appreciable in per-
formances like driving a car or qualifying as an air pilot (Cattcll, 19552).
Contingently it would scem more convenient, when discussing the ability
domain, to include this general speed dimension in the abiliry schema,
strictly in the U.. 22 sensc. In doing so we make the nsstfmplion

(as yet insufficiently checked) that i.l operates across perception, mrcn.!al
processing (committing to and retrieving from s:mmgc). and exceutive
performance (but scarcely in storage refengion). It is undcr's(o‘?d that speed
differences through temperamental tempo, mood, and motivation level are
excluded from this conception of purely temperamental-cognitive speed.
Even so, this is an anomalous component compared to ﬂ]c ollm"s. for it
appears only when ability scores are made under “speed™ instructions and

in scoring a timed performance,
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4. THE ADAC OR THEORETICAL
“ABILITY DIMENSION
ANALYSIS CHART”

Let us now put together in a total PZ?%S‘::O
tive the results of the analyses in the last. section. Th.ere are (lmsfzs Chart
general questions to ask before the Ability Dxme.ns.lon Anal zr eople?
(ADAC) can be put together. First, are we describing tests B hering
The answer is “both.” For although our purpose began as that of g of this
tests in a taxonomy, when we have said that any test can have rflore.l okes
or that, we have also said that people can have more or le§s of w}‘lat i e
to do this or that. (This is recognizable as a special 111ustrat;on 0!
uivalence in factor analysis of the P x Q technique transposes. ,

qun analogous logical (;uestion arises in the vocational_ guidance expverzg
attempt at a taxonomy of occupations. But though it is p:u'tly. answer X
there in the same way as we have answered it here, the fact still remain:
that the actual structuring of the taxonomy of demands and the taxonomy
of people’s abilities, though occupying the same “space,” may be dlﬁ'e.rent-
The recruit who was asked whether he thought he would do better with a
machine gun or a rocket launcher replied that he knew only that he played
better on the French horn than the violin and requested transfer to the
band. A taxonomy of military and musjcal proficiencies would be very
different, but the

same intelligence, speed, spatial, etc., abilities would
operate in most of both realms, and

the beginning, in this case and
Wwe would expect alignment of test and individual
. If next the question is asked whether the t
nterpretive, the answer is

T that it seeks ulsim
classification of primary and high

descriptive characteristics.
axonomy is descriptive or
ately to be interpretive. A
fica er-strata abilities on some sort of simply
descriptive basis can be pursued when empirical research proceeds further;
but. the ADAC chart is definitely in terms of processes, contents, and so on
wt?;c[h are inferred to be underlying components of the observed variety of
abilities,

gh the dimensions in any
s OCcasionall

. Predominance of one or another
" in any ability, Starting with the stimulus, organism,
erstics discussed ip most psychological analysis (but
et 10 the computer model), the classification ends with
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TABLE 44
The Ability Dimension Analysis Chart {ADAC):
A Theoretical Schema

DomAN or PANEL A: AcTION PHass (IN ABLITY AcTION)
1. Involvemens pf Input ('lz}rgest in perceptual abilities). The value on this is the
extent to which the ability score rests upon sensory input activity relative to the

stimulus,
I and Storage® (largest in memory measures),

! of Internal Pr
The value on this is the extent to which processing of resources of storage

(committing, retention, retrieving, comparing) determine the score.
3. Inuolvement of Gutput (largest in executive performances). The value on this is
the extent to which qualities of output determine the score.

DomaiN or PANEL C: CONTENT
1. Involvement of Experiential-Cultural Dimensions. This includes such separate

subdimensions as verbal (semantic), numerical, social, spatial, mechanical
knowledge, art, music, science.
P i, ions. This includes subdi .

of Neural-Or
ditory, kinesthetic, tactile, motor, cerebellar, etc.

of visual, au

DoMAIN OR PANEL P: ProcEss PARAMETERS i
1. Demand in Terms of Complexity Level of Relation Eduction. This concerns the

complexity of relations handled as relations, as well as the complexity implied
in the eduction of correlates (fundaments) required in any process. This param-
eter defines level in a standard hierarchy? of relations. .

Demand in Terms of Multiplexity of Sets. This concerns the amount of complica-
tion in processing, independent of relational complexity in any one operation.
It conld be analyzed into subsets covering (a) number of items handled, (b) num-
ber of simultaneously applied sets, e.g., belonging to class X, larger than a,
beginning with letter B, etc., (c) number of sets in successive steps, A model for
such an “amount of processing” evaluation exists in logic and in the computer.
It may be thought of insofar as it applies to the output phase, as degrec of
restruction and control of output. In human and animal behavior they are
expressed by the operation of mental sets, in multiplex systems of various rank
levels, from the simplicity of a reaction time response, {o the responsc of a

diplomat at 2 UN committee.

N

! It is necessary at the outset to make & clear distinction between the rating of an nbili(l:)'r

on involvement of storage and of involvement of particular corenis, in Domain b

The statement about a particular ability in terms of the content it demands n, sy, 1
hanical knowledge level

mechanical knowledge field, is a about the mec v
presented in the particular test or job, What storage the individual has achieved 11 that

area is quite another question. Furthermore, the content defines more than ts concerned
with storage. The input {perceptual) and oulput (exccutive) activities would deal also
with Content X in an ability for which Content X is given a bigh )nluc.
2 The project of developing & hicrarchy of relations accordmg 1o mhergm comnlﬂ;g’,
ially to test more precisel, (l;c smhcml Tati ne f :‘tcory ol'la(gilt:rrt(r‘:;r“c;
icians snd phifosophers, several times by the present wril ).
!zccn moo'mi,l' L?ri?f’f dable d " on folfowing through from theory o practae
which so far have daunted the logicians, However, in principle, ns discutse on pare J:ﬂ
below, onc could start with relations at the lowest, sensary level, and build up a hicsarc! ‘y
of relations among relations, culminating in the highest conceptual abstractions. lll '
the level on such a hicrarchy which is referred to here, 83 complenty of relations used 8

processing of materizl.
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P : ly as
3. Amount of Committing to Memor})lr (“Graglsr:’u;gdg&?\li:llf:’)";:;:[:"s;gg‘gm
imension only of the storage phase, an s
?nilsﬁich as perieptual and executive abilities are dependent on ]e‘tld ;‘;;ﬁz@gz
and level of storage is dependent on effectiveness of comn'.utlm_g, o Hing 'lo
person's score on gramming (as we may call, for brevuy,1 cqml? e fesest.
memory™) will affect all abilities. Conceivably, even when level o Tective.
motivation is set aside (as it is from all this cognitive analysis) a person’s t; .
ness in committing to memory (gramming) is (jependen.t on more 1l gnt e
factor, e.g., a neural structure and a physiolgglcal eﬁimex}cy fa.ctor. u
initial simplicity committing to memory is con:mder_ed'one d[menslon. priously

4. Amount of Retentive Activity Involved. Again this is a dimension obvio!
concerned with the storage phase but affecting all performances. In most memcgy
abilities—other than immediate memory—level of success would_ depend.su -
stantially upon individual differences in whatever capacities enter into eﬂicxentc)z'
or retention. Again, as with gramming, the retaining of impressz(ms may
found in the end to depend on more than one factor. As pointed out in Chapter 8,
on physiology, this subject is at present in a highly speculative state.

S. Amount of Retrieval Activity. There is good reason to consider retrieval as an
entirely distinct activity from retention. It may be affected in its result, of course,
by the amount in storage, the nature of the content, the complexity of the
relations, and the multiplexity of conditions requested in the retrieval. B\.Jt by
hypothesis there are individual differences in some general retrieval eﬁic}ency
when all the above are held constant. In this case we have a dimension restricted,
however, to a subspace, since the differences among abilities in the extent to
which retrieval is involy

ed can apply only to the executive panel, unless we
assume that retrieval at a nondeliberate level applies also to perceptual recogni-
tion. Retrieval plays a major part in such abilities as fluency.
6. Flexibility versus Firmness. Every dimension or function so far discussed could
vary on a dimension of flexibili

f performances in

7. Speed Demand. Speed is an anomalous and extra dimension3 in the sense that, as

p.mmeﬁ out above, it arises only for that form of measuring abilities in which 2
time limit Is set. However, the latter is at

ntal speed factors, as

S is a dimension obviously responsible for

an ability as a “level” and as a *“power” ability, as
ection, for example, with intelligence tests (see page 79)-

* An extra di i b

I n Y scme h t
superfluous, is that of selective ven el
characteristi <o

e t sts, which we have rejected as truly

US inventive (closed versus open-ended). This is a
B tests which, in terms of abilities involved, would appear to
Retrieval, PS5, which is high on inventive
dimension should be given to recognition
umed here that it is taken care of by the
and a special recognition set, P2.

rac ic dilf_rercmialin

en care o already by the dj, i i
and low on selective tests, thlher:| can:;::c‘i:lr e
gsda process is debatable, and we have asg
Judgment of a relation of similarity (py),

catepori i 5 R

the %c:xiz Ogclr?:::;};?tcma‘ processing, and output. Although we have used
A » Memory, and executjy, iliti i

synenymous with these, the fact is stri " oo ities as approximately

ietly that no perceptual ability is en-
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tirely restricted to input action, and no executive ability is confined to out-
Put activity only. The former consists of perception made meaningful by
instant comparison of sensory input with storage, while the latter requires
some supply from storage and some constant guidance from input as per-

ception.
The second panel ot domain—that of content—intrinsically requires no

explanation beyond what has been given above. But it should be understood
that each of two “systems” or “spaces”—experiential and sensory motor—

consists of a whole set of dimensions which, as pointed out above, may be
dinates within each. No need exists at

considered virtually orthogonal coor
present to attempt 2 complete listing of these subdimensions; but we can
illustrate the first by verbal, numerical, mechanical, social, etc., and the

second by auditory, visual, olfactory, motor, etc. Any given ability can be
designated, separately in its input, storage, and output, as high or low on
each of these, i.e., the phase and the conten! dimensions are independent
coordinates.

The third panel or domain, as shown in Table 4-1, is that of the dimen-
sions of process. Here seven parameters are apparently sufficient to cover
all taxonomic differences in type of ability. They define the parameters
along which processes may differ regardless (with slight exception) of
which of the three phases in an ability is involved or what kind of content

is used.

Since there are twelve dimensions in the ADAG, is is obviously impos-
sible to represent the scheme in simple graphical fashion as a three-dimen-
sional box, as in the Guilford schema in Figure 4-1. If one considers only
above average or high and below average or low on each of these dimen-
sions, there would in fact be 212 = 4096 types of ability. (Actually about

larger than the 120

500 if we omit nonviable combinations.) This is even 1a t :
s will be seen from the ensuing discussion, we

of Guilford’s schema but a

do not suppose here, as Gui that there should be as many

factors as there are types . .
rspace cannot be reprcsentcd visually in 3-space,

Although the whole hype! n ! spact
resented and some are given for jllustration in

Figure 4-2. It will be recognized that in abandoning th(f bi-polar (input
versus output; verbal versus numerical, relational complexity versus spccfl)
; e mode of analysis, we stay with

use of ability dimensionality as 1;\ fals : e on sty wit
i i ¢ which simply runs from i ¢
dimenslons e T he first drawing in Figure 4-2 must be some

Type 7 in tl

&zl;a;elfx: 1'::::, lo)\'foulput. and high storage- This could be, as su‘ggcsxcd,
a concentration on memorizing 3 compnrauvcly small number of words or
ﬁg"’lflis:. thrcc-dimcnsional chart alonc cannot, of cou.rsc. fully define l'hc
ability. Thus in Type 7 just dcscrib?d we are not tok:d\'\hclhcr l'hc memaoriz-
ing is of verbal, ‘mechanical, spatial, of other coort inates o} comc.m, or
whether it is of relationally complex of simple material, or inv olves high of
low multiplexity of set in processing {or memorization, and so on.

1ford does there,

subspaces can be so 1ep
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The question of how important primaries and other empirically estab-
lished factors would fit into it is discussed below.

5. CONSTRUCTING TESTS TO

FIT A SCHEMA VERSUS

CREATING A TAXONOMY TO

FIT DISCOVERED ABILITIES

The opening of this chapter has dealt in gen-
eral terms with the use to which (a) an empirical, factor taxonomy and
(b) an a priori “theoretical” (in the popular sense) classificatory scheme
can be put, and some incidental comments on possible alignments have
been made along the way. Our argument has been that for reaching a2 good
natural taxonomy it is preferable to start with a representative sampling of
variables from the natural personality sphere of human stimulus-response
behavior,

However, the alternative—an a priori, abstractive (Cattell, 1966) design
~—should not be ruled out from factor-analytic search for unitary struc-
tures provided we recognize that some bias may be introduced in the form
of (1) missing certain areas, areas not conceived initially by the theorist

and (2) boosting what should be narrow specifics or near specifics into
broad, importanf

t-looking abilities throngh the theorist manufacturing a host
of tests in an area with which he happens personaily to be preoccupied.
of both type 1 and type 2 have been leveled against Guilford’s

. Yy are among the various abilities used. Conse-
quentl.y, 2 true final picture can emerge, provided no powerful systematic
selection of variables has be

. en taken to favor a certgin outcome. This can
be 1]lustrfsted by the well-known, basic comparison of correlation experi-
ment desn.gn and analysis of variance experiment design in Figure 4-3. Here
an Investigation has set out to test the signil

t ficance of the relation of body
igence and has taken

may has eliminated corre
|(nb})us bs;r‘x;‘;gcc.o};lo;vever. a bett;er view of the true state of affairs is shown in
o 'lhc analyﬁsrcfogrz{m, and it can be noted that, with thirty-six points in
i 6 qmdmnt; v;mancc cxperiment has included alf cases from the NW
1f one ke u‘m, 1}:'; c;‘nlyll’mli the cas-es from the NE and SW quadrants.
snalyis of vart rcsu!z!\.s cen done it affects one’s interpretation of the
The artificia) manipul.
have objected the Guj
detanl differeny from, thi
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FIGURE 4-3
Qbliteration of Natural Correlation in an Analysis of
Variance Experimental Design
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rally more densely distributed at some zones in the factor space than at
others. This distribution is fikely to be clear and decisive if we take a repre-
sentative sample of human performances; but it can be lost if we deliber-
ately set out with a schema such as that in Figure 4-1, and fill the empty
spaces with artificially created combinations. At any rate, if the dimensions
are assumed to be factors, the quadrants that should be empty will become
homogencously filled. The psychologist has as much right to resist this con-
fusing influence as a biologist has to reject the artificial monsters called cen-
taurs and dragons when he is seeking a natural biotogical taxonomic scheme.
Nevertheless, the issues are subtle for an early, introductory chapter,
Another subtle issue, needing a glance at this point, concerns the differ-
ence between the loading of a test and the mean level of a test with regard
to any factor. The parameters hypothesized in Table 4-1 are dimensions
of tests, but we are most likely to isolate them as dimensions of people. For
example, when we hypothesize a dimension such as A.1. of degree of in-
volvement of input activities, our hope of checking this as a unitary factor
depends on people being at different Ievels of efficiency or endowment on
this capacity. If they are, then correlating tests over people will yield such
a factor, and every test will have a Joading on it. But when we classify tests
in a taxonomy, we are going to ask whether a test is high or low in the level
of input activities it demands, and this is not exactly the same as having a
high or Jow Joading. The logical statistical issuc (which Burt and Ross have
clarified) cannot be further pursucd here, and it must suffice to notice the
difference and to notc that after factor analysis we shall have to go to
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The question of how important primaries and other empirically estab-
lished factors would fit into it is discussed below.

5. CONSTRUCTING TESTS TO

FIT A SCHEMA VERSUS

CREATING A TAXONOMY TO

FIT DISCOVERED ABILITIES

The opening of this chapter has dealt in gen-
eral terms with the use to which (a) an empirical, factor taxonomy and
(b) an a priori “theoretical” (in the popular sense) classificatory scheme
can be put, and some incidental comments on possible alignments have
been made along the way. Our argument has been that for reaching a good

natural taxonemy it is preferable to start with a representative sampling of
variables from the natural personality sphere of human stimulus-response
behavior.

However, the alternative—an g priori, abstractive (Cattell, 1966) design
—should not be ruled out from factor-analytic search for unitary struc-
tures provided we recognize that some bias may be introduced in the form
of (1) missing certain areas, areas not conceived initially by the theorist
and (2) boosting what should be narrow specifics or near specifics into
broad, important-looking abilities through the theorist manufacturing a host
of lfests in an area with which he happens personally to be preoccupied-

scheme if it were employed in the sa;
The creation of a subjective theo;
the ultimate verdict of experimental

me way.
retical schema will not in itself prevent
, correlational studies from stating fairly
what the correlations actually are among the various abilities used. Conse-
quently, a true final picture can emerge, provided no powerful systematic
sele.ctlon of variables has been taken 1o favor a certain outcome. This can
be 1“1!5":’1!&!1 by the well-known, basic comparison of correlation experi-
:::“.“ design and analysis of variance experiment design in Figure 4-3. Here
“‘eig}r:\t‘f}ag:?;ms Set out to test the significance of the relation of body
as shown at (a% ‘“';}" ntelligence and has taken eight persons in each cell
may be pCrceive.cl : atever relatl_on. he finds with intelligence, it is suclf as
in s sample Howfxeter he has elu'nmated correlation of height with wclg!lt
(b), by the c'om:lo ver, a bettf:r View of the true state of affairs is shown m
all, the analysis of vgam'm’ and it can be ncte.d that, with thirty-six points in
and SE quadran, bl:’:ancle experiment has included all cases from the NW
1f one Rnows lhat, this (;\131:‘3‘r t:j‘e Cas.cs from the NE and SW quadrants.
an:_!{l};;sis of varianga cen done it affects one’s interpretation of the
have zbj‘:‘c‘gf;i:ln Ezng:]la;lnon of the gislribution of tests, to which we
detail differeny from, ll:is(’:a:\cih:n?" o precisely 'anz}logf)us to, though .
Figure 4-3. The Yocation of simp ation of the distribution of people in

Ple structure depends on tests being natu-
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FIGURE 4-3
Obliteration of Natural Correlation in an Analysis of
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Another subtle issue, necding a glance at this point, concerns U ;: Ter
ence between the Joading of a test and t}.lc mean Jevel of a test \;{;’c;cs%ons
to any factor. The parameters hypothesized in Ta}blc 4:-1 a(\;; 10 cnsions
of tests, but we are most likely t0 isolate them 25 dlmc'r’x\sllon(s’r d(p;r r;; ,;/ ror
example, when we hypothesize 2 dimension such as A.L.

: i jtary factor
volvement of input activities, our hope of chccl\mg. lhls‘a;rnc::;::\:?nc;x on
depends on people being at different levels oF e e will yield such
this capacity. 1f they ar¢, then correlating tests 03¢t {:chcr;‘l we classify tests
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further estimations to get this information as to where a test stands in regard
to the level necessary on a certain process before the test performance can
appear at all,

The question of what kind of agreement we should expect between.a
natural taxonomy found by correlation over a representative sample of abil-
ities (with people as entries) and one theoretically set up and using tests
made to fit its framework is, therefore, a complex one which cannot be pur-
sued much further with the reader’s present assumed statistical equipment. It
is at least evident, however, that the factors found in the former will only
coincide with the dimensions in the latter if the theorist has been unerring
in his a priori assumptions. For example, in experiential-cultural content
(C1, in Table 4-1) we have supposed separate dimensions of verbal, nu-
merical, social, etc., but as far as present knowledge goes, a unitary trait of
social skills may not exist, or the area may yield three distinct kinds of uni-
tary traits in social skills. What is more likely is that there may be no
tendency for individual differences to correlate positively as from a single in-
fluence across all output activities. There is no reason why the existence of a
high output demand as a variable among tests should generate and corre-
spond to a unitary high output ability in individuals any more than that the
existence of a job called “electronic technician” shoutd convince us that a
unitary ability called “electronic ability” exists in people.

On the other hand, except for such rather speculative entities in tests,
which could require several factor trajts to cover them, we are hypothesizing
in the .ADAC that most dimensions will correspond to individual differences
On unitary traits. Thus we are hypothesizing, corresponding to unitary test

n . \ » 2 general ability to handle complex re-
lations (which we alre i ith Spearman’s g), a general speed
factor (U.1. 22 or £5), a general retention factor (Kelley’s rote memory), and
a general retrieval facf i

kinesthetic, and other
ADAC is that, though
on a basis of findings

research so that its categories would be expected to

ence. At the same time it aims to
 fact suggest tests to be
tried in new factor-analylic rescarches, o

N € to discover in what way such cate-

gories as input and output, multiplexi ibili y

& plexity of set or fl SS

need to be modified or extended. Y ’ exibility versus fimne
portant dij

fit factor-analytic evid,

An im fference between i
' the ADAC dimens; il-
ford ¢categories, over and above those dj ¢ that Guilford hypoth
a

. " 1scussed, is that Guilford h pothe-
:;Ccsr lhathn factor will be found corresponding to each cell in h}i,s box,
twcl-.,cas ; ¢ APAC supposes a factor will correspond only with each of the

¢ dimensions (plus perhaps further subdimensions), nor with the
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combination (cells). The latter, in ADAC, may easily lead to as many as
4000 types of tests. However, by dimensions ADAC suggests only twelve
(up, to say, thirty) factors; whereas the Guilford schema already leads
to about 120 factors.

As in facet analysis, (Guttman, 1965) the Guilford scheme proposes 1o
make enough tests in each cell, according to a prescription, to generate
a factor from what, on a firm sampling basis, would almost certainly be
?nly a specific factor. Whereas Alice in Through the Looking Glass says,
“Words mean what I want them to mean,” certain modern psychometrists
are dangerously near saying, «Correlations can be made to have the values
I want to give them.” A long chain of mutually orthogonal (uncorrelated)
t§sts undoubtedly can be built up from a sufficiency of items granted suffi-
cient test design skill, patience, and research resources. However, upon
using some different subjective theoretical schema, it would certainly be
found that a considerable number (geometrically, an infinite number) of
quite different series of ability concepts could also be built up—even in the

same factor space, as through an orthogonal rotation.
f Babel, this nightmare of noncom-

In contrast to this scientific Tower o

municating private worlds (ultimately one for each psychometrician), the
approach presented here by stratified behavior sampling and simple struc-
ture unique rotations promises CONVErgence on a common structure. Tt will
be a structure which, as we pass from primary abilities in the next chapter,
reveals second and higher-order simplifications. As we come to consider the
fewer and broader powers then revealed—in contrast to the numerous
primaries we have so far considered as the empirical harvest—the available
results in the next chapter point to 2 fairly close agreement between experi-
mental findings and the theoretical expectations of the ADAC taxonomic

scheme.



CHAPTER  THE

FIVE DISCOVERY
OF
FLUID
AND
CRYSTALLIZED
GENERAL
INTELLIGENCE

1. THE BIRTH OF THE
“TWO INTELLIGENCES"
CONCEPT

Looking back over the last fifty years to the
immense amount of work devoted to surveying primary abilities, what we

see concretely is a dozen or so (Table 3-1) firm peaks, such as Thurstone’s
primaries, rising out of a cloud-enshrou

ties. Only by such conceptual and met]

clearly. However, one peak which clearly towers above others, but which,

in the interest of an orderly approach, we have not yet discussed, is that of
the ability called general ability, g, or intelligence.

That a massive general factor existed amon
second-order factor,

rt (1940), Holzinger, (1934—
and Thurstone (1938), and,
n by the two last, had been
chstone to which all debated
igence tests and the 1.Q. were

me the scientist’s 1oy

interpreting and using inte})
referred.

However, in the mid-thirties some half-dozen different lines of evidence
converped in the

present writer's thinking to suggest the disturbing idea that
& might be two general factors instead of one! The notion was disturbing to

74
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the writer personally because of his association with, and his great regard
for, Spearman and his work. Furthermore, a questioning of the theory of
g at that juncture seemed unfortunate in terms of the hard-won public status
of intelligence testing. For although the theory actually had taken intelli-
gence testing out of the realm of guesswork and quackery twenty years be-
fore, it was only in the thirties that most users of intelligence tests had
realized this. By then most had a satisfactory grasp of the monolithic sim-
plicity and solidarity of conception emerging from the programmatic and
strategic experiment pursued by Spearman, Burt, Holzinger, Thomson,!
Thurstone and many others who had participated in the clarification.

The indications which point to the new synthesis converge from some six
main ditections, as follows:

(1) The work in Spearman’s own laboratory on “content free” or “per-

ceptual” intelligence tests (later to become culture-fair intelligence tests),
by Line (1931), Fortes (1932), Gopalaswami (1924), and others (see
Figure 5-1), with discussion of the implications of which the present writer
had been closely concerned. Examination of certain correlations here sug-
gested that these “perceptval” forms of classification and analogies tests
were probably measuring the central core of “g” with unusually high valid-
ity. They suggested also that many relatively “scholastic™ tests, as acce{:ted
by most test constructors, were bringing a thick veneer of something besu?cs
g into the test score. Binet and Simon, whatever their verbal .gymnasucs
regarding the definition of intelligence, were clear that the intclll.gcnce they
were measuring was something constitutional. At least they indicated thixt
they were aiming at something inherent in the individunl! apart from his
education. Any alert psychologist in the twenties and thirties was bound to
notice that alleged intelligence tests were being shaped by tf‘x‘c cduc.atovl:
increasingly in his own image. By contrast, the various tests of ‘gumption
in Binet and the new “perceptual” (non-pictorial, non—v_-crbal) tests in the
Spearman laboratory were yielding, when applied to children at lc:l'S(, un-
usually high correlations among themselves which suggested they mfght b‘c
different from the “g" of the more educationally oricnted tests. Native wit
and education were beginning to show their separate colors.

(2) From widespread try-outs of the perceptual tests (Figures 5-1 and
5-2) there were already indications, since confirmed, that the age l‘nc:rcasc'
in performance on such perceptuat tests flattencd out as a platca distinetly
carlier than did the synonyms, vocabulary, numerical ability, e, of the
school intelligence tests. In fact, the curve flattencd around thirteen years
instcad of at about sixtecn and seventeen years (sec Figure 7-7 for dcl:nl)-

(3) Examination of Thurstonc’s cpoch-making, second-order analysis of
the primary abilities (1938) indicated smore :haq one gcnfral !aclqr. Af
explaincd above, a sccond-order factor analysis begins by taking the primary

1 As we shall see, Thomeon did not concur In the whole intespretation. tat apreed on
the new fdens of method and statistical proof.
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FIGURE 5-1
Early Development of Perceptual Tests

The principle suggested in the early monograph by Line
(1931: from which these notes are taken) was to employ the
relations used in intelligence tests, notably classification
and analogies, upon simple sensory data, e.g. shades, colors,
sizes, and shapes. Right and wrong alternatives are to be
presented and irrelevant features deliberately introduced. Thus,
a priori concepts of relational ity could be
with difficulty according to psychometric evidence.
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EXAMPLES
CLASSIFICATION: \% \/ ete. NV S e

Easy Diffcudt

PrINCIPLE XX (aBOVE):

| I

A B C D A BC D
Figure a Fignre b

From Line, W., “The growth of visual percepnan in_ childeen,” Brulsk Journal of Pspchology
£15, 1931, of the Britisk Journal of Psychology.

factors obtained from factoring actual variables. It then works out the cor-
relations among these primary factors, puts them in a square correlation
matrix, and factors them again. Unfortunately, good statistical tests fixing
the number of factors to extract were at that time not available, and the
decision as to whether there was really one factor or more was somewhat
subjective. Nevertheless, this evidence pointing to two (or more) carried
more weight than the uncertain conclusion gained from merely looking at
the unevenness of the hierarch when the two kinds of tests—more and less
educational—were correlated as described in (1) immediately above. It was
also much more firm than the early finding of Burt (1909) when arbitrarily
he took out three general factors (the second and third obscure) from sets
of variables where Spearman had stopped at one. (In this case, however,
there was no suggestion in his analysis of what have now become the con-
cepts of fluid and crystallized intelligence.) For the unsatisfactory rota-
tional method—or lack of rotation—which he used (see Figure 5-8 and
explanation following) caused his second (and third) “general factors” to
consist partly of mixtures of Thurstone’s primaries.

Indeed, many writers, e.g., Vernon (1964}, regarded the bi-polar factors®
(the meaning will become clearer in Figure 5-8) of the Burtian kind of
analysis as producing what were interpreted as “cquivalents” of the primary
abilities so unequivocally defined by Thurstone. From this point, indeed, a
translation between the London and Chicago dialects began to be accepted
rather popularly, in which the second factor by the London rotation was

2 A bi-polar factor is one whose meaning is recognizable by its having approximately

the same number of equal and opposite (positive and negative) loadings, the positive

on one sort of content, the negative on another. For example, in the present ability

context such a factor has appeared (ns second or third factor) loading verhal per-

formance positively and numerical performances negatively. It would be called

“Verbal versus Numerical Ability.” An alternative rotation, honever, reveal separate
uni-polar™ verbal and numerical abilities, as in Thurstone’s analyses,
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considered a rough equivalent (verbal and educational) of a compound of
hicago V and N primaries.

¢ In %he few yeafs after the announcement (1941) c.)f the two' gen.eral-
factor theory, and before its checking in the precise fashion shown in Figure
5-3b and Table 5-1, additional evidence continued to come in. It appear.ed
notably in the very thorough researches of Rimoldi (195'1'b), Adkins
(1952), and Botzum (1951), that one general factor ir} cognitive perform-
ances is not enough to account for all the common variance.

(4) The first results with culture-fair intelligence tests (Cattell, 194%0;
Cattell, Feingold and Sarason, 1941), which (sometimes under the rubrics
of culture-free and culture-reduced) have become the practical test expres-
sion of the fluid general ability factor, pointed to a very different degree of
L.Q. dispersion (standard deviation of 1.Q.) for this new general factor
compared with the old. Indeed, it seemed that fluid ability measures gave
TABLE 541
Two Researches Sampling the School Age Range Showing

the Distinction of Fluid and Crystallized General
Intelligences

277 7th and 8th Grade boys and girls!
(14-15 year old)

Fluid Crystallized
Intelligence  Intelligence
Primaries 87 8e
Thurstone primaries:
Verbal ability .15 46
Spatial ability .32 14
Reasoning ability .08 .50
Numerical ability 05 59
Fluency .07 19
IPAT Culture-Fair:
Series .35 .43
Classification .63 —.02
Matrices .50 .10
Topology .51 .09
Personality, HSPQ:
A _Cyclothymia —.04 .52
C_Ego Strength .21 —.07
D _Excitability — .04 — 44
W
F__Surgency —.05 L)
M
! Cattell, 19633, page 14,
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306 4th and 5th Grade boys and girls?

(10-11 year old)
Fluid Crystallized

. Intelligence  Intelligence
Primaries 14 e
Culture-Fair Intelligence:
(IPAT) .78 .09
Verbal Ability .22 .63
Numerical Ability A7 35
Spatial Ability 73 .03
Personality Factors:
Extraversion .01 .29
Anxiety .05 .00
Pathemia .04 .04
Independence —.04 —.60

Independence _—0% —cm—

Neuroticism —.09 .06

Note that in the school period the extravert qualities tend to associate with more rapid
acquiring of crystallized intelligence (but not later). Temperamental independence is
related somewhat negatively.

Regarding g5, culture-fair, relation-percejving tests are most loaded, but there is some
loading on verbal, spatial, and numerical ability. The weights alter somewhat with age,
but crystallized intelligence, by contrast, appears conspicuously in verbal ability,
trained reasoning, and numerical and other scholastic abilities.

2 Cattell, 1967b, page 148.

2 standard deviation of 1.Q- around 24 instead of the older value of 16
(or 15) which had become accepted for traditional intelligence tests.

(&) Approximately the same two types of intelligence test performance
—those of the “perceptual,” wcylture-fair” type and those of the traditional
verbal and other “intelligence” tests—as separated out in factor analysis
also differentiated themselves in a variety of ways in their physiological as-
sociations. First there is evidence, summarized below, that brain injury

may affect performance on the traditional tests most noticeably in a per-

son's performance in some one kind of subtest or performance, while

leaving others little affected if at all. For cxample, an injury in the Broca
area of the brain may produce aphasia—loss of verbal command—but no

discernible loss in spatial or numerical ability. On the other hand, such cor-
tical damage aimost anywhere scems to produce some loss in the fluid
ability performances (Reitan, 19553 Lashley, 1963)- Furthermore, as
shown in the evidence finally organized by Hebb some years later (1_942),
considerable recovery typically occurs in the crystallized abilities if the
damage occurs after maturity, whereas damage in the same areas before
maturity brings more lasting impairment. This fits the theory (page ?8)
that crystallized ability is a product over time of carlier fluid ability action.

(6) The age curves of change of general ability level after initial maturity
—in the period beginning at 20 and running to 65—3are quite different for
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the two classes of test. The perceptual, culture-fair type shows a steady de-
cline from about 20-25 years, whereas the verbal, numerical, mechanical
curve continues after 20-25-at the same level and may even rise slightly
throughout life.

There are thus many indications converging from at least six directions
that there are fwo general relation-perceiving, intelligence-like abilities that
are quite distinct in their properties, However, the basic identification of
each, upon which all the other differences of property hinge, has to begin
in the behavioral (not the physiological, age shift, or psychometric 1.Q.
property) structure. Accordingly, we shall now give close attention to the

techniques which permit recognition of unitary structures in more complex
behavioral fields.

2. THE MEANING OF
FACTOR STRATA

At the time when the present writer ventured

the fluid and crystallized intelligence theory (1941) at an APA Annual
Meeting, each of the above threads of evidence was available for picking
up, though sometimes in obscure work and relatively unconfirmed. Indeed,
at the very same meeting, physiological evidence was reviewed by Hebb for
two kinds of brain power which he called “A” and “B” intelligences. His
arrangement of the physiological evidence in ways which other brain
physiologists had not recognized was masterly. But the ultimate foundation
of .the fluid and crystallized intelligence concepts rested on the way in
which all of the above six diverse sources “clicked into place” when put
together, and without all of them the full properties of the concepts could
not be realized. However, so long as psychology deals with behavior it
must b'e the delicate evidence of covariation of behaviors presented in factor
analysis that alone will provide the justification for distinct structural con-
cepts and for their psychological natures. With the structures located and
r(:ml.:]i' n'feaS\frable, all other properties, €.g., age change, learning effects,
?n i’:;gﬁoog;ctaol sl:icl}l.llefx;zt:s, ete., can be investigated confidently and fruitfully
Parenthically, let it be said that the meaning of the expressions “fluid”

;]1:!::1:: :\!Lccc}:ing the o.thers. The.se two g's, as we shall call them,—since

hencetonts o r:; ;?Zin;d for retaining continuity with Spearman—we shall
es § PR

g _‘crysm“iud.“pecmcly as g and g, the subscripts indicating



The Discovery of Fluid and Crystallized General Intelligence [ 81

FIGURE 5-2
Examples of Five Culture-Fair Perceptual, Relation-
Eduction Subtests of Proven Validity for Fluid Intelligence

Choose one to fill dotted square.
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DD || P D D|D|D|D|B

Choose odd one.
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9| [a] [Q] 2] B

Choose one wherein dot could be placed as in item on Ieft.

Topology

ElZ]6]

Choose one t0 complete analogy.

Analogies
i —_—
is to as s 10

Choose one to fill empty square at left.

Matrices

ot
5 alr Test. By Ll permustion of the Imutnts
n, Sates 11 and 111, IPAT. Culture-! i
;:::n‘;z:;“lnd Ability Terung. 1602 Cotonsdo Drive. Champaigs, Hiloon
Analogles section from Cattell Scale 3T, Marran & Co
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In this chapter we shall concentrate on the evidence for the distinct char-
acteristics of g and g.. In order that the reader may get some concrete sense
of g, let us pause to look at the material in culture-fair intelligence tests.
For from the moment when g, was recognized as a distinct factor, the
present writer and his colleagues began to search for more “saturated”
measures to define it; and these turned out, almost as a byproduct, to have
promising properties as culture-fair tests. The culture-fairness (culture-re-
duced quality) of such tests, however, is relegated for later discussion in a
social psychological context (Chapter 10). Our main discovery in working
on these “culture-fair subtests” (Cattell, Feingold and Sarason, 1941) in
the early forties was consistent with the parallel work of Line (1931),
Fortes (1930), and Raven (1947), namely, that just as such devices as
analogies, classifications, and the matrix type of relation-educing tests had
proved, most g saturated in cultural materials so they continued to be
among the best in perceptual stimulus material.

If a concept is best first tied down in behavior, then the prime need in
pursuing the fluid and crystallized ability concepts was to clarify the struc-
ture of the correlational evidence on actual performances. To form the
fotfndation for such structural experiment it seemed necessary to the present
writer first to get more “saturated” measures of the fluid ability factor, and
for that reason work was done in the early 1940s on developing effective,

perceptual, culture-fair subtests. The question of relative freedom from cul-
t\.u'al influences and the design of tests for cultural col
sidered la}er in its social context, but as will be seen in Figure 5-2, for
culture-fair tests one needed only to translate relation-educing perform-
ances, srxch as series, classifications, topology, matrices,® and analogies into
alternative nonverbal nonnumerical, noncultural fundaments such as novel
§hapes, scents, or sounds (or inCidentally, into words so simple that all sub-
fects know them equally well).
tecl}":;;liegu; t;)a :t}:’er 2:; :ns vizt:itlfupon the devc'lopmeut of more su.bﬂe
really adequate proof of );wo di:tin:ts fl:bgards hlgher-orfier fact9nzaﬁon,
"¢ pro ctors was not given until twenty
years after this original work. (“Partly” is used because in fact there were
more mundane reaso:
d ns well known to researchers, namely, that the labora-
::y most interested in these developments took off on a long expedition
© personality structure factoring!) This was not entirely wasted as far

mparjsons is best con-

3 The parti i

Fonnl"i::;‘:}';;i:ﬁ;: of subtest called matrices, derived from the work of Line and
A has been put out by Raven
; " Y psychometric standards this is a
other realm, is lu“yulzln;'l; su.blcst in the culture-fair realm, any more than in any
preciable contiibortin oaded with the required general factor. There is always ap-
hat proved a sound nn:‘ one type Ol: pc_r(orfnancc from something specific to it. Tt
for a given factor, in abir;f‘?cssary. principle in all psychometric construction of tests
basket.™ For thiy ;tﬂ!on ;.l ml as in personality, never 1o “put all one’s cggs in one
Wing a1 many 3 four 10 s?xt‘:;}:lgned Culture-Fair Scale balances the specifics by
Part of any one bias, €nt types of subtests, thus eliminating the greater
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as ability research was concerned because the trial of the methods in new
areas, such as personality, where the *“positive manifold™ of abilitics no
longer held, contributed to a flexibility needed in the new approach to
abilities. During this period, however, the greater part of ability rescarch
continued, as in the Wechsler-Bellevue, WAIS, Miller, and similar tests,
without “turning the corner.” The ability rescarch area became regarded
by enterprising investigators as 2 conservative and relatively worked-out
area, where research concentrated on practical minutiac, c.g., cffects of
practice, repeated factorings of existing tests, finer determinations of the
stability of the 1.Q., etc.

With such a predominance of tradition in the theoretical background of
ability study and so great an investment of skills of applicd psychologists in
existing published tests, it is not surprising that, as Newland has pointed
out, it took psychologists around 1945 five to ten years 10 realize that
ideas had started off on a new track. Since so sudden a swerve jolts com-
fortable convictions, there is bound to be much debate over the necessity
for substituting g and g for g Consequently, despite their complexity, the
technical issues in factor analyscs on which the change initially turns, re-
quire some concentration here by the student.

What indced, is a second or higher-order factor, and how is it located?
Lct us go back to Jook at Thurstone's and others’ discovered primarics, as
set out in Table 3-1. The steps in going to higher-order structure arc:
(1) to obtain the scores of, say, 300 people, on perhaps twenty px.'i[n.'lrics;
(2) to work out the correlations among the primarics® (typically positive and
in some cases, c.g., between 3, and 3, quite largc); and (3) to factor-
analyzc and obtain the factors necessary @ explain the corrclations. The
factors now obtaincd arc “factors among factors.” Tlu:y_ account for
much of the variance in the primaries but leave over something specific to
cach primary. The second-order factors, as they are now called. also show
simple structure positions just as primarics do, and turn out at theee pasi-
tions to be somewhat mutually corrclated. Of course, a< fnr. as uhvxm:l:
influence on variables is concerned (acting through the pnm'nnts‘). hipher-
order factors tend to be broader in their influence than are primancs

For reasons which will beeame apparent, it is more mer;*.!: fo speal
of a factor being at a certain stratium rather than a cestain onder. (Amonp

e —
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other things the “order” is relative to the position from which one take;
off, whereas stratum refers to a constant, absolute l.eve.l and position g

operation.) If we accept the position—which seems scientifically most justi-
fiable—that a factor is an influence, then a first-stratum factor operates on
variables and a second-stratum factor has an influence on first-stratum fac-
tors. That is to say, it contributes to the variance of .ﬂrst-suatum factors,
though some of their variance remains their own. To 111ustfate from somef;
thing that is always with us—the weather—one can imagine that i

measures on varables influenced by weather, e.g., rate of grass growth,
frequency of repainting a house, rate of denudation of a hilltop, n.umbef of
days of fog, were taken at 200 stations over the earth, a factoring might
give primaries such as inches of rainfall, hours of sunshine, mean strength
of winds, etc. A factoring of these might yield still more pervasive second-
stratum factors such as temperature, air pressure, average humidity. If these
in turn are correlated over the 200 stations, possibly one would get altitude
and relation to the Van Allen belt as partial determiners of temperature,

pressure, and humidity. (Closer examination shows that in some cases we

do not have a simple one-way strata effect, but a complex network of
mutual influences, in what has been called “the reticular model” (Cattell,

1965c); but here the strata model appears to suffice.)

However, for the moment let us keep to first-strata factors and ask what
factor theory means in terms of equations. It means that we approximate to
what may be more complex relations (if something more complex than
linearity actually should hold in the data) by a linear, additive equation.
What in general may be called the behavioral equation then states that a
test performance on test j, scored for an individaul i, as t,, can be written:

i = By 8ui + byodns + ++ + + bjay; (51)
where the a's are primary abilities (a, = verbal ability, a, = numerical
ability, etc.), the last, a;, being an ability specific to the test j- The b's (“be-
hfwmral ‘mdnces") in this formula are factor loadings telling how much the
given primary is involved in the performance j. The {'s indicate that the
scores on the abilities are those of o particular individual, i.

H it should be that the next jump from primaries lands us in the general
mtglhg;:ncc and general speed, etc., stratum level, then from the second-
order factoring we would write for any one pri
ability: Y primany,

a,—say, numerical

20t = Doetlts + BuseBes + Dogaga; o+ -+« - - bdng (s.2)

“h:rc £n L. and g, are the gcncr:ll fluid intelligence, crystallized intelligence

:mh general speed fa?tors. and 3, is what is specific to numerical ability
When the effect upon it of gencral intelligence has been allowed for.

