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“If a man does not keep pace with his companions, perhaps 1t 1s because he

hears a different drummer. Let him step to the music which he hears, how-
ever measured or far away.”

Thoreau

This book is the product of a conference on intelligence held at the University
ot Illinois. Ordinarily, the Preface is an appropriate place to thank the con-
tributors for modifying their papers so as to make them suitable for publica-
tion and to acknowledge those conference participants who, for various
reasons, were unable to include their manuscripts in the volume. This will be
done but it would be less than candid not to say a tew words about the climate

in which the conference took place. Apprehension, fear, and threats were
omnipresent. There was a bomb threat, not to mention a variety of threats

of major disruption. It is a testimony to the courage and 1ntegrity of the vast
majority of students at the University of Illinois, the members of the planning
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X Preface

committee, and the administration that the conference was held successtully
and peacetully.

This book is not a political document and should not be used as such.
It is doubtful that the cause of knowledge, which 1s the cause of humanity, has
ever been forwarded by the process of politicalization. Certain common
misunderstandings became apparent during the conference and the papers

attempt to resolve and clarily some of these issues. In the minds of many non-
specialists, intelligence is an entity which 1s static or constant over time. It 1s
almost conceived of as a dichotomous variable like pregnancy, either you are
Oor you are not.

The papers in the first section of this volume address themselves to the
different definitions of intelligence and to the variety of ways ol operationaliz-
ing these concepts. Obviously, the operational definitions vary according to
the values of a culture at a given time. The second section of the book dis-
cusses genetic contributions to intelligence both at an individual and popula-
tion level. The final section discusses environmental contributions. Clearly,
this separation is an artificial one since genetic factors operate only in an
environmental context and the environment can only operate on the geno-
types that are present. Yet, it seemed a division which would be pedagogically
helpful and 1t has, theretore, been made.

I should like to acknowledge financial support lor the conlerence trom
the Department of Psychology, the George A. Miller Lecture Commuittee,
and the College of Education, all of the University of Illinois. In addition,
Eli Lilly & Company gave a grant-in-aid. There were so many people who
helped to make the conference and the resulting volume possible that they
cannot be individually acknowledged. Yet it would be remiss to omit the
efforts of Mrs. Edna Glass and Mrs. Hazel Bruce. Many ot the more onerous
editorial chores were kindly undertaken by my wite, Gloria, whose effort
is gratefully acknowledged. Much of that which 1s editorially sound 1n this
book is because of her yeoman efforts. Carl Bereiter, John R. Horn, O. Hobart

Mowrer,; and Morton Weir made valuable contributions to the conterence
but were unable to submit manuscripts tor the volume.

Robert Cancro, M.D.

Hartford, Connecticut
June, 1971
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chapter 7

the structure of intelligence
In relation to the
nature-nurture controversy

RAYMOND B. CATTELL

The scientific and ethical setting of the problem

Investigation of racial differences in intelligence requires clarity on three
matters: (1) the meaning of intelligence and its measurement, (2) the definition
of a race, and (3) the values that should enter into social use of the results. The
topic of this chapter is the first. However, the writer wishes to prevent mis-
understandings of his conclusions in relation to the second and third realms;
therefore, a brief statement concerning these i1s vital to this introduction.

A race 1s a people representing a gene pool that differs in a statistically
significant way from that of another race. The significance, like any statistical
significance, has to do with differences of means relative to the spread (sigma)
in each. However, since such differences concern a whole pattern of elements,
rather than any single dimension, the basic aim of separation and definition
systematically by aciual characteristics (rather than “ethnically’” by history)
requires application of the principles developed for objective numerical statisti-

cal separation of biological species and breeds (Cattell, Coulter, & Tsujioka,
1966; Sokal & Sneath, 1964). These principles have been successfully embodied

and applied in the Taxonome computer program (Cattell & Coulter, 1966),
to animal breeds (Cattell, Bolz, & Korth, 1971), a substantial separation of
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4 Theory and Measurement

breeds of dogs being obtained on behavioral measures alone. Most of the well-
known studies of human races (Coon, 1962; Darlington, 1969; Haddon, 1934;
Harrison, 1961; Mourant, 1954) have, for lack of these recent aids, assisted
their separation by taking account additionally of historical knowledge of
migrations and inbreedings, for the branching of a parent race into distinct
races has typically been accompanied by special environmental selection, or
selection plus hybridization, followed by relative cultural isolation and
inbreeding.