. A nuAmMr of very u}:ful things, in terms of psychological theory, can be

one with these equations. For cxample, knowing a person’s factor scorces,
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one o}wiously can estimate his performance on a test; one can find out (by
squaring the corrclations) how much of the variance of any performance
score is accounted for singly or collectively by the various conceived abili-
ties; and one can note the resemblance of one performance situation to
another by comparing their profiles on the behavioral indices (b’s). In
terms of getting structural information, however, one needs to know prin-
cipally which one of the actual performance&—the t's—is affected by each
first-stratum ability, and what the lines of influence are from higher to lower-
stratum abilities. Such a picture of influence, from a concrete example in
which the connections were known before the factor analysis, is drawn from
the factor loadings (Cattell and Jaspars, 1967) in Figure 5-3.

FIGURE 5-3
Diagrammatic Representation of Factor Influences in
Successive Strata, from a Concrete Prescribed Example:

A Plasmode
(A) The Planned, Known Influence Structure
ircles on each arrow show the amount of

The figures in ¢
influence, positive or negative, assigned 10 each factor (as
) on the factor at the next stratum.

weights; square for variance
m (primary) factors as they affect

because of the limited space but may
Je 1 of Catrell (19674).

The values for first-stratti
variables are not inserted
be read off on page 12, Tab

Third-Stratum
Source Traits

Second-Stratum F
Source Traits 2)1

Fuest-Stratum F F
Source Traits (m (12

W

Variables VyVzVaVaVeVeViVe. o
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(B) Actual Correlation Matrices Ob ‘JF’D’"
F ing Variables Ci Iy Built Up

According to the Above Influence Pattern

SECOND STRATUM SOURCE
TRAITS (AS VARIABLES) THIRD STRATUM FACTORS

Fay1  Feae!

Foyt 33 .19
Fenz 46 —34
Fens -2 —

Fa — .57

)5 — i
1 (Values below .19 and third “error”” factor omitted.)
FIRsT STRATUM SOURCE

TRAITS (AS VARIABLES) SecoND STRATUM FACTORS

2
Fon Fo2 Fozs  Fos  Feys

Fan 39

Fayz — .56

Fays 0 —.56

Foys 72

Fs —45 68

Faye —.52

Foyr .89

Fys 46 —26 40

Fino 38 —.24 .67

10 .63

2 (All values below .19 and the sixth *“error” factor plotted.)

A comparison of (a) with (b) will show that the actual
analysis gets back to the Ppattern of significant influences intro-
duced in the plasmode model, (a), though it does so more
accurately at the primary (see Cattell, 1967a, page 34) than at

the secondary and tertiary stratum levels which typically is
Sound in such studies.

3. HYPERPLANES: THE
TECHNICAL REQUIREMENT FOR

UNAMBIGUOUS FACTOR
RESOLUTION

If the reader, who has patiently followed this
description of the meaning of the factor model for research, will bear with
general principles for one more section, we shall be ready to proceed to
definite conclusions in the ability field.

As pointed out gbove, certain confusion of nomenclature regarding
{actors continues to stand in the way of pointed discussion. For example,
order and strata are confused, while the terms “gencral” and “specific” can
be very misleading, These terms suit mathematicians who can speak justi-
fably of a factor general 1o o whole matrix, i.e., to all the variables in a
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correlation of factor matrix, and contrast it with one specific to a single
1 the behaviors which men show, it is

test. However, in life, i.c., over al
safe to assert that there can be no such thing as a categorical general factor,®
ors. What is general to a particular

there are only more or less broad fact
CXp‘enmcnt of a couple of dozen variables is more or less an accident of the
variables chosen. We are much more interested in knowing how broad a
factor is in regard to life, and if, for continuity we continue to talk about
general factors, we mean thereby only the broadest class among broad
factors. Strictly, we should speak only of broad factors,” narrow factors, and
specific factors. Except for the last all is relative, and the relativity has
meaning only in regard to what we have discussed above as 2 stratified
sample from a population of behaviors and situations in our physico-cul-
tural world.

Recognition that the “gener:
of Spearman, Burt, Rimoldi,

41" ie., broad traits reported in the matrices
Vernon, Adkins, MecNemar and others are

not general but only broad saves much time previously spent debating spu-
rious issues. It also reminds Us that the distinction between what is called
a very broad (formerly “general”) and not so broad (formerly “group”)

factor has been largely an artifact of the experimenter’s choice of variables.
rimenter has been inexplicit, to say

(And about that choice many an expe

the least!) With this understood, we can proceed both to defend one parti-
cular factor resolution rather than another and also to substantiate the
statement made earlier, in passing, that Thurstone’s obtaining of 2 “general”
factor at the second order had the advantage of fixing that factor uniquely
as to meaning. For, as Thurstone claimed, a unique fixing of the general
factor had not been possible with the Spearman-Burt—Vemon approach

with hierarchies and “tetrad differences.”

To grasp the argument here it is necessary t0 develop a little further the
conception of simple structure introduced in Chapter 2. If factors are in-
fluences or determiners, and no influence can be entirely general to all vari-
ables in the universe it factor—even 2 broad one—will

Ieave a rather large fraction that are used with orfly a zero
loading showing upon them. For example, intelligenc® affects a Chlld'.s SOI‘."
ing algebra problems and winning chess games, but not necessarily his
sociability, quickness of temper, blood type, the time taken to get to school,
or the number of maiden aunts he possesses- These latter ar¢ said to “lie in
t that all behavior begins and ends with breathing,
general factor, W€ should have to point out that

¢.g., amount in the first minute relative to the
psolute level is affected by breathing

follows that any
of the variables

6 Even if someone should asser
so that breathing should appear as @
many behavior measures are ratios,
second, which cancel absolute tevel—even if 2
efficiency, which is very doubtful over normal ranges-
7 The reason for Using broad instead of reverting to " { k
that much confusion would then result (again, among psychologxsls rather than in
the smaller world of statistics) because common, 33 opposed 10 unique (in the sensc
of Allport (1961) and Cattell (19461)), is used to describe a pattern common fo all
nique trait is one obtained by P-technique describing a trait form

common™ for this concept is

peaple, whereas a U
which no one else possesses.
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the hyperplane” to the factor or strictly to what is called the “reference
vector.”8 That is to say, these tests fan out from the origin orthogonally to
the reference vector, forming, in three dimensions, a plane. The typical
outcome is that if we plotted the position of tests, as described above, by
their loadings (or the angles showing their correlations with other tests),
we should expect a lot of tests to have a projection of zero on the factor
concerned, as points in the first nebula (hyperplane mass) do on factor Ty
in Figure 5-4(a)(2). In three-space this would form a nebula of points
like a disc or plane, but with more factors than three it lies in hyperspace
and thus in general is called a hyperplane.

The coordinates in Figure 5-4(a) (1) are drawn vertically and horizon-
tally, since the “factors” as they come out of the computer are orthogonal.
On the plot of points obtained from the projections of tests on these orthog-
onal factors the hyperplanes then become visible, as seen in this same

FIGURE 5-4
Simple Structure lllustrated Abstractly and by Substantive
Instance of Anxiety and Intelligence

(A) Abstract Ideal llustration
of Simple Structure

(a)2

Hyperplanes

F2

;" 1 um: Fa2 are the factor coordinates Ty and T are the source traits
from the com, Si
iputer analysis. (reference vectors) placed at the
simple structure Pposition, perpendic-
ular to the hyperplanes, here seen
like spiral nebulae perceived cdgewise.
* Apart from technicalitics w

i hich the : P
W€ €an continue 1o cafl this reference vitl::l';:cpsycho]cgls( can bypass at this time,

factor.
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(B) Concrete Instanco Intelligence and Anxiety
This Is a plot from an experiment with 500 airmen measured

on some cighty behavioral variables. Two well known factors,
out of several located, have been plosted against each other,
The anxiety factor is marked partly by such objective tests as
annoyability and suggestibility and partly by questionnaire
(16 P.F.) responses. The hyperplanes to the two factors
are unmistakable and the intelligence source trait is fixed
along the thick (near horizontal) axis. It loads most highly
the test of series and of classification and negatively, low
accuracy in estimating time. The identity of the unlabeled
pofnts can be found in the research indicated (Catrell, 1955a,
1956) since the main purpose of this figure is to give a concrete
view of hyperplanes in intelligence definition.

« Low Wil-Control (G5~}

Suggesubility to »Qver-All Annoyability .
.
Approved Atutudes

Joot , Number-Series

INTELLIGeNEs o )
. Ability

. 0
Low Accuracy in 5
Predicting Time Required

10 Complete Task .
Carefulness in

Classification

Low Ergic Tension (Qa—}e
Low Gunlt Proneness (O}«
* R, B. Cattell, Copyright @ 1963 by Scientific

£ anxiety,
“The natare and measurement o
Al rights reserved.

. 1). One then perceives that the reference vectf;rs (:} first
flg“\'zfi;‘; (fz)ct(ar)) drawn as perpendiculars to these nebulae (since simple
e his) as in Figure 5-4(a)(2), are in fact mutually

structure means just t X -
oblique (somewhat carrelated), as is usual in nature,

From
American, Inc.
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In Figure 5-4(b) two concrete illustrations of simple structuredare ;;;:a
sented. As Plato realized, the actual is usually a somewhat battere. rep
of the ideal! So the hyperplanes in (b) are not quite the perfect dltsc:si s;‘el;
on edge that are approximated in (a). However, they. §how‘Wh?(the¥pdmw-
is obtained, and it is clear that there are no other posmons' m.(eil A
ing at which the factors could be placed. These exam!)les, inci e:l' al t{(;n—
deliberately taken from noncognitive fields—personality and. motiva -
in order to permit a comparison with the research data on fluid ablhty oor
to be presented, in which the standards of simple structure are very similar.

Now the essential impotence of the Spearman general factor .p‘osmon,
which seems to have been realized only very slowly, is that no p\'OV‘l‘SIOH wa,s’
made in rotation for providing material for hyperplanes—for the “ground
to be of a different color, so to speak, so that the “design” would stand out
against it. Spearman’s “tetrad difference criterion™ (Spearmax_l, }927)
ensured that his matrices contained only one general factor, but it did not
guarantce that it would constitute a uniquely rotated position. .The matter
can be illustrated briefly if we assume that some personality or interest fac-
tor, say, interest in doing the tests at all, enters roughly orthogonally to a
general factor, though the general factor is the only cognitive general factor
and accounts for the greater part of the variance of the tests, as follows.

Let us suppose that some ten tests—marked as a through j in Figure 5-5
—have been chosen by a psychologist on his ripe conviction that they repre-
sent intelligence. They will—unless his intuition is hopeless—correlate posi-
tively among themselves in all possible ways, as shown by no cosine in the
figure falling below zero (no angle among them 90° or more). The first
component taken out in the process of factor analysis will go through the
center of gravity of this swarm of tests, as shown by the axis g,. Along
comes another investigator, however, who believes that k, ], and m are also
good measures of general cognitive ability. These—added in dotted lines
in Figure 5-5—will swing this big first factor component extracted over to
&- (Incidentally, they will also swing the second factor P,, extracted
orthogonally to the first as usual, over to a new position P,. This shift has
further important consequences which we shall follow up at the appropriate
point.) In short,

a factor so extracted that it just goes through the centroid
of all the tests has no more stabil

Y ty than a surface trait: it chases clusters,
having no hyperplane to hotd it.1e

® As with several other ¢

® h this chapter has to respect in defining
its theory, the undergray
teacher. At any rate,

bly will need help on this one from his
' he has Tittle alternative but to accept the statement at a first
rcadn.ng and pass on, or to enquire with the help of his professor into the background
of scientific literature which enlarges on the theme.

19 Spearman's tetrad difference criterion, as just mentioned, was really a device that
groomed the matrix free of group factors a

" - ma nd produced a unifactor (or “univocal™)
::‘\:“ b“‘ it did not guarantee that the axis of this factor would always be in the
var';brlm“;o):t Furthe; . t where a sccond broad factor entered every

Aable with exaer proportionality 10 the first factor it would not even recognize that
0 (pot one) factors would be at worl

k. The distinction between unifactorial and

echnical points whicl
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FIGURE 6-5
Dopendence of Definition of Intelligence (in Burt-Vernon

Sensa) on Choice of Variables
Shift of meaning of intelligence—from g1 f0 go—when it is defined
only as a cluster. The addition of such tests as k, 1, and m pulls the
center of gravity over and at the same time shifts the meaning of P,
a trait made to be independent of intelligence.

By contrast to the situation in Figure 5-5, the experimenta} designs
which we have used in pursuing the concepts of fluid and crystzflhzed gen-
eral intelligence have deliberately included in the research variables of :
kind—shown as 0, 0, B, @, 5 S b % Vs w, x, ¥,  in Figure 5-6——thflt woull
be expected to be unrelated to intelligence. They could be persc?nallty ques];
tionnaire factors, motivation strength measures, and even physical strengt
variables. These yield for the investigator the guiding hyperplanes shown il
_6, in which all the cognitive variables of Figure 5—.5 are rePeate.d
he same correlations) but in this more xllun:u-

Figure 5
eral ability has its

(and therefore appear with t
nating context of hyperplanes. Now the factor for generay

reference vector fixed at g (the old g is shown for compafnson, as yvell a;
the old P,) while the present true position for the personality factor is ‘t;xcd
at P. (Notenand 0 did not turn out to fall as expected, but the rest suffice

e hyper tane.) ]

© dFig:? ;T]}gurZPS—% it will be realized that if a second p.syf:hologlst enters
the Figure 5-5 experiment with different subjective convictions concerning

i d Warburton,

1al structure in 8 test should be read elsewhere ((;ancll an

pure fo ¢ same kind of objection holds, incidentally, 10 GbU:"‘!;‘l;:
ul

hapter 8)- ! ncide
:z:lz;;;c:‘:nay show that all items possess only onc dimension 10 common.
dimension can be factorially complex in terms of known psychologxcnl factors.
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FIGURE 5-6
Resolution of Indeterminacy of Intelligence, by New
Context to Figure 5-5 in Form of Hyperplane Variables

[:1} g9
§ i
d b ¥
b 9 /
)
[ m
a c \® ’ 7/ /
/ e
! / 7
!/ 4
Ve
! 7 /
v I n
1/ 4
w 17 d
Z 17 7
x

High density of ir
seen practically on edge o

the.kmd of tests that mean for him “general intelligence” and therefore adds
variables k, 1, and m to the first psychologist’s set (a through j) he will no
1;’;‘5:; Pr0dufc t}'u: change of result which this addition formerly produced.
longcrc :3;::;0";): anchored by the hyperplanes at the position g, and is no
thus'msr[o lh“ ut as g; was t.o a new center of gravity. Neither the en-
their sqbs, (SS18 2 through j, nor he who believes in k through m, with
;xr s.ubjtfcme d{lgts to the surface traits g, and g-—mor any number of
?‘irir inspired posmons—c.:{n claim to be right. In the end the simple struc-
com;):nsllx:(lm:'xsgf;may stabilize away from all of them. The first unrotated
to the right, a6 beger® oot Of the computer admitedly still will shift over
compon:m’m'th ‘hmc, when the new tests are added, relative to the first
of unrotated cu ¢ old set. But actually we are no longer at the mercy
we should hoy mponents. Whatever those first components might have been
defined by mht hr\o!am‘i away from them by the new method to the position
of Con't}:l-lio'x; T;:q;; anes. The hyperplanes arc part of the configuration
fect 1o the fc yiclded directly by the experiment, and as such are not sub-
& the form of factor extraction used.M Thus the disagreement of the
"t be oMected tha

N L if extra vari

:,,..,NJ of £t component, the riables can alter the

Al mPrene would y .
£t anse f

oely tao, 21 Bere The hywe l(_ we could draw in man:

37 of tarplag, ¢
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W«"o first investigators would be solved in experiment 5-6 by taking up a
third position independent of either of their starting points,

4. THE EMERGENCE OF THE

SECOND-STRATUM FLUID AND

CRYSTALLIZED ABILITY

PATTERNS

The technical issues of the last section per-
haps have presented a steep climb for those first entering the domain of
multivariate experimental designs. But if the main ideas have been mastered,
the reader is now safely over the rarefied air of the pass and may swing
along more easily for the rest of the book. The issues may seem specialized,
but one must remember that it is in the nature of science that theories of
great moment often turn on an intensive examination of some quite specific
technical method. The three most important conditions of meaningful factor
analysis, less often met than missed in studies published to date, are, in
summary: (1) a check by two or three independent methods (the Scree, the
Kaiser-Guttman, or the Lawley criteria) on the actual number of factors to
take; (2) a simple structure or confactor rotation to a demonstrably unigue
resolution; as well as (3) certain broader, experimental design principles be-
yond statistics, e.g., ensuring a wide choice of behaviors, of types of people,
ete., in relation to theory.

Despite the half-hidden Achilles heel just discussed, which actually left
the whole theory vulnerable, Spearman’s theory of g had prevailed among
thoughtful psychologists for thirty to forty years when the fluid :fnd c_rystaL
lized ability theory appeared. Actually the tranquil assurance of intelligence
test technology, like that of the Pax Romana which prevailed over Lhe_ classi-
cal world, lived by inexplicit compromises between the local p_redxlectzons _of
specific test constructors, as in the Wechsler, the Stanford-Binet, the Otis,
the Cattell Scales (in Britain), the CPE, the Miller, efc., and the central,
official theory of “g” which nominally receide gene{al tribute. I:'or Vvir~
tually every one of the intelligence tests which dominated practice and
publication in America had not been cleanly founded on lhor?ugh_al?d
basic prior research centered on the theory of g, though one or two in Britain
had 2 more scientifically felicitous relation to this theory (notably Spear-
mar’s own little-known test (1929), Sir Godfrey Thomson’s Northumber-

d Moray House Tests, Ballard’s (1927), and some others.}
Ny ?1: in theyfactor analysis of the Stanford-Binet, and of the

Ivi,legl:;:;wﬁ;, Cohen (1952, 1957, 1959) and by Saunders (1960), the

n filings around a magnet will not really nl!er ihfir :.iir::!ion b.y
fewer iron filings. Working with only a thin spnnUmg of vari-
perplane being relatively tenuous, and most studies would
re “hyperplane stufl,” ie,, by including, say thirty “ir-

twenty that cover the factor arca in which the ex-
f variables will produce a more

force drawn in iro
shaking in more or
ables may result in 2 hy]
in fact do better fo ca;)ry mo!

v variables with every |
;ecl:i:::ter is interested, for this enlarged sample o
emphatic hyperplane.
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analysis was an attempt to understand afterwards what had been con-
structed on “commonsense” principles, and the factorially mixed-up state of
the Wechsler-Bellevue and WAIS, for example, or the grotesque over-
loading with verbal ability of the Miller Analogies, were an inevitable con-
sequence. In Britain, around 1930 (Cattell and Bristol, 1933) Bristol had
found the g factor saturations of various Binet tests to be quite low, but had
taken the dozen most highly saturated and developed them further into
what is now the IPAT Scale 1 Intelligence Test. What will be a curious
story for the historian of this 1910-1960 half-century to unravel is, on the
one hand, the lip service paid almost unquestioningly by the competent to
Spearman’s theory, and, on the other, the essential ignoring of such
principles by many popular test constructors. The goodness of an intelli-
gence test in that period seemed to be evaluated more by its reliability coeffi-
cient, the social prestige of its author, and the use of astronomical numbers
of subjects in its standardization, than by its validity in the light of any
rational theory.

Xf the basic theory received any overt criticism from the test users and
constructors, it was on trivial misunderstandings rather than with respect
t? truly promising improvements therein that remained in the womb of
m'ne. The theory of fluid and crystallized intelligence, the researches of
Lme,.Fortes, and others, and the initial papers on culture-fair intelligence
tests in t.he early 1940s thus waited nearly twenty years for the attention of
substantial and crucial experiment. The first and relatively slender experi-
ment begun in 1960 was, nevertheless, startlingly clear in its verdict. It

ZFL‘LW?‘* Sciitteﬂ, 1963a) that if enough material for hyperplane identifica-
Is inc uded—w.}uch had never been done before for second-order
;231y51s—dmere are mdec?d fwo general intelligence factors, as the theory
pectesct:tlet 'c’llsa:gh:)h\j;dﬂtﬁ; goms come very close to being those ex-
and retricval factors uraeny ;1 - er general factors appeared—th_e speed
could be called intelljgeigce fact: OVAT ?thh Fmeed any prope}'ues that
amined below, but meanhin w;S. our of these patterns will be ex-
been opened Up with & vengeance! n;zy no;e that_ the second stratum had
end the tentative penstration ‘mto. ther, W e:leas it had bef:n customafy to
single “g” like the lonely summit of a Secon.-ol:der domain 'ueatly w 111.1 a
pyramid, it became evident with im-

There followed i i
by John Ho:‘“;?ulglmed_mtely a second and far more extensive research

f six and -h {

f § o one-half years. The results

“oc;uzTc:‘g{mlzes? r?searches only are set out in Table 5—)1 in order not to

for toure com\;‘ct\:eon a first .occasion. (See Table 6-1, page 106, below
re: s .

there are two gcner:l :;ntauon.) oo suikingly support the view that

ility factors in the cognitive area concerned with
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salving difficult cognitive problems, and they show that this difference
exists over the whole age range for which intelligence tests have hithertc
proved eficctive. In seeking, in the opening three researches, to span the
age from 6 to 60, we risked not seeming to get such good agreement
among factor patterns as might exist if the researchers had restricted to a
uniform type in regard to the range and nature of the groups, for it is well
known that all known factors, in ability or personality, change their pattern
of expression with age.

Not all the variables that were used as “hyperplane stuff” are set out.
In fact only the last seven rows in the first research and the last five in the
second, which are primary personality factors measured by questionnaire,
illustrate the variables which perform the precious function of having
essentially zero loading on one or another of the ability factors. Their
presence permits not only a second but also a third-stratum ability factor
to be rotated despite its extending as a “gencral factor” across all these
(cognitive) tests that have hitherto typically been investigated only in
isolated groups and without personality variables. For clarity the table
omits the extra columns for the third and fourth (and sometimes fifth)
broad second-stratum factors generally found, and which correspond to
speed, fluency, and visualization as discussed later. )

It will be seen that the crystallized intelligence factor, g, carrespcm'iz'ng
in content to many traditional tests of 1.Q., loads typically verbal ability
(.46 to .74), reasoning (.30 to .72), the number prima.ry (.29 to .5'9.),
and, to a lesser degree, word fluency (.10 to .25). The.ﬂuld. general ability
factor, g,, has some loading on some of these same primaries, €8, .05 'to
.47 on number, .30 10 .73 og spatial, and .08 .to .23 on reasoning; but its
main loadings are on the perceptual, culture-fair tests. In these latter tests
of refation eduction, undertaken without help from prior schooling, the
loadings are .35 on series, .50 on matrices, .51 on topology, and .48 to .78
ongllflsle\?;;";;erences in pattern of expression with age w;l! interest us
later (Chapter 7) it is what is common an central to the du erent experi-
ments that interests us most at this point. One of the most mtcres'lmg
features is that although crystallized ability in general does not enter into
the culture-fair subtest performances, fluid zjl?xht): does enter,_thm{gh to }z)\

lesser extent than the crystallized general'zflleny, n.zto those primaries Zuc
as verbal, numerical, and reasoning abilities which have Zer:ndusc :”;
traditional intelligence tests. In ather .w'ords purely learned ju gmex;’]a
skills are not enough, even in the Irzz'd{lxonal mtcl.hgcncc test, to en::i (:]:
such problems to be solved. Some ﬂ'u!dlt}f of relation eduction }15 neede
and some adaptability to new situations is demanded, even when using
acqux{ed )ua:}lgmeftlss a demonstration of the effectiveness and sensitivity of

i design, when entered with due precautions and adequate
the i aczor—analyuc. t:al overlap can be detected. The tendency of the
equipment, that (hie Pot e chosen i hin the ability field would
usual distribution of variables chosen in rescarch i Y
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be to favor a drift toward a complete split of fluid and crystthZfed Ioat:lzl‘glg:;
but the hyperplanes are so firmly anchorec} by' the. per.rana!tty vari e
that the rotation cannot be disturbed in this direction 'fmd it seems "
psychologists henceforth must accept the fact th.at the primary ablht;etsh:se
complex, factorially. Figure 57 shows the crucial plots from two o °
researches, so that the reader now familiar with the simple s.tructure coln
cept may judge for himself just how compelling these resollftlons are rel a;
tive to any alternative. The two researches agree not only in thc' pattern:
of the fluid and crystallized general abilities (i.e., ix} ti.xe fluid having sor.ne
projection into V and R) but also in leaving the majority of the personality
factors in the hyperplane. One can notice here already, however, a t'en-
dency which we shall find supported in later studies, for the crystall:;ed
(but seldom the fluid) ability to get somewhat involved with personallty.
This would be expected if the fuller development of the theory below is
correct; namely that crystallized ability arises not only from better edlfca-
tional opportunity but also from a history of persistence and good motiva-
tion in applying fiuid intelligence to approved areas of learning.

FIGURE 5-7

Plots of Two Age Levels Showing the Hyperplanes

Determining Distinct Fluid and Crystallized Intelligence
Factors and Their Safient Expression

(A) High School Age Showing the Typical Substantial Positive
Correlation (r = .47 ; 277 Thirteen to Fourteen Year Olds)

CRYSTALLIZED INTELLIGENCE

Cos §=.47
8=62°

* Numerical Ability
A, Affectothymiae

eReasoning
.
Verbal ® Series
Qq, Ergic tension o
. f * Spatial » Matrices
*Topology
ry FLUID INTELL{GENCE

Classification

The key 1o the remaining points is in Cattell, 1936a. Capitals
refer 1o Primary Ppersonality factors.

R B. Caselt, X!

Jourmal of Exrcationat Prychppa g Eallzed 2

hole
Paychologicat A, tychology, 34, 1

telligence: a critical experiment.”
tsochation and

963, 1-22. Copyright 1963 by the American
uced by permission,
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(8) Aduits Showing the Much Smaller Positive Correlation
Usually Faund After Schoof Years (477 Lower Education Adults)

CRYSTALLIZED INTELLIGENGCE
*12 Vocabulary

Cos 6=,16
#=81"

13 Mechanicat Knowledge o * 11 Verbat Analagres

15 Soe, Situat. ( 16 Self.S

#14 False Premises {Thurstone)

30
26 Fluency (Thurstone, Cattellye
« 6 Reasoning
18 Numerical

. *1 Induction
4 Intellectual Leve!

9e 27 .23 {Furneaux)
z FLUID
200 { o2 19 10 Form Boards  INTELLIGENCE
.
*29 2.5 lnie"ec.lﬁal Level *5 Culture-Fair (Cattelf)
(Furneaux)
22e
28e

The key 1o the numbering of points is in Horn and Cattell, 1967.

3. Homn and Cattell, R. B, “Age differences in finid and crystallized intelligence* Acta Psyehologlea, 26,
1967, 107-129, Reproduced by permission of North-Holland Publishing Company, Amsterdam,

5. gr AND g.: THEIR

DIFFERENCES FROM EACH

OTHER AND FROM

PREVIOUS CONCEPTS

The theory of fluid and crystallized intelli-
gence does not rest only on factor-analytic researches of structure its'cgf, as
shown above. It draws further support from the five or six additional
directions of evidence—developmental, physiological, ctc.—-mcnu'on.cd
above and soon to be followed up. But its initial sanction necessarily
comes purely from the evidence of behavioral structure as such, and an
understanding of the factos-anafytic evidenee for two factors presented in
the Iast section is essential to appreciation of all later arguments.

Four independent researches are by any ordinary scientific standard

sufficient to confirm a proposition; but larger researches arc now in
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progress under Horn—especially to fix change of pattern with age—and
should be available in journals at the time this book is published. )

The main behavioral character of these two patterns of general ability
is, meanwhile, clear enough. Crystallized general mental capacity shcfws
itself heavily in such primary abilities as verbal factor, V; numerical abihty,
N; reasoning, R or I; mechanical information and skills, Mk; and experi-
ential judgment (in social and other fields). Fiuid ability appears in series,
classifications, analogies, topology, and other well-known intelligence tests,
when couched in shapes which are neither verbal nor pictorial, but such as
would be equally accessible to a person of any background.

It is noteworthy that even verbal (synonym, analogies) tests can be
made to load fluid intelligence very substantially (and crystallized relatively
little) if the words are chosen to be easily within the vocabulary of the
group tested, as Horn (1965) has shown. This is in accordance with the
principle that fluid intelligence shows itself in successfully educing complex
relations among simple fundaments whose properties are known to every-
one, ie., are overlearned, in the group being tested. In existing “verbal”
intelligence tests this principle has been applied most carefully in the
Cattell Intelligence Scales (1933¢ and Cattell and Cattell, 1959), Scale 3
of which, for “high-level intelligence” adults, is used as a criterion for
Ehe Mensa Society membership. The consequence is that, although verbal
In content to all six subtests, it reaches as high a loading in fluid as in
c'rystallized intelligence. This is to be contrasted with other
llgeyce" tests, such as the Miller Analogies, which achieve their high level
of difficulty by invoking uncommon and even esoteric words.

A ful.l discussion of the nature of the mental operations involved in the
expression of fluid and cr:

W ystallized general abilities is best taken up later
1(. :pte}'.IS, page 428).. But, immediately it can be seen that the crystal-
ize a}nhty (8.) expressions, though of a judgmental, discriminatory, and
reasonmg nature, operate in areas where the judgments have been taught
systsrnancall?: or experienced before. The differences between the words,
Za:' Eplom and “§avoir faire,” or between “definite” and “definitive” in
any;d!ilr}":‘nr; t\::;te,nzx;; in 2 mechanical knowledge primary test, between using

“high-level intel-

i N e never will learn it), But thereafter
};ﬁﬁ:;‘é‘;e?_l;‘;;dy Automatically applied. The fact that the g, also loads
that crystallized o 51;1 and 6-2), and g does not, supports the conclusion
acquired ideas intelligence d.ra on the same reservoir of appropriate
ments (relatj 2 that on which fiuency of output draws. Perhaps judg-

relations), as well as fundaments, are actually in the memory

Teservoir on which fluenc i
y of retriev
we shall see later, scems to be la s, though the fluency factor, as

retrieval of fundaments, reely 2 function of the sheer poweer of

Fluid ability,
ception :fb'cl:;" ‘by contrast, appears 10 operate whenever the sheer per-
plex relations is involved. 1t thus shows up in tests where
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borrowing fn?m. stored, crystallized, judgmental skills brings no advantage.
As. far as logic is concerned, it seems to spread over all kinds of relation-
shxps‘: part-whole, classificatory similarity (“sets”), causal relations, spatial
relations, inductive reasoning, new abstract relations in numbers, and in-
ferential relations. In short, fluid intelligence, g, is an expression of the
Ievel of complexity of relationships which an individval can perceive and
act upon when he does not have recourse to answers to such complex issues
already stored in memory.

Although we have spoken of culture-fair tests as if they are synonymous
with the means of measurement of fluid ability, an important distinction
must now be drawn. As pointed out above, the Cattell Intelligence Tests,
Scales 1, 2, and 3, were not designed (as were Cattell's IPAT Culture-Fair
Scales 1, 2, and 3, later) to be measures of fluid intelligence (although
they were the first tests (1933c) to include also “perceptual type” tests as
a small, leavening fraction of the whole), They nsed apparent crystallized
ability material such as synonyms, verbal analogies, arithmetical problems,
etc. Nevertheless, they went a long way toward eliminating the effects of
cultural differences, at least as social status and regional differences in our
society, by deliberately asking for difficult choices among highly familiar
words. Thus fluid-intelligence-measuring and perceptual, culture-fair de-
signs are not synonymous for the former are not always free of culture.

Freedom from variance due to cultural and educational background can
be achieved either by (a) presenting items that are new to everyone, or
(b) presenting items that are equally old and familiar to everyone. The
Cattell General Intelligence Tests (1933c) aimed at the latter, but, of
course, could not ced entirely. Conseq Iy, a5 far as imternational
comparisons are concerned, this test cannot compare for culture-fairness
with the IPAT Culture-Fair. However, the point to bear in mind is that
when a test does succeed in eliminating cultural difference effects within
one country, by the device of arranging difficult word choices among words
well within the vocabulary possessed by all, what is being measured still
may have a very substantial component of crystallized intelligence in a
different situation, as with an international group of subjects. Even in a
group entirely in one culture, the skill in using common words today ex-
presses the level of fluid intelligence as it operated in word learning perhaps

two or three years previously. Such test designs, while desirable, are there-
fore not as good as those employing the full culture-fair (perceptual

noegenetic) principle. o o
Among the structural results of the last section is a vital one (visible in

Figure 5-7 but not yet discussed) namely, that the fluid and crystallized
factors, g and g, are positively correlated very significantly at all ages.
This correlation, which hovers around 0.4-0.5, could be interpreted ac~
cording to a varicty of theories, but the theory favored here, and made
more explicit in the next chapter, is that the acquisition of the erystallized
ability skills, e.g. learning how to calculate the arca of a circle, as =% or
how ta differentiate the way in which strong and weak verbs make their
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past tense, depends partly on the level of insightful “fuid” ability and
partly on hours spent in school, etc. Consequently, a substantial but far
from perfect positive correlation would be expected between the two.

One wonders if these two abilities, though overlapping and correlated,
are so distinct that some intuitions of this duality by perceptive psycholo-
gists and others may have appeared previously. Surely the popular distinc-
tion of “gumption”™ or “nous” versus “trained intelligence” could be a
foreshadowing of this g, versus g, distinction, and probably Thomas
Aquinas’s “intelligence” and “intellect” differentiation is getting near it.
(Except that the dictionary use of “intellect”—at any rate in Oxford and a
few American inbred institutions—would not include in intellect the fine
judgments of a garage mechanic graduated in engineering, or the social
skills of a good salesman—whereas g, does.)

Three other currently popular dualities that are definitely not to be con-
fused with that which we are now stating, are: (1) the distinction in some
traditional American intelligence tests between the “verbal” and the “mu-
merical-quantitative” ability scores, (2) Guilford’s convergent versus
divergent thinking abilities, and (3) Vernon’s (and sometimes Burt’s)
distinction of verbal-educational (V:ed) versus practical mechanical (M:k
facfor) general abilities. The first is an obsolete conceptualization, con-
fusing two Thurstone primaries, V and N, with broad secondaries. The
secofxd, we suggest, itself needs reorienting (see page 55), but there is
no risk of any careful reader confusing it with the g and g. distinction. The
last, on the other hand, is sufficiently cast in the same framework of factor-

a:alync structural rest?arch to be in danger of real confusion. Nevertheless,
‘co\; tf;cstt et:at_t:e duality V:ed, s opposed to MK, is not the same as g
o e with g, S?l()l!ld be evident at once from two facts: (a) mechan-
i, T i B i sy s
rotation in Vernon’s r:’.,solutior}; one ;;Ye;e e poviion from simple structure
and M:k are never in the san-;e positilgn e nave COmmem?d above, V:ed
as g and g, even if taken out as

i, . , and the present writer h

€o! b

N su;r)r;’;; se:t;zr:f;:;r;dmgs of g;( and g.. To see this latter more clearly, let
. ors are taken out as princi

order, without rotation (2 Vernon's manpoments ot the frst

s in Burt’s and Ve ¥ i
set of tests that are chosen t ™Ton’s main analyses) from a

O represent “general cognitive mental capac-

!'bal and general scholastic education
ical and what have been called “prac-
s stated above, this second factor may

gatively on mechan

tical™ abilities (Vernon, 1964). A
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FIGURE 5-8
The “Genealogical’ Pattern (Tree of Porphyry) of Loadings
Required by the Original Hierarchical Theory of Abilities

FACTORS IN ORDER OF EXTRACTION
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be called a bi-polar factor—verbal versus mechanical——:md so left. But by

rotating the coordinates through 45° one can reinterpret the c‘:jrrel?::;x;s] _12
terms of two uni-polar factors, one designatable as verbal-educati

ings— ical- han-
i i din and the other as pracucal mcs:
because these are its hxghest loading: o i Y.

jcal—since mechanical ability, form boards, etc., Wi ,
The reader should plot the eight test vectors in Figure 5-8, snllm{.;- c:llzl:
+ and —, say +.60 and —.60. To get the clearest cffect lhf: t\'\c:jun:.cp;o o
axes should go oblique and approach mutually to fxbout snx‘i lr:'lgl:r:l li.t e
the third factor is also included in rotations, separation may sti
bef}hﬂc.rc are three reasons why this scheme of v'crbal-t:ducnucnal";;z:x:
mechanical cannot possibly be considered compatible with or ;u: hnm o
approach to the theory of gr and g.. First, it has three l‘nc(‘orsﬂ:vor e
tivized) instcad of two. Second, it inlroduch confcpxuall) ;‘l ! iﬁ O an
Hindu castc system. which placed vcrb:{l skills as mlcll_cC(.Ur\ y ‘mfl e
mechanical and practical skitls, and which does not exist in g ‘”u"f:}m”
latter contains all acquired cultural judgmental shills, :{nd. ::sbc cfi):ical!)
(1962) has pointed out correctly (even when attempting lf’u; rocty
crystallized intelligence loads mechanical knowledge and skills pos
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(Table 6-2; Homn, 1965), not negatively as required and stated in the Burt-
Vernon “V:ed” factor. Third, the Vernon V:ed versus M:k factor tht?o.ry
(or the two separate factors derived from it) lacks the experimental stability
of the g, and g, resolution. For this V:ed versus k axis tilts here and there
necessarily as the prior extracted “general ability” factor itself tilts. A
glance back at Figure 5-5 and associated test (page 91) will make this
clear. For this “practical” factor has to keep orthogonal to the “verbal,
and right between them (at 45°) lies the Spearman “general intelligence”
factor. By that approach the “g” factor depends on the choice of ability
variables (even if the hierarchy had not been lost already by introducing
the tests for the second, third, and later factors) and is unstable. Such
factor analyses might seem almost to be undertaken merely to give the
dignity and status of a uni-factor concept to what happens to be the in-
vestigator's subjective conception of what should go into an intelligence
test battery. What seems to be overlooked repeatedly in these experimental
designs is that as the first factor wobbles and wanders, all subsequently
extracted factors swing their tails in sympathy. V:ed and M:k cannot be
equated to g and g, if only for the reason that what is factor-analytically
subjective and indeterminate cannot be equated to what is precise—though
!.he other., more specific reasons are also weighty. Yet a fourth concept that
1s sometimes mooted as a possible match to g and g, is that of an innate
intelligence as contrasted with the acquired “intellect” (but in a more
mod'em sense than that of the Scholastics mentioned above). Burt’s con-
ception of intelligence as innate, all-round, mental ability in fact gets very

close in meaning to g, but not through the same basis in actual factoring
of tests. It is very prob.

able that as nature-nurture research proceeds (see

'Chapt.er 10 below), g will be found much more innate than g, But g

itself is subject to environment, particularly to brain damage or whatever
effects neurological efficiency. So again, no simple equating can be done.

. T}}e reader who wishes to delve in more detail into the history of research

in this area, including that of the primaries, but to keep to recent surveys,

should see Butcher (1969), Horn (1968), and Pawlik’s Chapter 18, in the
Handbook ?f Multivariate Experimental Psychology (Cattell, 1966).

From this account of the emergence and essential foundation of what

2:3;:: casl‘lelcli. thg. “li)r_xlvestment theory” of fluid and crystallized ability (be-

allized abili i i
s a\:gity), red ot p:zslzrelc::l:zes the trustee of gains from investment by

2 next chapter to a more intensive study of
the wider psychological implications. !



CHAPTER HIGHER

SIX STRATUM
ABILITY
STRUCTURE
AND THE
INVESTMENT
THEORY OF
INTELLIGENCE

1. WHAT COMES AFTER THE

PYRAMIDS?
So long as our attention focused mainly on

the concepts of fluid and crystallized general intelligence as they emerged
from the second-stratum factoring of primary abilities, we necessarily paid
little heed to some other important shapes that began to loom in this higher
domain. But, let us now satisfy our curiosity about this whole higher-
stratum structure. Until a decade or so ago, lacking certain technical
devices for factoring this higher realm, our chances of getting there would
bave been no better than Jack’s chances of meeting the giant without his
beanstalk. For one needs both the groundwork of a broad roster of well-
established primaries, and the experimental designs to handle complex
higher-order factor analyses. Without these one must stay at the first-story
structures. As to the first of these needs, many diligent researchers, from
Thurstone to Horn, as surveyed by French (1951) had, by 1965, estab-
lished a reasonable collection of primary abilities at the first-stratum level.
Consequently, the lfatest inquirics into the second stratum have been able
to start off from a wider base of primaries than had been possible in
previous attempts.

It is not surprising, therefore, that the sccond-stratum view obtained by
Horn and the present writer in the rescarches mentioned—like that which
opens up to those who Jeave the plain and reach the crests of the foothills
—included ranges of sccond-stratum ability structures that had pot been
suspected previously. The two main factors, g, and g, which had been the
subject of so much theoretieal discussion, now stood out clearly, but they

103
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TABLE 6-1

The Broad Second-Stratum (**Capacity’’) Factors in the
Ability Realm

i Retrieval
Primary 2
Abilities Fluid Crystallized Power Capacity .
Used in General General of or General ~ Cognitive
Correlation! Intelligence Intelligence  Visualization Fluency Speed
[ULMVIN [ULMIX])? [ULMX)2 [ULMXI)?
Bt Be 8v

243 1

Culture-Fair

{Series,

Matrices,

etc.) 64
Reasoning

(Inference) 35 38
Reasoning

(Induction) 45
Memory Span 72
Verbal Ability
Originality 82
Assoc, Fluency 33 &1
Ideational

Fluency 69
Irrelevant

Associations 85
Flexibility of

Closure 44 23
Aiming 35
Perceptual

Speed -
Visualization 66
Writing Speed
Cancellation

Speed e
Backward

Writing

32

72

63

48
‘cThis sets out a reduced (purely ability) set from the full 31 variables in Horn and
T:ltell. 1966, p. 262. For ease of scanning, all loadings below .19 have been omitted.
e subjects are 480 male pnison inmates of average age 28 years, sigma 10.6 years.

* These are the basic reference indices henceforth used f i
[ ndices or these factors in the proposed
x:;:ir:rr.\;%lc {ndex (U.1) of factors in objective tests (T). Roman numerals indicatg scf:’ond'

ors.

2. THE INTERPRETATION OF THE
MAIN SECOND-STRATUM
BROAD FACTORS
) As usual, science must begin b forming
::r;cc};uohns of }hc nature of factors from the actual variab%es wgich prove
0ad them highly, both positively and negatively. (These are called the
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“salients”.) They are to be contrasted with variables which are quite un-
affected by the factor influences. (These are called the variables “standing
in the hyperplane”.) In this case (Table 6-1), “fluid general ability,” g,
appears to be the broadest factor and, in addition to the culture-fair, per-
ceptual type of tests, it loads the Induction Primary, the Intellectual Speed
and Level measures of the tests developed in England by Furneaux, the
Inferential Reasoning Primary, such measures as Verbal Analogies, and the
Associative Memory Speed Primary. What this implies regarding its nature
will be discussed below. For the loadings on Intellectual Speed, (about .40),
Associative Memory (about .42), and a wider array of other variables
than in Table 61, the reader should see Horn and Cattell, 1966a, p. 282,
remembering that the figures there have still to be transformed to the
factor pattern matrix.

The crystallized general ability factor, g, of traditional intelligence tests
has the next broadest span (seven primaries) covering the expected verbal,
mechanical, numerical, and social skills primaries. After this comes a new
broad factor not previously discussed, called g,, visualization at its dis-
covery, (but later to be called p,). This factor evidently covers all inds of
performance—spatial orientation, form boards, gestalt closure—that are
aided by good visualization resources. Previous to this perspective-giving
work of Horn, a visualization factor of some kind had been reported fre-
quently as a primary (see page 34). But this is often the fate of a secondary
—that it is first spotted as an apparent primary——and it is now cvident
through the better design of Horn that this “visualization” spans several
clear primaries, such as spatial ability (Thurstone, 1950), adaptive flexibility
(Guilford, 1967), speed of closure (Thurstone, 1950) and flexibility of
closure. It even has some loading on the Culture-Fair perceptual tests and
on inductive reasoning and inferentiai reasoning. This indicates .that Yisun!i—
zation may be used to solve what are thought of normnlly as intelligence-
demanding problems, by resort to a visual represcn{alxon. o

The next broad secondary, g, or U.L(T)XI, is a speed of cognitive

performance factor. This goes back a long way, to carly und'thorough
demonstrations of its existence as a “group factor” in Spearman’s Jabora-
tory by Bernstein (1924). No really serious argument has ever been nzadc
that it is in fact just a primary, but nevertheless, it .has floated around in 2
psychometrist’s limbo awaiting placement. As mentioned nbox:c (page -1!3)'
there was a theory in the late twentics (Cateell, 1933a) that it reasonably
could be considered a personality-temperament factor, and, in the prc§c'm
work of Horn (1967), the possibility is mootcd l_h:n it rcprcscms_:x mntu:‘)-
tional strength oceurring in the actual test situation. Qur concluqqrf abo\c.;
(page 65) is that the possibility that it is a temperamental or motivationa

. : ‘ that the balance
i ered sericusly and carcfully, but !
influence must be consid tance in general specd

i fractions of var
of evidence suggests that after large i £ e
of behavior arc alloticd to such personality .f‘asmrs as :J.L h.-. thr:( :‘:It
remain a gencral speed factor across the abilities, and for l’c ‘;:.r;(.r »
\ ider i in a broad spectrum of abilitics, in-
shall so consider it. It affects sp.ccd in trum ¢ e
cluding such primaries as numerical performance, social shills, peroep!
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speed, and ideational fluency, but especially such rflechanical spe‘eds"ds
writing (and, elsewhere than in Table 6-1, also reading). Its contribution
is minor, however, to the speed of the more difficult, intelligence-demand-
ing problems. .

As pointed out earlier, the question of intelligence and speed was raised
originally by Spearman (1904b). We have concluded that there is a sense
in which a speed factor corresponds to each and every ability, primary ot
secondary. In intelligence itself it has been shown repeatedly that speed m
complex, intelligence-demanding performances (power intelfigence) is
largely an expression of the same ability as is measured in fitness and error-
freeness of response (“product intelligence™). Table 6-1 supports this in
placing Furneaux’s intellectual speed only trivially in the present cognitive
speed factor and largely in fluid intelligence. By any reasonable perspective
this simple speed factor is a distinctly broader factor even in the cognitive
realm itself, than are the two intelligences. For example, it operates even
more obviously in mechanical and perceptual performances than in intelli-
gence. Speed measured in successful, intelligence problem-solving is local
to intelligence (being zero if a person cannot solve the problems!). If in-
telligence is considered speed at all, it is speed in more complex perform-
ances than those that are typically strongly loaded by g,.

Finally, the fifth, broad, ability source trait in the second stratum is g,

which we are calling the “retrieval from memory storage” factor. Some
times called general fluency, this scurce trait should not be confused with
the primary abilities called word fluency and jdeational fluency. The indi-
E:auo.ns that some quite broad power operates in these areas also began early
in this century, in three, strategically planned, factor analyses by Hargreaves
(1927), by Bernstein (1924), and by the present writer in Spearman’s
laboratory, all of which show that such fluency performances over a wide
range of test performances of various kinds are independent both of intelli-
gence and speed, as discussed above.

It has been suggested by the present writer above and elsewhere (Cattell,
19362, 1957a) that one would theoretically expect fluency to appear as
two_factots, only one of which strictly corresponds to the facility of the
retneval'acﬁvity, while the other represents the actual reserves of memory
storage in the given performance area. A somewhat similar theory was
suggested on the basis of experimental results by D. M. Johnson and his
coworkers (Johnson, Johnson and Mark, 1951), and by Guilford (1967
as well as by some leaming theori o Y Guiter ( )
is recorded every o g theorists. If cumulative output in a fiuency test
equation: Ty minute or two minutes, a curve is obtained which fits the

f=s(1— €Yy

wh i 3 i

o ;icmi] axts’l:h? mﬂucn.c) Score, s is a supposed total size of storage (number

e, al isl ms in the ca.&cgory), ¢ is the natural logarithm base, t is
, a constant having to do with rate at which the supply is being
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exhausted. From measures at different points in time, yielding different £

values, simultaneous equations of the form:

o
¢ Tt

can be developed which are theoretically capable of solution for r and s.
A formulation of this kind would be substantiated if we could eventually
show two factors in the fluency arca, one for r—rate of retrieval—and one
for volume of content stored in the areas, s. The question is whether the
g, we at present find empirically corresponds to 1 or some joint function
of rands.
1t has been suggested above that the “word fluency” is actually two
factors—the general “F” of Spearman (g here) plus a specific primary of
word content and interest—but this remains to be checked. However, in
some test situations the variance from g, could so predominate that one
might not notice the other factor. Actually, as the Bernstein study (1924)
shows, any actual performance in fluency will also have a loading from the
general speed factor, gx insofar as that is involved in the writing down of
the words thought of. Thus any attempt at scoring pure g is likely to re-
quire careful test design, paying heed to 2 palance of various storage con~
tent areas, to speed (8s)» and to certain personality factors of an i.nhxbitox:y
nature, notably U.L 17 and U.L 21 (—) which also affect outp}n in certain
situations. But the analysis by Horn (1967) gives us clear indications that

a general retrieval or fluency factor exists.

3. WHAT CAN FUTURE RESEARCH
ADD TO STRUCTURAL CONCEPTS
AT THE SECOND STRATUM?
Psychologists evidently have to alter their
conceptions considerably from the monarchic vi.ew _of a single broad cog-
nitive ability factor, which has dominated thinking in the first ha¥f of this
century. To return to our metaphor, there is not.one vast m?umam ra.n'ge,
or even two (g¢ and ge), but several great ranges in the domain of cognitive
effectiveness. That is to say, evenl when the wide range of test performances
of various kinds has been grouped neatly in a few score primary abxlntxhcs,
each of some appreciable extent, sev:_:(rlal secox}d;;.:;l:ir:s influences that
e e contributions over a Wi e area O 1 . .
m::::?:ilslozr\:sen that psychologists should ?ccept this revolutionary \ln:w
with caution, since W€ ourselves have admitted that one tactor-:mat) u;
experiment in itself, even using sO widely anq carefully chosen g s¢ :o
primaries as Horn employed (as rc;;rc;r.:‘l‘lsedi Slr:1 ;It'ag;c]i-;;v); ::wro:}\ e
i e and age range ol @ y
Z‘:lzs:?::l?lozf‘ tshai?}l:ilnd coukzl; be inconclusive becausc of @ fault}):r dc.cx:mn :x:
the number of factors oF because of inadequate rotation. .o»\“ch'c;l,‘ "
have accepted in the four or five researches here only h{ho;c (u':] |¢éhn'ical
the reader may sce in the rescarch monographs, so‘;) isticate
standards and adequate sample sizes have been attained.
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The possibility must also be considered that one particular }und of people
or age group could give odd resuits, and for this reason there is almost no
end to the number of researches one would like to see done. However, the
five here—two major researches by Horn, and three of lesser, average scope
by the present writer and coworkers—already cover the main age r:.mges,
and, fortunately for clarity of conclusion, agree very well on the higher-
stratum structures.

An introductory statement on the higher-stratum outcome has been
given in the previous chapter, but we aim now to examine the more ex-
tensively marshaled data in Table 6-2, in order to proceed to more detailed
conclusions. The main conclusions are that: (1) Except for a few slight
loadings, the personality primary factors lie in the hyperplanes of the
general ability factors, ie., their loadings do not depart significantly from
zero. (2) The general form of the g and g, broad factors is the same for
all three ages and types of group. Possibly it is significant that Table 6-2
shows numerical ability to involve fluid ability in five to six-year-olds but
negligibly in thirteen to fourteen-year-olds, for at the former age addition

and substraction are feats of understanding rather than computing habits.
Other, lesser differences of loading could be due simply to different con-
struction of particular tests at different age levels. (3) Where more pri-
maries are taken into a study (see Table 6-1), as in Horn’s second re-
search, the visualization, 8w and memory retrieval, g,, secondaries appear
again—having disappeared where there are too few tests to represent them
~—in the same form as we saw before.
In regard to the last point, the nature of the other, broad, second-stratum
factors, such as g,, g,, g,, etc., must be left for later consideration. Our aim
here is to focus on the nature and relations of the two main intelligence

factors. A cramping situation faces us, however, either in conceptualizing
these other broad (*“‘general”

) powers, such as g, and g or in attempting
to .shar_pen the concepts of g, and 8r namely, that the ground stratum of
primaries on which they all rest is still grievously limited in number. It is
not only that after fifty years of ability investigation we might expect more

] d e educational and academic
domains. Indeed., this whole study of areas of ability has been sadly unin-
for.med by any imaginative safaris into new areas, guided by something
akin to the personality sphere concept which

t gave so vital a sense of per-
Spective to personality research, g

It is true that Guilford’s search fq it

; or types of co; t
might be called ive” o o new S o i

creative” has resulted j

! » 1.e., very narrow abilities

::gc ll: ﬂp?ear broad faclo_rs In matrices by repetition of closely similar
worl; of any case, the pursuit of the “ability space” by an a priori frame-
operation, product and content is a very different one from using



TABLE 6-2
A More Extensive Research View o
Eluid and Crystallized Intelligence

(A) 5-6 Year Olds (119)
(Cattell, 1967a)
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f Loading Patterns of

(B) 9-12 Year Olds (306)
(Cattell, 1967b)

B E B &
Culture-Fair Culture-Fair (All) 18 09
(Fluiflity Markers) 58 —11 Reasoning? 30 40
Reasoning 10 72 Verbal 22 63
Verbal . —17 74 Numerical 47 35
Numerical 43 49 Spatial 73 03
Personality 2 04 —05 Exvia ot 29
Personality 3 07 —08 Anxiety 05 00
Personality C —07 —09 Pathemia 04 04
Personality H 15 17 Neuroticism —09 06
Personality Qz 01 02
(C) 13-14 Year Olds (277) (D) Adults «77)
(Cattell, 1963a) (Horn, 1965)
& B B
Culture-Fair Culture-Fair (All) 48 —08
(Classification) 63 —02 Reasoning 26 30
Reasoning 08 50 Verbal 08 69
Verbal 15 46 Numerical 20 29
Numerical 05 59 Spatial 04 —04
Spatial 32 14 Mechanical Knowledge —15 48
Personality F —05 09 Speed of Perceptual
Personality C 21 —07 Closure 18 —05
Personality H 21 —04 Ideational Fluency —03 25
Personality Qz —06 05 Inductive Reasoning 55 12
Personality Qs 05 —02 Personality, U.I. 16 —04 18
Personality, UL 19 05 07
Personality, UL 21 —03 08
Personality, U.L 36 o1 43
Personality,
—05 -—26

For ease of comparison the varia
in gt and gc blocks, Where person
nations in the 16 Per:
1 In this case since reasonin;
made from tests known 10 load it.

bles have been arranged h
ality factors are Jettered t
sonality Factor Questionnaire.

g was not a sepa

Anxiety, UL 24

rate primary, an

ere in the same order, not
hey are the same 2s desig-

estimate (rounded) was

ing all human behavior. One step
is his cncompassing of

a personality sphere naturalistically sampl
prevailing

in the right direction in Guilford’s work, however,
a number of social bchaviors—-gricvously neglected in the
scholastic framework.

Nevertheless, the fact remains that the cxploration of “ability space.”
which has been left largely in the hands of cducational psychologists, has
been parochial to @ degree. General psychology should sce that all its
domains of rescarch arc represented. Guilford's inclusion of social be-

havior is still only behavior on paper. There remains the whole arca of
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in situ (not pencil and paper) social manageme.m an.d adeptness in \\;:)rd
and act. Where are all the tasting skills and smelling skills of a good coo! :)r
a gourmet? What has happened to the skills of the: carpenter, the plur:ilb;lr,
the gardener, and the ploughman? Who has investigated and correlated the
know-how of the sailor who infers a specific change of weather from the
different movement of his bunk and the sound of the wind? How man,y
studies exist of performances with crayon, paint brush, and sculptor’s
chisel? What is known about prediction of performance in poker, chess,
boxing, car-driving, and skiing? How many measures have: befzn ti.ikei.l of
performance on committees, on market bargaining, on judging implications
from the tone of a voice? How many psychometrists have pursued t}}e
naturalistic ability sphere sampling so far as to give scores in courtship
and love-making?
In terms of any sort of personality sphere concept, it is indeed easy to
see that the convenience of pencil and paper and measurement by groups
has virtually ruled out the discovery also of whatever ability structures may
be based on sensory input other than by the visual (pencil-and-paper) chan-
nel. Auditory skills (recognizing melodies, performing analogies on pitch,
classifying forms of noise) require elaborate apparatus, as also does scor-
ing of vocalization, picking up accents in a foreign language, etc. Olfactory
skills are neglected almost completely, though they are quite significant, for
a good judgment in analyzing a strange odor has saved many a life. Tactile
skills—except in connection with studies of Braille, or the point discrimina-
tion test of fatigue—have practically never been correlated. Rupert Brooke
speaks for more than poets when he recalls the significance of having
“touched flowers, and furs, and cheeks.” Within the realm of touch and
kinesthetic experience there is probably a substantial array of perceptual,
reproductive, and motor primary abilities still untouched—as perhaps the
blind know best. Incidentally, Newland’s test (1962) of relation eduction
(intelligence) for the blind is one of the few sustained researches that has

thrown a little light into the tactile-kinesthetic area, showing, as our theory
of g would require, that complex relation perception in this area expresses
the same fluid ability factor as in the visual area.

As we penetrate here further into the evidence on the nature of primary,
secondary, and even third-order struc

ture as revealed by strategic, factor-

! S content, process, action phase, etc.,
I » discussed in Chapter 4. Consequently, the con-
ceptual categories will not be simply those of stratum—even if we could
rely—which we cannot—on strata assj

ory and motor ne , and which we shall
provincial powers” or p's, to distinguish them from central,
complete the series we shall symbolize

define later as *
general, brain capacities, or g's. To
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the }ypical unitary abilities (but not all) found at the primary factor level
asa’s,
The point to be made is that with certain choices of primary variables,
and with certain deficiencies of present factor analysis, some g's may ap-
pear initially as second-order factors and some p'’s may show themselves in
first or third rather than second-stratum factors. The p's or “provincial”
neural organization endowments can be illustrated by visualization, which
has been written sometimes as gy, a general capacity. (Actually, up to now,
some writers have been inclined to write it as a g, and some as a,). Visuali-
zation represents a type of ability which applies only over one sensory or one
motor domain. These areas typicaily are first suggested to us by the biolog-
ical structure and motor perceptual activity of the particular organism, and
later (Chapter 8) by physiological evidence of a certain neural localization
and unity of action in the brain. Beyond the instances presented by p, and
—Vvisualization activity and general motor coordination—these factors
have not yet been clearly, individually revealed by factor analysis, but re-
searchers have noted that they tend to hover between first and second-order
positions.
The question o
an appearance at first o
the moment. But from o

§ whether they are to be expected consistently to make
r second order, operationally, can be set aside for
ther evidence it is likely that eventually we might
expect six or seven p factors, of which visualization and general m?tor
coordination are two. That is to 52y, this provincial capacity of visualiza-
tion, brought out most clearly by Horn, has properties that we may expect
in some five or six large new «gontinents” in the world of'abl!mes. When
relation-perceiving capacities are measured simultanePusly in different sen-
sory areas and brought into 2 single correlation matrix, there should be an
emergence, probably mostly at the second stratum, of factors also for Pas
auditory skills; Pt tactile judgments; and so on. . .
These would apply over both storage and simple relfmon perc':eptxon. in
the given sensory area, whereas the more complex relation eduction wh!ch
we see in gy and g, will integrate all these local areaf."These powers w?n.ch
affect all “p's” and uglg” we have indexed as “g’s" aﬁccu‘ng cogn.xm're
performance with complete generality- It may happen that p’s and gsbm
present day experiments will emerge at the sccor.ld straturn,'togclhr‘:.r, u's
this does not mean that the p’s are coordinate with the g’s in any peer
sense. Speed, retrieval, and some others yet dimly seen, may c_ons(tjmm;l th;
first emerging members of a whole set of g's, by no means rc.smcfc 1o nu|-l|
and crystallized intelligence. Their general character consists er;x\r; ;}15
across all primaries and all p arcas of sensory and m?lor conten! S e
theory developed in Chapter 4 and 5 suggests, the g5 correspon "
dimensions in Table 4-1 governing such general Qroccss qualities as speed,
output breadth, and so on. Well-planned experime

at, breaking into the
second and third strata, is nccessary to check the nature and relation of
these factors.
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4. THE NEW PERSPECTIVE
FROM THE THIRD STRATUM

A view from a height is generally rewarding.
Would it not be worthwhile to climb to the third stratum in the factor anal-
ysis of abilities? Curiosity alone might motivate one to do this, for it never
has been done. Moreover, in this case, psychologists nostalgic for the good
old days of a single, simple general intelligence factor may urge that if we
go one stratum higher we shall find the missing peak of the pyramid—a
single general factor subtending both g, and g.

A few years ago any serious exploration at a third-order level would have
seemed about as practicable as stratospheric flight in the Wright brothers’
biplane. Even today it is an expedition which has to be undertaken with
considerable foresight in design. Among the problems needing proper
handling are: (1) If one is not to come to a single factor spuriously, merely
because of an insufficiently broad foundation to support more, it is cer-
tainly necessary to take off from a basis of more than two second-stratum
factors, which means, in turn, decidedly more primaries than are generally
taken into researches of this kind. (2) As we have seen, if the reference
vector is to be rotated reliably to a unique position at this higher level,
there must still persist into the second stratum enough hyperplane stuff—
enough variables (in this case, second-order factors)—likely to be unin-
fluenced by anything common to the whole cognitive field. In other words,
there must be personality or other non-cognitive factors among the second-
order fact.o'rs. This is 2 long way to “haul,” since to get, say, three or more
non-cognitive factors at the second stratum requires quite a lot of primaries

to start with. Fortunately, the personality area has been explored so well
t.hiat one can enter with relatively few variables, each reliably hitting on one
primary. (3) As one goes to higher orders, the correlations among factors
have to be determined increasi gly by the simple structure rotation itself,

in

;thereas in \{anables and in pr_imaries (where a good primary battery exists)

She:) correéauons can be obtained simply between test scores. It has been

muz;x '(rh attell, 1965¢) that by the third order these correlations are only

resu](; o es eonl);l present means of overcoming this difficulty is to average

Vel i i i i i

e ral experiments, which requires extensive and coordinated

o t’l;]l:;e:e principles have been followed attentively if not always completely

mihe o;.\r or five researches yet achieved, the consensus of which however,

fome e;oose tg adequacy for most conclusions drawn. One principle is to

P Whe:!egz h)’perp.lzme stu('f,” and this is illustrated in Tables 5-1 and

e o b s :l;: perceives a su.mg of personality variables at the end which,

ike r ent function from that performed by the

‘;}::x;:})l:’s( u?:f central interest. Also, as the original reseﬁic}:’:x::iclesy will

G ym; ;z;r; :ﬂir‘:ﬁzgﬁf? to pboelishiug the simple structure deter-

ed numbers of fine rotati
Bef C rotations.

ver :c:;'ler :;t::l&y Eactum}g the correlations among those second-order

v With which we are now familiar in these researches, we
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TABLE 6-3
Typical Correlations Found Among Broad Ability Secondaries
(A) 5-6 Year Olds (B) 9-12 Ye
- ar Olds
(Cartell, 1967a) (Cattell, 1967b)
Person.,  Person.
g g Traitl Trait 2 @ g Anxiety
gt =21 —.21 gt
8 —.28 —~.10 g
Person,
Trait 1 ~.15 Anxiety
Person.
Trait 2

(C) 277 13-14 Year Olds (Cattell, 19630)
et 8o Exvia  Anxiety

243
8e
Exvia

Anxiety

(D) 477 Adults (Horn, 1965)

Person.
pv Trait (UL 19}

4

crystallized intelligence seems to be highest (42, ATy in

The correlation of fluid and
6) among adults.

the school years, and lowest (.1

can see by a glance at the correlations in Table 6-3, t!mt, cxcept w}.lcrc
personality factors arc concerned, the correlations arc (with onc exception)
uniformly positive, and particularly large between g and g

Nevertheless, the vital question of whether &t single general factor at _1hc
third order will suffice—as would satisfy a return to a Spearman position
—was answered unequivocally in the negative as soon as the results of
factorization appeared. In the first place, cven where (as in Table 6-3(c)
(d)) the personality factors also correlate positively, the verdict is (Table
6-4) that personality tertiarics form distinct factors :{qd do not Qt a ner-
archy. But—and this is the central point here—the ability factors in h\o'nl
the four rescarches also do not come together at the third order, and require
a fourth-stratum analysis before they show up on on¢ factor. Moreover,
whether they come together at the third or the fourth order this cognitive



116 | Higher Stratum Ability Structure
loring Ability Structure at the Third Stratum

LE 6-4
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i:actor yvhich covers the two ability factors does nof give a loading approach-
mg'umty on g, which would be required if what is central in traditional in-
telligence tests—Spearman’s g and the second-order pattern among Thur-
stone’s primaries—is to be identified with our third or fourth-order factor
_general to the cognitive field. In fact, in all four researches it loads fluid
intelligence, g, more than g——and in general appreciably more so. How is
one to explain this tendency of the “historical” gr (i-€-» grw) 10 foad g

more than it does g?

5. CAUSAL SEQUENCES AND
FACTOR ANALYSIS: THE
INVESTMENT THEORY
Naturally there are 2 variety of theories—
some more probable than others—that might explain the particular balance
of approximately .80 and .60 of the uppermost stratum, (Zens) general,
d and crystallized, general

cognitive factor upon the second-stratum, flui
ability factors. But to achieve the most probable we have to reach further
mental, and social evidence than the psycho-

into physiological, develop!

metrist usually does. Since this evidence is largely in later chapters, here
we shall state the theory—the investment theory—which fits the present
facts, and leave it to later chapters to show why it fits better than some
others. Parenthetically, we shall spend no time here on the finding that
sometimes the unification occurs at the third order and sometimes at the
fourth. This is relatively unimportant, having to do with the initial breadth
of choice of variables, and though it has interesting sidelights, they must

be left until later.

The jnvestment theory supposes {hat in the development of the individual
there is initially (perhaps after two or three years of maturational shaping
from birth) a single, general, relation-perceiving ability connected with
the total, associational, neuron he cortex. This general

development of t
power is applicable to any sensory or motor arca and any pro?ess of §clcc-
tive retrieval from storage. Because it is not tied to any sPccxﬁc habits or
sensory, motor, T memory area, we have called it fluid ability, £ )
Tn the course of gaining experience, 2 Jarge number 9[ .pc.rccpfual dis-
criminatory skills and exccutive skills are added to the individual’s reper-
toire. His rate of Jearning in matters requiring little grasp of complex rela-
tions will depend on motivation, rotc memory, frequency .of l:cv«:ard. fxc.
On the other hand his rate of learning in fields demanding insight into
complex relations—and these fields include cspgcially the problems of read-
ing, arithmetic, and abstract reasoning with which

he struggles in school-—
will depend appreciably on his level of fluid intelligence (though motivation.
heir part.

goodness of teaching, ctC., will still play ¢ as “:nh lhc. f"fqu“."
tions of low relational compl:xily). These complex, noqum:d abilitics, in
the form of high-level judgmental skills in particular rtrccpfual and r'no(:?r
arcas, We arce calling “crystallized intelligence.” because their expressicn is
tied to a scries of particular areas. For example, there is no reason why 3
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nice judgment acquired in perceiving the relationships of some high-level
vocabulary items should be able to come into pl.ay an'd hetlp one solve 2;2
algebra problem, or why fluid ability crystallized in social diplomacy shou!
help one decide whether the distributor or the plugs are the pro?able source
of some trouble in an automobile. Parentheticaily, the old i]lusu?n of trans-
fer of training, which kept Latin long in the grammar school, Is probably
due to the correct observation that a person good at Latin is llkel).' to be
good at mathematics, but accompanied by a failure to realize thi}t this is an
effect of high fluid ability, not of learning transfer operating in high crystal-
lized ability acquired by training. i
Now in all kinds of relation-eduction in new material requiring fluid
ability, the child high in one manifestation will be high in another, and fm{n
correlations rooted in such observations eventually we obtain the fluid
ability factor. But as a result of the fluid ability being invested in alt kinds of
complex learning situations, correlations among these acquired, crystallized
abilities will also be large and positive, and tend to yield a general factOf.
However, the g, factor will not account for all of the correlation in this
case, as it does in the non-cultural, overlearned, or new problem-solving,
because years at school, interest in school work, and other influences will
also determine, perhaps substantially, the level of crystallized abilities.
Measures of the two factors would be ex
and appreciably,
For this year’s ¢
ability level—an

pected to correlate positively
as we see in Table 6-3 (about 0.3 to 0.4 on an average).
rystallized ability level is a function of last year’s fluid
d last year’s interest in school work and abstract problems

generally. To be exact, it is a cumulative function of several years® opera-
tion levels of g,

but the last year will be most important—in the case of
growing children, but not adults—because the fluid ability a year earlier
will not have been at a hi

gh enough level to account for the summit level of
this year’s crystallized intelligence.
1t will be noted that so far we have tend
mental finding that crystallized intelligence is 2 single power. Yet, what the
suggested explanation above offers is primarily an account of how a well-
fno?vated attempt to learn in some complex new area will depend on the
individual’s level of fluid ability and will result in depositing judgmental
! ! ment of fluid ability in the experimentally-gained, crystal-
Yized skills may, as far as we yet know, result in their having a life and

durability of their o fluid ability which begot

ed to take for granted the experi-

wn, in independence of the
them. The term “crystallized” s meant to imply this freezing in a specific
..shnpi: of what was once fluid ability. But we have implied another property
in this crystallized ability, namely, that the vatious manifestations of it—
lhc_vanous areas in which it is produced—show a positive correlation of
their levels. A person high in one crystallized ability tends to be high
in any olhcr,. and the person low is also low all-round. For we have as-
serted that, like fluid ability, it is a broad, general factor, and this is the
meaning of a general factor., ’
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The seasoned multivariate experimentalist and factor analyst will point
out that the unity of the fluid ability factor could account for the common

variance in the crystallized ability factor manifestations, but that, unless
d not clearly result in

time or circumstance dislocated the two, they woull
two distinet factors. Further, through the intrusion of intermediate influences
in the specific learnings, the loadings on the crystallized ability, 8 would not
be as high as those found on g, if g were the only cause. Since they do
seem to run about equally high in the two factors (if anything, those of g
are higher), one is inclined to look for some second, common influence
operating on those manifestations of crystallized ability over and above
the common influence of the historically active g Such a common influence
is found in the combined result of the form of the school curriculum, and
of the social, familial, and personal influences which create interest and
time for learning simuitaneously in any and all forms of intellectual learn-
ing. If we consider first what is probably the most potent of these common
influences, the content of the school curriculum, we se€ that if schools
teach mathematics, English ssay writing, and social science, and if some
people remain in school longer than others, these three disciplines will,
when tested over a single adult population, show positive intercorrelations
—common variance.

Thus, it is evident that the “insightful, discriminatory,” and “adaptive
skills” measured in fluid ability and that part of crystallized ability not due
to fluid ability show intercorrelations due to different principles in the two
cases. In other words, crystallized ability as 2 whole has additional causes
of correlation over the first. This would be expected to make the loadings

for g, higher than for gy, and since this actually happens—3at Jeast .a.t certz.xin
apes—it is perhaps ot surprising tha and the traditional in-

t Spearman‘s g
telligence test have gound g, first and adopted it as their guide to tests, and
to conceptions of a gene

ral ability factor- . .
A second question that some factor analysts will ask concerns the inter-
pretation of the third-stratum Ver

sion of g as ap historical gron—that
which operated in the few years before the experiment. How can 2 fncfor
be something not here at the present moment, but present back in qxc in-
dividual’s history? The question is highly relevant because W are going to
argue that the fluid ability factor typically found at the sccond stratum,
and which can be estimated from the individual's prescnt scores on the
primary abilities, is his present fluid intelligence level, bu.t that ;‘hc smg::
ability appearing at the third (or fourth) stratum an.d loading bo;1 second-
stratum gr and g is the fluid ability of yesteryear, \\'h.lCh (alhﬁrc? the p;cscm
fiuid ability diccctly and begot the present c.r?'slalhzc‘! ability out o p:x;l
experiences. Some special cxpCrimcnlal conditions, €.&« facsopng a sample
containing a fair proportion of persons with recent brain mjur): or snm‘:
ples with certain a8¢ sclections discussed below m'ﬂ be necessary 1o chec
on this. Meanwhile, the casc for this interpretation €3

n be discuseed in
terms of the basic meaning of factor analysis.
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The notion that factor analysis can be a means of detecting unitary
influences not at present operative, but which have operated in the past is
apparently revolutionary to some psychologists. But, in fact, it has always
been implicit, and sometimes explicit, in the concept of a trait (Cattell,
1946¢). A unitary structure may represent some single living influence at
the present moment, or it may be a still-operating set of powers represent-
ing the creative act of an earlier living entity. Even the pattern of an ex-
plosion can be perceived either while the explosion is occurring or from
evidence long afterward. Similarly, a doctor can recognize the specific
pattern in a living patient of the scarlet or rheumatic fever germ which
did its fell work many years before. Or again, the geologist infers from
the pattern of the great circular amphitheater which stands out unique and
unitary in the Arizona desert the action of a single meteor long ago.

In psychology the personality and ability structures, which we recognize
by correlation patterns existing among features of behavior, can represent
cither a presently existing influence, e.g., a high state
natively, a set of habits which mutually correlate be:
posed together years ago. For example,

adults, some of whom have never skied since they were fifteen, and others
never, there assuredly will be a substanti:

al correlation between ability to do
a stem turn and to herring-bone up a hill now, low though the abilities and
the correlations may now be.

The nature. of the present fiuid ability factor is relatively straightforward.
We may designate it temporarily as a general, relation-perceiving span
based on'th_e magnitude of a neurclogically efficient cell mass, and appearing
as an existing energy in any current behavior. The nature of the factor
,» and we still have before
¢ pattern apparently composite in its origins
appears as a single factor. Empirically, wephave ti recol;nize that this E‘Di‘
tary pattern, long the target of traditiona] intelligence tests, expresses itself
::n thi S(.:hool years and for some indefinite time afterwards as a set of high

orrelations among numerical ability, grammatical sense, size of vocabulary,

and other relationally com; 1 : o X |
school curriculum, Y Plex and abstract skills trained in the typical

ab(?unleinl:lllllsit ;‘l‘ forge_t lha.t nine-tenths of generalizations and theorizing
and that begondetzn intelligence tests are based on observations in school,
Fuesswork 1);m'1 e school age the'n‘: exists a penumbra much filled in by
of purely sch;1:§°nﬂy~ The suspicion must be entertained that the role
origin and in ung c experience has been overstressed in explaining its
that after school erstzfndmg its adult fom, As to the latter we must note
and other skills o :s (;X:lvesmxems of intelligence in different occupational
ginecring, in drivi; ;ll: ed to sch({lastxt.: skills (e.g., skills in selling, in en-
the Oldcr‘pauem cgmuses, In making pies, and in managing small children)
disperse—or, at | mon to all People who attend school should begin to

» 3t east, abrade—ang give Wway to the rise of new kingdoms.

of anxiety, or, alter-
cause they were im-
if we take a hundred middle-aged
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Empirically, this means that the correlations constituting the earlier crys-
tallized ability pattern should begin to be less dependable. Probably the main
correlational disturbance arises not so much from the fact that scholastic
skills deteriorate (at different rates in different people) as from new invest-
ment patterns arising. As to the compositeness of crystallized general intelli-
gence, one must recognize that the positive correlations arise not only from
the widespread uniformity of the school curriculum—at Jeast in the three

’s—and the fact that different individuals are exposed to it for different
numbers of years, but they arise also from dynamic causes, in the form of
some children being more strongly interested in all that may be called in-
tellectual matters and school achievement. Examined closely, these influ-
ences that are not g, and not length ol, are themselves

complex. The personality resgarcher will pry them apart into such demon-
mia (A factor), superego strength (G),

strated contributors as affectothy!
strength of self-sentiment (Qs), and so on. Nevertheless, despite these
composite origins, it can be shown that in a broad, higher-stratum, factor
analysis, it is not unreasonable to expect (as will be discussed in more detail
below) that the joint effect (in the middle and late school period) would
be a single, broad, crystallized ability factor. 3
However, these composite origins must be kept in mind when we. t.aegm
to ask what happens to crystallized general intelligence, and the traditional
intelligence tests that measure it, after school. The crystallized intelligence
factor then goes awry both conceptually and in regard to the practlcal
predictions to be made from traditional intelligence tests- In the twenty
years following school, the judgmemal skills that one should properl.y be
measuring as the expression of Tearning by fluid ability must become differ-
ent for different people. If these are sufficiently varied and lack any com-
f general intelligence begins to disappear. One
] to that of another of

mon core, the very concept o
can no longer hope to predict from one ability leve Ano!
coronet of commonly Jearned abilitics fnl!s

from a test to a criterion. If the
to pieces, the monarchic intelligence concept vanishes. To be fnorc' cJ.(pcr}-
mentally exact, it dies hard rather than vanishes, for early imprinting IS'
more powerful than the experience in middle life which g;cncralcs new
general factors for the engineers, the doctors, and the housewives.
But with the decline of the concept, the raison d'étre of the tmqunnl
intelligence test also declines. The practicing psychologisx rmust recognizc,
as just seem, that crystallized ability begins after school t0 .cxtcnd "f}o
Protean forms and that no single snvestment such as playing bridge of sLx}l
in dentistry can be used as a manifestation by which to test all people. His
alternatives arc then: (a) to sample behavior still more widely xh?n in 1hc
traditional test using a formula expressing the role of fluid intelligence 11
h of many different fields (an approach whi

learning in €3¢ A ]
might amount 10 producing as many different tests as there &
tions, ctc.)s (b) to change completely to fluid intelligence measures, soon

N o
to be discusscd; of (c) to continuc to measure by the sgchool versiod of
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crystallized ability essentially leaning on what the individual’s intelligence
was at the time of leaving school. Admittedly, this relic has considerable
persistence and one would be seriously misled in such adult-testing by tra-
ditional tests only in the case of the child whose schooling was defective,
or the adult who has suffered brain injury.

Thus, in the case where traditional intelligence tests are applied to mid-
dle-aged adults, the inferences go awry theoretically and practicaily to the
moderate extent that the existing crystallized scholastic intelligence is only
a tolerably exact relic. For (a) it has been variously eroded by time, and
(b) it deputizes for a fluid ability that was in existence thirty years before,
not for the present fluid ability. Two projections are involved, in both of
which we do not know enough about the projection formula to be accurate:
the first from the present crystallized ability score backwards to that of
thirty years ago, and the second from the inferred fluid ability forward to
the fiuid ability today through mischances of life as they concern brain
damage.

A very different problem in defining crystallized ability exactly is that of
its basic compositeness, which the sophisticated factor analyst will soon
pose. If the unity of crystallized ability—in the late school period when the
correlations of verbal, mathematical, spatial, etc., judgments are most
adequate and satisfactory—is really due to (at least) two sources, namely,
common fluid ability level and common degrees of learning experience in
a common curriculum, why should this appear as a single factor? Surely it
is strictly only a surface trait or correlation cluster produced by the com-
bined -flction of an inherent individual ability pattern, g and a pattern of
education, which we will call S, (to indicate it is a mold in the situation, not

originally in the person).

Figure 6-2 says in geometrical terms that the present g, projects initially
on .two axes (g and S,.), much of its variance being accounted for by
variance on these. 1t is saying just the same thing as the numerical data in
f\—].) in Table '6—4, namely, that the “historical” Zeeny, (the subscript (h)
indicating the individual’s level of fluid ability in the preceding years),
op_erases, along with educational experience in school and home and some
glunti mﬁ.uence fr.om.personality (in Table 64, (a) and (b) called imma-

rity), in combination to produce the present level of g.. If we take the

second rows in (a), (b), and i
e n (@, ), _.07(c) in Table 64 and average them, we get,

id intell; " as the loading contributions respectively of
?:)f ;?t:llniil;;e, ;@catfon, and some personality influence in Fhe produc-
ting no hrgirs" Z: "}l]tellxgen?e, Incidentally, for the moment we are “split-
them for the tir:: ;’ € meaning of these other factors and simply accepting
sonality. On inte being as some broad influences of education and per-
contribations frs I::s:z:l cxammanor} the former may prove to split into
eral goodness of rote ;eﬁl::;‘}?;:;tereﬂ, and motivation, and even gen-

s . de intelligence), b nal-
¥sis we shail simply call it “exposure to cducatigon". ), but at a broad a



FIGURE 6-2

The Interaction of Fluid Ability, Time,

and Rote Learning Ability
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6. PROBLEMS OF AUTONOMY
AND PROTEAN INCONSTANCY
OF g.

By now the reader hopefully will see more
insightfully the appropriateness of calling this theory, which recognizes the
fact of a g, and g; duality, the investment theory. It says that g, arises aqd
has its particular form as a result of investing a general capacity, gy I
suitable learning experience.

In the growing-up period at school, an added coherence and unitariness
of pattern are given to the learning product by the form of the school
curriculum itself and by what the culture (operating through the family
and other institutions outside the school) considers it desirable for young
people to learn.

However, in connecting the pattern of loaded performances that we
have obtained empirically with that which might be expected from this
theory, the discerning reader will object that “the things which society be-
lieves a properly socialized person should learn,” will include many things
besides those which are aided conspicuously by g. It will include good
manners, moral inhibitions, athletic proficiency, and much rote learning.
Thus, whereas performances a, b, ¢, d, e, and f might be the complex kinds
of things that are learned more easily with high g the somewhat dif-
ferent set of variables a, b, d, s, t, u, and x might be those which the
school and society actually concentrate on teaching. And, if this is the case,
would not the factor of crystallized ability include many “routines” in the

school molding process that are due merely to rote learning and imitation?

Figure 6-2, which portrays the essential nature of this conjunction of
two very different kinds of influence, certainly demonstrates that this could
happen. Many rote-learned skills such as variable 7 could be far out on
factor Se. and have no projection much above zero on g However, the
probability of the truth of the subsidiary theory of coincidence of high

loadn.ngs, necessary to the investment theory, is increased by the saving
consideration that teachers or *

« - 2 pedagogues” sometimes also are called
pe(yi,ams . That s to say, they are strongly prejudiced in favor of “intellec-
tu:} .educauon. In spite of the pressure of *“progressives” to stay with finger
Pa:ltlng§, eurythmi.cs, languages, learning without grammatical analysis,
::hosol;?cectsl‘attmctwely free of hard demands for mental discipline, enough
conceme: nv:‘nthue l%.follow a scholastic intuition that education should be
leads to pm'l.m su ’ei‘s that severely exercise intelligence. That intuition
expression i lg muc emghasx.s on the abstract subjects—mathematics,
P 0 In language—which lie at the heart of many areas of application.
the phvei c © not teach plowing, though they may teach
the E:E::[csf::%z‘;}:;““ﬂry which make comprehensible the motor plow or

In short, it § . .
on imclli:;r:z:dma“y Do accident that institutions of learning concentrate
scholastic sourey emanding subjects significantly more than do the extra-

s of various more desultory kinds of learning in our lives.
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':‘herefore, although we should expect in Figure 6-2 that some things
s-%, C'fu'd games, skill in courtship, might load on fluid ability but no;
sc ooling, as at ¢ and e, and that various rote Jearnings would load school~
ing but not intelligence, as at t and u, a definite concentration would be

expected high up in the north-east quadrant through the many perform-
e familiar to us in the performances

ances, e.g., 2, b, and d in the figur
aﬁecsed by- crystallized intelligence—-which conspicuously Joad both.

With this background let us turn again to the paradox encountered
ilbove that g. looks at one Jevel like a surface trait, yet operates at the next
ower level as a factor in its own right. A surface trait is normally a bunch
of strongly intercorrelating variables produced by overlap of the substantial
effects (of the same sign) of two or moré factors on those variables. What
we have here, however, is a surface trait (or possibly just the measures, as

ina t.raditioual intelligence test of the factor g.) at a higher stratum. Such
a variable has the compositeness of a surface trait at the upper stratum, but
there it must be a factor at the lower

by definition and mode of appearing
level, ie., at the second straturm.

Now we have taken the scientific (not just statistical) model that a
facwr is an influence. How can this composite thing have the status of an
influence itself?* Does it, indeed, have the status of an influence? The

d order it leaves a hyper-

answer to the latter is «Yes,” because at the secon
ul tide leaves a fringe of seaweed at high-water
ir pilot by the visible

¢ who hay captivated

puilt of 1aft and ime

plane, as clearly as 2 powerf!
f a ship is proven to the al
What the nature of the emp
is a question to which more
space needs to be given——and fuller further discussion is
sonality field was stated by Allport’s my,” though this
jon. Nevertheless,
this created cluster oF surface trait in some manner begins to operate
plane, clearly indicate that it has gaincd pOwers of sclf-pcrpcxunlion as a
ability growths and a wide range
sve it a life of its oW,
intcHigence and this new investmen
her:
=\What is this thing, that
n the sunbeam ot

mark, or as the movement O
V of its bow and stern waves.
hatic autonomy is that arises in this offspring
of fluid intelligence and learning experience 1
given in Chapters
11 and 12. The student will note that 2 somewhat related idea in the per-
«fynctional autono
was only a name without an explanat obscrvations of
similar action elsewhere help support the invocation here of the notion that
psychologicaily as ant independent influence. The statistical evidence of (a)
development of an extra dimension, and (b) the appearance of 3 hyper-
single entity, and that it enters with other influcnces into various primary
i of problcm-solving performances. Some
kind of dynamic interest quatitics ! T
At any rate, in the history of the i All be seen later that fluid
curves of growth and decline.
1 One is reminded of the poclcsl‘l would-te disdain of the tore:
And such dry motes BY i
Has power upoa M- - ¥
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In spite of this autonomy, and the characteristically high intercorre]a}ion
of the kind of abstract and largely scholastic performances which go m_to
the traditional intelligence test and which make this factor g. hard to miss
in even the crudest factor analysis, the factor really has a precarious
existence. Cultural change, shift of mixture of areas intellectually fashiclu-
able, or a change in the school curriculum can weaken its identity and unity
as a discernible factor, even in the teenage school period when it is most
prominent. This decline in a clear-cut, self-conscious, cognitive unity might
also upset its dynamic unity and autonomy. Indeed, in correlational studies
after the school period, in middle life, it would be hard to find if we took
the various occupational skills developed since school days as the basis of
correlations. As far as we yet know the only safe way—in the crystallized
ability test realm—to compare intelligences of forty-year-olds is to go back,
like a nostalgic alumnus, to the experiences of school days. And these will
deceive us to the extent that they have undergone different degrees of fad-
ing and rehabilitation in different lives. Finally, when we step out and
design tests across cultures, to the extent that we give verbal analogies in
English, classification in Urdu, and synonyms in Swahili, to a hundred
school children from different cultures, we are bound to find that the
crystallized intelligence factor has vanished into thin air.

The most important thing to remember about the g, factor on which the
traditional intelligence test leans for its validity is that despite a brief
uniformity in the school period of any culture, it really has a Protean char-
acter. Its shape is forever changing with the social class, age level, sub-
culture, occupational group, nation, and historical era, It happens that in a
stable, well-organized, well-knit culture with a powerful school system the
pattern is common enough in form and sufficiently varied in strength of
lmpress to generate a broad factor having impressive predictive power

fXO.lI'l one ab.ilit'y to another, e.g., from a set of six subtests to a criterion
ability. But it is a treacherous thing for any one but a sophisticated psy-
chometrist to handle,

A third and last issue of primary importance in understanding the invest-
ment theory is

oo & proyoked by l'ookiug at the third-order analysis (or the
boun 1n some studies) shown in Table 6-4. Our theory is that the highest,
h;’;:ll:s,tc_ogm:}llve factoi- in problem-solving and relation-perception (not the
s &no:)d er‘cogm.txve. 'fu-eas: e:g:, spf:ed, retrieval), standing alone at
the g ord e, is the 1.ndw1dual. s hlstgncal", Erenys level of fluid ability at
erystatty eg.lx't was mvested.m learning to produce his present level of
erysulliz ability. W.e h.ave given reasons above, e.g., from geology and
24 scnenc.es, for believing that a factor can in general represent either a
grcsenl entity or an historical entity. In this case, at the third order, it
l:gc:;; :is:l::hfnfthcr of the second-order crystallized ability, out of Learn-
]v[ o e father of the present_, second order, g, out of Time.

shouldlt;pcmcif:rmed from & by time only, it may be objected that we
e For ot ’0 correlate with (to load, actually) g, decidedly more than
¢ variance of the latter enters also a contribution from a quite
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‘éiﬁ:sb:i flt;iar.mng .e.xperience. However, it can be argued (1) that the life
e o 1(112d al;:hty need not run smooth!y, for physiological events inter-
e » @ ) that we have been u.nspecnﬁc, almost to the point of pre-

ication, about how far back gy int OUT third stratum is supposed to go.

The only logical definition of it is that it represents the g level over the

crucial formative years of the g actually measured in the experiment. The
t. This hypothesis

crucial years in the growing child will be the most recen
bileties. For example, if our subjects are fifteen-year-

brings mathematical sul
old children, gy, will have been at a different (though steadily increasing)
1 would be expected to be

levtal for all the preceding years, and the g level
an integral of fluid intelligence and learning over the curve of growth.

This is set out in formula (6.1) which simply says that during each year

of age Bt the acting fluid ability level at the time, and S, the form of the
Cdl.u‘:atlonal influence at the time, interact to deposit 50 much g, crysmllized
ability. The g, level at any given year is the summation of these products

up to that time, thus:
2 a
B, = / (geeny Se) dt of f (8w + S At

where a is the t value—the age—at the time. This could be carried further
by including expressions for the individual growth or change cucves of Zim
and S,, and by specifying more precisely their mode of interaction. The
curve for gy, over the growth years might be roughly parabolic (g=1t"%)
or have the form g =x(1 —~ ert) while S. would be irregular of perhaps
a gently rising, straight line. The mode of interaction one might be inclined,
psychologically, to set down as 2 product, but at least in the factor-analytic
framework, and, therefore, in regard to the Joadings of Eum and S, as now
obtained (Table 6-4), we would treatitas 2 sum. If further analysis shows
interaction to exist (in the statistical sense) some formula may need to be
adopted, having both summation and product terms, but the further work-
ing out of (6.1) derivatives obviously will be much casier if we accept
summation as 2 sufficiently closc appproximmion. .

From anticipations of the growth curves: and from factor-analytic con-
siderations, one can se¢ that the loadings of gem ON Bt and g respectively,
should be very different for factorings of 2 group of tcn-.)'ca'r-'olds and 9( a
group of ﬁ[ty-year—olds. In the former, fluid intelligence 1% rising s0 rapidly

f . That is to 5%

that it treads closely on ¢ a child has 10 sooner
al, discriminatory kills, ¢.g» 1N mathematics, Tepre-

senting the limit of action of his g, at, 53y ninc yc._ﬁrs, than l}lc)‘ are sub-
merged beneath morc sophislicalcd skills, the learning of which has been
made possible by his rising £ in the npext )rar..ln these circumstances o.( a
rising g level and a steadys :\pproprinlcly :\dju‘.lcd sequence a'l fearning
we should expect 2 very high correlation of frmy with g o!.ym, with fn and
of g with e (A practi quence is that ml!urc-f::r and traditional
intelligence tests would give pretty similar results, just so long as W Lecp
to school children jn the same culture.)

(6.1)

acquired judgment
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On the other hand, with fifty-year-olds, the g., if measured by the usual
intelligence test, which harks back to what most of the subjects knew when
they left school, will have its highest correlation with g of thirty years ago,
and the g, which comes from factoring such data to the third stratum
would be the g,y of the high-school period. The present g could well be
something very different indeed, and the correlations of gy, with the
present g, at the second stratum would be expected to be positive but low.
The investment theory thus warns that even when we recognize distinct
g and g, factors, their nature and value, and meaning in prediction need
to be watched constantly. The matters to be watched and the allowances t0
be made will become more fully evident in the next chapters dealing with
natural history, age changes, and physiological and social influences.

The issues in this section are subtle ones, as we were forewarned by the
term “inconstancy of g.” in its title. Perhaps “elusiveness” would have been
better than “inconstancy”. For it is not that a single thing is inconstant in
its level. Rather the situation is that it changes its very nature with culture
and age, and, like a much-modified, old house, may straggle even into
essentially separate sub-dwellings. A basic issue in g, which, despite its
fundamental nature, we have thought best to leave to the extensive dis-

cussiv?n possible in the nature-nurture analysis of Chapter 10, concerns the
question of whether the investment theory implies that investment of g; in
one g. area means less investment in another. If a child is pushed to invest-
in scl:lolastic areas is he fikely to be poorer in the social skill areas of g
fmd,. if the modern farm boy learns more about calculus will his discrim-
inations be poorer regarding the weather and the song of birds? Granted we
accept the undoubted limitation of total interest and hours in a day, the
conclusion must be drawn that growth of g. in one dimension to some
?Cgl'ﬁf‘- (yet to be worked out) means lack of development in another. The
llinonng”of observations of this kind is back of most claims to have “raised

eV‘Il.'Q. by measuring g. in the area of training only.

ith the aid of Figure 6-3 let us

TS o om0 v o e e
The investment 1 ird-order faf:torlzatlol.ls on which they dependfed.
period investe jte ;‘{\'Y of g and g, is that fiuid intelligence in the growing
more abstract £ em in the learning of judgmental skills, particularly in the
achievemen i a fres 9f the school curriculum. The level reached in school
tion, and mcma “;‘C“‘m both of g and a bunch of opportunity, motiva-
factor, Howeve:n{h actors, which, at first, tend to appear as a single S.
invested pull o :;rt ;— crystallized intelligence skills in which g is especially
depend more (P;n rom the rest of the school and life-acquired skills which
solving a wide m,l:_'c memory largely because they have use as fools in
of ability, and 1 y of Prablems._ By self-conscious awareness of this kind
it may jtself 1's constant use in the school type of performance, later

acquire unity as an influence and show itself in factor analysis

Very soon as an independent f: . R
relations are finally stllpr;marizc;ci:’rp;;u?: '21‘;5- These factorial and causal

now summarize and separate the



Higher Stratum Ability Structure | 129

FIGURE 6-3
Hypothesized Causal Action in the Investment Theory

Flui " . . . - e N
luid Intelligence Common Learning Time ,* Interest ~ [ Memory

(Historical) {nvestment ~ Histancal H i
istorical
(Historical) / B /
,T._hird Order - - T
act -
1ors 9w Se
Fluid Inteligence Crystallized ' fnterest © ‘;\Ae;nor; '
(Present Day) Inteligence Present Present
I.?_‘econd Order o . t
ac ‘ -
tors \ Sy g
W~
Fluid Intefligence \a\S,
(Present Day) \\\\
\
:ilst Order PN ‘\\ "
actors " ,ts VR 'NEM =~

Ot
= >~
NS
N N
AN
N
N
N
P\

Variables £ 70, 6,0 ¢ m,‘,( T i L R - R
Culture Fair General Cognitive Scholastic Achievernent
( i ( ) Su Measures

Nevertheless, although g is a very useful entity in prediction of school
performances and tends throughout the school years to be highly correlated
with g, it is not an entirely satisfactory psychological measurement con-
cept. For the pattern of unity will tend to be somewhat different in different
schools and curricula (and certaintly in different cultures). And, accord-
ing to the investment theory, we would expect that the relation of g t0 &
would be better to the g2 year or more earlier (that is, t0 Zrwy) than to
the present g Indeed, beyond the school years the correlation of present
g, and present g M3y become relatively poor.



CHAPTER
SEVEN

THE NATURAL
HISTORY OF
ABILITY:
DISTRIBUTION
AND RELATION
TO SEX

AND AGE



The Natural History of Ability | 131

etc., in more modern terms. For example, it has filled in (in a preliminary
way) the most needed knowledge about the population distribution and
age changes of fluid ability and the relations to crystallized intelligence.

But about the other generalized “powers” as We may call them, such as
speed, g, retrieval, g, memorizing, ms visualization, p,, mOtor pOWErs, Pm»
etc., we know next to nothing. We also know precious little, indeed, about
the primary abilities or agencies (as we shall later designate them), ay, 2a
a,, etc. Perhaps student readers may experience some compensation for this
unsatisfactory incompleteness of the present chapter in finding that the
natural history topic provides some relief—in the form of simple statements
—from the technical complexities of the last two chapters!

Throughout history it has seldom been contested that the summit of
mature intellectual judgment in almost all fields—literature, science, art,

musical composition, and statemanship—is possessed mainly by the group
of males old enough to be mature and experienced but not s0 antique as to
risk the charge of senility. From this summit, however, the middle-aged
man has seemingly been demoted recently by the discoveries which psy-
chologists have made about abilities. On the one hand it is found that the
peak of fluid ability indubitably comes much earlier than middle age, and
on the other, it is now shown that there-is no apparent basis for men rather
than women claiming this mature intellectual leadership. (It has become
indeed “a time to try men’s souls”—in more Senses than one.}

As to the equality of women, it is now demonstrated by countless and
large sample researches that on the two main general cognitive cap.acmes-—
fiuid and crystallized intelligence—men and women, boys and girls show
no significant differences—at any 1ate, none sustained over all ages and

cultures. Refined analyses at particular age levels may show slight differ-

ences, ¢.g., the tendency of girls to mature 2 little earlier in crystatlized

intelligence, and of women in some cultural groups not to grow 1 }gr)t]si:llxl-
lized intelligence during middle age to the same extent a3 men. 2 ang
finding which most squarely meets our €ye is the equaluy-—-when race
culture are equated. .

How is this to be reconciled with literary insit
qualities of the feminine mind, of the stubborn convict
woman) in-the-strect that men are, sa%, more able me¢
more competent verbally and perhaps in perception of € dy enou
ships? These folkloric observations aré seconciled readily enovs
we turn from the broad field of general imeﬂi7gelnce to the primary
and special performances, as shown in Table 7-1+ 3 . .

In Is:uch pl:imaries as spatial thinking, and still more ’ln ::;:‘:_Txczl:glcl-
tude, there can be no question that men arc substnm:jnldic e average of
gree such that perhaps only a quarter of womc'n cx.ccc e War 11 when
median. The writer recalls 2 difficult situation it Wor

i 7 asured on the
women commissioned officers in the Air Force werc 10 be mes ured O e
he name of equality of opportunity.

same battery as men—in U

ghts about the special
jon of the man- (and
hanically and women
motional relation-
gh when
abilities
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TABLE 7-1 .
Age Trends and Sex Differences on Primary Mental Abilities

Clark, 1944:

i Mental Age 11 Age 13 Age 15
ng‘;{e’; Sca';e (15 = 126) (N =17) (N = 103)
X 4 X I X ['4
Numbers 85.57  33.20 103.04 3044 127.85 36.29
Verbal Meani 51.66 22.57 69.94 24.20 87.83 23.55
Space 41.80 31.36 59.35 31.48 83.35 37.02
‘Word Fluency 41.68 14.65 58.73 16.29 69.24 20.04
Reasoning 31.48 14.66 45.65 17.38 54.99 17.71
Reprinted with permission of the author from M.P. Clark,“Changes in Primary Mental Abilitics with Age,”
Archives of Psychology, 1944, 251.
Hobson, 1947:
9th Graders (Approx. 15 yrs.))
Primary Mental ~ Males Females
Abilities Scale (N = 222) (N = 250)
X o X 14 Dif. X Dif.c C.R.

Numbers 126.71 34.38 129.32 31,57 —2.6 3.06 —0.85
Verbal Meaning 89.43 20.09 91.38 17.32 —1.95 1.77 -1.10
Space 83.38 30.62 68.97 30.34 1441 279 5.16
Word Fluency 68.41 16.62 7517 17.56 —6.76 1.56 —4.33
Reasoning 53.94 1458 61.72 15.00 -—7.78 1.36 —5.72

Reprinted with permission of the author and publisher from J.R. Hobson, “Sex Differences in
Primary Mental Abilities,” Journal of Educational Research, 1947, 41, 126-132.

Herzberg and Lepkin, 1954:

Primary Mental

Age 16
Abilities Scale

X Males X Females
WN=76 =113 ¢

Age 18
X Males X Females

N=10D(N=54) 1t
Numbers 2391 24.34 — 23.95 22.83 0.72
Verbal Meaning  34.42 35.75 1.22 29.82 32.09 1.68
?Face 28.09 23385 2830 2562 20.41 2,631
Word Fluency 46.16 44.88 2192 74340 48.22 2.562
Reasoning 18.01 15.71 3 .

1.96 15.71 16.00

! Significant at 1% 1
ignil o level of confidence,
? Significant at 5% level of confidence,

Reproduced wuth permussion i
. rom F. Herzbe: “
b\ Tet, Educattonal and Paychologiea Meaurenemy 105 Fif¥ios A Study of Sex Differences n the PMA
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women candidates i
rfxen o mechanicalpae;tsil;::ﬂy f;:ll allmost. a standard. deyia.tion below the
T e o fond , anc poticy dictated no discrimination, a solu-
o R e botfm by addu"xg a constant to bring men and women to
o 2 beei e gre evaluating t-he individual case. (Similar sugges-
proups.) Incident rllila e for otlfer bl(?-SOCial groups, €.&. racio-cultural
ot ecording toa “ng;tinon(lfgxssgs)pinal :!.)iljty at a higher level in boys,
. A 1959 wo distinct space factor | rimaries”
s::;izsl:lh::)y'slbm only one in girls. This investigator found if’l Sweclle'::h
ol boys in girls were superior in both verbal and numerical performances
o reasoning as well as space. '
Girls ot ;:1516’3 as Table 7—1 shows, the balance is redressed in other areas.
fnency, a5 wges te{ld to do l')etter than boys in the verbal area and in
ag0 in ,H - 1asknotl.ce,:d (not. in terms of precise factors of course) long
e elocl .Ellls s classical study of Man and Woman (1894). Girls
 thoir lI.Hg ear‘l‘ler than boys a.nd are popularly believed to keep the lead
Sgainst h:Jveds. fj Never ar§ue with your wife: it is only one word of yours
o bn reds of h'ers. ) Ir} the field of school attainment girls tend to
s oBys in English, spe.:llmg., and the vocabulary and amount written
tho hy'. oys tend to lead 'm science, and to some degree in mathematics,
ugh in the sheer numerical speed and accuracy of a,, the numerical

ability factor, girls usually lead.
th;::ggl:o?em' sectio'n we shall examine EV.idenCe in more detail, but, al-
the oo, Iumlnous, itis 'not always conclusive. S.uch cox{diﬁons as whether
futare og s are coeducational or not, or .what skills are tlcq to prospects of
different cu}patmns, or what the masculine and feminine !mages mean in
cow on cultures, cannot be kept constant across all expemflents. In Mos-
o d ne may see woman working as street laborers, raking tar gravel,
riving rollers. They are also skippers of ships and constitute more than

half of all practicing doctors. Obviously, interest and experience do much,
formance in mathematics and

"“_g-,’might account for the boys’ greater PEr
girls’ greater numerical skill. Separating whatever may be biological is, as
for a beginning we must be simply descriptive.

usual, a second step, and
2. ON THE MORE SPECIFIC

ABILITY DIFFERENCES AND
THEIR SUBTLE PERSONALITY

ASSOCIATIONS

Some of the best work on ability differences
s and fortics when the primary abilities
Garrett, Bryan, and Perl
od tests at nint, twelve,
ability by fifteen
sentence comple-
performance
ability. (This

in the sexes was done in the thirtie
were already beginning to be recognized reliably.
(1935) found girls better in memory tests and spe!
and fifteen, and boys beginning t© Jead in mathematical
years. Schiller (1933-34) found girls better in reading
tion, and arithmetic computation; boys in number series,
tests, and arithmetic reasoning, but not reliably s0 in spatial
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TABLE 71

Age Trends and Sex Differences on Primary Mental Abilities

Clark, 1944:

i Age 11 Age 13 Age 15
irlirh{rjrre}; gﬁr;‘!zal (15 = 126) (N =117) (N = 103)
X T X 3 x a
Numbers 85.57 33.20 103.04 30.44 127.85 36.29
Verbal Meaning 51.66 22.57 69.94 24.20 87.83 23.55
Space 41.80 31.36 59.35 31.48 83.35 37.02
‘Word Fluency 41.68 14.65 58.73 16.29 69.24 20.04
Reasoning 31.48 14.66 45.65 17.38 54.99 17.71

Reprinted with permission of the author from M.P, Clark,“Changes in Primary Mental Abilities with Age,”
Archives of Psychology, 1944, 291,

Hobson, 1947:

9th Graders (Approx. 15 yrs.)

Primary Mental ~— Males

Females
Abilities Scale (N = 222) (N = 250)
X 4 X - Diff.X Dif.c CR.

Numbers 12671 3438 12932 31.57 —2.6 3.06 —0.85
Verbal Meaning 89.43 20.09 9138 17.32 —1.95 1.77 —1.10
Space 83.383 30.62 68.97 3034 14.41 2.79 5.16
Word Fluency 68.41 16.62 7517 17.56 —6.76 1.56 —4.33
Reasoning 53.94 14.58 61.72 15.00 —7.78 1.36 —5.72

Reprinted with permission
Primary Mental Abilities,”

Herzberg and Lepkin, 1954;

Primary Mental Age 16
Abilities Scale

of the author and publisher from LR. Hobson, “Sex Differences in
* Journal of Educational Research, 1947, 41, 126-132.

Age 18

X Males X Females X Males X Females

WN=76 N=113) ¢ N=10N(N=540) 1t
Numbers 2391 24.34 — 23.95 22.83 0.72
Verbal Meaning 34.42 35.75 1.22 29.82 32.09 1.68
Space 28.09 23.85 2831 2562 20.41 2.631
Word Fluency 46.16 4488 2197 43.40 48.22 2.56%
Reasoning 18.01 19.71 1.96 15.71 16.00 —_

! Significant at 1

? Significant at 547,

Reproduced with, Permnvion

Ce level of confidence,
level of confidence,

from F Merzberg ana -
Tew. Educations! and Prychologicnt Measarement, I:;i.lﬁké:i

‘A Study of Sex Differences in the PMA
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‘:1(:::12: :::S}:dm'cs pcrs'lstemly fell al.most a standard deviation below the
oo e damcal aptitude, anc.l policy dictated no discrimination, a solu-
b :1 was found by addu}g a constant to bring men and women to
tons Ty vle)ragc before evaluating the individual case. (Similar sugges-
arouns.) ;: b gcn made for ot}}er bio-social groups, €.8. racio-cultural
o I;cc gm entally, not~ only is spatial ability at a higher level in boys,
ap;;ear or bmg to Werdelin (1.959.) two distinct space factor “primaries”
o in boys but only one in girls. This investigator found in Swedish
mples that girls were superior in both verbal and numerical performances,
and boys in reasoning as well as space. '
Gigsf :Surlse, as Table 7-1 shows, the balance is redressed in other areas.
i all ages te{\d to do better than boys in the verbal area and in
ency, as was noticed (not in terms of precise factors of course) long
ago in Havelock Ellis's classical study of Man and Woman (1894). Girls
start tz.llking earlier than boys and are popularly believed to keep the lead
all fhelr lives. (“Never argue with your wite: it is only one word of yours
against hundreds of hers.”) In the field of school attainment girls tend to
outclass boys in English, spelling, and the vocabulary and amount written

in essays. Boys tend to lead in science, and to some degree in mathematics,

though in the sheer numerical speed and accuracy of a,, the numerical

ability factor, girls usually lead.
In the next section we shall examine evidence in more detail, but, al-
nditions as whether

though voluminous, it is not always conclusive. Such co
hat skills are tied to prospects of

the schools are coeducational or not, or W

f‘ftu“" occupations, or what the masculine and feminine images mean in
different cultures, cannot be kept constant across all experiments. In Mos-
cow one may see womarn working as street Jaborers, raking tar gravel,
and driving rollers. They are also skippers of ships and constitute more than
half of all practicing doctors. Obviously, interest and experience do much,
€8 might account for the boys’ greater performance in mathematics and
girls' greater numerical skill. Separating whatever may be biological is, as
usual, a second step, and for 2 beginning We must be simply descriptive.
MORE SPECIFIC
ABILITY DIFFERENCES AND
THEIR SUBTLE PERSONALITY
ASSOCIATIONS
Some of the best wor

2. ON THE

% on ability differences
in the sexes was done in the thirties and forties when the primary abititics
were already beginning to be recognized reliably- Garrett, Bryan, and Perl
(1935) found girls better in memory tests and speed tests at “mine, twelve,
and fifteen, and boys beginning t0 Jead in malhemmical ability by fifteen
years. Schiller (1933-34) found gir sentence comple-
tion, and arithmetic computation; boys ries, p?fformanc:c
tests, and arithmetic reasoning, but not reli tial ability- (This

1s better in reading,
in number s€
ably so in spd



134 | The Natural History of Ability

last is an aberrant result.) Concentrating on the mathematical ability ques-
tion Blackwell (1940) brought out an extra factor of “care and exactness”
in girls. One cannot view this and other evidence of better computing, can-
cellation, etc., in girls with better problem-solving mathematics in boys
without suspecting that a personality factor—the greater dominance of boys
and docility of girls—is here projecting its effects into the ability field.
Recent work (e.g., Very, 1967) confirms that there are not only signi-
ficant differences of level, but also systematic differences of ability struc-
ture, in that most factors have some difference of loading pattern and some
have large differences of variance. Until researches concentrate on factor-
analytic technical thoroughness, especially in rotation, it is difficult to
distinguish, however, between differences that are experimental error and
genuine, significant differences.
Recent studies on primary abilities continue to verify, at a descriptive
level, what is given above and in Table 7-1. Hobson (1947) found girls
leading on W, R, and M (g, a,, and g,, in our triadic indexing below), and
boys decidedly on spatial ability, a,. Meyer and Bendig (1961), at grades
§ and 11 found girls higher on V, R, N, and W (ay, a,, a,, and g,, in our later
mc%e.x'mg) the R result being somewhat indefinite, but boys higher on spatial
flblll(y., a,, though not at good significance. Some of the differing emphases
In various researches appear due to the groups not being balanced on total
ability, which tends to load verbal more than some other primaries. Thus
Meyer and Bendig found girls leading in what would here be called total
crystallized intelligence by seventeen years of age, which agrees with their
fest measares . 1 ce elsewhere that crystallized intelligence
¢ contaminated with achievement.
An extensive research by Herzberg and Lepkin (1954) (see Table 7—1)

found that at sixteen to ei i
ighteen years girls led on word fl
comprehension, and reason s e e

m, : ing, and boys on spatial ability, while numerical
:;blrltllty showed no difference. In other countriSS of the sa}rlne culmralmdeevel-
n?al cclnll:i our own (see \\{. O. Horn, 1960; Vandenberg, 1962), approxi-
compichcn Ssi::’mc: gencral differences are seen: girls score higher on verbal
o induclivc:::;" f‘lucnc?.', £ and memory, 8m and boys on spatial, a,,
coptin speeg Oi;onmg, \Hﬂ’.l general reasoning, numerical ability, and per-
by fwgm & to one side or the other with age and culture.
hood andgado‘cscactual}y mcam.rf'd achiecvement one can sce these child-
achiesement. Bmc:\‘:c[::@ary abxh}y profile differences persisting in cultural
of 3dult performun arlcs something more, for the disproportions in arcas

g oy e far. greater than the differences of means would
1t that leading women scientists, engincers, and musical

composers are un N
common, but leading women novelists and poctesses are

widely recognized? Sj
2 7 Since culural icti i .
“omen's capacitics e played 1 restrictions and traditional clichés about

a role in infl i i
tforman istori uencing final opportunity and
I:‘ face \-;\1?5'_‘2':‘;“0;1”1 cultural count of Pcrformincc c:m[r:x;t be ml}:cn at
n the areas where one would expect life differences from
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the nature of the actual ability fest results they certainly appear consistently.
In this matter of indirect, personality influences on the final ability per-
formance our discussion impinges on the question of creativity and is best
postponed to the more thorough treatment of creativity in Chapter 13. But
the personality qualities of greater conformity and docility in girls, which
partly account for their noticeably better general school examination per-
formance (and especially scores in montonous repetitive tasks) despite
essentially equal intelligence, probably account also for their lower cultural
creativity in later life, where the boys’ independence favors originality.

A proper understanding of sex differences in ability needs to be interpre-
tive as well as descriptive. And the interpretation must systematically con-
sider (1) maturational differences, genetically determined in neurology and
hormone balances, and (2) culturally produced differences through training
for specified roles and ego ideals, and (3) systematic differences in oppor-
tunity. Since description should come first, let us summarize all the above
at the data level by indicating that boys tend to excel in spatial and mechan-
jcal ability, in performance tests, in problem-solving creativity, and in
achievement in science and mathematical fields. Girls excel in the verbal
primary, in fluency, in numerical ability (distinguished f.rom math as speed
and accuracy in the basic operations), in memory and in speed, care, and
exactness in most repetitive areas. They also excel in achievement in read-
ing, and in a fairly wide array of school performances .suf:h as hlStO.l'y and
literature. As to reasoning ability, the results are con.ﬂlctmg and mlpzh! be
interpreted as a slight superiority of girls in the deductive and of boys in the
inductive field. The majority of these differences hold across most ages and
several national cultures. The mean diﬂ'crf:nces are, however, rather small
compared to individual differences. As pointed out in the last chapter, the

area of primary abilities has so far by no n.wa.ns .bcen m.appcd. comph;n:lyi
One suspects that women might shc?w sup.erxonty in certain socnq—cmougn.a
skill arcas and in esthetic sensitivities which have not yet been mclud«l:7 d in
pencil-and-paper ability exploratiogls. But the full story of the a ility
iariti and women is in any casc more subtle than a snm;.:lc
pec uliarities of men P uires attention also to intcractions with
primary profile difference: it req ovel vl period
lity and to changes over the age deve opmental period. .
personality turational interpretation of the latter, there can be little
Regardmg.!he ma by a different inner clock of maturation causing
doubt that girls are s head in mental—as in Physicnl—dcvclonmcm in
them, for example, 10 be & c] . slower in later adolescence. And the cul-
early adolescence but relatively

i aught (in Amcriea)
cyerat] i s. For example, being taugl :
tural situation also intrude ars, and by men and women later, with

i irst (WO ¥C 4 N
largely .bY \\.Io'mcn n t?znrof sex standards which this involves, docs some-
all the implicit proJect! have attempied to show)

. and Quast (1965) b >
:hlr:g, (as ‘Gfi“::‘os("l}zzgzg(r;n::x of boys, and to girls in their experience of
o the carly s E

o a less congenial nlrfm(phcrt. (Bruner (1957)
moving from a more L PR

i wly ape a contimnng
.  of boys recei ; .
stresses the umlP‘“mnCS is is A ;)mncr -7 | Western culture, a¢
it ¢ .

maternal warmth; but \
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indicated above, there arises a twist, as it were, in the crystallized .general
ability, g,, so that girls do better in verbal and probably social skills and
men in mechanical. Incidentally, this has been shown on a large scale
(nearly 4000 fourth and eighth graders) by Parsley (1964) who reports
girls significantly better than boys of the same age on reading vocabulary

X boys better on arithmetical reasoning.
ences in school intellectual performance and conclude that these are real
enough in the particular areas we have discussed,

Butcher (1969) makes a beginning in analyzing the relative importan?e
of environment and culturaj role by pointing out that reading disability in
boys is more common than in girls in America, where women teachers
predominate at the earlier ages, but not in Japan, where half the primary
teachers are male. The matter might also be examined by (1) comparing
one-sex and coeducational schools, (2) relating ability differences to the
“approved” role differences across cultures (though this could be two-
Way causation), and (3) relating the differences to differences in the de-
grees of inheritance found for the abilities. In co-educational schools it is
hard to see any experiential difference sufficient to account for the superi-
ority of girls in reading and vocabulary. As to the third approach above—

difficutr.

One must also bear in ming the
difference may not be in the abilities
s which in ¢y

E factor of d
» and has also 5 simila

possibility that t
themselves, it ma
 affect the devel,
ominance (Cattely,
T sex difference jn

hough the genetic
y lie in personality
opment of abilities.
1957a) is substan-
most mammals, we
" ceness of females, which
Y in learning,
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Boyne a
yezr R onﬁiec;:f,fa(gsg)’ comparing boys' and girls’ scores over twenty
at 11+ increased y House Intelligence Tests, found that the scores of girls
prove, an envir more than boys. This againl suggests, though it does not
if we assume t }?nmemal effect connected with pupil role and motivation—
by girls than b at fhcse are taken with greater seriousness and acceptance
Yieves that a oys.m the early adolescent period. Honzik (1963) even be-
and the formse? dxffer?n?e can l?e shown in the age at which both the level
gence test) b of the child’s 1.nte111gence (in the traditional crystallized intelli-
n adults th egin to show h1gher correlation with those of the parents. Since
with cryst ﬁ_years o.f.schoolmg correlate with ability about 0.2 to 0.25, and
com lgd allized a.blllty about 0.3 to 0.40, we are accustomec:l to a certain
of Sc}; 1}’ determined correlation between intelligence of child anq ye:ars
but n°° mg.of parent. Honzik found that this appears at three years in girls
. ot until five in boys. Several explanations are possible, but one is,
again, that girls respond more quickly, in crystallized intelligence perform-
ances, to the cultural emphasis.

A priori, unless the natural selection of the hunting field and the domestic
cave, respectively, over half 2 million years have been far more powerful
than we imagine, one would expect the undoubtedly great biologically
rooted differences between men and women to be likely to express them-

han in abilities.

selves more in temperament apd motivation endowments 1
For the latter are the servants of all motivations. When the French cry,

“Vive la différence,” we must assume they are not thinking of intellectual
jori, be expected t0 be a powerful

abilities. Admittedly, culture €Ot

originator of differences in skills. But the question——of how malleable

feminine abilities may be—which has received serious scientific attention

since Havelock Ellis's Man and Womarn, and has excited thoughtful com-

ment by eminent writers such as Bertrand Russell, remains of great social
at in a progressive world,

importance. If equality of the sexes is 10 be ain':ed
the question of the Origins of the present differcnces descrves whatever
small light we can throw on it oW .
In the middle-age 1ange __admittedly not yct on sufficient
although the declinc on £ is

here is datd
samples—showing that, cline no different for men
and women, the latter tend to fall behind in the fortics on measures of

Crysta\lized intclligence. Women who arc not cxposcd to busincss and

professional stimulationt might well be expected 10 advance less in g But.
»g reference to the Protean character of g makes clear,

as the last chapter _ .
these results depend 0B the investment ared in which we choosc to measure
crystallized ability- Certainly there must be arcas of abstract skifls in house-
work and managing children which can g:m\v as a function of the amount
of g investeds and to which the housewife’s £ can be referred more cor-
rectly for measurement, rather than 10 the defunct, standard, scholastic g
arca. On this pasis the npparcnt/lo“jaicoms of middle-aged women in
traditional cryslnllizcd o ‘ \ould mean nothing evcept that
the psychologist has made a4 © o Jest.or the woman a poor choice
of arca of intelligent self ~
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Servations comparable to those in Tabl

in speeded Pperceptual and motor tasks. Wh
theorist is that perc

er-
Penetrating decisions typically instanced in U.L 19, the Independence p
sonality factor, which is signifi i

(Cattell, 1957a)), on the one hand
tory actions, on the other hand. 1
through U . 22, and U.I. 19 ther, en
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and androgep concentrations.

Such relationsg of abilit:
Conditions upg,

Psychometrists
framework i Ch:
in the traditional

Y performances o personality and to physif’lf’g“::;1
oubtedly occur, but haye received little attention as yet froi
in the ab

ility field, They are discussed in a more systematic
apters 12 and 8,

Tespectively. One must keep in mind that
ability—testing situat

tuation one deliberately sets out—and to
Bree succeeds—tq

Bet separation of ability from personal-
1ty factors, But in life Performanceg th

3. lNTELLlGENCE CHANGES IN
THE GROWTH PERIOD AND
THE PROBLEM OF
INTELLIGENCE UNITS AND
DlsTRIBUTlON

After ap

Xt question is apt to concern the applicant’s
- Sex AT neverthelegg admittedly less important in giving an
idea of ntelligence than they are i servin,
ties ang other

Period consequently wiy
happcns, the wh,

! ole issue of definin
where in the world is tieq up with

be the concern of
g the distribution of
this growh curve, fo

this section. As it
intelligence any-
r it has hitherto
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provided the basis for units of intelligence increment. So both distribution
and child growth rates become interwined issues at this point.

Two discoveries in relation to age marked the early work on intelligence
in this century. First, increase on intelligence test performance ceased re-
markably early—around fourteen to fifteen years. If middle-aged adults
have a better intellectual performance than junior high school children it
must be on some other type of performance for which the good old word
“wisdom” may suffice temporarily. (The still more shocking discovery that
the typical intelligence test performance may actually decline after about
twenty had yet to be accepted.)

Secondly, a useful law about age
the growth years. Stern’s proposal
in an intelligence quotient, derived
concept,

and intelligence was found to hold over
that individual differences be expressed
from Binet and Simon’s mental age

_ mental age % 100
actual age

proved eminently practical. Its practical use was significantly aided by the
ensuing discovery that this particular value tended to remain constant over
the individual's period of growth. Obviously, if development stops at four-
teen years, this index as it stands ceases to be constant thereafter. The law
holds only over the growth years. If so promising an index of individuat
intelligence differences is to be retained into adult life (i.e., if we arc to talk
of 1.Q.'s for adults) we must obtain a translation—a rate of exchange—
between 1.Q. and some feature of the distribution curve, and then assume
that this translation rate from percentile to 1.Q. continues to hold among

adults as it does among children. o .
For as yet there is no platinum bar for intelligence units, such as the

measure for a meter of length originally preserved in Paris. ’I.'hc suggcstic?n
below (page 429) that all perceptual relations can ’lheorcucally be built
into a hierarchy of complexity (a8 instanced in Line’s wor}_;, Figure .5..1)
may some day 1ead to such an objCcliv.c, nonbiological basis for designat-
ing equal units of increment in complexity of problems solvcd: But at pres-
ent the unit is bio-social, tied down with rcspcct'or_ﬂy toa parucu}arly racnfxl
and cultural sprcad of scores. A mental fxgc unit |s.lhc m:’cmgc increase in
test performance in a particular year in a certain racio-cultural group,
though later it may be averaged across many. -
Another “given” bio-social measure 1 the fprcad of scorcﬁ on an intelli-
gence test for all people at one age. From this wcl!-.knovm normal dm{m-
bution curve,” as shown in Figure 7—1, we can obtain sx:ndar‘d score units
defined in terms of s0 many raw score units in the test. Thus itis possible,

beginning with the actual raw scorc, 1o CXpress the scatter of a poplflalinn
all members of which stand at a given age in terms of mcnl:;_l age units (or
I . ishing™ ™ teen years as
1.Q.'s if we take the gromh-ﬁmshmg ag /v:’unccn to fif! 3

our denominator).
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FIGURE 71
Normal Distribution of Intelli

gence for Crystallized and
Fluid Intelligence

Crystallized Intelligence, g,
(Traditionsl Intelligence Test)

Fluid Inteltigence, gr
(Cuhure-Fair Test)

a marked and in¢
o lests measuring g, and culgre.

eresting difference is found between
fair intelligence tests
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1t is useful, since we are accustomed to think in terms of the magnitude
of the childhood LQ. and its implications, to continue this convenicnt,
though now abstract, LQ. in dealing with adult intelligence levels, But the
standard 1.Q.—and indeed any 1.Q.—is a value that needs to be watcheg
critically. The meaning is not always what it seems to be, and cven vhey
more carefully formulated, the present formulations have weaknesees thys
should have been examined and eradicated years ago. Much of the alleged
instability of individual LQ- values may really lie in these weaknesses of
formulation.
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A fourth source of error or instability in 1.Q.’s 'arises from co;s;icl::f
the distribution of mental ages in a given year (as it aﬂ'c‘cts the' aBO e
culation) to be that of the ideal normal cu.rv'e. 1}5 Sir CyrlI:l tlllmt he
cogently argued from Wwidely assembled data, it is highly probable o ot
1.Q. distribution curve—at least in Western Elfropean cultures—lnd o
symmetric but is skewed slightly in some popu]atlo.ns to thf: lower, a ond
others to the upper end, as in Figure 72 (continuous line, upper

lower). It the upper should prove to be more correct, a likely interprt?latll‘;i‘_l
would be that mating is more assortive—intelligent tending to marry {nte ”
gent and vice versa—at the upper than at the lower part of the intelligen:

1 addition we have to consider the probability that the curve
is leptokurtic (7-22) or platykurtic

(7-2b), departing from the true nor-
mal curve, by constituting what Karl Pearson called a “Type 4” distribution.
Such a curve could result from genetic mechanisms which allow a few relali
tively Jarge genic effects to operate along with a predominance of sma
Polygenic effects. Tt should be noted that the urban data in Fig. 7-2(a) is
from an industrial city where the immigration of semi-skilled labor may

and chimpanzees when
ical maturation, adjusted
care and the lifespan of
himpanzee, with a faster
better “mental age” than
and speed. There are suggestions
an and certainly we must assume
that there are individual genetic differences in the prescribed rate of matur-
ing. For example, they are well-documented ag between girls and boys in
such physica) measures as stature and the lateness of reaching the final
ot o, Incidentally i is real individuality
i “late developer” for an
that is really certain is

period of parenta]

year or two, the ¢
rate of progress to adulthood, actually shows a

©as as motor contro]
among the races of

the mosy useful inde
; calculated g,
formation than mos, Y s cony
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FIGURE 7-3 .
Growth and Plateay Onset in Fluid and Crystallized
General Intelligence
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ﬁfteen years, and if test results went back that far, perhaps some marked
differences would be found, as have been found in lesser degree between
.1915 and 1945, It is certainly noticeable, as the present writer showed
in 1933, that as one takes groups experiencing a longer education, the
supposed fourteen-to-fifteen cessation point extends to seventeen, eighteen,
and beyond when using crystallized ability measures. Similarly, in regard to
decline of g, the work of Burns (1966), Nisbet (1957), and Owens (1966)
suggests, and Vernon (1969) has pointed out, that there is less decline jn
those of initially higher ability.

It is the “spread” of L.Q., however, that has occasioned most comment
and speculation. The magnitude of the spread, ie., the standard deviation,
of adult mental ages, when it first became apparent, was a matter of aston-
ishment to thinking people. Few other human characteristics (e.g., stature,
blood pressure) show such a coeflicient of variation, As Burt, Terman, and
others were quick to realize, it meant that some members of the same adult
community could be considered two or three times as “old,” “mature,” or
“advanced” as others. Indeed, if we bring in a new scale—that of human
evolution over a million years—and take an acceptable exchange rate from
mental age to brain weight (inferred from fossils and corrected for body
size), we bave, living side by side in modern communities, people some
hundreds of thousands of years apart in evoluticnary level.

The problem for our immediate consideration, however, is why this
scatter (see Figure 7—1) should be so conspicuously greater with culture-
fair tests. (Indeed, it was this discovery of the wider scatter which con-
stituted one of the early pieces of evidence provoking the theory of distinct
fluid and crystallized intelligences.) One explanation of the lesser g scatter
is that classroom education is dominated by the organizational nccessity

(and sometimes also a questionable egalitarian philosophy) of concentrat-
ing most on the backward while making the bright mark time. This does
not alfow the crystallized abilitics to get so far apart as they would if the
differences of fluid ability received their natural return on investment.

There is little doubt that our understanding of the age changes and the
population ability distributions on intelligence will become much ?Icarc'r
as more data become available separately on fluid and crystallized intelli-
gence measures. But technical issues of the kind discussed above now ncc.d
to be worked out more explicitly. In regard to the effect ot" cultural condi-
tions, especially in the school, upon the g distribution refative to that of g,
experiment could casily be done. For cxnm;_)l,c, onc could contrast an
ordinary single-stream school with onc in which arrangements are IHJL.!C
for, say, at lcast four diffcrent abilixy-lcw.cl sm::m's within cach age, in
regard to cffects on culture-fair and u'adiuqnul IO s. (Some approach to

this was made by Borg (1965}, but still with am.b:guuus rc.;ulu. Children
would need to be in such distinct systems afl their school lives for results

to show clearly.) . . el
Let us start with the basic '/ that in any spyiem of soho
organization—indeed in life ¢ H pree accumulatcs as a funcion
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URE 7-3
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ﬁ.fteen years, and if test results went back that far, perhaps some marked
differences would be found, as have been found in lesser degree between
}915 and 1945. It is certainly noticeable, as the present writer showed
in 1933, that as one takes groups experiencing a longer education, the
supposed fourteen-to-fifteen cessation point extends to seventeen, cighteen,
and beyond when using crystallized ability measures. Similarly, in regard to
decline of g, the work of Burns (1966), Nisbet (1957), and Owens (1966)
suggests, and Vernon (1969) has pointed out, that there is less decline in
those of initially higher ability.

It is the “spread” of 1.Q., however, that has occasioned most comment
and speculation. The magnitude of the spread, i.e., the standard deviation,
of adult mental ages, when it first became apparent, was a matter of aston-
sshment to thinking people. Few other human characteristics (e.g., stature,
blood pressure) show such a coefficient of variation. As Burt, Terman, and
others were quick to realize, it meant that some members of the same adult
community could be considered two or three times as “old,” “mature,” or
“advanced” as others. Indeed, if we bring in a new scale-—that of human

nd take an acceptable exchange rate from

evolution over a million years—a
mental age to brain weight (inferred from fossils and corrected for body
size), we have, living side by side in modern communities, people some

hundreds of thousands of years apart in evolutionary level.

The problem for our immediate consideration, however, is why this
scatter (see Figure 7-1) should be so conspicuously greater with culturc-
fair tests. (Indeed, it was this discovery of the wider scatter which con-
stituted one of the early pieces of evidence provoking the theory of distinct
fluid and crystallized intelligences.) One explanation of the lesser g scatter
is that classtoom education is dominated by the organizational necessity
(and sometimes also 2 questionable egalitarian philosophy) of concentrat-
ing most on the backward while making the bright mark time. This docs
not allow the crystallized abilities to get so far apart as they would if the
differences of fluid ability reccived their natural return on investment.

There is little doubt that our understanding of the age changes and the
population ability distributions on intelligence will become much clearer
as more data become available separately on fluid and crystallized intelli-
gence measures. But technical issucs of the kind discusscd above now ncc.d
to be worked out morc explicitly. In regard to the cffect of cultural condi-
tions, especially in the school, upon the g distribution relative to that of £
experiment could casily be donc. For cxnm;.ﬂc, onc could contrast an
ordinary single-stream school with on¢ in which arran.gcr.ncms are mm_!c
for, say, at least four different abilixy-lcs:cl streams within cach age, 1
regard to cffects on culture-fair and traditional lO s. (Some appm:{:h 1]
this was made by Borg (1965), but still with ambiguous rc'sulu. Children
would nced to be in such distinct systems a1l their school lives for results

to show clearly.)
Let us start witl
organimliun-—-indcc

hat in any system of schovt

h the basic assumption U
a funitiod

d in life itself—expericrce accumulates as
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FIGURE 74

Primary Abilities Age Changes Over the School Period
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of chronological age. It is surely likely that persons in any one age group
will be more uniform in amount of experience than they are in levels of
endowment on g; but in what follows we assume that coefficients of varia-
tion for g; and e are equal. Let us work out what would happen to the g
and g, 1.Q. sigmas in consequernce. Essentially, as we have seen, the stan-
dard deviation of 1.Q. is a function of the ratio of between-age-group and
within-age-group variances. If (see Cattell, 1963a) 0%y, defines the vari-
ance of fluid ability score within any one age group, i.e., across persons
(hence the p subscript to sigma) and % is the variance of fluid ability
across the various age group means (across age = &, say for the means on
ten successive year-groups), then the sigma of ore.m will be a linear func-
tion, say k, of this, i.c.,
Ty (7.1}
Txay

01.Q.¢y =
Q.
e, which is the

allized intelligence, and 02y the
e standard devia-

jance among individuals in experienc

fluid to cryst
early experience means, thi

will be:

If we call 02y the varl
new ingredient converting
corresponding variance across y
tion of the crystallized intelligence 1.Q.

2 -
02y + Tam T+ 2ete@Tieew (7.2)

o3y + Tow + 2ete)T ()0 eta)

where Tyepy is the correlation of intelligence and experience for md}vxdua]s
(people) and Trea for means of age groups- ’l'he latter \vnllI l_)c un'lly (for
the group as a whole increases in experience as it increases 1n mtcllxgcnse),
the former perhaps slightly positive. Wilh. this reasonable :1ssumpu}:)r:i
010 o) IS going to be Jess than Tra.- Only if both Trew and Trecnd rf;c c
unity and oZpy/ 0 et WEIE greater than the corresponding ratio for o2m/
o2, would this fail to be true-
eI(:)Will be evident from the above that—so long as we talk of L.Q.'s, or, at
least, go beyond meaningless raw scorcs in some other ways—statements
about the distribution of intelligence cannot be scparated from conclus}ons
about age changes. The latter are SO different for g and & l!mt quc_slg?ns
on this theme are best asked scparately for fluid and crystallized ?bl itics.
A stable answer can be more definitely givc:fx for the formcr. §:]nc¢; ‘1"hc
genetic make-up of 2 population changes relatively slowly, and‘ ﬂ;u ac 13 :‘);
is more genetically based (see Chapter 10), vah:xcs fixed ford.xgu i;mnﬁu( d
1.Q. deviation in culturc-fair tests may remain firm lan L;m(;‘ s.l.cm L
regard to crystallizcd ability we may have to change our stan :;: x;: cl[ nand
our thinking cvent with such sociological changcs as.occur u:ll cll c‘scnfc «
of one generation. 1f, for cxample, school cfficiency increase in the c of
tallized abilitics {with

bringing more average £ain from ycar to year in ¢rys! d 3 -
out gﬂcgcting individgal Jifferences)s the standard 1.Q- deviation for crystal

lized ability would become Still Jess. On the .olhcr hand; il" school cﬂ'x:n:lx:s
increased in the dircetion of producing 3 higher correlation between

o1.0.0 = K



148 | The Natural History of Ability

8, T and by
ability and learning opportunity, e.g., by st:eamlfl.g olf .cltz::s“siese e
scholarships giving opportunity to ability, the tradmonn‘ mb'mg
standard deviation would increase, approaching that of fluid abi y.

4. DISTRIBUTION PROBLEMS
CONNECTED WITH DEFINING
INTELLIGENCE, ESPECIALLY

IN INFANCY

The attempts of psychologists to be Prﬁ_‘gf:
about the natural history of intelligence—its growth rates and 1}5 d]szlthe
tion—require attention to still other problems than those of units an

age at which a plateau is commonly reached. Although we have been care-
ful to define intelligence, as g,

and g, before asking about its age and. Pog‘
ulation distribution, and although we have recognized that g, will be
Protean and local to a culture, some difficulties still await us. First, evelz
with g as a factor, it will change its mode of expression with age,‘ as f?c"
tors always do, and, second, we have spoken of the population, ignoring
real biological differences in expression of intelligence and rate and dura-
tion of maturation that might be peculiar to certain strains.

St, we are familiar with factor-analytic evidence that
performances which are “saturated”

(t0 0.7 or 0.8) by the g, factor a? one
mental age may be much less saturated at another. For example, ordinary
small multiplication and division s

ums are loaded appreciably on intelli-
gence at ten or eleven years of age, but scarcely at alf among university
students; and form boards, like the Séguin or

Goddard, are good intelli-
gence measures with six-year-olds or

mentally defective adults, but scarcely
with normal adults, With the Iatter th
ization but largel

ey become measures partly of visual-
y of the speed factor, for the relation eduction demanded
is too simple.

Over most of the school-age range there is little doubt that our age plots
are dealing with the same entity—g_ or 8 according to which we are out
to measurtj-—provided we adjust the weights given to the subtests to what
1S appropriate at each age, as shown by the factor Structure. The technical
prol?lems of bringing aboy this adjustment 1o age, on a continuous scale
for mlcllligence level, have been dlarified elsewhere (Cattell, 1969, 1970a)
in tht.: 1sc3podic and equipotent techniques, The real obstaz,:le to cc,mﬁnuing
ndcnuly‘ IS encountered at thg level. It does not concern how
::cc::c:;sa;ly g }Ennd-le S‘e “changing weighps Problem, but arises from the

nee of suita i
o t]:xprcssion 0 imcmgm)l'ciathered and analyzeq data regarding the form
0 spite of the Steadfast pursuit of Tesearches b 1
1(3““ (51955)' Nancy Bayley (1949), Psyche CattgllLi ISth?(t)t) mh?[cgz:l:f
Hofstactter (1954), Rich:m!sc :ma(;1 lell;l;‘:v{lg‘;;rﬁS), ¢ (1960),
others, we are still, to some extent, groping ;

rC)

for a firm conception of what
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happens structurally during the first five years. Bayley's work has the solid
value of all programmatic research, and in this case the Berkeley growth
study has explored the same subjects over forty years. Yet, for structural
factor-analytic purposes, 2 sample of twenty-five is practically useless’.
(Bayley rightly kept boy and girl samples separate, the total now being
twenty-five on each.) Such variables were used as “eye movements in visual
following” (used by Gesell and Tlg) at two to three months; “responsive-
ness to people” at three to seven months; “perceptual interest” at two to
three months and again at fifteen to seventeen months; “manual dexterity”,
four to seven months; “vocalization”, five to fourteen months; and “object

relations”, ten to seventeen months.
. These variables obviously cover personality as well as cognitive function
dll'ncnsions, which is perhaps desirable, and in any case, unavoidable at
this age. (The researcher should, however, be alert to recognize personality
factors in the outcome, which he has not always done.) At the same time,
the choice of variables to cover cognitive function has generally Jacked, in
these preschool and infant level researches, several kinds of performance
that regard for Spearman’s g (or, more recently, g and g) would definitely
suggest. (The tendency has been to make up measures from performances
in children’s play, rather than set up experimental measures that theory,
e.g., in animal experiment, would suggest.) Furthermore, instead of attack-
ing the problem of structure in what is ultimately the only satisfactory way
—by a delicate and comprehensive factor-analytic rescarch across many
variables and carried through first and second orders—the child rescarchers
have tended to take a second-best approach. This consists in measuring
behavior in the infancy period of “unknown structure” and trying to find
what it means by correlating with intelligence test scores from the same
children when they reach intelligence (estable age. In the Bayley data this
has meant correlation with later performance (upto thirty-six years of age)
on verbal comprchension, which we can consider a good measure (as far
as any rather specific test goes) of g and a fair one for &- A striking fea-

ture of the results is the differences of males and females. “Responsc to
11-24 months in females,

persons” at 10-30 months, rated “happiness”
“shyness” 11-24 months in “nales, “positive_behavior® in males 10-36
months, had apparently zer0 correlation with later inlclligcncc scorcs. .ln-
telligence through youth and adult lifc correlated .ncgnuvcly with “high
activity” at 11-24 months but positively with “activity” at 21-32 months.
Incidentally, this is onc of the few picces of evidence 'bcanng on our theory
( below page 155) that individual differences in intclligence are tied up uu'h
biological differences in maturation, and that carly moios maturation 1§
associated with lower final intclligence level. )

The variables which showed some consistent positive corrclation (thou 5,!:
only over these same 25 cases) with later intelligence were "C.llm‘r‘\cu
(about 0.3 in males), positive behavior™, about 0.3 in males, and “shy-
ness”, about 0.2 females- “The last has bearing on the speculatine hypothess
(page 370) that a large £ endowment is 3 hazagd as f3r a» pensralnd
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anxiety in early years is concerned. Bayley’s data was also directly i':lctore'd
by Hofstaetter (1954) yielding three factors, which changed greatly in .thmr
contribution to the variance during the first three years. Both the scantiness
of the data sample and the method of factoring used prohibit any firm inte-
gration of the analyses just discussed with other evidence.

More extensive psychometric research at the infancy level, using the
somewhat defective factor analytic techniques of the thirties by Richards
and Nelson (1939) (cross sectioning at six, twelve, and eighteen months)
gave an alertness and a motor general factor at the lowest age, while at the
bighest the alertness factor showed itself as spreading into an alertness-
language pattern. Above this age the work of Meyers, Dingman, and others,
for example Schiller (1933-1934), hit upon what seemed to be primaries,
in the Thurstone sense. At 36 to 42 months Hurst (1935) found six fac-
tors, which, however, still seem, like those of Richards and Nelson, to be
at the second order. His “finding relations” and “motor coordination” could
well be their “alertness-language” and “motor.” In addition he has per-
suna‘lity factors of “willingness to cooperate,” and “persistence” which
remind one of A, af

ui ffectothymia, and C, ego strength, as well as a broad
ability factor of perceptual speed

i - and a smaller one of spatial reasoning.
In view of the inadequacies of factor analytic technique that have
plag\_xed these pre-school level analyses of ability structure, and led to in-
consistent results (from which we have tried to salvage a consensus above),
Kulhz,n{y and the present writer undertook to start afresh from the “ground
floor” in ]1969—19;0. Data was obtained from 0o fewer than 14 researches
on samples extending from cighteen months to fi
extensive and sound researches i corelation o B These
four, and five years on the Stanford-Bi
3 ~Binet (McNemar and others ; the very
téul)‘rioughzstudles by Stott and Ball (1965, 1968), with the help) of Merri-
Beﬁ st’c:t({ 933: 34, and 5 on the Merrill Palmer; and the studies by Cattell and
P ). Cattell (1967a), and Damarin and Cattel] (1968). Un-
vatiables i’;e::::ﬁi f}‘:" the ;WO last, even these lack inclusion of nonability
might be fanen gener:vlp:;p al?nes. for d;ﬁmtxve rotation of any factor that
_'1jh= outcome for the thy i
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Factors Among Primary Abilities
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Primary Ability Factors
Motor Speed

Memory for Instructions
Verbal Facility
Manipulative Spatial Skill
Perceiving Relationships
Extracting Explicit Spatia
Fast Cube Manipulation
Visual Form Completion
. Pyramid Building

10. Inductive, Constructive Reasoning
11. Cultural Level in Visual Matters
12 Visual Perceptual Memory

emNAU BB

Loadings are means. round
integrated by Cattell and Kul
+ This has claim to being the &
for Factor 2 being §+

pattcst,

lex, and mus
bjective tests for numbe
ere uniformly applied
variables had been
ing indice
y some fifteen primaric:
twelve were carrie

| Relations

od to one decimal
vy (1971)-

The Natural History of Ability | 151

child at birth is fully differ-
he changes in size therafter
minor.
fits this principle and does not
hanges. What emerge as primary
m two through five) are almost as
(1938) and Horn (1965) at the
factored one obtains at the second
neral”) factors as at the adult
and “crystallized” intelligence,
) factors found

abilities at three years of age (and fro:

across as many as
elsewhere (Cattell
rs of factors and
across the fourteen
used across subsets of
¢ same primary factors
s were located, but
d order analysis a8

ing findings
¢ be read

rdinat

s showed th

d to a secon

cond-Stratum

Second-Stratutnt Factors

2y

hor rearalysrd and

L
place. from 10 foeate
but actually. an atgament cohd 3t t i



150 | The Natural History of Ability

anxiety in early years is concerned. Bayley’s datz‘x was also dlrectl)ll f?Ct:’;:i(:
by Hofstaetter (1954) yielding three factors, which changed greatly in e
contribution to the variance during the first three years. B'ot'h the scantines
of the data sample and the method of factoring usc'ed prohibit any firm inte-
gration of the analyses just discussed with other evidence. —_—
More extensive psychometric research at the infancy level, using e
somewhat defective factor analytic techniques of the thirties by Richards
and Nelson (1939) (cross sectioning at six, twelve, and eighteen .mom.hs)
gave an alertness and a motor general factor at the lowest age, while at the
highest the alertness factor showed itself as spreading into an alertness-
language pattern. Above this age the work of Meyers,
for example Schiller (1933—
in the Thurstone sense. At
tors, which, however,

Dingman, and others,
1934), hit upon what seemed to be primaries,
36 to 42 months Hurst (1935) found six fac-
still seem, like those of Richards and Nelson, to be
at the second order. His “finding relations” and “motor coordination” could
well be their “alertness-language” and “motor.” In addition he has per-

sonality factors of “willingness to cooperate,” and “persistence” which
remind one of A, affectothymia,

and C, ego strength, as well as a broad
ability factor of perceptual speed and a smaller one of spatial reasoning.
In view of the inadequacies of factor analytic technique that have
plagued these pre-school level analyses of ability structure, and led to in-
consistent results (from which we have tried to salvage a consensus above),
Kulhavy and the present writer u

all (1965, 1968), with the help of Merti-
ﬁelld, at2,3,4, and 5 on the Merrill Palmer; ang the studies by Cattell and
Bristol (1933), Cattell (19673 » and Damarin and Cattell (1968). Un-
fnrt_unately, except for the two last, even these lack inclusion of nonability
va.nables to create hyperplane; definitive rotation of any factor that
might be found general to al] ability performances,

The outcome for the thr .

L he e through five Year range was surprisingly
sel‘tz::a:lxn essentials to what hag been found at higher ages. The outcome
gen im;xll;:cnnd a half and > Years was not incompatible with a single
gence and the provincials (visualizat.ion, motor facility, etc.)

ause our results clearly indicated certain

“differentiation” accom-
ty structure of a six year
old, and that a three-year-
nality this has not proved
P only from about 20 to 15,
environmental mold” types of

cture. In perso,
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all, the child at birth is fully differ~

traits and not at all in the innate. After
ough he changes in size therafter

entiated as to its physical organs, and thi
the maturations in form are comparatively minor.

The main finding in the ability area fits this principle and does not
support the speculations about dramatic changes- What emerge as primary
abilities at three years of age (and from two through five) are almost as
numerous as those found by Thurstone (1938) and Horn (1965) at the
adult level, and when these in turn are factored one obtains at the second
order level about half a dozen broad (“general”} factors as at the adult
level, two of which justify the Jabels “fluid” and “crystallized” intelligence,
while others are the general speed, and retrieval (fluency) factors found

before with adults.

The techniques necessary for co
fourteen researches were compleX,
and Kulhavy, In press, 1971). Objective tests for num|
significance of primary rotations were uniformly applied across
researches. Then since the same variables had been used across subsets of
these studies, the pattern matching indices showed the same primary factors
repeating across them. Actually some fifteen primaries Were locatcd,. but
only the most “hardy” twelve were carried to a second order analysis as

shown in Table 7-2.

< across as many as
d elsewherc (Cattell
bers of factors and
the fourteen

ordinating finding
and must be rea

TABLE 7-2
Pre-School Intellig
Factors Among Primary Abilities

ence Structure: gecond-Stratum

Second-Stratun Factors

.73 a, 8¢ Pa  Pr 4
Primary Ability Factors 1 2 33 §
1 ” 4 -2 k) .5
. Motor Speed ""”T:T”
2. Memory for Instructions ’3__.-4—/-————
3. Verbal Facility ’I——_—-——————-J‘
4. Manipulative Spatial Skill __,.__T————"
5. Perceiving Relationships . _,%_,_—5-——-—5——-—"
6. Extracting Explicit Spatial Relations |21 "T""’T’ 7
7. Fast Cube Manipulation ___"_,-_,___.'———’-—'——‘A(, 3
8. Visual Form Completion _‘,;—,L—_.——_—-zf_——-"""l N
9. Pyramid Building ,,-_'./—-——_—;‘—"r—‘_ S
: H 7 B
10, Inductive, Constructive Reasoning T |
11, Cultural Level in Visual Matiers s

N

. Visual Perceptual Memory hes rramalysod and
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integrated by Catteli and Kulhavy (197D- PPRIERS
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The natures of the primaries (illustrated in 1 through 12 in Table 7-2)
can be studied as to their loadings on actual tests (Cattell and Kulhavy,
In press 1971); but it will be noted that something akin to verbal, per-
ceptual, and spatial (though not numerical) abilities appear. The labels of
primaries in this research has deliberately been kept descriptive rat.her H’laﬂ
interpretively formal, so that, for example, “Memory for Instructions” or
“Alertness to Instructions and Maintenance of Sets” is used where some
investigators might speak of a “Memory Factor.” Certainly there are some
primaries here, e.g,, “Pyramid Building,” which descriptively are quite nar-
row. With two or three of the primaries not listed in Table 7-2 showing
narrowness to particular pairs of Merrill Palmer or Stanford-Binet tests one

would have to be cautious jn saying that as many as fifteen are definitely
on the same level as the usual primaries. But the number is not significantly
different from that at later ages.

At the second stratum level,

the results again show, as just mentioned,
a set of five or six general ca;

pacities (including, perhaps, a provincial

chool level; see page 106 above). Here we
see a fluid general intelligence source trait (No. 1) shown mostly in per-

ceiving relationships and in reasoning, but also in following instructions and
in extracting explicit spatial relations, Two others factors —2 and 6—have
high generality, and we shal] discuss in a moment their relative claims to
peing crystallized intelligence and general retrieval (fluency). Meanwhile, it
is evident that there are two “provincials”—p’s—as recognized before, one,
No. 4, which appears to be motor and manipulative skill, as observed also
by the investigators above, and one which is definitely visualization (No. 5).
What is interpreted here as the general speed factor, g, (No. 3), has
unusually large investment in motor speed and admits of other interpreta-

>

2s such, gg 1y o A ons (not verbal vocabulary understanding
ﬁ curious feature is that despite oblique simple structure (which in the
abnh%y field generally eliminates bi-polar factors) there are several ap-
prccnat‘)lf:.negalive correlations in Taple 7-2. Our conclusion is that at this
age abilities wij) show more effects of motivation and Personality relations
l(h:u(l) Lalcr. Thus the negative loading of &: on “Memory for Instructions”
insuixcziol::y/\be due to lmpulsive.ness in speed interfering with following
Capanty gain, both motor skill (p,,) and what we take to be retrieval
s Doc&;' h_apparemly Interfere with inductive Teasoning (loadings of
. this mcm_l that there are more “either/or” rigidities in ways of

at this age? The Present writer”,

s observations of four-year-
ded (Cattell and By



The Natural History of Ability | 153

;Zt:g:gt:;“flgu?gg?fﬂ ;Zays of reaching the chocolate. It was noticable,
would b;, Tabit 1 y:arl-o boys w'ho had shown strong manipulative skills
below average fh ] ever.the wires apart, anfi thus. actually QerfOrmed
of abilities i% - on the reasoning approach: Thus in periods of {apld growth
with exporie is conceivable that talents in one will for the time interfere
he intef"actl' nce neet?e.d foz: the grov-vth of énother. In the fullness of .u'me,
for all bt -tion of ability with experience will have a chance to fulfill itself
all abilities, and these negative correlations should disappear.
failI::"e‘f’ef s t?le main mystery at the two to five year level concerns the
o of earlier researches to come up with a clear answer either on the
Xistence of a Spearman g or on the form of the “embryonic” division into
fés:nd g (?rystalli.zed intelligence). The present resu1t§ across fourteen
di arches give a highly internally consistent answer .whlch we must now
discuss. The massive Joading of Factor 1 on perceiving relationships and
{nducm,e reasoning are central to fluid intelligence and leave little doubt
1n 50 naming it. Two other factors—No. 2 and No. 6—are general enough
to need consideration as a possible crystallized intelligence.
" NO.W we must be alert to the fact that at this early age the form of fl')'sml'
1zed intelligence might be substantially different from that to which we
have been accustomed over the ages from seven to seventy: Crystallized
mt?lligem;e is the set of judgmental skills from investing g in those c.ultur-’ll
activities which need high g;. From seven on they are the school curriculum
~verbal, mechanical, social and numerical skills, for example. At lhrc.c
Years of age the most complex activity encountered is language, s0 ¥¢
should certainly expect it to load that. In lesser degree, however, it would
enter into such activities as putting on one’s clothes, learning the I:clau?n;
2mong relatives, and—much more than Jater—into mccham.cal skills wit
%ood blocks, doors, taps, and so on. Except for its ncgnuvc‘loadufg 1ln
1{1ductive reasoning ’No, 6’ would have appreciab]e claim to bcm‘gj crz:;ad :
:zed intelligence, but No. 2 has the heaviest loading on ver bal unh c;s rela-
ing, and memory for instructions, while still having loadings on L1
tion perceptions which are normal in any .imcl!iscnfc “""“
Ay, No.2 i aeld s el e
Eencralpﬂ ulatively put up for .fur : f o tests other than manipulativé
ones gy oS3 on the assumptio BEL UL i flow of et (The
reason fe been introduced to gatch.thls unl " altematively 25 % inste3
ofg, Wil(;rbzymb?uzh:f ;rys;nll)lzed intelligenc s
explained shortly. : retical ind.<a®
uog’“ above analysis is thusy offercd as 3 rm,,g;l::o r‘f theore  tly perti-
tnt';,m be tested especially by (a) a wider ;]imilCd span in the -Su?{ux\h
inet r;ay of behaviorable variables lfl“"I ‘2;, of monabili 13 10
Permiy ;:odh 1Crrlll'-Palmcr, (b)- mcr(;:: lfrhc six sccond‘cn-'cr -
ble 7 rotation at the thlrdho mi;d order, and delives i s
Wueryrg y lave' bfcn carried Eo t cbl ie. the fluid g;..J‘ i
Eence cry similar to that in Table 0~ ;s both the pressat b4
Preceding the age of testing determie

ure ©

3
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and part of the present crystallized level. Bu}: without the “hyperplane
stuff” the rotation does not justify reproduction here, . . .
Actually, theory would expect that the form of crystallized m'!elllg't:il:;:
would be more vague and of smaller commion variance here and in ;m ush
age than in the school years and the following dfecade—say sevell thro o
twenty-seven years. For whereas the curriculum is re.asonably umfo.rm, e
at the same time applied unevenly as to time length in our populauolf, o
pre-school home environment is less uniform and all are e).(pose(‘i to lt‘
the same time. Mechanical toys, parental vocabulary, siblmg.snm\.ﬂanon.
and visual acquaintance with pictures of objects not seen dally Wll} vary
enough, however, to begin the creation of a second “invested intelligence
in culture” factor, and it would seem that the pre-school researches above

point uniformly to such an g pattern—at least in the middle and lower
middle class subjects taken.

In conclusion as far as these ten to twenty adequate researches go, the

well. In reference to the developmental stag“;S
. ,

it would seem that the main structures, gs, p’s

t, though the particular a’s are somewhat differ-

through two to five years,

i.e., about structure, there

remain here also some
out the curve of a

ge development. We need, in
© proposition debated above that different human

is faster and its

the term intelligence, because we are in doubt about
€Ven in man’'s infang years as well as in lower species [see Chapter 9].)
I:!oyvever, there is no Teason whatever why two species, or two local
Varieties, e.g., breeds of men, should not have both different final intelli-
gence levels and different rates of maturation, so that a comparison when
the two are, say, one year old, would te] less than the L.Q. usually does
about their differences at fu flowering, And, while the human population
species, it mixes what a biologist might call “local
ations of inherent longevity and different
tly, there could be slight differences between
with B at an early age,
Y surpasses him in later life,
lf.spccially could we get wr,
Activity factor, Prs
different

d wrong predictions if we confounded the motor
With fluid intelligence, g, measures, for it is evident that
uman races differ in

motor activity, and also that high early
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motor activity is incli .
human infam); I:r;nclmeq to correlate negatively with later intelligence. (No

Since boys and as active as a cageful of young monkeys!)
easily available testgi]crixS a;e biologically, genetically different, they offer an
may be. At a li s Jor seeing how real these maturational differences
differences in e ative le‘f’ ! ec.lucators have long been aware of such
together. One gr0\:vth spurts which affect the teaching of boys and girls
boys will be o curm.:ulum director asks, “Why do we not recognize that
comparative fo.\;v - ;1’1, clementary school, and avoid giving them a sense of
pattern of abil?tl‘ure. And another sees such substantial differences in
tem and the A,l-nles- (see Table 7-1) that he argues that the European sys-
There are soci leﬂf:an private school system of separate classes is desirable.
these diﬁerenca and other advantages of coeducation, but in the ability field
railway timetazls of the sexes at ‘least provide an ilfustration that the same

¥ inter forsi le cannot 'be applied to both.
the const amilial longevity and maturation
hood int ancy of the 1.Q. may never be exac
in dividu(i fidult life may require allowances
of the Ian regard to his genetic class. Much of t
Changel; -l—exprcsmble by saying that half the children mcusu_rcd may
sloppy my ess, and half by more, than five points on n.rc-lest—ls duc to
on cryst;;’?sure{nemt and to the effect of environmental influcnces, notably
inconta ized intelligence tests. But we 10w recognize that part of suclt
diﬁeremncy. may be due to the effects now being discussed, namely, ©
es in genetic maturation rate in different familics- Nature has pto-

lo; & .
longed the period of early helplessness and flexibility precisely for the most
hat evolutionary forces arc constantly in

:::s}{;fer}t species. It is probable ¢
start wt in balancing the survival gains for the indivic!ual from an caly
longer ith 1hos¢.: gains to the individual and socicty which acrue from lh;:
the fir maturational trail, leading t0 Browning's "l'hc Jast of life for ul“u:‘c\
dcccivztd was made.” In racially and culturally mlxc.d groups “’c'mnymu
proceed if we cannot recognize and allow for these dl.ﬂcmnccs by tests,

ceed to arrange appropriate adjustments of cducation.

differences amount 0 anything,
1 and its projection from child-
for what we know about the
he alleged inconstancy
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increase a little and those in less cultured homes to drop a lxttle.dIt :o::g
well be that traditional 1.Q. tests at nine do not nee:d to go b‘?yon e p1 o
ence common to most homes to encompass intelligence-testing cox.xflipan
ities, whereas, later, test designers, are forced to use more specifically
cultural material (in contrast to the culture-fair, B test). . ot
It has just been pointed out that, although it is an approxm}ate’ly c:f)rx'eof
and most universally appropriate statement to refer to the dlstrxbutxonh ;
1.Q. (or mental age in children) as “a normal curve,” .Burt (1948) ha
shown that in Britain the largest and best samples available show Somg
departure. A similar departure, showing a flattening of the curve, was foun
by the writer in putting together the first stratified adult sample from
occupations, made in Britain on the Cattell Test in 1932 (Cattell,. 1934).
Now a normal distribution, mathematically defined, is something that
results when a large number of small influences contribute in a ram.iom
fashion. This would be expected in a freely intermarrying population in a

richly varied environment, for either the genetic or the environmen}al
component of intelligence. For, as will be seen in the discussion on hered}tY
(Chapter 10), the consensus is that a large number of genes will be in-
volved, just as in stature,

and each gene could be Ppresent in one f’f two
allelic forms. There is then far greater chance of an individual having 50
percent favorable and 50

percent unfavorable than getting say, 90 percent
favorable and 10 percent unfavorable genes.

However, marriage is not random, but assortive, i.e., like tends to marry
like, husbands and wives being found

to be correlated in intelligence about
+0.3 to +0.6 in various social classes. This would tend, genetically, to
extend and flatten the curve, (technically, make it platykurtic). However,
as found in the Burt and the Cattell studies mentioned above, and shown
in Figure 7-2 the effect is as if assortiveness were operative only at the
lowest and uppermost ranges, especially the latter, Burt brings in a genetic
theory that there are g fey large genes as well as many small ones. This
may be, atures of Figure 7-2a 1o be explained. Essen-
Prevalence of the “modal man” (LQ. 100)
a tendency of the curve, as in surface tension

pull itself out and cling to the extremes; and
more marked at the u
int

»
can (or mode)”—a general law that groups
! preserve, and foster the aver
Resistance 1o 14

pre 5 2ge type more than any other.
and very Tow | s 1s effective only at the extremes—the mental defective
Cuhural;y ul\lv (31 s who behave apd reproduce with little awareness of the
sons, \n‘:!u » A0 ““'j ’"“‘“S, who Teject the average values for other rea-
incrc.nlsing':i::n:a}z scuc‘n,'m countries of good morale there has been an
PRI of e famiey b eni 2 BonEral oaders to accept the

S as genetic cducation increasingly incorpor-

tend to cater to,
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ates such i
s et :ﬁglz ::Is1 opart of the ethic of “noblesse oblige.” Al
extonsion of the o l'rve care:ful assortative mating seem t.o ha:/any e
:b:lity tests (Figuro 75 ;]; xltss ugpermost levels. Additionally, inprczsrtﬁl?z::
xtension —2bisa etter example o 'this thi
according S(t)e}l; utrot )twenty times the expect};d vzfllfxuecshafs:;{d’ 'Ihg oo,
educatio in this could be‘due to a higher correlation of intc'elli. 130—1‘?0'
W.IZOWEVer, ther:n%:- ethin in the population generally. gence Wil
ithin relisd _ Aumerous other in i i
skillog Oilgl:(:;;i ﬁr(:iu;.)s, mbr.eeding racial mmcﬁ'?EZ;eféc;.%Sné:;irm;m o
colleges (takin eb industries, migrations, coeducational universri::' b
changes in el gt about one-fourth in the United States), sudd % ﬂfld
relative birth rates, etc., that could cause mox’uemar;no:o}i;:-l

torically
mdre
prolonged bulges and attenuations in the distribution curve.
ibution and will be discussed

These .
more fiﬁgli:spec,an.y to the child L.Q. distr
there are furth er Soc’al_ effects in Chapter 14. In regard to the adult 1.Q
the only reall er1°°mpllcations due to age trends, discussed below, tho;xgi;
(Cattell, 193 43" ;Irgc adult samples available, from occupntionn]’ studies
(Tuddenham ’1 94;“’611, 1-940; Fryer, 1922) and World War 1I drafts
From time to’tim ) C_Ontmue to show an essentially normal distribution.
P"t most have alle,h various proposals are made for a substitute for the 1.Q+
g that these an the defects of the 1LQ.p f their own. Consider-
8ive some disto; omalies of flattened and s ons also tend to
dard score 1.Q. )r tion to the Y:')asis for 1.Q. calculations (including the stan-
as they do, I.nd.e , (;t is surprising that 1.Q.’s work out t0 be as stcady and apt
were allowed f ed, one may surmise that if the various distorting influcnces
the present = or .‘he real constancy wou {han is sugsested by
In dmwin— 5 points of error on retest-
the mean m»% the curve of annual typical intellige
score increme scare for all children, we conclude by cal
year's incremem one unit” of mental age: The fact 1
Taw score) tham (after ten years, at any cate) is significantly
never assume n the preceding may seem (0 imply an anomaly-
Intervals, g dm psychology that equal raw-score i
p];ueﬂu)' nd the practice of measuring
as equal mental-age increases alon

distribut;
utio] .
n curve is not yet proven to be defin
1h of the primary

Jus others 0!
kewed distributi

Id be better
in terms of
h year's 1aw
hat cach successive
less (in terms of
Actually, wé
ual real

nce increase,

jtely wrong:
abilitics over the

5 uaderlyiag

Served, 0
uhODl’;::)imdFlgurc 7—4, that the grow
them, od has the same general steadiness 35 in the g factor

ps;.chology g:n:ully

Applicati
or gg::fi:fl()n of the simplex theory: employable in
(1965) C(:ng equal interval scales (Cattell. ), and U
Problem xompu!" program now might licd advant2gecs
Intervals, Mscc if at least over the middle period mental-age s 4 0
in any one canwhile the use of LGS oF standard s¢¢ pcntsl 35%
Probab] lh'agc cross-section of the population semains 18

y the best unit for most purposess including growih studess
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Much of this work was stimulated by the early hypothesis of Spearr.nan,
that g changes its loading pattern with age and level, and the comparatively
early experimental work of Garrett (Garrett, Bryan, and Perl, 1935)
checking this, and whose perspective on the problem has stood up to the
test of time. Garrett showed that some abilities confounded with g, notably
memory power, flattened out earlier (twelve to thirteen years) and that the
general factor variance, i.e., its contribution to individual differences in the
cognitive domain, declined over the school range—at any rate from nine on.

By way of a technical solution to the changing loading pattern the
present writer has suggested two techniques (Cattell, 1969b): (1) to

factor equal contributory samples from all ages in one analysis. Thus one
gets the best “average”

weight applicable to the range. This was done by
Horn and Cattell (1967) in the age plots seen here on page 168. It has the
defect that it mixes the inter-age, developmental loading patterns with the
?vithin-age group covariation patterns. Tucker (1966) has suggested the
improvement of working in the full cross-age factor analysis with scores
which are only the deviations of each individual from his own age group
mean. More radical solutions for comparing factor scores either across
ages, as here, or across cultures, as discussed in Chapter 14, has been

proposed by the present writer (1969b, 1970a) under the titles of equi-
Ppotent and isopodic princi i

the subtest scores

i ; gh. The familiar curves in Figure 74,
d';":}w" hies'.th"cs’ Conrad, Lorge, and others are of this kind. Not only
T oo regard for Weights but they in fact use unknown mixtures of
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present writer (1968, 1969b). Several curves are conceptually separable,
as shown in Table 7--3, and with suitable data gathering they can also be
operationally separated.

] Let us deal with the conceptual separation first. First we can divide the
given curve into an abstracted “normative curve”—the typical age curve
in the typical biological and cultural conditions, sampled across several
epochs—and an epogenic curve—the special part due to the particular
!nstorical conditions in that epoch. Secondly, we can divide each of these
into a biological or, better, endogenous part, and a cultural or exogenous
part, as shown at the top of the lower half of Table 7-3. The other possible

TABLE 7-3
Data Matrices for Separating Endogenous, Ecogenic, and
Epogenic Components of the Life Span Curve

(A) PossiBLE COMBINATIONS OF OBSERVATIONS

Same Age at Testing Different Age at Testing
Same Different Same Different
Birthday Birthday Birthday Birthday
Same Year . : ibl sC
of Testing No Series Impossible Impossible
Different Year i SLandCL  EE
of Testing Impossible FCE
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Much of this work was stimulated by the early hypothesis of Spearman,
that g changes its loading pattern with age and level, and the comparatively
early experimental work of Garrett (Garrett, Bryan, and Perl, 1935)
checking this, and whose perspective on the problem has stood up to the
test of time. Garrett showed that some abilities confounded with g, notably
memory power, flattened out earlier (twelve to thirteen years) and that the
general factor variance, i.e., its contribution to individual differences in the
cognitive domain, declined over the school range-—at any rate from nine on.

By way of a technical solution to the changing loading pattern the

present writer has suggested two techniques (Cattell, 1969b): (1) to
factor equal contributory samples from all ages in one analysis. Thus one
gets the best “average” weight applicable to the range. This was done by
Horn and Cattell (1967) in the age plots seen here on page 168. It has the
defect that it mixes the inter-age, developmental loading patterns with the
within-age group covariation patterns. Tucker (1966) has suggested the
improvement of working in the full cross-age factor analysis with scores
which are only the deviations of each individual from his own age group
mean. More radical solutions for comparing factor scores either across
ages, as here, or across cultures, as discussed in Chapter 14, has been
proposed by the present writer (1969b, 1970a) under the titles of equi-
potent and isopodic principles. These involve getting comparable scales on
the subtest scores themselves and weighting them in each group according
to the loading pattern discovered to be the mode of expression of the given
factor in that group. The statistical principles are too complex to discuss
here, but they do offer a solution to the problem, sometimes considered
hopeless, of providing a scientifically meaningful comparison of scores
despite the changing pattern of factor expression with age and culture.

None of the existing published results has used the last, more refined
method. The Horn results here used the cross-age factoring. The rest have
used fixed weights—often those derived from only one end of the range
and hazardously projected all through. The familiar curves in Figure 74,
from Miles, Jones, Conrad, Lorge, and others are of this kind. Not only
do they omit regard for weights but they in fact use unknown mixtures of
g and g. as most traditional intelligence tests were.

Closer scrutiny of such calculations shows, moreover, that they suffer
from an additional and very different source of distortion. The curves as
presented are actually a mixture of what we may call “the typical normal
life course” with the “accidental” (but important) culture events of a par-
ticular life span era. Fot example, the typical life course in all cultures
might be for 2 man to become more well-read as he gets older. But in some
cultures the supply of good reading material might increase more than in
another (in a particular generation), so the curve would rise more stccply
for people repeatedly measured in that culture. In the last few ycars con-
siderable progress has been made toward a more sophisticated conceptual
handling of the analysis of age trends, through the independent but con-
verging attacks by Schaic and Strother (1968), Baltes (1968), and the
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present writer (1968, 1969b). Several curves are conceptually separable,
as shown in Table 7--3, and with suitable data gathering they can also be
operationally separated.

Let us deal with the conceptual separation first. First we can divide the
given curve into an abstracted *“normative curve”—the typical age curve
in the typical biological and cultural conditions, sampled across several
epochs—and an epogenic curve—the special part due to the particular
historical conditions in that epoch. Secondly, we can divide each of these
into a biological or, better, endogenous part, and a cultural or exogenous
part, as shown at the top of the lower half of Table 7-3. The other possible
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CL = Cursite (or Cohort) Longitudinal series: same birth year, same subjects different
ages, different testing dates. Two sub-series, CL(1y and CLq2) are put in here because
one may test all of the cohort at every point, as proposed, designated CL(2); or test
all at age 10, divide into five groups, and retest each at a different decade, to avoid
retesting effects (practice), as in Cl(a).

SC = Simple (Fixed-date) Cross-Sectional series: different birth years, different ages,
same testing date.

¥CE = Fixed Age Changing Epoch Cross-Sectional series: different birth years, same
age, different testing data.

FE = Fived Epoch series: different birth years, different age at testing, different testing
date, but with life > span centered on the same calendar year (epoch).

CCL = Combined Cursite L dinal series: same as CL above, except that for a
planned collation of results for several different age groups in the same epoch.

Total Life Curve Variance

Division Abstract Normative Curve Epogenic Curve
1
End Exc End E
Component 1 Component 1 } Component 2 Component 2
Division Endogenous Component Exogenous Component
2
General Generation Ecogenic l Epogenic
End d U Component Component
Division Endog; Comp Ecogenic Component | Epogenic Component
3
Trans- Trans-
Maturation | Involution I Learning | formation | Learning | formation

Main possible conceptual divisions in analyzing the total life course curve

divisions are self explanatory and need not be pursued here. The mislead-
ing effects of such curves as have been shown in Figure 7-1 is due to the
failure of those interpreting them to separate the epogenic from the norma-
tive component. (The latter, as the lowest line on Table 7-3 shows can
in tum be divided into an endogenous and an ecogenic component.)

The operational separation of these conceptual curves is carried out
through gathering and analyzing data as shown in the upper part of Table
7-3. The nature of the six possibilities—simple longitudinal, SL; cursive
longitudinal, CL; simple fixed date cross-section, SC, etc.—is set out
below. The data so far available for intelligence comparison is that of
Schaie and Strother (1968) and Horn and Cattell (1966b) and provides
a comparison of two of the above data gathering curves—the SC (simple
cross sectional) and the CCL (common, or cohort, cursive longitudinal)
in which the same pcople (hence common) are followed up (hence
cursive) for a short period and retested, starting at each of several ages
(hence longitudinal).

No investigation has yet obtained the complete matrices in Table 7-3,
and it is convenient to describe those which exist according to the facets
of these matrices that they cover. As far as existing intelligence data over
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age is concerned, the kind of thing we have to watch is the cumulative
effect of culture, in that for example, the crystallized intelligence score in
1970 of a 45-year-old in relation to that of a 25-year-old must primarily
take into account that the “scholastic g.” levels come from investments of
gr respectively in the schools of, say 1931-1943 and 1951-1963. Sec-
ondarily, one must recognize some lesser cumulative daily experience con-
tribution to verbal, numerical, etc., components from the intervening years
1943-1970 compared to 1963-1970. Except for the valuable results of
Schaie we have yet fittle to go on that is not restricted to the CS method.
For the well planned purely longitudinal study of Jones (1959) and Bayley
(1949} has suffered attrition to such small samples that the statistical limits
of inference are gross. They used what we have called above the subdivision
CL or the “running” method in which one heroically holds on to the same
group throughout its life course. This reduces sampling error, but the
regular SL can, as far as these kinds of results are concerned, beat it by
taking far larger samples,

There are other problems mainly demographic in nature, to be solved
once one Jeaves the safe corridor of research in children within the age
range of the school system. No research on adults has yet obtained truly
stratified samples, i.e., compounding classes, geographical areas, etc., nor
has allowance been made for increasing selection effects from death, migra-
tion, ete. Thus, as Sealy has pointed out in Britain, although a, factor goes
on increasing in moderately well educated groups—as shown for typical
groups in Figure 7-6 below—it actually drops in his data, after school
leaving, among those in less skilled occupations. Most conclusions at pres-
ent have to be tentative.

6. AGE CHANGES IN PRIMARY

ABILITIES AND LOCAL

ORGANIZATIONS BY SL, CL,

AND CCL METHODS

In the triadic theory we have distinguished
three classes of abilities (1) the primary abilities or agencies—the a’s; (2)
the provincial neural-experimental organizations, visual, auditory, ete.—
the p's, and (3) the general capacities—the g's. It is convenient to examine
the age trend evidence on these in two sections——the a’s and p's here; the
g’s (except for the above rough introduction by the traditional intelligence
test curves) in later analyses below. For there are some wider issues need-
ing discussion with respect to the general capacities. .

Significant age trends have been found on practically all the primary

abilities, both on the rising tide of the youthful age span and i‘n diverse
upward and downwards courses in middle life.? Instead of taking space

2 Althovgh the problem of changing loading pattern does not arise so much m. cause
uncertainties in identifying younger and older measures of the same agency, as it df)cs
for crystallized intclligence (see below), yet, as Mukherjec (1902) shows, Joading
changes do occur. Verbal ability rises in g loading, for example, from Grade 8 to 10.
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FIGURE 7-6

Primary Ability Age Changes in the Middle Life (Contrasting
MLC [Maintained Life Coursel Measurement Results

with CAS)
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or cousive longitudinal data series put together from measures
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(3) Estimated Age Gradients: Space,

T
e Longitudinal
- e e g
85 S
\\\ -
RS
g
3 50~
:’_f’ Cross-Sectional
45¢
! { 1 ! ! 1 1 1 ! 1
25 30 35 40 45 50 55 60 65 70
Age
(4) Estimated Age > R
60
S
- ——
- Longitudinal -~ \-\\
~
55— AN
~
~
8 Cross-Sectonal
S 50f-
N1
A
45—
1 1 | | 1 L | { !
25 30 35 40 45 80 55 60 65 70
Age
X. Warner Schaie, “A { study of age ch behavior ™ Psychological
Bulletin, 1968, 68.
Copyright 1968 by the American ical A and by

with verbal description, we have summarized the findings succinctly in
Figures 7-5 and 7-6. These results, when confirmed and extended, will
have considerable value for theories about the nature of the primaries.
Incidentally, it is astonishing how little theory or cven speculation has
arisen among psychometrists (who have daily used the Thurstone PMA
since the structural discoveries twenty years ago) about the nature and
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origin of these primaries. The agency theory, including the concept of aids,
seems to be the first serious attempt to explain them. It is developed more
fully in Chapter 11 and certainly fits the age trends data examined here.

Another support which both Figures 7-4 and 7-6 offer to the factor

analyst is the demonstration that the factors behave developmentally (not
just structurally) as quite distinct entities. For example, spatial ability
climbs slowly while numerical ability climbs higher, in Figure 7—4. (See
also Figures 7-7 and 7-8 for still clearer demonstrations in which sub-
tests all behave the same way in any one ability.) Such a demonstration
may seem necessary only for the diminishing old guard in experimental
psychology which regarded factors suspicously as “mere mathematical
abstractions.” However, even when the status of factors as influences is the
accepted scientific model, it is easily possible for faulty extraction and
rotations to have missed the model and to have presented apparently sound
structoral evidence for a unitary trait which actually consists of some mix-
ture of source traits. Developmental evidence is therefore welcome.

What is of special interest here is the contrast in several cases between
the results that would be obtained by the longitudinal and the cross-sec-
tional approaches as presented by Schaie. In general, where some age
decline occurs in the cross-sectional, notably in Reasoning, a,, and Verbal
Ability, a,, it is either absent or much less marked in the longitudinal. This
suggests either that in these matters the high school boys of the 1920s
were less well educated than those of the 1950s or that the more able have
died off faster—which latter, on general demographic evidence, is im-
probable. Since this maintenance of high level is a broad effect common to
the crystallized abilities, it is discussed from various angles in the next
section.

Meanwhile, we may glance at the second type of ability component—
that hypothesized to be dne to the combined biological and training
development centered on the neural organizations local to each special
sense or to motor action. Data exists oaly on the visualization factor, p,,
as shown in Figure 7-7.

In this case we have only cross-sectional data, but it is from the extensive
work of Horn (1967), and the way in which the various subtests “hang
together” in their life course indicates a consistent unity. This curve for
visualization is notably similar to that of g, and perhaps we are dealing
with something characteristic of the more biologically based performances.

One must not Jeave the data of this section without the cautionary
comments which Schaie himself makes. First, as in all distribution and
trend assessments, in any attempt at a stratified sample we are likely to go
astray with such small numbers; second, there may be some slight test
sophistication at the second testing. Finally, we must remember that even
the longitudinal curve above is not the history-free, “average” abstract
normative age trend abstracted from the epoch, but contains still a little
peculiar to the era (to what happened during the seven years until retest
in this case).
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FIGURE 7-7
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7. AGE CHANGES IN

INTELLIGENCE AND THE

GENERAL CAPACITIES

For many years the age change in intelli-
gence, as general mental capacity, and as measured in such traditional tests
as the Stanford, Wechsler, WAIS, Thorndike-Lorge, or the tests used by
Miles, Jones, and Conrad and others, was believed to be as in Figure 7—4
above. It is only recently that Horn and the present writer were able to
show that the curves are in fact very different for fluid and crystallized
general intelligence and that the usually accepted curves so far discussed
above are almost certainly mixtures of the two.

In Figure 7-8 the plots are shown for the separate tests which arc highly
loaded in these factors, and again, as in Figure 7--7, the unity of the source
traits g, and g, is attested further by the consistency of the subtest trends.
Figure 7-8(c) brings essentially congruent results from Schaic’s longitu-
dinal method, though the cross-sectional series dips in a way suggesting
that Schaic’s sample is showing some age decline not present in Horn’s.
The standard cross-sectional crystallized plus fluid ability plot from tradi-
tional intelligence tests, as shown in Figurc 7-4, however, agrees with
Schaic’s result for cross-scctional results and is most typical of this type of

scrics analysis.
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By extrapolation to still purer measures of g, as well as by other result
(such as those of Balinsky (1941), Bayley and Oden (1955), Christia
and Paterson, Horn and Cattell (1967), and others), the conclusion car
tentatively be drawn that it is in the nature of crystallized intelligenc
(examined by longitudinal methods) not to drop with age—at least unti
old age—and that it may even rise somewhat. By contrast, fluid intelligenc
results so far demonstrate a tendency to fall steadily from a comparativel;
early adult age.

Both of these conclusions, however, are hedged about with condition:
needing further discussion. Where there is apparent evidence that g
definitely rises, one notices that it usually occurs where verbal ability ol
some other constantly and centrally used skill is concerned. It could wel
be that other things in which g, was originally invested do decline, becaus
as life goes on, one has insufficient time and interest to keep them polished
Any steady state in skills is a dynamic not a static equilibrium, and wha
happens to g, as a whole therefore depends on dynamic matters of interes
and time, which, in later life may demand some neglect of all but what is
centrally needed.

On the other hand, some error of estimate in the curve in the opposite
direction may be expected in the conclusions on g, because of inadequate

FIGURE 7-8

Age Changes in Fiuid and Crystallized General Abilities
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allowance for historical trend. The historical trend or epogenic curve in-
cludes both biological and cultural effects, and, although no important
change has taken place in that time in the former, we know definitely (see
Chapter 10) that environmental contributions to scholastic crystallized
intelligence have improved in that time. Consequently, any results by the
simple or “standing” longitudinal method would show a significant decline
in g, with age (due to older age groups coming from poorer cultural eras)
even if no change in the abstract normative curve really existed. The only
other major influence needing allowance is the death rate, in regard to
which there is some slight evidence that less intelligent individuals are less
likely to survive into the later age cohorts. Men may be wise because they
are old, but the correlation is aided by the probability that they are old
because they are wise. Incidentally, a large part of what we call wisdom—
the part that is not personality-produced—must essentially be g—in its
social more than its scholastic expressions.

Recently, Wackwitz (1971) has re-analyzed age data of Horn and the
present writer (1967) and that of Schaie and Strother (1968) employing
the contrast of the simple longitudinal and the cursive longitudinal sug-
gested in Table 7-2 (Cattell, 1970b) for obtaining the true abstract
normative life course. He added the further feature of differentiating the
equation of a best-fitting quadratic equation for these curves. His con-
clusions, still to be checked, of course, are that (1) as regards a,, the tradi-
tional crystallized intelligence, the normative life course is slowly upward
virtually all the way, and (2) as regards g; the extraction of the epogenic
curve trend also leaves the normative curve free of downward trend, at
least to fairly advanced age.

The general conclusion may well be accepted, on the balance of evidence,
that so long as the a, curve is measured by tests central to the culture it
shows no decline after the flattening at 16—17 but a very gentle rise, and
that the conclusions prior to the re-formulations by Schaie and Strother

(1968), Baltes (1968) and the present writer (1969b) are due to con-
founding with an epogenic curve which shows poorer performance for those
educated in the early rather than the late twentieth century.

Before entering the debate on whether the g, curve, by contrast, does (or
does not) show some downward trend at all, in itself, let us ask about
artifacts of testing. Culture-fair tests of proven validity are so recent that
for the temporal curve evidence we are compelled to depend at present on
inference from a few subtests contaminated by other general factors. In
particular, the downward trend obtained could be due to systematic effects
from the contaminating effects of speed, g, memorizing, g, and retrieval
(fluency), g.. As pointed out above, Thorndike and several others have
hypothesized that such a fall is due to slowing down, not to inherent re-
duced capacity to perceive relations. One may recall that Spearman’s
original answer to the speed question was that the correlation of timed and
untimed intelligence tests is so very high that speed in intelligent judgments
is nothing but intelligence. Speed in simple cognitive processes, though, as
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in g, is something clse. However, Spearman’s subjects were generally at
one age, and, as Bernstein’s, Studman’s and Horn’s and others results show,
one can find a distinct general speed capacity, g, and a distinet fluency
(retrieval) capacity, g,.. These admittedly load simple performance much
more than they do complex relation eduction. However, when a wide age
range is factored, they do show some correlation with intelligence, and in
any ordinary choice of g subtests some effect on curves, etc., from con-
tamination with speed must be considered present in the former.

Thus although the theoretical situation is clearer since modern research-
ers have recognized the other general capacities—g,, g, etc., technical fac-
tor estimation problems balk us notably in that a speed-free g, measure has
been difficult to accurately obtain. In other words, it still remains true,
despite our ability to conceptualize and recognize speed and fluency as
factors distinct from g, that in any actual g, score estimate (measurement)
by subtests we cannot easily find tests purely loaded in g, and not also
Ioaded in g, and g,. In looking at present curves we must not forget the
possibility, therefore, that these capacities may decline steeply with age, and
that, by their contamination of the g; subtest measures, they give to the
latter the appearance of declining too.

Figure 79 shows what is yet known about the age course of g, and g..
The latter does show a real age drop, but, at least if we give equal weight
to Horn’s research with Wackwitz and others, the drop in g.—general cog-
nitive speed—is not nearly as great as has been popularly supposed.” Per-
haps the present conclusion is that general speed, g, shows a moderate
decline with age, and fluency, g,, 2 more steep one, especially in the later
years. These are interesting findings in themselves, but as regards their
implications for the interpretation of the g curve some doubt must remain.
It would be wrong simply to subtract g, and g, out of g in the Horn data
because, owing to the strong correlations of the former with age, onc would
be partialing out much age too. It would be better dircctly to free the esti-
mates of g from tests loaded in these extraneous factors and obscrve the

true correlation of g, as a pure factor, with age. Without exact data for this,
a shrewd estimate would be that a pure g, measure is still likely to show
some age decline after about twenty years, though less than the current

curves indicate.

3 There is, of course, an appreciable margin of uncertainty here because of ‘thc s{anl;-
ness and noncomparability of results. Thus Schaic’s speed measure here is a single
test and not a well-balanced measure of g,, as in Horn's data. On lh? olhcf l:mnd.
Horn's data is on a somewhat unusual (prisen or delinquent) p.opuhuon. Surx}\l:rly
in the g, curves, some are single tests, verbally biascn!. and one i3 n.facl‘or cmmallle.
Again Schaic’s results are somewhat anomatous on g, in that x.hc .longnuamal actually
declines less than the cross-sectional. Possibly as generations rise in g, they decline in
g, substituting learning for spontancity! Some confidence can be added to fhc accep-
tance of a normal steep decline in g,, however, from the fact lh.al ptr')onlht')‘ factors
associated with high fluency, namely surgency (F in the questionnaire serics), and
U.L 21, Exuberance (in objective batteries), both show a »ery decided age decline

(Cattell, 1957a).
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FIGURE 7-9

Age Changes in the Speed and Fluency-Retrieval General
Capacities
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(c) Estimated Age Gradients » Word Fluency Only, but essentially g,
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(a) from J. Hom and Cattell, R. B., “Age differences in primary mental ability factors," Journal
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{b) and (¢} from K. Warner Schaie, “A cross-sequential study of age changes in togmtive behavior.'”
Psychological Bulletin, 1968, 68,
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Why should this be? Later evidence will tie g considerably to biological,
neural efficient, and the fact is that almost every known biological index
shows some decline from about twenty years of age. (Hearing begins to
decline even from about cighteen years.) Certainly, as the dotted line in
Figure 7~10 shows, there is a remarkable parallelism of g and general
biological efficiency measures, especially oxygen metabolism.

Since these conclusions are likely to clash not only with onc’s fondest
illusions but also with certain gencral human experience, let us look at the
latter more closely. The peak in g, is actually not so different from what we
realistically recognize in athletic performances. Olympic champions are
generally at peak performance in their teens or twentics, and a world-
champion boxer is on the shelf (or at lcast on the floor!) by twenty-five or
thirty, Sensory performances of vision and hearing arc beginning to lose
their range and clasticity from about twenty, and fcats of memory arc less
common thereafter. Yet in cultured circles an obstinate conviction persists
that some important qualitics in the world of intcllect ripen with age and
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FIGURE 710

Parallelism of Age Change Curves in Fluid Intelligence

and General Biological Efficiency (Cattell and Horn,
1966b; Robinson, 1938; Miles, 1942; and Burle, et al., 1953)
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are at their best—as Bernard Shaw and Pavlov exemplified—when accom-
panied by a white beard. Creative performances, as Chapter 13 brings out,
have their peak at different ages in different areas. But the pure “relational”
performances, as in mathematics and nuclear physics (as in the works of
Galois, Newton, Abel, Einstein and others), are the earliest to reach a
peak of major contribution, which fits the g, curve.

On the other hand, peak performances in cultural areas like history and
politics, where a rich wisdom of experience is required, often come very
late, as the performances of such men as Churchill, Darwin, Marx, Plu-
tarch, Socrates and the writers of the Old Testament show.

Because of the way in which fluid intelligence is known to decline by
reason of definitely known brain damage in individual cases, it has been
almost assumed by some psychologists that the fall in average fluid ability
in the whole population must represent some kind of widespread cumula-
tive minor brain damage occurring in our population. It is an alarming
challenge, and one that deserves to be met by thorough investigation (sec
page 79). But changes that amount to less than “damage” might be
involved, such as a slowing down of mectabolic rate in the nervous system,
duc to falling off in certain chemical pacemakers connected with hormonces
or oxygen transportation. If this latter is the true explanation fantastic possi-
bilities arise of raising community mental capacity where it would most
powerfully help socicty—in the experienced members—perhaps by some
drug, as has been cffected by tranquilizers in other dircctions.
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Itis a common oversight—nceding to be watched in Chapter 10 where
the relative variances due to heredity and environment are studied—to
assume that environmental variance means educational variance. Teachers
naturally fall into this trap, but the good guess today would be that nearly
half of the environmental effect on intelligence is physiological: chemical
and nutritional deficiencies in the womb, birth injuries, head injuries in
childhood, atherosclerosis and gland deficiencies in middle age, and so on.
Now the possibility must be seriously considered that the normative curve
for g—whether it be the declining one of Figure 7-9 or the almost horizon-
tal or very slightly declining one which Wackwitz’s calculation (1971}
suggests—is still not fully known to us because of our ignorance of the
current epogenic curve which has to be subtracted to yield the normative
curve.

As Windle (1969) concludes from his extensive studies, some degree of
birth injury (in advanced societies which save the mother from pain) is
more common than has been supposed, particularly in terms of partial
asphyxia. He points out that in data from 14 participating U.S. medical
institutions, “21 percent of the infants in the study had low apgar scores at
birth” (op. cit., p. 83). These patent neurological defects tend to disappear
in weeks or a few years, but his experimental studies with asphyxiation in
new born monkeys show that the neural damage persists, the behavioral
control presumably being transferred to undamaged areas. There is no need
to be alarmed over this state of affairs (only 1% % of all infants show neuro-
logical defects persisting to the end of the first year); but it is obvious that
different obstetric and pre-natal care customs in particular could influence
the population distribution of the neural substrate for g;.

In short, g could also have its epogenic curve effects, altering from
generation to generation, and what we get in this generation from the
scanty data available for comparison of the SL and CCL curves (Figure
7-2) is not yet telling us what the true normative curve is. The best
estimate is that with persons free of any of the physical diseases which affect
brain function the g curve should stay relatively steady from 16 to 60,
perhaps with a slight decline in the later years. .

It is perhaps a puzzling question why g, does not also show some similar
decline to gy, since, although it consists of learnt judgmental habits, they
have to operate through a biological neural substrate. The answer would
seem to be partly (a) that what declines in g is some global ngural cffi-
ciency, not a local one, as in a reflex or specific skill (and the evidence of
Chapter 8 is that the ncural storage of g is much more localizcd);.and (b)
that the dynamic equilibrium of which we spoke is compatible with some
loss in the originaf collection of g. habits, but that learning and relearning
more than make up for these losses.

The latter statement brings us back to the problem of the protean,
polymorphic, and unstable character of g.. We have recognized 'abovc that
it is as protcan as the forms of culture, and that the Iaczor-l.cadmg patern
continucs to metamorphize with age. (Notably, in carly childhood it may
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show in play with building blocks, following simple directions, code sub-
stitution, or putting a wooden manikin together; later in Koh’s block,
verbal synonyms, and sentence completion, and so on; and later still in
bright persons by abstract performance such as complex number series—
which forever remain over the horizon of difficulty for the average intelli-
gence.)

Particulars of the changing loading pattern of ordinary intelligence tests
with age have already been discussed above. But here we are considering
changes both from age and differing cultures and subcultures. These differ-
ences are far greater than the ordinary intelligence test user or the amateur
in cross-cultural research likes to contemplate. To take an extreme example
across both age and culture: how are we to compare the intelligence of an
American high school boy, measured on English vocabulary and number
series, say, with that of a middle-aged Tartar nomad of the time of Genghis
Khan, whose judgmental skills are in the world of desert climate, the con-
struction of tent cities, and the tactics of bow and arrow battles from
horseback? At a common-sense level, people are content to speak of the
intelligences of such remote persons as being practically equal, as if indeed
the word could have a common meaning. As we may show in Chapter 10,
cross-cultural and, therefore, cross-age measures are theoretically possible
with due attention to technical points (Cattell, 1970a). There is really no
philosophical problem that cannot be resolved into a scientific and technical
one. However, the technical problems are so complex and so neglected
that many comparisons currently made with traditional, crystallized intel-
ligence tests are not of a kind to permit firm conclusions about differences

qver age or culture,

Finally, a word is necessary on what our present conclusions about g
and g. age change mean for our conceptions of the real intelligence dis-
tribution in adults. Any measurements on a group of adults ranging from
twenty to sixty-five will give an altogether inflated idea of the range of 1.Q.
For the standard deviation obtained will compound common age differ-
ences with individual differences. The present writer’s pioneer study
(1933a) of intelligence in a more truly representative adult population
sample than had been previously available (only students had been sur-
veyed previously) evoked surprise and scepticism by reason of the large
sigma (about 24 points of 1.Q.) of L.Q.’s obtained. Yet later researches
with the full resources of government agencies supported the finding, and,
as we now see, the most likely theory required it. To “place” the intelli-
gence of an adult, whether with g, or g, concepts, we need separate dis-
tributions for each interval (five years?) of adult age, and the 1.Q. and
mental age concepts must take their meaning from those separate distribu-
tions. If we throw all ages together, and calculate from the raw score-to-
LQ. transformation found at, say, sixteen years, the L.Q. sigma will be as
high as 24, even on g. measures, as the present writer's 1933 study showed,
for the interindividual and interage group variances are added.
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The present chapter has been fully occupied with stating our knowledge
about the natural history of intelligence in quantitative analysis of distribu-
tion, sex differences, age curves, structural changes, etc., and must leave
certain qualitative interpretations of these changes, e.g., of the age measure-
ment changes in terms of conceptual recomstructions, to later chapters,
notably Chapter 13 on the processes of creative thinking. It is important
to have the perspectives of data relations firmly in mind before embarking

on theory construction.



CHAPTER THE

EIGHT PHYSIOLOGICAL
AND
NEUROLOGICAL
BASES
OF
INTELLIGENCE

1. ABILITY AND GROSS

BRAIN FEATURES

“That man has brains!” is the somewhat
elliptical metonym by which people often refer to outstanding intelligence.
The conviction that for all practical purposes brain and intelligence are
one is widespread—and in a basic sense not unreasonably so. For it is
obvious that increasing brain size goes with increasingly intelligent adapta~
tion in the animal world, and that damage to the brajn in man can produce
idiocy. Nevertheless, ane of the first things that psychologists did in this
century was to cast doubt on any simplicity of connection between brain
and ability.

Some of this was the sheer hubris of the specialist out to debunk any
popular idea. Students were taught that there is no correlation of head size
with intelligence; that some of the largest heads are those of hydrocephalic
imbeciles (the head being enlarged by the disease process); and that men
of genius have been known to have subaverage brain weight, e.g., the case
of Anatole France. (He died at eighty with a somewhat subaverage brain
weight, conceivably due to the usual shrinkage of weight which occurs
with age.! See Table 8-1.) On the other hand there is a class of imbecile

1 As Cobb (1965) remarks, “Anatole France . ., . might well have lost 100 grams from
atrophy.” The position of Whitman surcly should not surprise readers not brain-
washed by certain professors of literature,

In this necglected field the last extensive survey, by Hamilton (1936) thirty ycars
ago, showed positive correlations prevailing but at values of only .05 to .10. These
r's could be significant on large samples, but there is every reason to believe that they
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TABLE 8-1

Weights of Certain Normal Human Brains in Grams
Australian bushwoman 794
Anatole France 1,017
Japanese woman (average) 1,250
Walt Whitman 1,282
European woman (average) 1,300
European man (average) 1,400
Thackeray 1,658
Bismarck 1,807
Cuvier 1,820

l;se;_rét‘;‘id wath permission of the publisher from 5. Cobb, “Brain Suze,” Archives of Neurology, 1965, 12,
more “normal” and more numerous than hydrocephalics, called micro-
cephalics, whose low intelligence is definitely associated with decidedly
small size of a healthily functioning brain. More careful studies of brain
weight show that persons of high intelligence tend to have significantly
higher brain capacity. And one also discovers that the meagre correlations
of +0.1 only between head size and intelligence, such as Pearson found,
are often based on poor intelligence tests and poor measurement of cranial
capacity. Recent studies (though still without culture-fair tests) give a
more significant relation, for as Tyler (1956, p. 622) summarizes “Eleven
studies have been made of the relationship between intelligence . . . and
cranial capacity. In all instances, the correlations have been positive, al-
though small, ranging from .08 to .34.”

Head size is, of course, partly proportional to size of body, and part of
the brain is concerned with sheer bodily management; but if we know how
to allow for that part (see Jerison, 1955) from outside measurements, we
might well get a decidedly better correlation between the size of the rest
of the cortex and intelligence. However, the correlation of brain size and
head size is only slight, and there is no question of substituting measures of
the latter for intelligence tests. Certainly head size is only an extremely
rough guide, because of different skull thicknesses, differing proportions of
white and gray matter in the brain, differing body size, ete, The correlation
even of brain size (post mortem) with the number of cflective cortical
neurons which are most involved in intelligence is again imperfect, on
account of differences in genetic texture, number of convolutions, etc, By
texture we mean among other things, number of cells per cubic centimeter
and, as Cobb points out (1965), brains can vary considerably in this
respect. (In spite of these several intermediate sources of error, and the

would be raised by (a) more modern intclligence tests, (b) allowance for body :{'u,
() cquating for age, and (d) better methods of estimating brain size from fcad size.
In conncction with the last, Radinsky (1967) has recently proposed better approachc}‘
Similarly Jerison (1955) di functi for better estimati { brain

weight from given body weight.
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resulting low correlation of mere head size with intelligence, if you look at
a roomful of top executives or leaders in science you may see more large
heads than you see on the street! Nevertheless, intellectuals are nor neces-
sarily egg-headed, as the popular phrase has it—and had it two thousand
years ago, when the Athenians noted that Pericles had an egg-shaped
head!) At any rate, it was these suggestions of correlation of brain size
with intelligence, in men and animals, as well as observations of be-
havioral effects of brain injuries that helped stimulate early investigators to
study the brain in the hope of understanding intelligence.

Among researchers in the psychology of inteliigence there has been a
certain manifest reluctance to depend on brain investigation to get at the
laws of ability—a reluctance which springs from more subtle and justifiable
reasons than those of discouraging students from expecting a correlation of
1.0 between intelligence and head size! Throughout the history of be-
havioral science there has been a tendency, wherever the going got rough,
to retreat from the baffling complexities of structuring behavior itself (such
as we have wrestled with in the first six chapters here) to the consoling
concreteness of the physical brain. The popularity of phrenology, even in
the ranks of the professions, was an expression of this symptom. Somehow
there lingers a belief that by peeping inside the cranium one will catch
consciousness at work. The relating of neural and physiological concep-
tions to the concepts derived from behavioral science is a most fruitful
undertaking—if both sides, neurologists and psychologists, come with
something in hand to trade. The reluctance of the more farsighted psychol-
ogists to “go physiclogical” too early is a wise recognition of this false lure
of the concrete and the mirage of expecting something for nothing in trade.

However, only in the last fifteen to twenty years have psychologists
known enough about ability structure from behavior, and about the fluctua-
tion and growth of abilities from reasonably exact ways of measuring these,
to seek firm relations of behavioral findings with physiology and neurology.

2. THE DEGREE OF

LOCALIZATION OF

BRAIN FUNCTION

Because of this lack of dependable knowl-
edge about ability structure—until quite recently—any attempt to make
inferences about brain structure and ability structure at present must rest
largely upon inquiries made with relatively obsolete tests and performances.
Since records are in terms of tests not ideally chosen, they can only lead to
somewhat speculative conclusions. Nevertheless, much actually was ac-
complished by brain surgeons and others working even at a purely qualita-
tive level of behavior description. Indeed, the chief debates at the turn of
the century about brain localization were fought out, and the main out-
lines of a settlement reached, largely on gross observations that such and
such performances were affected in a virtually all-or-nothing fashion.
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A brief discussion on brain localization of psychological functions is
necessary before proceeding to brain and ability relations. One of the carlier
meore dramatic localizations was that of the center for speech at the left
rear of the frontal lobe by Pierre Broca, the French anthropologist and
surgeon. But the further discoveries about the middle of the last century
of other such genuine localizations as Broca's area were obscured by the
theories of phrenology which set people looking for a different kind of
localization from that which actually scems to exist. Whereas Darwin’s
father actually surveyed his son’s head for a bump of “patience” or some
protuberance indicating a well-developed “faculty” of Iogical analysis, the
truly confirmable localizations turned out in the end to be those of simple
sensory and motor activities.

As Figure 8~1 shows, the visual center proved to be at the occipital
cortex, the anditory center at the upper part of the temporal lobe, and the
muscular control areas laid out, as if by a map of the body upside-down,
on the mid-parietal region. Touch followed in a tactile area back of the
motor cortex, and taste and smell on the in- and undersides of the temporal
region. There is ample evidence that the region surrounding the occipital
cortex, where the form of the visual retina is itself projected, is concerned
with visual memories and meanings. Similarly, images and memories spe~
cifically of a certain sensory modality appear most clearly in the area
around the neurons concerned with another particular sensory perception
area. A central loss, in the visual area, means blindness, despite the eye
being intact; but brain damage more peripherally may bri.ng only loss of
visual meaning. For example, in a case tested by‘ the writer, of carbon-
monoxide damage around the visual area, the patient cou[d .draw a fork

(when shown it) but could not give its name or say what it is for. How-
ever, the outlying association areas that affect a given sensory center can be
fairly remote, and, in the last resort, almost any part of. U‘Ec cortex can
have relevance in regard to some symbolic or other a§50c1atlon of a par-
ticular sensory center. Thus Luria (1970) prcs'cnts evidence on the cffect
of gunshot wounds in Russian soldiers, showing that t‘he percentage 9f
interference with recognizing sounds declines almost umt"ormly in al} di~
rections with distance of the lesion from the left hcmxsphc‘rc auditory
center, but that some slight effect is noted even at the most distant arcas

from the auditory zone. .
More of the evidence on these matters has come from observing loss of

function when the brain is damaged, either accidentally and i_n necessary
surgical removal in humans, or in carcfully COnt.roHcd experiments wth
animals. It also comes from clectrical stimulation, without any brain
damage, of the exposed brain. With humans the evidence hla]s I’rcqucm))r
i Vi i ture of

i adictory, and though we now rcalize the nal
secmed highly contradictory, ze Thare o

i i i i ible for our ¢
certain misleading assumptions resp .
stil} Iessons in subtlety of thought that we evidently have yet to fearn. One

of the more simple sources of confusion has been our failure to realize,
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FIGURE 8-1

Samae Principal Localizations of Cognitive Functions in
the Brain

The most definitely localized areas are those of the five senses
and muscular movement. Other capacities are divided up
among the sense and movernent areas according 1o the extent
to which these are involved. Thus there is no single center for
words, but a center for seen words, in the visual association
areas, a center for keard words, around the auditory center,
and so on. Any one of these capacities may be lost with
the others being affected.
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until certain experiments were done by Sperry and others, that a person
can do practically everything (except bodily movements) with one hemi-
sphere that he can do with two. It is as if the second hemisphere were not
so much a means of augmenting the first, as a “spare” or an insurance
against damage, operating in much the same role as the duplicate file that
a foresighted man keeps for important copies of decuments.

Very little loss of general learning ability and memory, for example,
occurs in animals with one lobe removed—except for those few abilities—
including motor control of the opposite side of the body, which lodge on
one side only. Remarkable experiments have been done by cutting the
connections between the two halves, producing independently learning and
operating brains. But that is another and rather specialized story, and the
important point from it for ordinary brain localization 8s discussed here is
only that confusing inferences are drawn in animal experiments unless
bilaterally symmetrical parts are removed, since one half otherwise can
take over easily for the other. Puzziing contradictions also arise from two
other sources: (1) that the effect of damage or ablation of the very same

area will be different at one age from that found at anqther, and (2). that
effects will be different according to the stage of learning of a particular

skill. In addition to these special cautions the s
injury must be alert to the systematic principl
X with a neurological injury Y does not prove t
The absence of Mr. X from a conference when there is fog at the airport

Y does not prove that Mr. X lives at the airport. In more .geneml terms,
anything depending on chain of events—as mqst neural action dOf:s——can
be stopped by a break in aoy one of several links. A pecessary 1S not a
sufficient condition. These characteristics place neuro—psycho}ogy in espe-
cial need of being handled by multivariate experimental designs, l?ut un-
nts have been qualified in such

tion work, etc.

fortunately, until recently fe
techniques as factor anal sis,

. rer ental work it was at least clear, howc_vcr,
ific sensory and motor functions

Prior to systematic experim
that izati d best for quite speci !
localization bl p e located more diffusely. It was
one part of the brain can take

and that more complex mental functions ar
tions formerly belonging (0 another. This

tudent of behavior and brain
e that cessation of behavior
that X is “located” there.

w of its expone
canonical correla

also evident that, in the event of Jocal loss,
over to some extent the func Y ,
occurs much more readily at an carly age with fun:':lg:lsf that do not have
so inveterate a localization as perience 15 . ~
Although functions corresponding 10 more abstra'ct psy::‘l;k:é;:;i:r Cc‘;:_
cepts, e.g., linguistic ability (which has visuah audlti?;m R tercon-
ments), seem less localizable and clearly involve 2 1 ccr);nin relatively
necting tracts SH0% e s o ITOKOI"‘Z; n::;sgxﬁ;lily and cmotion,
cencral functions, ¢S] ccially those dealing wi " "
§h0w some locn]i,zm.ign. g instance is the locau%?[.conl:;‘:‘l,l‘:nﬁ;
associative, and inhibiting functions in the frontal lobcs:ud ‘in ,:ni e for
animal experiment by the inability of f.rOI:‘Il-'l]JObCClOmI g i('xhcy
example, to learn 10 make delayed discriminatory l;CSP’;’h“‘“m a uim; e, but
can learn to choose food from under a square Father '
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then have to learn to wait ten seconds before taking the food, they become
confused if frontal Iobe tissuc has been removed. Similarly, in human
beings, frontal injuries typically cause no specific sensory or motor loss as
such, but a loss of ability to concentrate, to control impulses and emotions,
and to recall and respect the social inhibitions one has been taught. An-
other instance of a decided localization of a general ability is revealed by
the inability to commit recent events of any kind to memory which follows
certain bilateral injuries to the hippecampus (and amydala) on the lower,
mid-inner sides of the two hemispheres.

As to intelligence, if the neurologist acquainted primarily with the quali-
tative findings up to, say, 1920, had been asked to locate it anywhere, he
would probably have designated the frontal Iobes. It must be admitted,
however, that this would be partly because (a) no specific sensori-motor
functions were found there, and by exclusion one had to find something
that the region was doing; (b) the verbal control area (Broca’s area) was
at the beginning of the frontal area, suggesting that some “abstract skills™
are projected further forward; and (c) the accessory powers of attention,
concentration, and “reasoning,” which are so necessary to much intelligent
problem-solving, seemed to be Iocated there. Apart from this, all that could

be said was that gross brain injury anywhere generally brought some ap-
parent reduction of intelligence.

3. EVIDENCE FOR INTELLIGENCE
AS GENERALIZED

COORDINATED CORTICAL
ACTION

One of the first extensive experimental ex-
r 25 due to Karl Lashley who operated on the
brains of rats in the 1920s, As a small boy.Lashley had accompanied his

rush, and something of that exploratory fever
, though in his new conception of Eldorado, the lure of
d into that of scientific truth. Certain scholars

He found the anticipated losses of, for exam
memory from injuries to the visual area, and
losses from the motor areas, but also something ne:
brain arca was necessary in e
it. It had long been realize

ple, visual learning and
the usual sensory-motor
w. He found that a wider
ffectively learning a new habit than in retaining
d that certain Pprocesses—Iloosely called “con-
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s.ohdauon"_go on in the storage of things in memory for an appreciable
time ajter the actual experience. This is shown, for example, by the
existence of retroactive inhibition—the impairment of memory for learn-
ing process A, if instead of the brain lying fallow, a new learning task, B,
follows immediately afterwards. It is evidenced also by losses of memory
Phat people suffer for an incident if the brain receives some kind of shock
immediately after the incident. So here, in later work, it was found that
removal of tissue before or immediately after learning did more damage to
t_he habit than it did after the habit was well ingrained. One likely explana-
fxon of this would be that when most of consciousness and attention are
involved in the learning, nwuwich of the brain js also involved. Further, ap-
preciable areas evidently continue to be involved in the consolidation, but
as the behavior settles to an almost unconscious habit it is relegated
newrologically to less diffuse paths, indeed to narrow channels lower in the
cortex, and in some cases ultimately even to a lower brain or spinal level.

Finding that, with complex learning, removal of brain tissue almost any-

where impaired learning, Lashley proposed a principle of equipotentiality
of neural resources. Spearman perceived in this an excellent possible
agreement with his notion of “g” as a general “energy,” and, as the present
writer recalls from being present at a discussion in the London laboratory
between Spearman and Lashley in the mid-twenties, Lashley felt reason-
ably satisfied with this explanation at the time. Later he encountered evi-
dence in his work which seemed to make this too simple, and he veered
toward Thurstone’s emphasis on primary abilities. Evidence of human brain
damage also seems in some cases to place emphasis on “mass action” and
in others on “special area” explanations, thus paralleling the swings of
emphasis between second-order general factors and first-order primaries
which we have seen to occur in the ability structure realms with cach new
plece of evidence (see Chapters 3 and 4 above).

The kind of evidence which favors the notion of certain, special-area
abilities is the occurrence of amnesic aphasia from left pre-frontal lobe
injury. The physician’s definition of aphasia, incidentally, Thurstonc
equates in quantitative measurement terms to a drop in the W or V pri-
maries (page 79). Again, lobectomy for temporal-lobe damage (near the
hearing center) has been shown to reduce performance on the Sc':xsh.orc
test of musical ability, notably in tonal quality and tonal pattern discrim-
ination. And although such injury does not upset the ordin.ary, ovcrlcnm.Cd
ability to recognize spoken words, it docs reduce capacily o secognize

words unusually pronouncc:]!. or embedded in noise, and the power to
o rescnted.
rcpl:;azl :(z:rns;a";f:g I(,nombly 11 and 13) the notion is developed that }hc
most abstract fogical refations and concepts sm'nd at ‘xhc head qf a hicr-
archy of rclations which, on tlic “ground flooc™ consist af ‘rch'({anr at a
simple sensory level and in one sense. For example, spot A ls.blggcr than
spot B; mote X is higher in pitch than note Y. .Absu'nclu?n {neces-
sarily followed by adopting symbols for the manipulation and refer-
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ence storage of such abstractions) is intrinsically a building up of relations
among relations. Usually, such a development of higher order abstractions
carries one almost from the beginning far outside any single sensory or
motor area. Consequently, in brain structure, we should expect that rela-
tions lower in the logical hierarchy would have some intermediate degree
of localization, whereas the higher abstractions would transcend any one
“provincial” sensory or motor domain. Thus, initially, there might, for
example, be an association area for lower order abstractions linking only
visual and auditory experiences, which, while not as large as the whole
cortex—concerned with the most general relations of all—still requires
an appreciable extent of brain mass for its action (compared to recognition
within a single sense channel). Luria (1970) notes that a lesion in the
lower part of the left parietal lobe affects perception of spatial orientation,
e.g., on a map, ability to compute and sense of grammatical form, and asks
what these can have in common. He concludes that appreciation of rela-
tions of sequence are necessary for success in all of these, and that an
abstraction of sequence occurs both in spatial and temporal perceptions,
which tend to be carried symbolically more by spatial thinking which has
been partly located in the lower left parietal area. Indeed, the parietal area,
which lacks any extensive specific sensory lobalization, must be considered
an appreciable part of that association mass required for the ultimate
abstractions.
In summary, it can now be generalized with some confidence that
ablation or injury to the “projection area” of any one of the sensory—
sound, vision, taste, somesthesia, etc.—or motor centers, i.c., the sur-
round_ing area of projection fibers, upsets an ability. That ability is the
'capacny to perceive any complexity of pattern, spatial or temporal (i.e.,
{n\_rolving sense of duration) in connection with the given sense. When
injuries occur at greater radial distances from the sensory center the loss of
finer patterns and discriminations as such is often more evident than when
the'central sensory area alone is damaged. For example, the early work of
Rejlander found injury distally placed around the speech area might not
affect the apparent size of vocabulary, but did affect the nice use of abstract
word mez.ming‘ Such discrimination is definitely of the nature of what we
measure in primary abilities and moves in the general direction of what is
commonly meant by intelligence as the capacity to perceive relationships.
However, it is also true, as far as can be inferred from results with tests
not previously oriented to modern ability structure concepts, that injury
almost ar_lywhcre in the cortex produces a reduction in intelligence—for the
moment in a sense common to ge and g.. Russian investigators, who have
concentrated a good deal on brain physiology, claim that no less than three-
quarters of the cortex has nothing to do directly and specifically with cither
any one of the sensory input centers or the motor output activities. This mass
we shall call the *“association mass.” But it may be added that even sensory
area X may act as a source of integrating associations for sensory center Y.
There is no contradiction between specificity and generality: there is specific
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and there is a general mass action of the total cortex.
s mass action is by no means abolished,
d that we speak of cortical tissue (not

b‘asal ganglia, cerebellum, etc.) there remains a fundamental truth in the
simple statement that “intelligence can be weighed by the pound.” The
recent careful work of Ross (1958) for example, shows slight but 'signiﬁ-
cant loss of 1.Q. after quite varied forms of brain injury. (This does not
deny, however, that as McFie (1960) shows, the special primary abilities
are a}so selectively impaired, according to brain area.) Another research
showing how more sensitive measures give clearer evidence is that of Lans-
dell (1968) showing that amount of injury and brain removal in the
temporal lobe, which one might at first expect to affect verbal ability, and
by'left more than right side injuries, actually shows the most consistent re-
lat'xc?x} not to verbal but to general reasoning ability (among the primary
abilities tested). The correlation of injury and loss was 0.51 (P < .05),

and it was equipotential on right or left sides.

. .The more sensitive the intelligence measurement devices, the more clearly
is it demonstrable that in addition to the particular primary or sensory area
ability loss first noticed, there is also some loss in general ability. Aphasics,
.f0r example, also show some deterioration in nonverbal tasks, i.e., not only
in such subtests as sentence completion, analogies, opposites and synonyms,
but also in the “spatial” matrices, complex and speeded form boards, mazes,

and the detection of absurdities.

4. O.UALIFICATIONS AND
COMPLICATIONS OoF
MASS ACTION THEORY
1t is perhaps almost unnecessary to say, at
field of brain neurology, in relation to ability, would
ex and qualified statements as well as many new

for example, frontal-lobe operations on
¢ the 1.Q. loss that

their particular €ascs
1 emotional blocks t0

brain localization,
Thus, by recent findings Lashley’
but only qualified. Indeed, grante

this point, that the
require highly compl
terms—even if we knew all. Thus,
humans for therapeutic purposes ©
the above statement would suggest. B
probably brought improvement by remedying unusud
the use of ability. The ensuing increase in power of concentration then
more than compensated for loss of relmion-pcrcciving capacity duc to the
neurological 1oss. However, one of the most systematic sources of neces-
sary qualiﬁcation of the above gcncrauzaﬁons concerns the cffect of age
of the subjects. It had long been observed in the work of Beach, Lashley,
Tsang, Vygotskys and others in this arca \hat damage of the same relative

t scem to result

magnitude in the brain of a young child or animal did no!
in the same loss 88 in an 3 i indebted particularly @

dult. Neurologists 3r¢ in
D. O. Hebb (1959a) for percei before his arti-

iving the order in what was,
cle, a rather pewildering and scemingly contradictory array of cvidence.
“The capacity for memor

ics and skills to relocate themselves in the child
brain is apparently much greater than in the adult, and where the latter
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may suffer losses which are, in part, permanent, the former may recover
completely. Considering this in conjunction with the different degrees to
which other performances are affected—namely, a loss of a more specific
and local kind of ability in the older person—Hebb developed the neurologi-
cal basis of a concept of two kinds of general ability, which he called “A
and B abilities” (page 80). The theory of fluid and crystallized ability,
put forward by the present writer while these neurological findings were
emerging, integrated into a single theory this neurological evidence for two
kinds of ability with (1) the basic factor-analytic evidence, (2) the evi-
dence of standard deviation differences in the g. and g 1.Q.s, (3) the
findings on the very distinct age curves throughout life, and (4) the evi-
dence for changing cultural forms of the g, patterns.

Russian neuropsychologists have put forward related theories and obser-
vations, which are partly re-interpretable in the simple mass action prin-
ciple used by Hebb to explain the g and g, difference, and partly in the
further investment theory and the dual hierarchy set theory discussed
below. Vygotsky (1934 in 1965) pointed out that classical localization
theory could not explain certain observations. In particular he instanced
that a change occurs in a behavioral function “located” in brain area A,
when relatively remote brain areas B, C, etc., connected with other func-
tions are destroyed. For example an apraxia (motor disturbance) may be
determined partly by damage causing a verbal aphasia. Also he insisted
that the nature of the disturbance at A depended partly upon whether B or
C areas were involved. None of the semi-mystical concepts of Vygotsky
are necessary, however, to account for these observations. First, the mass
referral law (a suitably modified statement of the mass action principle in
which the primary emphasis is that all the cortex enters into any relation
eduction) will account for the effect of B and C upon A’s functions. Sec-
ondly, the specific nature of the effects respectively of B and C can be

traced to the “provincial powers” or p factors in the triadic theory (Chapter
11), which are differently sensoriaily localized. Thirdly, the dual hierarchy
set theory (Section 7, below) reminds us that both the localization and the
mass referral principles require, to complete the explanation, a dynamic
theory of “sets.” That is to say, the outcome of whatever potentialities are
local or massive and general depends on the way these potentialities are
put together by the dynamic sets of the moment. The aspect of these lawful
observations that has to do with differential effects from developmental
age will be considered with the investment theory in Section 7 below.
Meanwhile a word is necessary on some apparently conflicting experi-
mental results with regard to the mass referral (or mass action, or equipo-
tentiality, to use slightly different conceptualizations) principle. In the first
place, because of the marked crudity at present of measures aimed to test
the cquivalent of g in animals, the present writer doubts the precision of
certain experimential conclusions that animals brain-injured early in life not
only recover the particular abilities but reach a general intelligence level no
different from that of uninjured animals. Even in experiments on the corre-
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sx)onding_; theme in humans, the intelligence testing has not been sensitive
enough in terms of sufficiently factorially clear test-concepts to prove this.
The basic fact must not be overlooked that neural tissue does not regen-
erate itself. Qne must distinguish, moreover, between the notion of mass
referral (equipotentiality or mass action), which is apparently sound
enough, and that of unlimited substitutability, or boundless capacity to re-
locate, The young animal can relocate, and return to a high level of per-
formance, but it cannot escape the law of mass action and almost certainly
suffers some general learning-ability loss. Indeed, it may be hypothesized
{hat there is a sense in which the young animal’s loss from carly brain in-
Jury is greater. For he loses not only the capital but the gains from the years
of interest at which that capital would have been invested in producing
crystallized abilities—whereas, the adult injured in adult life has already
collected these gains.

Some further discussions of special kinds of evidence must follow before
justifying our particular theoretical resolution, but briefly to anticipate that
conclusion, we may say that fluid ability is conceived as a power which is
a function of the total, effective, associative, cortical cell mass and of cer-
tain parameters of efficiency in those cells. The efficiencies are concerned
with metabolic rate, biochemical qualities discussed in the next section, and
freedom from too high a burden of memory storage. But at any rate, they
are parameters which seem to be at an optimum level in early maturity.
This power of a given neurological mass at a given physiological efficiency
goes to work with learning experience, as described in Chapter 11 bFIqw,
to buijld up a wide spectrum of acquired judgmental skills. The majority
of these are concerned with complex relationships and constitute what are
called “crystallized general intelligence,” the parts of which can be quite
locaily “stored.” .

To fit the neurological findings with respect to age we must bring 'to the
theory the additional hypothesis that in the young ammal.the operation of
a particular skill is not so rigidly and narrowly ncurologically channelled
as later. By this hypothesis a localized injury would not _producc such a
localized behavioral deficit in a younger as in an older animal, but would
produce the same loss in fluid ability. This same-sized loss in fluid ability
would, however, show up, as usual, in other areas than the local one, :u}d
probably more so in carly injury, because all areas are more susx:xmchm
their action by fluid ability in the young, while more judgment-behavior
has been shifted to crystallized ability in the old. Young and old wou{d show
this loss equally in lcaming something cntircly new, but the Joss mxg'hl be
more important for the post-maturc adult who (scc. the age cuncshof
page 168) has less capital left cven before (hlc traumatic )os's. On the other
hand, if certain complex, say, math notions require a certain g
level ' the individual who sustains injury in adult tife, after he has mastered
and s'lorcd these, is better off, as pointed out in the pamgmp?v al_om:c, L‘han

if he had sustained the g less carly, and never mastered these discriminations

as g, investments,
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This much integration of observations can be attempted with reasonable
safety at the present time, resulting in a theory which possesses appreciable
simplicity along with a rather wide efficiency of prediction. But at the pres-
ent moment, in the path of further advance stands a virtually insurmount-
able obstacle left by the failure of learning theory to come to terms with
neurology over the nature of memory. Attempting a reconnaissance of the
road block, we may see in the following section that there are at least three
equally entertainable and highly divergent theories of what happens in
memorizing. And since we cannot properly handle the relation of g to g
without some knowledge of the neurology and physiology of memory, our
further steps in theory development have to remain tentative.

5. EVIDENCE FROM ELECTRICAL

ACTION OF THE BRAIN

Before returning in Section 7 to a final at-
tempt at integration, despite some difficult issues there, let us take stock of
findings in areas beyond neural anatomy, namely, in neural function, in
electroencephalography, and physiology. The expectation that the brain
would “work by electricity” is as old as Galvani’s early experiments with
frog’s merves and the electric current. Demonstration of the existence of
electrical potential waves during brain action was given first for animal
brains by the English physiologist Caton in 1875. A German psychiatrist,
Berger, developed in 19241929 the technique of taking what we now call
encephalograms, or EEG records, from the human skull and showed their
value in exploring brain damage and epilepsy. Since then an extremely
widespread use of EEG records, along with computers, has given a fairly
substantial, but still somewhat obscure foundation, along with the chemical
findings of such great contributors as Adrian (1947) and Eccles (1966)
for inferences on neural functioning in brain action.

From two or more leads lightly gummed to the skull (or in some cases,
electrodes placed on the brain itself) currents based on fifty to one-hundred
millionths of a volt are picked up, amplified, and printed on a record as
shown in Figure 8~2. The average amplitude seems to be about fifty micro-
volts. The problem of how to read this odd handwriting of the brain was an-
swered first by the recognition of the presence of some four or five different
wave frequencies: an alpha rhythm of 813 per second, a beta much quicker,
and delta and theta rhythms which are slower and less regular. Most work
has been done on the alpha waves which vary in frequency, in amplitude,
and in the extent of their interruption. (A high “alpha index” means that
alpha frequency is steadily present much of the time.) However, am-
plitude, frequency, phase relationship, and other aspects equally deserve
attention.

Visual stimuli, mental computation, and other evidences of concentra-
tion momentarily blot out the occipital alpha rhythm. Incidentally, the
findings regarding alpha interruption agree with the brain localization con-
cepts from the other methods above, in that a visual stimulus produces most
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FIGURE g-2
Wave Forms Visible in an Electroencephalogram
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interruption in the occipital Iobe, and abnormality of the left prefrontaf re-
gion alpha coincides with verbal ability loss, and so on. The first impact of
any stimulus produces wave changes largely at one amplitude, but, as Gern-
stein at MIT demonstrates, the disturbance then spreads over a wider
range of amplitudes. A stone dropped into a barrel of water at first sets up
regular waves, which then are reduced and augmented by reflections, and
we may conjecture that “processing™ by other brain regions similarly sends
back more varied sets of reverberations. -
Three ways of extracting some order that would permit more imelhgﬂ'ﬂc
reading of the complex handwriting suggest themsclves. One js a Fourier
analysis, mechanically breaking down the observed wave form into com-
ponents (such as the five or so above). Anather is. the simple nouo.n of re-
peating a stimulation or other process dozens of times and averaging say,
the first ten seconds of brain potential changes following the sllmuh{s_ Thus
one gets a single essential process curve, cleared of ‘jnoisc,” as in .wh;,(
have recently been called “evoked potentials.” The third possibility is to
take as variables many measurable features of the clccuocnccpha@gmphxc
outputs of a large number of people and to factor :.ma]yu: thent. jrh)s would
assume that the varying amplitudes of the various frequencics can be

traced to a small number of underlying influcnces, cach with its particular
ics, (Sce discussion of process

spectrum of influcace across the freq
analysis, i.c., resolution into basic process curves; Cattell, 1966.)
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The second has been performed very extensively, and an elaborate com-
puter—the “average response computer” (ARC)—has shown that indeed
there are marked regularities—at least, in the process following stimulation.
For example, there is a regular long-lasting but dampening series of waves
(“evoked potentials”) after a stimulus is perceived, as shown in Figure
83, It has been suggested that they are connected with referring input to
analyzing mechanisms, and with the establishing of memory engrams. For
circumstances (e.g., anaesthesia) which stop this reverberation of poten-
tials appear also to destroy committing to memory, etc. Evoked potential
waves become faster with older children and adults, slower with thyroid re-
moval and in old age. They keep a characteristic form for a given individual.
1t seems reasonable to suppose that they are concerned not only with mem-
orizing but also with the evaluation of a stimulus—its referral to the sorting
in the sensory area, and also to the eduction of relations. For they appear
when relations are demanded with other sensory areas, as when one pre-
sents a standard perceptual intelligence problem. Now a smaller total corti-
cal apparatus, like a smaller computer, might be expected to take longer to
process a fixed number of relations up to the required level for solution, as
presented by a standard test problem. This is exactly what appears in the
original observation of Ertl (1966) showing a correlation of about —0.7
between the latency measure (taken as time from stimulus to third crest in
Figure 8-3) and ordinary intelligence measures. Incidentally, as Horn also
shows, the reliability of the latency measure as a “trait” is high (.7 to .9)
so that, with a reliable intelligence test, such a correlation is not intrinsically
impossible. A careful followup by Hom (1969) confirms the rather sur-
prising significances of Ertl and his associates, though the magnitude of the
correlations in an adequate sample and a well-chosen array of ability fac-
tors proves to be nearer to —0.3. The special virtue of Horn’s analysis is
his testing the latency against a whole array of measures, in which he finds
the largest r's with g; and g,, but also, in certain phases of the curve, with
g—retrieval effectiveness or fluency. Thus a shorter latency is a result not
only of the larger cortical mass for relation eduction, underlying g but
also of the effectiveness of assembling relevant information and judgmental
skills. Horn also brought out the important fact that the correlation is better
if subjects receive stimuli when at a low level of arousal. It would be inter-
esting next to see if the correlations for g and g, are better respectively
when the stimulus is a culture-fair intelligence problem and a problem re-
quiring much referral to memory resources.

Turning next to relations of ability to the “resting state” EEG, we en-
counter such contradictory results as to justify the comment that if investi-
gators in this field had fiest structured (factor-analytically) the EEG spect-
trum {Cattell and Elmgren, In press), the findings would have been more
consistent. Naturally, one speaks here of both individual difference factor
analysis and also what has been called differential factor analysis or process
factor analysis. It is a sad illustration of the slowness of techniques to cross
academic boundaries that among thousands of EEG researches it is impos-
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FIGURE 8-3
Evoked Paotentials as a Measure of Intelligence

Dr. Ertl’s method picks out the critical (typically the third)
wave crest, as indicated by the dots on these specimens from
seven of his subjects. The time in milliseconds from the
moment of stimulus is then found to be simply inversely related
to the LO.
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sible to find more than half a dozen experiments (and those, alas, inade-
quate) that have attacked EEG wave analysis factor-analytically. Indeed,
the first crude method—simply examining associations with individual wave
frequencies—has prevailed. What one would expect to get from the other
technique is the discovery of a number of focal origins corresponding to
distinguishable spectra extracted by the factor analysis, as the astronomer
and chemist recognize in a single broad spectrum the presence of several
distinct elements by the different spectra characteristic of each. Correla-
tions showing at least a tendency for more of this kind of wave to go with
more of that kind have nevertheless been recognized, as in the work of
Netchine and Netchine (1962) below. It argues well for a full factor-
analytic treatment that even their search for combinations of scores (from
separate wave measures) by such rough correlational impression have
brought significant correlations of EEG characters with behavior which the
‘“one wave length” bivariate analysis has been relatively impotent to
show.

As to the general origins of these wave potentials, ranging from six to
eighty cycles per second, it was at first thought that they represented the
summation of “firings” of individual neurons. Certainly wave forms are
known, e.g., in epilepsy, apparently due to a large number of cells becom-
ing synchronized in their discharge. However, the alternative also has to
be considered that the activity arises mainly from input, notably from
pulses from the reticular system, as part of its function of maintaining a
suitable activation level. Enough is now known about the behavior of the
individual neuron (Eccles, 1966) and about its physiology for us soon to
fnake some useful connections between the action characteristic of the
isolated neuron and the behavior of neurons in mass, and thus to relate
physiology as well as anatomical structure to intelligence. For example, the
knoufn fall in intelligence, and in the evoked potentials, through thyroid
df.ﬁcnency are cases in point,’and more will be met in the discussion on
biochemistry in Section 6 below. However, the point to be made in the
present context is that total brain action is unlikely ever to be predictable
from the characteristics and parameters of the individual neuron alone, but
only fronf position (pattern) and mass field effects.

There is, for example, increasing conviction among neurologists that the
_gcneral phenomena we are discussing now are not wholly to be cxplained
in terms of summations of ordinary neuron discharges and synapse phe-
nomena. Rusinov and others have concluded that more is due than was
formerly realized to extra-cellular, non-axon current fields. The white mat-
ter constituted by the neuroglial ceils, which surround and outnumber the
neurons (grey matter) by the order of ten to one, may participate in the
formation of these ficlds and gradients. Some of the most successful at-
tempts to explain reflexological conditioning learning depend on the notion
that centers of excitation set up gencral field “sets” within which the
synapse behavior of particular, individual neurons is altered. It is specifically
theorized, in fact, that ficlds of frequency-modulated signals create the con-
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dx'tlons fOr. synapse connections to function. Thus the macroscopic and the
microscopic approaches ultimately may be brought into convergence in
more than a speculative, theoretical sense.

To return to the EEG phenomena per se, it is evident that whatever the
full nature of these regular wave forms picked up by the electrodes wmay be,
.the alpha wave is some kind of homeostatic energy system. Like a flywheel
it betokens energy “resting,” ready to be used. Brazier suggests it may be a
rhythmic excitement level in the dendritic layers of the cortex. When a per-
son perceives, concentrates, or thinks, the simple osciflation is wiped out as
by some kind of discharge. Furthermore, it has been noted that its very
existence depends on the existence of a sufficiently large volume of associa-
tional cortex, i.e., cortex not directly concerned to cope with sensorimotor
immediate experience as such. For example, it is quite hard to find alpha
in animals, or in children before a certain stage of brain development, and,
as we shall now see, it is apt to be of slower frequency in mental defectives.

The general finding in experiments exploring the relation of alpha waves

to intelligence was initially thought to be a significant positive relation
between higher alpha frequency and higher mental age. However, it is now
realized that this relation is far more consistent and large among those with
subnormal intelligence, and brain size or with age-sclerosis or brain-
damaged deteriorations than in the normal adult range, in which it scarcely
exists. Vogel and Broverman (1966), who note this, suggest that the poor
and often insignificant relations in the adult range may be due to the adult
areas of intelligence expression—what we would designate the crystallized
intelligence manifestations—being very different in different people. This
amounts to saying that adult intelligence in the experiments concerned has
not been properly measured by traditional intelligence tests; to whif:h we
can only say ‘amen.’ If the protean non-comparability of' adult intelligence
tests is the problem, the correlations should become as significant as those
with children when culture-fair (fluid ability) intelligence tests are used in
these experiments instead. .

The initial hopes for a simple relation of ability measures 1o alpha rhythm
are thus clearly ruled out by the careful surveys ot: Lm‘dslcy (1961), Ostow
(1954) and Ellingson, indicating there is no relation in normal nd.ults but
only in the early ycars—where slower gamma and. qclla waves give way
to faster and mare prevalent alpha—and in brain-injured persons, where
the whole EEG is, in any case, upsct. Ont such bases two hypothescs about
the EEG that need to be considered are as follows: First, as we ?131w: seen,
there is the suggestion that a “critical mass"—analogous to uzc .cnuc’::l mass
necessary for selfsupporting nuclear ﬁssiqn-—-of “free nssocmuonn.l l}mm
tissue, i.c., neurons fot absotbed in specific, scasory, .)ocal orgnmu.uons,
may be necessary to produce lhc.sc rhythms. That mass is someshere in the
intelligence range between the higher n‘mmmals and man, ,\mong. younger
children and mental defectives or deteriorated adults of about a six to fea-

mental age, the correlation of more rapid, developed alpha rhythm

Y ble—~—about + 0.3 to + 0.6. Howerer, 35 others

with mental age is apprecia
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have noted, the relation is more significant with mental age than with 1.Q.,
i.e., there are developmental as well as sheer magnitude associations. Thus
the evidence is, in any case, that the relation is curvilinear, and as we get
to cortical masses in the adult and superior adult ranges, further increase in
intelligence-growth become irrelevant to increase in alpha characteristics.
The second hypothesis is that the alpha rhythm frequency, though re-
lated to some cortical feature highly responsible for intelligence, is not a
direct and unmediated expression of it. Alpha frequency may, for example,
be an index of latent resources. If this is so, good research strategy would
suggest that, instead of taking “resting” measures on the EEG, we should
take measures of how these wave features change, especially when com-
plex stimuli and intelligence-demanding problems are presented, as in the
pioneer work of Ertl and Horn, with its finding that latency of the third
wave phase in the evoked potential does correlate with intelligence and that
the subject’s level of prior arousal is important. Along the same line of
strategy is the above-mentioned claim of Netchine in Paris that the corre-
lations with mental age are much better if one takes, instead of alpha fre-
quency, a compound index of this value with amplitude and certain patterns
in the EEG. One would be inclined to hypothesize that it would be better
still if beta rhythm (positively) and presence of delta and theta rhythm
(negatively) were included in the regression weights for the index, since
they also correlate with intelligence as indicated by certain exploratory
rescarches.?

' In summary, even at the present stage of research, if one is prepared to
discount certain failures to demonstrate connections as probably due to
poor choice of type of intelligence tests, and low correlations as due to using
single variables (with much specific in them) instead of weighted estimates
of EEG factors, one would conclude that very suggestive relations have
been found. At least over lower intelligence ranges there is evidence from
the field of electrical observations, which converges with that from anatomi-
cal 'observations discussed previously to the important conclusion that in-
tellxgencc is closely related to the magnitude of the physiologically active
cortical mass of “associational” interconnective neurons. Recent more direct
approaches to evaluating this neuronal mass as in pneumoencephalographic
(X-ray_examinmion) studies (Kiev, Chapman, Guthrie, and Wolf, 1962)
generalize that “the degree of impairment of the highest integrative functions

2We return wil!l ﬂ}is reflection to the argument above, that if a technically good fac-
tor analysis of individual difference variables of the EEG were carried out, there is
every prospect lh:f( a factor would be found (i.e., 2 weighting of various manifesta-
tions more meaningfully devised than the alrcady promising rough index of the
Parisian rcscarchm). that would correlate very highly with intelligence. Furthermore,
{mx{; the dcmomlmn?ns of Landantytkina, A. Glass, and others, that the desynchron-
ization of waves (as in alpha index interruption) seems proportional in individuals t0
the cffort of conceatration they are required to mahe to a problem, correlations surcly
should appear between the magnitude of such evoked disturbances when different
people are presented with problems of standard difficulty,
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is di H
neur;;‘;f}? related to total number of inadequately functioning cortical
" Inltm.le, this cortical z-xssociational neuron mass must be anatomically and
t}:Slo‘ ogically more precisely defined for the more exact testing of the theory
211t it COn’eSPO{ldS to g;. One gets hints, for example, from both the electri-
ca _(e-g., Netchine correlations) and the anatomical evidence, that this asso-
?mtlonal mass is less concentrated in the occipital and frontal lobes than
n lht? more central cortex. For instance, correlations of brain injury with
intelligence, as Weinstein and Teuber and others show, are somewhat lower
when .the mass lost is measured in these frontal and occipital areas than
when in parietal, rolandic, and temporal areas. There are even suggestions
(l?eRenzi and Faglione, 1965; Smith, 1964) that the left hemisphere is
slightly more important not only in verbal ability (Broca arca) but in gen-

eral intelligence.

An intriguing problem fo!
abilities resides in the pecu
barely discussed. From the early days of n
tl'!es.e lobes had no immediate sensory or mo
d}stmct inclination, at the «phrenology” stage o
high forehead with high intelligence. Observations of brain injuries quickly
showed that emotional control, foresight, and prudence were the chief loss
from such injury, and intelligence tests seemed to show 1o more reduc-

tion than would follow from comparable injury anywhere else in the brain.
nimals by Pribram

Much valuable controlled experimen
(1960), Bianki (1962), Franz (1902), and Konorski (1948), as well as
the special studies of Harlow (1949), support this general conclusion, and
show the area to be concerned with planning, maintaining sequential sets,

and handling the motivation impulses and general arousal signals that aris¢
from the brain stem and the reticu ow, Pribram, and others

lar system. Harl g
have shown that animals with frontal lobe injuries lose delaygd-aclmn but
not discriminatory powers. { brain action by Grey

The studies of electrical c
Walter (see Section 5 below), also confirm the role of frontal lobes 10t
handling excitatory input. Evidently the assignment of many frontal lobe
association traits to projections from the hypothalamic arca, and lhcr.cfor'c
to the important tasks of emotional analysis and conduct control (which it
has not been our busincss yet to discuss in this book on abilitics) accounts
for the less than expected role of the frontal lobes in intelligence as such.
However, that composite derivative of intelligence and pcrsosmluy. control
which we call “problem solving capacity,” and which tends i animal sc-
scarch to be crroncously equated with intclligence 38 wrelation pereciving
capacity” (sce Chapter 13) does have more

r the psychologist Jooking for the neural basis of

liar status of the frontal lobes, which we have
eurology it was realized that

tor function, and there was a
£ investigation, 10 associate @

definite association with the
uc is taken

frontal lobes, In Section 7 this s up again in connection with
the concept of “plans” by Miller, d Pribram (1960)- Mean-
while, let us scc what contribution m resides additionally 18

the biochemical cvidence.

Galanter, an
{0 the proble
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6. EVIDENCE FROM CHEMICAL
RESPONSE PROPERTIES OF
THE BRAIN

It is obvious that some reduction of correla-
tions and some uncertainty of conclusions in regard to functional connec-
tion of anatomical brain structure with various behavioral functions could
be due to that fact that existing structures may not always be fully func-
tioning, because of biochemical conditions. A clear but extreme illustra-
tion of such factors is the development of mental defect from phenylketonu-
ria, where initially normal brain structure is powerless to function because
of a critical lack of a metabolite (5-hydroxytryptamine) in early infancy.
Incidentally, animals also perform poorly on mazes if fed a high phe-
nylalanine diet which is equivalent to the biochemical upset seen in these
children.

Such simple relations to biochemical action are at present not widely
demonstrable despite the appearance of some comparatively straightforward
correlations like the above, and the relation of thyroxin or oxygen or glucose
level to general behavioral response efficiency. The more general rule is that
biochemistry and anatomical structure interact more complexly. Thus a
particular chemical (at least, when we go beyond simple oxygen metab-
olism) is effective in one anatomical organization and not in another, as
is clearly brought out by Berger (1960). For this reason, understanding
chemical action often depends also on understanding the “wiring diagram,”
i.e., the structure of neuroanatomy discussed above. Nevertheless, it is good
to begin study here with the basic chemistry of the ordinary neuron, as it
operates practically everywhere, and tarn to local specialization later.

Necessarily, a brief survey, such as this book attempts, cannot consider
fleuro—ghemistry systematically, but we may note that the sodium-potassium
ion ratio is a basic determiner in the process of transmission of impulses
along the nerve axon. Similarly, grasping the action of acetylcholine (and
the substance which keeps it in equilibrium—<cholinesterase) is vital to
understanding transmission at the synapses, where one neuron links onto
another. The application of potassium chloride solution to the cortex, for
ez{ample, can so upset the sodium-potassium ion balance that a whole re-
gion goes out of action, as shown by inertness of electrical signs and the
temporary disappearance of ability to learn, equivalent to that found more
Permanemly when such a region is excised. Since synapses are everywhere
in all brain regions, changes in acetylcholine, an excitant of conduction at
the synapses, and cholinesterase, which inhibits it by increasing conduc-
tance of membranes to potassium and chlorine ions, can similarly produce
widespread effects. These effects of general overexcitation are about such as
would be expected from the summation over large masses of the known ef-
fects on individual neurons and the surrounding glia. As far as brief sum-
mary is possible, it would be correct to say that the known chemistry of the
sodium-potassium balance of cholinesterase, scrotonin, noradrenaline, etc.,
as they act on the neuron is helpful in understanding upsets of excitation
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and inhibitory balances. For we can see how these natural biochemical regu~
lators lead to regional overexcitation, on the one hand, as in severe anxiety
or ePilepsy, and, on the other, to sleep or sluggishness with impaired func-
tioning. However, the more striking effects of drugs upon intelligence and
learning arise from chemicals the action of which at the cell and synapse
level is probably not so simple and certainly not so well understood.

By considering first what is known about the gross action of chemicals

~—*“drugs”— foreign to the body, or, at least, “abnormal” in condition, we
are aided in our understanding of the more subtle natural regulators. From
the time when the first prehistoric man brewed alcohol, to the latest, post-
LSD, psycho-active drug, man has become accustomed to expecting fairly
definite behavioral effects from ingesting certain chemicals. The effect of
alcohol is marked in slowing reaction time, upsetting cerebellar control,
reducing the emotional control associated with normal action of the frontal
lobes, and in decreasing intelligence. The present writer (1930) was able to
show that although ten grams of absolute alcohol produced intelligence loss
of a few points of I.Q. for most people, a quite smalf dose of five grams,
though lowering intelligence in some, showed a distinctly variable action.
That this variability of effect was not experimentat error was shown by the
pattern being strikingly consistent for members of the same family. Caffeine,
as in coffee, on the other hand, produced some gain in memory recall and
slight but insignificant increases in what we should now call crystallized in-
telligence-test performance, Had fluid (culture-fair) tests been available
then, it scems likely that no change in g, would have been recordf:d, since the
crystallized increase is sufficiently explicable by caffeine’s famihm: action' in
improving memory access and retrieval. A more recent sluc'iy directly in-
vestigating effects on general ability, specifically on g, and g, is t{lal of P.S.
Hundal (Punjab University) who found that, although the direction of
effects of benzedrine (upward) and phenobarbitol (downward)_ are the
same on fluid and crystallized intelligence measures, the or'lly sxgmﬁcemt
(P < .01) effect was that of phenabarbitol on the io.rmer‘ Tb;s agrees with
some general conclusions below that (1) fluid intclligence is more affected
by generalized cortical influence, (2) most effects are do'wnw?rd from a
natural efficiency level, and (3) retrieval and crystallized intelligence may
instead be more affected by drugs producing facilitation of recall.

Among the “tranquilizers™ and sedatives such as mc'p{obamalc and p'hc-
nobarbito), Townsend and Mirsky (1960) show that digit Symbf)l-su?smu-
tion (which, with appropriate groups, is a modc_mlcly.good mlclhgcnrzc
test), is susceptible to more impairment than tasks involving only: lfxcch:}m-
cal attention and alertness. Most results, however, show ncgllslblc me
pairment by meprob of judg and intcl}igcncc luncu’on. except
possibly slightly in memory; but appreciable impairment of such (cbu per-
formance occurs by phenobarbitol, On the other hand, Jarge meprobamate
doses in monkeys (Weiskrantz, Gross and Baluzer, 1965) do seduce discrim-
ination performance, but may slightly improve delayed responses .m moa-
Kkeys with frontal lobe injurics. The experimenters suggest that it reduces an
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excessive and inappropriately ordered intake of sensory information due tc
the impaired frontal lobes. Frankenhaeuser and Myrsten (1968), with large
doses of this tranquilizer, found more impairment with increased task
difficulty and Iess as the prior amount of learning increased. Miller (1960)
gives a clue to some inconsistent results by arguing that meprobamate actu-
ally increases speed of learning in performances with which anxiety inter-
feres. Injection of procaine into frontal lobes (Paolino and Friedman,
1959) apparently produces no intellectual impairment (again adding a mite
of evidence that the frontal lobes are involved more in control than intelli-
gence, though still one must conclude some intelligence involvement). The
effects of LSD seem generally deteriorative, especially in regard to memory
functions.

A major difficulty in giving the main outlines of conclusions here comes
from the lack of agreement among physiologists on the dimensions of drug
classification by effects. Terms like “stimulant” and “depressive” are
pointless when the same drug stimulates a dozen things and simultaneously
depresses half a dozen others. An empirical demonstration of nine main
independent dimensions-of-state change (Cattell, 1960) suggests that a
meaningful vector or profile characterization is possible, however, for any
particular drug action. Berger (1960) has brought some order into the
pharmacological side by designating five main types of psychoactive drugs
—phenothiazines, Rauwolfia derivatives, diphenylmethanes, propanediols,
and substituted amines—and two main types of action—cerebral depres-
sion and autonomic suppression. He shows that the third and fifth of the
chemical types act depressively on the cortex and the first three on the
hypothalamus. However, the more semsitive measures of total cortical
efficiency are made, the more they tend to show slight impairment with
most sedating drugs. And with stimulants like caffeine and strychnine the
improvements are slight and mainly in recall.

Tht? above conclusions mainly concern normal subjects. When persons
suﬁenn.g from psychosis or some temporary impairment are concerned,
more significant improvements in intellectual performance may result. Such
improvements, under diseased or pathological conditions, include the find-
ing that arx_nphctamine (benzedrine, etc.), as shown by Blackburn with the
present .wnter’s culture-fair tests, will improve the intelligence performance
of hospitalized depressives. But, as Brubaker and Pierson (1962) show,
dexadrine (benzedrine) gives no significant difference for normals on in-
telligence or the primary mental abilities. In the case of depressives it
would scem the improvement is through change in motivation, since per-
sons in normal emotional states do not improve. Again Gilgash (1957)
finds significant improvement on the Wechsler test with psychotics from
chlorpromazine (an anxiety reducer), but Porteus, using the maze test of
intelligence, closer to g, finds a consistent and significant loss of 1.Q. from
this drug over a series of careful experiments.

Even in depressed or mentally ill persons, the clearest conclusion seems
to be that alleged 1.Q. improvements are probably due to being able to gain
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the p:?tient’s attention and motivation, not to increased relation-perceiving
ﬁapacxty as such.. As Uhr (Uhr and Miller, 1960, p. 620) well summarizes,
Improvements in effective intelligence reflect a lessening of disruption
rathe_r than any direct affect of the drug upon performance.” An exception
19 this is the improvement in senile persons or those suffering from brain
cxrcylatory disorders, where drugs which remedy the condition—as in the
findings of improvement through small doses of a convulsant (metrazol)
drug., of an anti-coagulant (Dicumarol), and of sodium glutamate (a protein
nutrient), (Caldwell, 1958 )—produce real, cortical, efficiency increases.
To cut an intrinsically long (though inherently fascinating) story short,
one must conclude that, except for people in diseased or subnormal condi-
tions, no artificial drug has appeared that is capable of significantly in-
creasing fluid general intelligence or bringing more than momentary im-
provements in crystallized intelligence (which may be mediated by changes
produced in g, and g;). To anticipate outcomes of our next discussion—on
nature’s own chemicals—the same generalization essentially holds there too:
a nerve network, as presently genetically given, has the best biochemicals

for its most efficient functioning. However, although this is true in the long
run, in relation to all the mental and emotional adjustments and recupera-
hy temporary im-

tions we have to make, there is no intrinsic reason Wi
provements should not be made, as everyone experiences (or thinks he
experiences) if he sustains performance on cups of strong coffee, though
he suffers jitters and jadedness afterwards. Certainly everyone has intro-
spections of variation of his intelligence and insight, and, if Horn's results
(page 491) are confirmed and extended, we are likely to conclude that \'hc
main capacities—ge e 8o 8s etc.—fluctuate from hour to hour, .cach \yuh
its characteristic pattern. Presumably this is partly external sum.u]auan,
leading to higher activation level or increased fatigue, and partly internal

biochemical change. .
The chief, natural, physiological determiners of neural aclion. that might
be investigated as affecting the intelligence performance from given neural
masses are the nutrients—oxygen, glucose, etc.—the general bodily hor-
noradrenalin, thyroxin, the ketosteroids, ete.—and cer-
Icholine, scro=

kers in conduction at synapscs—accty
hem in this sequence.

nce and memory reduc-

mones—adrenalin,
tain chemical pacema
tonin, cholinesterase, €t¢- Let us bricfly consider

There arc ample studics showing both intellige duc
tion from shortage of the primary fucls, oxygen and sugar ((houg,h. inci-
dentally it is realized now that brain ceils metabolize profeins and lipids in
lesser degree also)- High altitudes, or oxygen chamber pressure dmp.s
corresponding 10 10,000 fect or over, begin 10 reduce intelligenees memory,
and control. Sugar fevel reductions do the same and impair leaming.
Reductions in the sheer quantity of blood circulation in the brain, bc'low
certain limits, can account for the same effects. Brozek, the present wrileh
and others (1946) showed on World War II volunteers for cxpenument
that vitamin B (thiamin) deficicncy produces anxicty depressica, scanin
jty to noisc, and lack of ability to conceatrate. Other, cupenments have

ot
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confirmed that with this degree of severity of deprivation there is also in-
telligence test loss. The effects of vitamin deficiency in mothers have been
set out in Chapter 7 on heredity.

About the effect of degrees of malnutrition within reversible limits there
is much debate. Studies of German children with relatively severe malnutri-
tion in World War I were unable to conclude any 1.Q. loss. Recently the
issue has taken on political overtones in relation to the real degree of
intelligence improvement to be expected from welfare programs, with re-
sulting extreme claims in both directions and the production of more emo-
tion than knowledge. Like almost every other influence, nutritional differ-
ences seem to have their larger and more permanent effects in very early
life. As typical of the more environmental emphasis one may take the
conclusions of Cravioto (1966) that raising both protein and calorie con-
sumption in children with marked malnutrition slightly but significantly
increases intelligence test performance. He concludes also that malnutrition
prior to six months is especially liable to cause loss of 1.Q. and that,
whereas losses in later life may be recovered, these are not. These infer-
ences from reconnoitering research are necessarily shaky and not yet to be
taken too seriously because no dependable intelligence test is known for
six-months-old—or even two-year-old—children. The evidence with cul-
ture-fair tests (page 463) is that the increase in bodily size in this genera~
tion from richer nutrition has nof been accompanied by any general fluid
intelligence increase. The increase in crystallized intelligence seems due to
better schooling. If there were any fluid intelligence increase one would

need to prove, before considering it part of the larger physical growth, that
it is not due to reduction, by better hygiene, of the size of the minority
§uﬂering from brain damage through disease. The general medical evidence
is that in severe malnutrition, as in famine, the body sacrifices all kinds of
other tissue before nervous tissue. In the range of nutrition in Western
c!{ltures it seems unlikely that much intelligence variance is associated
w.xt?x calorie intake, though it might be with unwise cating habits, e.g., those
giving v.itamin B deficiencies or excessive cholesterol from overfeeding.
Turning from fuel and protein, to the regulating hormones and brain
pacemakers, let us dismiss most hormone effects as already widely known
to {eaders‘ The only one having major effect on intelligence is thyroxin,

whlf:h, when reduced, produces retarded thought (myxoedema) and im-

becxlit).' (cretinism). Early reduction of brain metabolism may also mean a

reduction of neural growth. Speculatively, there has been suspicion of other

hormone deficiency effects, including the

form'ances,.notably, fluid intelligence, but also fluency (retrieval) show 2

maximum in late adolescence, it is easy to argue that sex hormones play

some indirect part. The German psychiatrist Mobius once remarked, in
noting the lively minds of most adolescents and the dullness of most adult
conversation, that “some degree of mental defect supervenes in all people
after adolescence,” and it is an easy step from this comment to the notion
that the highest production of sex hormone produces, rather than merely

sex hormones. Since some per-
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coincides with, this intellectual stimulation. But no tangible evidence on
such connections exist, and eunuchs have not been noted for stupidity.
Understanding of the action of acetylcholine, serotonin, noradrenaline
and other “neurchormones” and their balances (hydrolysers, esterases)
such as cholinesterase, monoamine oxidase is rendered difficult partly by
the fact that the action of most is primarily on the mid-brain and old brain
(limbic system) rather than the cortex. (Serotonin, for example, is most
concentrated in the hypothalamus (Himwich, 1960) as also in noradren-
aline and adrenaline.) Also the strong emphasis in research has been on
understanding schizophrenic impairment, which happens to show in the
cognitive area more as disordered motivation than lack of intelligence. The
possibility exists (from evidence mainly on learning in animals, by Rosen-
zweig, Krech, and Bennett (1961) and others, that raised acetylcholine in
the cortex is associated with increased anxiety, alertness, and problem-

solving activity. They analyzed the ratio of cholinesterase in the cortex lo
o becomes higher in

that in the subcortical levels of the brain. This ¢/s rati
rats and mice whose environment presents more stimulation or disturbing
features. The increase of the ratio of cortical weight to cholinesterase in the
more stimulated rats could be 2 function of cortical enlargement ot of
greater demands for cholinesterase at the subcortical, hypo!hal.amic level,
occasioned by greater arousal. However, Tapp and Markowntz. (1963)
found that stimulation increased ventral cortex and subcortical wexgh.ts a{ld
thus decreased subcortical cholinesterase. With marked increases 1n hl:c
stimulation the cortex is thicker and more developed, and. as indicated, it
remains a possibility that the lower cholinesterase proportions could be a
consequence of this greater cell development. (Since number of cells c?nm?t
be increased by environment, one must inf.er that the a.vcmgc cell snT.c 35
increased.) Brighter genetic strains of rats n maze-running (from Tr):‘mt s
experiments) also show a higher ratio. These results need to bc n:]alt; 53;)
the P-technique (state) findings by Williams and the present writer ( 3
that in human beings low cholinesterase in .the blood serum 1 fo;n m;r:
anxiety (r=.78) and high cholinesterase m"strcsts. This suggcs;l
animals said to be living in a more “stimulating c.nv_lron.mcnt.actu:.x y lmxﬂi
be living at a more anxiety-creating level, and fhat it is this \yluch' sumal;s i:i.
cortical growth. A generalized overactivity with acetylcholine Esc,[ 5o
ated with increase in brain volume growth, may bc' shown al oh o : bg
some increase of intelligence test performance with it, but this has 10

checked. . . o ]
Biochemical research in behavioral science 1S only in its x'nfancz.. ll:ll:‘t”:x
very promising infancy. As far as abilities ar¢ co'nccmcd ulxs“pa zcl 9(,(3
relevant to effects across the age range. As Lcsmcl:h;l:x‘:gd.\ :’ 1;:!5"“” )
oint out, the correct operation 0 , : ¢
Erilicnl p::riods of deselopment exerts necessary cfforts on ;l:; c\a‘x)lr) ‘x!f;,i
opment of the central nervous system and &:’:‘1 ;;’zxf‘su;:;cm;;ha;,, s
i1 i tion wi o
already been pointed out, 11 conne¢ Hebb's penct i .
dcprivilion of stimulation in carly life, €.5., 38 10 Nissen's (Nisw
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confirmed that with this degree of severity of deprivation there is also in-
telligence test loss. The effects of vitamin deficiency in mothers have been
set out in Chapter 7 on heredity.

About the effect of degrees of malnutrition within reversible limits there
is much debate. Studies of German children with relatively severe malautri-
tion in World War I were unable to conclude any 1.Q. loss. Recently the
issue has taken on political overtones in relation to the real degree of
intelligence improvement to be expected from welfare programs, with re-
sulting extreme claims in both directions and the production of mare emo-
tion than knowledge. Like almost every other influence, nutritional differ~
ences seem to have their larger and more permanent effects in very early
life. As typical of the more environmental emphasis one may take the
conclusions of Cravioto (1966) that raising both protein and calorie con-
sumption in children with marked malnutrition slightly but significantly
increases intelligence test performance. He concludes also that malnutrition
prior to six months is especially liable to cause loss of 1.Q. and that,
whereas losses in later life may be recovered, these are not. These infer-
ences from reconnoitering research are necessarily shaky and not yet to be
taken too seriously because no dependable intelligence test is known for
six-months-old—or even two-year-old—children. The evidence with cul-
ture-fair tests (page 463) is that the increase in bodily size in this genera-
fiou from richer nutrition has not been accompanied by any general fiuid
intelligence increase. The increase in crystallized intelligence seems due to
better schooling. If there were any fluid intelligence increase one would
{Je?d to prove, before considering it part of the larger physical growth, that
it is not due to reduction, by better hygjene, of the size of the minority

§uﬁenn.g from brain damage through disease. The general medical evidence
is that in severe malnutrition, as in famine, the body sacrifices all kinds of
other tissue before nervous tissue. In the range of nutrition in Western
cxfhuxes it seems unlikely that much intelligence variance is associated
w:n%x caane .mtake, though it might be with unwise eating habits, e.g., those
giving V}tamm B deficiencies or excessive cholesterol from overfeeding.
Turning from fuel and protein, to the regulating hormones and brain
pacemakers, let us dismiss most hormone effects as already widely known
to feaders. The only one having major effect on intelligence is thyroxin,
whxf:}'x. when reduced, produces retarded thought (myxoedema) and im-
becility (cretinism). Early reduction of brain metabolism may also mean a
reduction of neural growth, Speculatively, there has been suspicion of other
hormone deficiency effects, including the sex hormones. Since some per-

(orm.ances,‘notably, fiuid intelligence, but also fluency (retrieval) show a

mamn_um. in late adolescence, it is easy to argue that sex hormones play

some indireet part. The German psychiatrist Mobius once remarked, in

:::‘x:eg mg Tively m.llnds of most adolescents and the dullness of most adult
coms ;Zz:)leo:c;;hat" some Qegxec of mental defect supervenes in all people
i ce,” and 1t is an easy step from this comment to the notion

e highest production of sex hormone produces, rather than merely
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coincides wi!h, this. intellectual stimulation. But no tangible evidence on
such conneclnqns exist, and eunuchs have not been noted for stupidity.
Understanding of the action of acetylcholine, serotonin, noradrenaline
and other “x.zeurohormones” and their balances (hydrolysers, esterases)
such as cholinesterase, monoamine oxidase is rendered difficult partly by
lhf: faf:t that the action of most is primarily on the mid-brain and old brain
(limbic system) rather than the cortex. (Serotonin, for example, is most
cqnccntrated in the hypothalamus (Himwich, 1960) as also in noradren-
aline and adrenaline.) Also the strong emphasis in research has been on
understanding schizophrenic impairment, which happens to show in the
cognitive area more as disordered motivation than lack of intelligence. The
possibility exists (from evidence mainly on learning in animals, by Rosen-
zweig, Krech, and Bennett (1961) and others, that raised acetylcholine in
the cortex is associated with increased anxiety, alertness, and problem-
solving activity. They analyzed the ratio of cholinesterase in the cortex to
that in the subcortical levels of the brain. This ¢/s ratio becomes higher in
rats and mice whose environment presents more stimulation or disturbing
features. The increase of the ratio of cortical weight to cholinesterase in the
more stimulated rats could be a function of cortical enlargement or of
greater demands for cholinesterase at the subcortical, hypothalamic level,
occasioned by greater arousal. However, Tapp and Markowitz (1963)
found that stimulation increased ventral cortex and subcortical weights and
thus decreased subcortical cholinesterase. With marked increases in life
stimulation the cortex is thicker and more developed, and as indicated, it
remains a possibility that the lower cholinesterase proportions could be a
consequence of this greater cell development. (Since number of cells cannot
be increased by environment, one must infer that the average cell size is
increased.) Brighter genetic strains of rats in maze-running (from Tryon’s
experiments) also show a higher ratio. These results need to be refated to
the P-technique (state) findings by Williams and the present writer (1953)
that in human beings low cholinesterase in the blood serum is found in
anxiety (r=.78) and high cholinesterase in stress. This suggests that
animals said to be living in 2 more “stimulating” environment actually may
be living at a more anxiety-creating level, and that it is this which sﬁmulate.s
cortical growth. A generalized overactivity with acetylcholine rise, associ-
ated with increase in brain volume growth, may be shown also to bring
some increase of intelligence test performance with it, but this has to be
checked.
Biochemical research in behavioral science is only in its infancy, b[utla
romising infancy. As far as abilities are concerned it is particularly
::l?\,rzﬁn to eﬂicts ncr)c'wss the age range. As Levine and Mullins (1966)
point out, the correct operation of hormones (sex, thyroid, or ndrcnal). at
critical periods of development exerts nccessary efforts on the c:_lrly devel-
opment of the central nervous system and on subsequent bc}fnvu?r- It has
already been pointed out, in connection with }'icbb.'s gc.n:rnh.zauons, lhn’l
deprivation of stimulation in early life, e.g,, as in Nissen's (Nissen, Chow,
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and Semmes, 1951) experiments depriving chimpanzees of visual stimuli
and other experiments on auditory stimuli, will cause lack of development
of normal discriminatory skills in that sense area. Apparently the structural
development of cells is normal, but their biochemical preparedness and
reactivity is virtually permanently Jost. Some of the age changes discussed
in Chapter 7 can be correlated with such physiological changes. For exam-
ple, between the age of thirty and ninety the mass of the brain typically
declines about ten percent. The concentration of RNA (Ribonuclejc acid)
in nerve cells first increases with maturation and then decreases from about
fifty-five to sixty years of age. Probably RNA is more important to memory
(and therefore g. and g,) than to g, but it also coincides with curves of loss
of the latter.

Probably the most important biochemical conclusion for ability psychol-
ogy, however, is that the brain cells are normally at a high pitch of effi-
ciency. They have the highest metabolic rate of any body cells and when
the brain is active there are, according to Hyden, of the order of three
billion impulses operating per second (two billion in the visual system
alone). It is not surprising therefore that most “foreign” chemicals, e.g.,
alcohol, LSD, merely reduce effective abilities. There is no magic “elixir”
for intelligence, but only the natural biochemicals (thyroxin, acetylcholine,
adrenaline, and its simulator amphetamine, etc.) the addition of which, if
the brain is subnormal through their absence, can raise intelligence and

learning capacity back to their proper level as expected from the structural
limits.

7. THE PHYSIOLOGICAL
INTERPRETATION OF FLUID AND
CRYSTALLIZED INTELLIGENCE,
QUALIFIED BY SOME UNSOLVED
RIDDLES OF MEMORY
In the above sections presenting evidence
from neuroanatomy, chemical action, and electrical phenomena we have
largely refrained from syntheses attempting interpretations beyond the
zone of e.:nch sectional area. For in the present inchoate state of the subject
the cautious reader may want to separate fact from interpretation in what-
ever necessarily condensed general propositions are here offered. Even our
factual survey, by reason of its having to dissect out from the enormous
arca of neurophysiology what is most vital only to the subject of abilities,
1‘;:\5 hafi 10 ncglect' those aspects of neurology which have to do with the
nz:dn‘:{\;: a‘r‘m:‘ ;it:onm:cnl life—notably the roles of hypothalamus, mid-brain,
ovetom :;nd spinalszir:‘ and antonomic system—and with the reticular
Th«:: major theoretical difficulty in reaching a mor i
meaning l’gr intelligence and other abilitics isg\hat mccb:;lic:ﬁnlc}:x;o::g;?}
mc_mal cvnancc has to do with observations on learning, especially in
animal studies. And learning in most cases involves not only intelligence,
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but also dﬂ"/C, memory, and other lesser factors. In allowing for effects
due to effectiveness of memory we are hampered at the present juncture i

research by the fact that the neurological basis of memory isj cx"::ein
speculative. Theories vary from (1) “reverberating circuits” (to which umz
;u'e serious objections), to (2) qualities of “facilitation” or “readiness” in-
s et s )
in universally neurally distril);ut:d Rllc\;lA eol S’h e (4)' mlﬂ?cu}ar hanges
Some of these. are coaly mtat and ot er proteins. .Smcc? at present
oty with the memor y attractive a'ztempts to integrate intelligence the-

y y aspects of learning, theory has all the complications
of intellectual polygamy.

'Whatever alternatives or combinations are accepted they have to square
wxl?) the genemlly accepted conclusion, from both behavioral and physio-
Iogical evidence, that memory has three major aspects:

Sl) 'A short-distance memory, from seconds or minutes to an hour or so
whufh is a maintained activity and involves interaction with present storage
leading to further storage. The “reverberating circuits” concept, which has
had to be almost abandoned as an explanation of long-term memory, is
quite apt here. At least some persisting neural electrical activity is involved.

(2) A long-term storage, in principle not unlike a library or a computer
storage, but which now seems likely to depend on specific protein molecule
formation, as genetic storage depends on nucleic acid molecules. Mc-
Gaugh’s experiments with strychnine, picrotoxin, and pentyline tetrazol
show some stimulation of learning possibly in connection with this process,
but others with pemoline and ribanol, which show significant memory im-
provement jin aged patients and in the learning of rats, suggest a protein
synthesis in memory. W. B. Essman has similarly shown that “engramming”
of memories is improved by uric acid ingestion. Studies of S. H. Barandes,
showing that drugs upsetting protein synthesis upset memory, and G.
Ungar’s work, showing that transfer of brain extracts may transfer such
learning as avoidance of certain stimuli, point to memory as chemical stor-
age, and probably related to protein molecules.

Within this storage procedure, however, we can recognize a continsum
between storage of the immediate, “photographic” event and the abstrac-
tions that can be made from that and many other events, by intelligent refa~

tion eduction. The latter are probably the work of the short-term memory
sorting and referral activity in (1) above, and are stored under symbols and
abstractions. This difference probably corresponds to the factor-analytically
substantiated difference between “intelligent” or “meaningful” and “rote”
memory factors revealed by Kelley (1954). However, this difference ariscs

in the committing to memory ((1) above), where the more intelligent
n processing the data. For, as Underwood

rate of decay of & memory is very similar

person proceeds much further i
n the

(1957} convincingly argues, the «
indeed for rote memory an the one hand, and intelligent learning o

other. The chemical storage propertics may therelore be identical, while
the more intelligent, preliminary, committing to memory in the onc case
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These action plans and festings operate in conjunction' with w}'lat these
writess call “images,” constituted by the available stored information aboExt
the world and the acting subject, The former associated with the forebrfnn
and limbic system, has to do with devising and controlling a suitable acgmn
sequence, or hierarchical fitting of subactions into a total course of 21.Ct10ﬂ.
The latter (“images”) correspond roughly to what we would designate
more precisely here as the g system—the system of reality-tested informa-
tion and judgmental skills, developed through gr and experience, and
stored neurologically in the more specialized zones where g. skills are
ultimately stored. Distinct from both of these—the plan control in the
limbic system and forebrain, and the g, resources around the sensory motor
arcas—is the combining mass offering powers of relation eduction neces-
sary to the further development of both plans and images (g.).

A question which naturally arises at this point concerns where the
relation eduction within a particular sensory power zone ends and the
general relation eduction begins. This is paralleled by the question of
where, anatomically, a sensory or motor zone ends and the combining
mass begins. In the factor analysis of behavior we see a fair degree of
relational hierarchy development to be present in the local organizations
themselves, e.g., in the visualization capacity to develop purely visual pat-
terns. At some point the relational analysis is carried to higher hierarchies
in the combining mass as the pattern is understood in broader sensory
contexts, e.g., a visual music score as an auditory sound pattern. It might
seem sufficient to say that the combining mass takes over the moment that
interaction begins between two or more senses, or a relation passes beyond
the meaping of a particular sensory domain. But more likely the higher
relations, even within one sensory domain, already involve the combining
mass. The notion that two and two make four can be learned purely in the
visual field, but it does not have its full sanction and meaning until it has
been compared and integrated with a similar finding in, say, the auditory
and tactile fields. The “logic” of one sense could be and is sometimes
peculiar, as conjurors realize. The experience from other areas may thus
fcedback through the combining mass to the higher level relation eductions
in any one local organization. This is perhaps why it is possible, as in

culturc:inir intelligence tests, to ¢ gr by complex relations presented
purely in one (visual) sensory channel.

At present littde is known about the anatomical boundaries of the
m?urolcgical combining mass, partly for the obvious reason that it grades
without sharp boundaries into the sensory and motor power association
arcn..Prcscnl conclusions would be that it is central in the cortical mass,
that it .docs not involve the outlying quite specialized cortical areas, and
l{lat it is 0 more projected into the frontal lobes (with their plan-control-
ling specialization) than into other local power zones. For, as we have
seen, lhcr.c is much evidence that the frontal lobes and forebrain are con-
cerned with impulse control, anticipation of future consequences, and the

arranging of action plans in proper sequences a i i i
nd hierarchies det ed
by external realitics. clermin
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The relation of intelligence to perception and control in socio-emotional
acuorf gtuatnons—'paml[.eling the anatomical relation of frontal lobes to
combining mass—is an intriguing one to the investigator, which we shall
approach more systematically in Chapter 12, on personality-ability inter-
actions. But. in the present context of the neurological bases of ability one
can only point to the expectation—by analogy to what is found from the
other Provincial power localizations—that a p (power) factor would be
found in behavior corresponding to the frontal lobe. This should be con-
cerned with good relation eduction (“intelligent perception”) in the field
of emotional relations and actions, and of cultural values. It should appear
as a rather broad begianing of “potitico-ethical” abifity, before that be-
comes incoorated in crystallized intelligence. Because of that poverty of
imagination in the devising of a sufficiently broad spectrum of psychometric
tests which we have had to deplore in Chapters 2-6, no factor—either as a
primary or as a provincial power secondary—has yet been established in
this general area.

In default of research by ability investigators, it is perzonality research,
as documented in Chapter 12, that has picked up what is probably also the
ability structure of this arca. The basis for this assertion lies in the ego
strength (C) and superego strength (G or U.IL 29) factors. What one
would like to see js a factor definition more strictly of their ability expres-
sions in terms of the novelist’s sensitive perception of emotional relation-
ships and behavioral consequences. And inasmuch as conduct obeys the
same quality of lawfulness as the physical world, the same logic of summa-

tion, substitution, etc., one would expect the special relations educed in
this power to be successfully handled in proportion to the individual's
endowment in flnid intelligence, and to be deposited as a part of crystallized
intelligence. Unfortunately for the neurological investigation of this area,
animal experiment is useless, since the socio-cultural-ethical world of
animals is miniscule compared to that of humans, and the corresponding
neuro-anatomy is almost certainly equally rudimentary. Indeed, the sociol-
ogists, and the dialectic materialists among neurologists, such. as Vygotsky,
are tempted, by the importance of this brain area in human life, to reverse
the causal perspective. For them the flow of culture, not the brain, is the
determiner, and the frontal lobes might be better thought of as so many
individual radio receivers dipping into a vast sea of electromagnetic wave

transmissions which constitute the culture. But two-way action still holds,

and the neurological determiners of individual brain action are also de-

terminers of the total culture. i

Although we can begin to give, in Shakespeare’s phrase “a local habita-
tion and a name” to some functions, such as the motor arcas,';md }hc spe-
cial senses (with their association areas), to impulsg (the midbrain) and
impulse control (the forebrain), to memory storage input a.nd outpu;‘ (}ﬁc
hippocampus), and to finid intelligence (the central cortical combining

mass), a habitation for the primaries and crystallized intclligcncg has been
d is an offspring of our uncertainty about

left indefinite. That ind uncert
memory storage, and the common feature of these abilitics is that they
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involve storage of memories that are abstract, syn3b0_1i°, and “'M‘Sc‘f—“dmg
any one Sensory Or Motor power. All that s certain is that the,y finish up
as narrowly localized and requiring little space—Tlike Bro?as area for
speech symbols. The behavioral nature of the factorially unitary powers,
such as vizualization and auditory skill (see Holmes and Singer, 1966, for
indications of an auditory provincial power) is that they deal with rela-
tions strictly within the sense, and at a lower order, closer to sensory per-
ception, than g, performances. For that reason, because sensory experience
is common to all people except the uncommon deaf and blind, the p fac-
tors may be weakly defined within a species, though they would obviously
be powerful between species (as between ecagle and bloodhound). Some-
where on the neuroanatomical crossroads between these areas is the most
Tikely place for the primaries and crystallized abilities, as verbal ability lies
in part between the auditory zone and the motor area for the tongue.
Because of the uneven mixture of sensory-motor powers involved, and the
dependence of all of them on the combining mass of g, one would expect
these locations of the various aspects of g. to be relatively variant and
unstable.

In spite of some remaining puzzles, the alignment of behavioral factorial
findings and neurological anatomical and functional findings is encouraging.
Any attempt at such a total picture, it is true, has to depend at present on
some shrewd guesswork. For example, there are practically no instances
where drug action or electrical brain function records correspond neatly to
one factorial category, and we have had to guess, above, that, for example,
the slight improvement of intelligence with caffeine may really be due to
better speed and recall in the storage on which g, judgments depend.
Methodologically the whole field would be clearer if factor analysis were
applied in experiments on change measures under manipulation, as it has
been to absolute behavior measures. Then we might hope to discover, for
example, how much the various performance changes under drugs can be

allocated to particular sources, and we might demonstrate, for example,
that caffeine leaves g entirely untouched and produces its effects through
Er OT g,.
. Thc? bfieﬁy summarizable anatomical picture seems to be that both the
provincial organizations™ (sensory and motor association areas) and
general fluid intelligence are expressions of the effective functional mass of
sensorimotor and general association (combining network) zones. As such
one would expect these p’s and g to have considerable genetic determina~
uon,"whe:eas the primary agencies, a’s, and g, would depend also on the
effectiveness of the storage and committing-retrieving areas in the hip-
pocamp.al aree and physiological efficiencies at leaming and recall. All
correlations with anatomical features are, of course, subject to modifica-

n : B .

dA lm_abl: m!eren;e tro:‘n this theory is that the genetic-environmental variance ratios

de(tnmned [o.r various a’s, e.g., verbal, numerical agencies, should coincide with the
egrees to which they are affected by chemical conditions known primarily to affect -
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tion by transient physiological efficiencies, e.g., oxygen availability, In this
connection we might expect, as Horn has found, that diurnal cognitive
performance swings, when factored, show that g as a unit has its own
swings. Also physiological and behavioral data will show two-way effects,
so that, as Rosenzweig, Krech, and Bennett have demonstrated (1961),
behavioral overstimulation will have detectable ncurological effects. In
the neurology-to-behavior direction many testable deductions can now be
made from the above structural theory. For example, any drug affecting
the total combining mass should influence the rate of insightful learning,
but not of conditioning, whereas influences, e.g., anxiety, affecting the
autonomic system, should (and do) alter autonomic conditioning learning
but not g~determined, intelligent learning.

Neither space nor available research data permits pointed and profitable
discussion of the neurological correlates of the other general capacities—
£ 8 ctc. Their lability with age, their susceptibility to drug action, etr:'.,
indicates that they depend on general neural efficiency, and we know in
addition that g, depends on functionality of hippocampa.l arcas near the
corpus callosum. But, whereas g obviously depends primarily on sheer
magnitude of neural fibre mass, it would seem that general speed, g
depends more on physiological efficiency conditions. The fact that g and g,
seem to unite, in part, in a still higher-order factor (’I_‘able 64_1) does sug-
gest, however, that some common condition of cortical efficiency aﬁ'e:cts
them both. These are riddles worthy of combined rescarch by psychq[og}sm
and physiologists starting, however, from a truly broad conceptualization

and using multivariate experimental designs.



CHAPTER ULTRA-HUMAN

NINE INTELLIGENCE:
ILLUMINATION
FROM
EVOLUTION
OF ANIMALS
AND
MACHINES

1. THE DISTINCTION OF
INTELLIGENCE AS A
SUBCATEGORY WITHIN
PURPOSE—ADAPTIVE BEHAVIOR
While not forgetting that our central topic is
human ability, we may yet find virtue in seeking perspective on it from
broades domains. For it is an axiom of scientific method that no area is
fully illuminated until we step out into comparative views, utilizing per-
spectives which transcend the internal approach. The biological dictum
that to know a species we must also know the wider genus to which it
belongs, applies to all knowledge.
If we ask where else intelligence is found, some, like Newton and
Copernicus, will point to the heavens; others will refer us to the living
world, especially the higher mammals and certain insects, while the mod-
crnist, intoxicated with cybernetics, will suggest that we look at the re-~
markable behavior of a computer or Jogic machine. As to the first, the vast
and cloudy purposes of the cosmos still clude our comprehension, but in
animals and machines we see organizations which cope with problems
similar to those handied by our own intelligence, and from which we can
surely enlarge our concepts. Admittedly, the behavior of apes, bees, birds,
and porpoises is more like our own than is that of an ancient Egyptian
water mill, a Roman catapult, a Norman turnspit, a Polynesian fish hook,
a Victorian alarm clock or a modern American computer. Animal and
machine constitute two species rather than one; but they share the behavior
of a genus which “responds adaptively to external stimuli.” Let us begin,
howesver, with the more familiar domain of animal intelligence.

2132
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Viewing animal behavior, it is obvious that man has been more con-
ceme.d over most of his history—at least prior to Darwin—to emphasize
the differences rather than the similarities. The dearth of intelligence ina

school-mate is considered fully indicated when he is called a stupid ape.

The theologians denied the animal a soul, and the early naturalists denied

him intelligence—permitting him “instinct” instead. Indeed it is soon evi-
dent that adaptive behavior of the latter kind is not 2 sufficiently restricted
characteristic for locating what we call intelligence. If intelligence is to
have the particular, usefully restricted meaning we have given it in the
general factor g, then we must distinguish in animal behavior between that
which is intelligently adaptive—in the general sense of aiding the animal’s

survival—and that subvariety of such behavior which continues to be

adaptive even when the normal conditions are changed, and which alone
can strictly be called intelligent. We have to distinguish indeed between
what is purposive and what purposeful. The instinctual behavior of animals,
e.g., of the squirrel burying the nut he will need next winter, is very pur-
posively adapted, but need have no intelligent insight. As Cannon brought
out in The Wisdom of the Body, not only much of our outward behavior,
e.g., walking, but all kinds of inner physiological processes, are far more
“intelligent,” in this “adaptive” sense than the possessor of them usually
understands.

Our position here
must be distinguished from purposeful
instinctual processes——achieved by the genetic trial-and-error learning of
phylogenetic evolution—and secondly, the skilled and well-adapted, in-
tuitive judgments we make, without knowing why. The latter may be as
blindly acquired by individual, ontogenetic trial and error experience as the
former are by racial, tion of trial and error be~

phylogenetic, natural selec x
havior. The former type of purposive: the beautifully

ness is seen at work in
adapted instinctive behavior of animals and especially insects; the Iatter is
demonstrated in the intelligence with which

will be that in fact wo kinds of purposive adaptation
intelligence. They are, first, the

2 skilled cyclist handles a

bicycle—while being utterly unable to s2¥ why he does “{hat he does.
What we shall distinguish as the subclass of c‘onscmusly‘purpa:e[ully
intelligent behavior, often developing within prrposxvely cffecu.vcly-adnp(cd
behavior, is marked by (1) conscious insight into the connections 1h:1t are
operating, and (2) the fact that, as seen by tl.le observer, it obvnouslly
represents the achievement of & desired goal despite re.—arrang‘enu:m:_of the
stimulus situation from the accustomed pattern associated wnh. instinctual
behavior. Proof of the existence of insight is somewhat uns.ausf.actory 50
long as it rests purely on introspection, and we s.hall 1.:.\lcr give :f'a more
behavioristic touchstone! than 2 remark by the subject: “Ab, I sce!

1 Pointi insi; he touchstone of intelligence dcﬁniﬁ?n g
Wli":l:(lzlﬁ;:il;g:%gi:: iln the last chapter that g,.is involv arning ﬁ“ﬂ.“htl:)::
insight is demonstrable, but only improsé g and adaplation in 3 CO%
plex situation. In the last resort, the suddenn
poor to a completely correct solution, by whicl
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Although shrewder common sense observation, and the theology of ?he
Scholastic philosophers, have kept amimal intelligence to an evaluation
decidedly below that accorded to our own, popular sentimentality over
animal pets never ceases to supply gratifyingly impressive, if questionable,
anecdotal evidence for virtually human levels of performance. One of the
classical early works on animal intelligence—that of Romanes—mixed
such domestic anecdotal evidence with scarcely more reliable observations
by hunters and others. At the present juncture, however, the field can call
upon reasonably systematic knowledge and disciplined methodology from
(1) ethologists, whose skilled and systematic observation of animals in
natural surroundings has grown from that of McDougall on propensities
to that of Carpenter (1934), Lorenz (1958), Von Holst, Tinbergen
(1951), Eibl-Ebesfeldt (1967) and many others patiently pursuing this
new branch of psycho-biology; and (2) manipulated experiment in the
Iaboratory, 2s pioneered by Kohler (1925) and McDougall (1932) and
now illustrated by such work as that of Maier and Schneirla (1964), Bitter-
man (1965), Hess (1959), Beach {1948), Harlow (1949), Scott (1959)

and many others. Let us glance next at evidence from both of these
sources.

2. INSTINCT IN RELATION TO

TRACTABILITY AND

INTELLIGENCE

To speak of animal intelligence it is helpful
first to glance briefly at the more rigid purposive instinctual behavior with
which it is contrasted. Instinctual behavior is seen in such activities as nest-
building, courting ceremonies, hunting for food, methods of attack and
escape—all showing exquisite purposive adaptation. It has been argued by
some sociologists and even some ethologists that much instinctual behavior
i's actually learned. (No one disputes that it gets modified and is variously
intermixed with intelligent acts.) Eibl-Ebesfeldt, Lorenz, Tinbergen, and
others who gquestion that all is learned, have repeated experiments by Kies,
Lehrman, and others (who claim that most is acquired) by more ingenious

lh: mast 'obyious and casy criterion. There may be other behavioral criteria character-
izing an u.mghl(ul _soluuun, notably, that the animal does not return from it to other
less effective solutions. Although we can assume that insight and 2 high degree of

conscious awareness of a relation nearly always go together, the “consciousness” can-
not be taken as the criterion by a beh

forist, either with h or animals. In-
stances could probably be d 1 in human beh
Ices oL t an for that matter, where an
individual's g has permitted him to use a new, lex relationshi X hi

. L p as a rel
without full conscious awareness of it. Many complex correct applications of syntax

in speech are probably of that kind. The best behavi iteri icati
¥ Wy of 3 ioral criteria of the application
of intelligence, resulting in problem.solving use of a newly perceived relation, are

2:0::‘&? 1) ~\hc syddcn change in the learning curve, (2) the absence of further

n:w fn:;‘;;md trial and ervor, (3)‘ the ability to transfer the learned relation to

e and .‘:cl:'r::: scts of and (4) c¢h of behavior in the

Ytion itself that the observer can demonstrate 10 be dircct “inferences” from the
6ry” constituled by acceptance of a new relation.
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experimtfms of qxcir own. Rats make nests out of bits of paper and straw
and retricve their wandering young despite having been prevented from

seeing their own parents and others do this. It is true that certain appropri-

ate conditions for the species are necessary—cool temperatures, low enough
abies (real or artificial) that

to suggest nest-building, a shady corner, b

Sflucak, and so on. Without these suitable stimulus and background condi-
tions, rats may carry bits of paper around rather aimlessly, cut up bits of
straw and leave them around, and drop “babies” if they show unusual
properties, such as being (despite correct coloring, etc.) as inert as bits of

wood. Furthermore, some experience of the right situations with objects at
does much to put the pieces of the

the right maturational time apparently
innately given behavior clements together in a harmonious and effective

whole.

Similar appropriate conditions for innate response development have
been found in other instincts that have been studied, .8 hunting in the
polecat. At first, when an animal of this species is brought up away from
other polecats, it does not attack a rat when immediately presented- Only
when it is provoked by the added stimulus of the rat running away does
the pattern emerge. If brought up from earliest infancy with rats, so that a
pre-cstablished conflicting gregarious satisfaction arises, it will be even
slower to attack, and require a raised level of hunger 10 discover its own
hunting propensities. The typical consummatory behavior in hunting—
shaking the rat, rolfing it on its back, biting it fatally in the back of the
head—also matures with certainty only with respect to the separate neces-
sary elements in the chain, e.g., taking the rat and shaking it. The sn.moth
coordination of the whole chain comes only with time and experience.
Whether this delay in appearance of the full pattern i dependent on learn-
ing or on maturation is a question to be answered only by_ subtly designed
experiment. Certainly, many complex behaviors, €.8-» the flight of ‘sw"alllows,
have been shown unquestionably to occur without any. ?c.Jssxbnh'ty‘ of
imitation or practice. Where, in the natural situation, pn.mbtlu{es. of .xxmt:x-
tion occur, it may stilt be questioned whether it is actually imitation of

adults or simply the possibilities of playful exercise, which improve 'the

coordination. The playful fighting of lion cubs gives scodpe éor ;:oorl:imalug;
i i wsprings” and ass,”andinee,pay as lo

of many Ione e Bt 1 g g er) as the schooling of

been recognized (at least since Herbert Spenc
oordination and sequential

animals. hat th
The argument Seerms reasonable that the cl } ;
run of part behaviors, when the part behaviors are !hcn}sehcs u.nch'::s‘z'mn;
ably inberited, is also itself party inherited. 'l.‘hen—-.ns in “imprinting e
timely experience in ists the maturation, without that expericn
having to be rewarding . —as in m:dmlary lc;r:x:g‘.,ill:f
crucial test for this theory could be dcsxgmfd by manipi ating on
ment so that the appearance of the instinctual ‘s‘cquc;cc pr::::z c%)‘um
i carning in the or inary
experience but not reward, SO that no | g e oo el

be assumed. (Usually the experience is rewarding, assumi
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goal is a reward, and could therefore reinforce the appearance 9f the best
order of coordinating the parts.) But the Galapagos dove continues aft.er
centuries to show “injury feigning” behavior to draw visitors away from its
nest, though there are no predatory carnivores in all the Galapagos istands.
The best explanation is surely that the pattern was reached without learn-
ing, and that this is a phylogenetic carry-over from ancestral areas where
the behavior was actually rewarding to the maternal instinct. .

Other instances of indubitable maturation of complex behavior are in-
creasingly being turned up by careful ethological observation. Birds which
catch insects on the wing have been noted, when hungry, to go through all
swooping and snapping behavior in the complete absence of stimuli,
namely, flies (though in this case there has been no proof that they have
not been rewarded by insects before). Then there are situations where
insfinctual patterns are not only useless but positively punishing. There is
an instinctive ritual of combat between turkey cocks wherein they lock
beaks, interwine necks, and wrestle. When one lies down in a particular
way it is a signal that he accepts defeat, and he is allowed to withdraw
unharmed. Many other species of large birds, however, have developed a
different instinctual combat pattern, including vicious striking at face and
stomach with claws and spurs when the opponent lies down. A combat
between a turkey and, say, a peacock, is likely to be fatal to the former,
both because the peacock does not observe “the Marquis of Queensbury
Rules” and also because the instinctual behavior of surrender, effectively
life-saving in turkey society, merely encourages further attack in other
species.

Instances of maladaptation of instinct in a strange or rapidly changing
environment are fairly numerous in the animal world. Their prevalence
suggests that a certain looseness in organization would be advantageous.
Nature has to take care that something in “instinct” can be left to learning,
Evolution has to aim, therefore, at a purely actuarial balance between the
life-saving gains from a modicum of flexibility and those from having a
!irm tendency to behave in ways that are usually rewarding. QObviously, man
is an extreme instance of high permissiveness and flexibility, though, as the
associates of the present writer have shown by factor-analytic methods
(Cattell :m.d Miller, 1952; Cattell and Horn, 1963; Cattell, Horn, Sweney,
and Radcliffe, 1964), there are still detectable distinct and unitary “in-
stincts™ in man. Because of their extreme difference from lower animal

instincts on this plasticity continuum they have been called ergs, ie.,
sources of energy in the form of * y

stimulus reactivit, i

pmicul.ar kind of final consummatory satisfaction.” %h:ﬂf:;;tgnzz;vizgd;
these cight or nine human ergs in texts on dynamics elsewhere (Cattell
19?5::) and will sce that there is scemingly little left in man but a pre:
scribed consummatory activity and a special quality of reward for what-
ever (learned) behavior leads toward that specific goal. In man intelligenc

cvxdcnl}y has reached a level relative to the complexity of hi ironment
where it can be depended u o ool gont i

g pon 10 find a way to the biologi i
absence of specific instinctive intuitions. Y ¢ biological goal in the
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mui:: grflpt(})]rtanlt co'n_ceptual issue now presents itself in the question: “How
mue ¢ pl a§t1c1ty—thc lack. of complete hereditary prescription—of
nctual behavior should be assigned to some quality of ‘openness to new
responses as effects of reward learning,’ i.e., to a quality of passive plasticity,

and how much positively to intelligence, i.e., to @ helpful capacity to per-

ceive new relations?” Calling the former, for future discussion, “tractability,”

:E::,b 213;?:?:;? hillm;:ls, ‘}‘lﬂexibi'lity versus tensity,” see Ch.a?ter 13) we
b tor gnize att ough it may tf:nd tf’ corrf,lat'e positively, across
pecies, with intelligence, it 1S by no means identical with it, And at the nerv-
ous system level, as discussed in the preceding chapter, we can see that in-
telll_gence as relation-perception demands substantial representation in the
brain by a coordinating “combining mass,” whereas tractability could be in
part a purely biochemically or physiologically determined mutability in the
nerve pat'hs which normally fix the instinctual chain of responses.

Evolutionary adjustment indeed has a difficult problem bere, for to in-
crease tractability without increasing intelligence is to court disaster, while
the converse—intelligence with rigidity—is useless. A permissiveness t0 1€
arrange the instinctive coordinated sequences and satisfactions invites bio-
logical perversion just as much as it does improved adaptation. The dangers
of.tractability or flexibility can be seen in the perversions of the human sex
finve, or the devices by which men trap animals and (recently) eliminate
insects. The rigidity of the instinct sequences in insects, in the Jast resort,
must be ascribed to Nature’s inability to give them—because of the size-
weight limit imposed by the skeletal and breathing system—any appreciable
mass of purely coordinative, brain tissue, i.e. tissue not committed to a spe-
cific use. Individual adaptability demands a somewhat reckless expenditure
on brain tissue in the form of association tracts. But if flexibility is intro-
duced without this prerequisite for insightful adaptability, t0 knit together
some new complex behaviors by learning, the animal world departs from
the path of exactly prescribed instinctual behavior only at its extreme peril.

Presumably, however, the capacity to vary from a geneu’cally prcscribe
path, is a weakening, not an abolition, of an exact genetic maturation pre-
scription. Such tractability or flexibility is surely, nevertheless, in part, 4
trait or condition of the nervous system independent from that of possessing
a large endowment in intelligence. For example, tractability is 2 necessary
precondition also for advance in blind trial 2nd error learning, which is not
itself intelligence. The «reversal learning” design which Holmes and Bitter-
man (1966), Skinner (1953), and others (see below) have used to explore
animal learning would seem conceptually to be more a measure of racta-
bility than of intelligence. But since these two capacitics must be appre-
ciably correlated (according to our theory above), at least across Species,
one would expect reversal leaming 1o improve, in general, as onc goes up
the evolutionary scale, just like intclligence.

With this bricf definition of the propertics of the instinctual mechanisms
with which intelligence has to interact, and the necessary conceptual scpard-
tion of intelligence from tractability, we ar¢ in a position to concentrate on

intelligence as such in the animal world.
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3. THE CONDITIONS AND RANGES
OF UNREFLECTIVE AND
INSIGHTFUL LEARNING

IN ANIMALS

By “purpose” above we have referred to the
framework of biological goals or consummatory behavicrs—eating, escape,
gregarious gathering in a herd, courtship and copulation, destruction of an
enemy in combat—£or what, in man, have been demonstrated to be at least
nine distinct ergic structures. As a classificatory philosopher may later com-
ment, these seem designed by evolution to contribute either to the survival
of the individual or that of the species, though that purposive classification
has little relevance to their physiological and psychological properties and
classificatory characteristics as such.

Psychologically let us now recognize more specifically what may be called

purposive or purpose-adapted behavior. In all of these cases we can assume
that 1he ergic goals define the purposes. Purpose-adapted behavior is likely,
however, to show itself in elements at various subsidiation steps (goal dis-
tances) from the final goal, not only at the consummatory stages. All pur-
pose-adapting behavior is innately rewarded by reaching the biological goal.
But beyond these general characteristics one must distinguish two and
probably three forms of purpose-adapted behavior: (1) that which has by
evolution become jnnately and unconsciously adaptive to reaching the goal;
(2) that which is learned but not consciously connected with its goal; and
(3) that which is learned and consciously connected with the idea of reach-
ing the goal. Instinct is genetically purpose-adapted, but with this we can
contrast acquired purpose-adapted behavior. As just suggested, the latter
can be subdivided—if we may momentarily use the word *‘conscious”™—
into blind trial-and-error learning without awareness of how the new be-
havior secures the desired goal, and intelligent, insightful learning in which
the organism is conscious of how the new behavior succeeds in reaching
the goal, or, at least, relates means to ends. We have already pointed out
(Underwood, 1957) that as far as memory trace characteristics are con-
cerned, the two forms of learning behave, after the initial short-term mem-
ory consolidation phase, in the same way, e.g., as regards rate of fading.

As we have seen, one behavioral criterion for differentiating insight—
without the itlegitimate and undependable peep into human consciousness
or anthropocentric projection into animals—is the occurrence of a sudden
change in the typical form of the trial-and-errar learning curve. The time
or errors curve takes an immediate vertical drop as the individoal sees “how
it works”—or, at least, learns an abstract relation—as shown in TFigure
9-1 (b) compared with (a). Other associated phenomena are a period of
pondering before, a complete change of strategy, etc., around the moment
of insight, absence of further trial and error, and the appearance of “in-
ferences.” Below, we shall ask how such insights appear in various animal
species; but it is obvious that in man the fumbling of trial-and-error learning
is fairly often superseded by sudden insights. After several attempts to get
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FIGURE 9-1
Learning Curves With and Without Insight
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a key into a lock a man may “perceive” from the shape of the keyhole that
he was holding the key upside down; or, in a more abstract example, after
some unsuccessful attempts to solve three simultaneous equations he may
suddenly recognize that one is simply dependent on another; or after some
attempts to smooth an argument between a man and a woman at a party he
may suddenly perceive that they are husband and wife. In all these cases
there is an explicit perception of expressible relationships not realized in
the triat-and-error phase. Parentheticaily, however, we must reiterate that
the level of a person’s intelligence helps also to determine the speed with
which he progresses in trial-and-error learning, since in such learning no
individual can respond to relations in the situation, even blindly and uncon-
sciously, that are beyond the integrative scope of his combining masses.

As suggested above, man has been slow to credit animals with much
insightful behavior, and this is due to its being, except in primates, on so
totally lower a level that one often has to set up special, carefully graded
experiments in order to see any insightful steps at all. The typical problem
set for an animal is to accustom it to a certain, natural, ¢asy way of reach-
ing food (or escaping shock) and then to block the direct path and see how
far it is capable of finding a way around the barrier (the “detour” design).
If the animal reacts correctly to each such detour problem—such as starting
off, in a glass hedged maze, in the opposite direction to the food in order to
reach it—we may assume insight. Actually, most successful animal detour
learning usually occurs after much wandering around and proceeds by small
increments of certainty, like any human trial-and-error learning.

Some initial, relatively unsystematic, “experimental” studies of animal
intelligence were begun by Lloyd Morgan in 1890, but animal experimen-
tation received its real impetus from E. L. Thorndike (1932) and Pavlov

(1927) in work around the turn of the century. Pavlov's work was strictly
concerned with the reflexological model of learning, but Thorndike had a
?vxder A:cccptivity for all the natural phenomena of animal learning, includ-
ing insight. However, problem solving and intelligence in animals first re-
cm.vcd concentrated treatment by Kahler, who thought out problems for
chfmpanzccs' carefully graded to permit manifestations of insight, Most of
this early animal experimentation with “labelfed” doorways, sound signals,
use of constructive materials, maze forms, etc., we must assume to be
known to the student. The upshot was a much more sober view of animal
intelligence than animal lovers’ ancedotes had broadeast. Chimpanzees, as
Kohler showed, could deliberately reason for a few seconds and makt; an
'u.lsighlful.usc of objects as tools. Dogs, cats, and some birds, could get in-
sight on simple spatial maze problems, and learn to recognize differences in
new patterns, but few lower animals could do cither,

A common type of problem involving spatial and visual relations s that
where two &%mrs arc marked with very different shapes—a cross and a circle
—one lcadu}g to food. To make sure that the pautern form itsclf (rather
than the Postlicn) is explicitly recognized and that one is not dealing with a
global trial-and-error learning, the symbol can be shificd from the right 10
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the in si

“learning set” Criterionp f’ ubitably solve it. Harlow has c‘aHed this the
one solution is correct Pefd oinma'nce, When .th(? animal recognizes that only
sporadically in trial-a ,dzm , ‘";vmg'hlt on it, it never returns (as it would
of the standard ra]a‘tl‘ -error en.mmg.) to 'the wrong choice. Alm9st any
ma lassiﬁc;;ﬁ xonl-pe.rcepnon, 'mtelhgeuce subtests used with hu-
lhisnsrew-cnrd-with on, analogics, op?osues, topo.logy-—could be adapted to
mals. Tncident -Co.m.:ct-chmce dem'gn of experiment fem.ployable with ani-
- ally, it is a sad reflection on the parochialism of divisions of
psychology that animal research has so far availed itself very litde of the
Tesources of human individual difference research, Even the names used
f‘hOW. fhls, the classification problem being named in animal research an
odd.mes” test, and the eduction of a relation 2 “lparning set.” The latter
?Pecmlized use is perhaps reasonable in that a set seemingly is developed,
n the classical sense of a mental set, 10 apply one particular relationship (if
it will fit) to the repeated stimulus presentations, just as child is set by the
{ntelligence test example to apply analogy reasoning t© each successive test
}tem. But in a wider sense animal intelligence investigation has not made an
informed use of the types of situation which the investigation of human

ability structure has shown to represent jmportant categories.
. In groping for what distinguishes intelligent from unintelligent behavior
in animals, animal psychologists have used such expressions as “recognizing
a general principle,” “combining elements effectively,” “abstracting an €s-
sential quality,” “reasoning,” “reacting to symbolic stimuli” and so on. As
we shall point out in Chapter 11, probably the jmportant common feature
in alt of these descriptions is the ability 12 perceive relationships and to re-
act to relations as such. With this conception it would seem desirable to
test animal intelligence by the same designs of subtest as have been most
g-saturated in humans, namely, classification, series, analogiest, e:tc., though,
of course, greatly simplified. Also one would look for the dxsum':t g_eneral
c., and the local organization of

capacities of speed, retrieval (fluency), et
OWEIS. .
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