Questions of difference of intelligence arise not only among animal species
and in humans among naturally segregating races, as above, but also among
artificially or conceptually cutoff sections of a people, e.g., social-status
categories, urban and rural areas, and so on. Here statistically significant
differences may arise in intelligence even though the sections are arbitrary and
do not represent truly discrete species types. Inasmuch as two people may difter
in innate aspects of intelligence, and a race or social group is only a collection
of such people, it is theoretically possible for a statistically significant difference
of the average innate intelligence level to arise between any one group of
people and another. However, the natures of the groups and the causes of the
difference make this difference of varying practical importance, requiring
special investigation in each case.

Although misunderstandings of both intelligence and race in their technical
meaning have contributed to the unfortunate quality of much recent popular
discussion (including the moblike attacks on Arthur R. Jensen), by far the
ugliest aspect of this and other debates has sprung from the third source of
misapprehension—that concerning the values that we need to bring to bear on
the facts presented by science. Common assumptions from some backgrounds
have been (1) that the recognition of racial differences implies hostility in the
people who recognize them and (2) that, at the very least, 1t carries assertions
of superiority and inferiority.

The first is a gratuitous assumption in which the accuser projectively
exposes his own meanness of spirit. Racial diflerences can be as interesting as
individual differences. There is no good reason to deny them in the supposed
interest of human amity or cooperation. Good will can and always has been
more important than differences. What 1s fundamentally more important 1s
that these experimental divergences of race are necessary to the adventure of
human evolution as clarified in the Beyondist philosophy (Cattell, 1971b). The
second assumption by various races of their inferiority, it is true, has frequently
been asserted, but any thoughtful and biologically educated person realizes
at once the scientific risk—and indeed the meaninglessness—involved 1n assert-
ing that a higher degree of trait X is a superiority. The story of evolution 1s
replete with instances in which what might confidently have been admired at

a given epoch, e.g., the sheer size of the great dinosaurs, turned out to be an
inferiority by the final verdict of relative survival in the path of evolution.



The Structure of Intelligence in Relation to the Nature-Nurture Controversy o

Among the races of men, some may have a sharper hearing, others greater
stature, or a better ability to memorize rhythm, or a more volatile tempera-

ment, or a better capacity to score on intelligence tests. But who knows how to
balance an “excellence” in one trait against an excellence in another? In
many cases we have no idea, even in single qualities, in which direction
“superiority’ lies, e.g., excitability of temperament, stature. Even in regard
to such qualities as higher intelligence, need for little sleep, and so on, obviously
advantageous in modern life, our evaluation is still in the last resort guesswork.,
Our fastes may be quite definite, but our scientific knowledge is not yet capable
of yielding a reliable judgment on what the human being of the future will be
like.

T'o admit that we do not know what traits are superior—in the sense of
being the traits of the future—does not, however, contradict the fact that there
are certain traits the higher endowment in which belongs to the future and
others that should recede. The reconciliation of that fact with the fact of our
own ignorance creates an emotional and philosophical problem that the
present writer has attempted to solve elsewhere in his book Beyondism: The
morality of science (1971b). What is certain is that in the interest of evolution,
if races did not exist, we, as applied social scientists, should have to invent
them. Indeed, racial differentiation and the creation of new types is going on as
actively today as ever. “Racist’ is justifiably a term of opprobrium because it
points to a misguided person who takes it as a fact that his own race is superior
to all others. But an even worse error is to assume that races need not exist and
that innate differences between them do not exist. The person who dogmatically
asserts that significant racial differences in the inherited bases of behavior cannot,
do not, and should not exist deserves the still more opprobrious term of an
wgnoracist. Racists and ignoracists are equally anathema to the scientist and
to the man of good will and faith in evolution.

The 1rrefutable record of the rocks shows that countless very diverse races
have existed and have gone their way to oblivion, and if we accept cranial
capacity as evidence of intelligence, they have differed substantially in in-
telligence. The ignoracist in academic dress has convinced himself from the
beginning that differences in intelligence cannot exist. Sensitive investigation
of the subtle and fascinating technical issues involved can hardly proceed in
this atmosphere. The ignoracist’s predilections make it impossible for him to
accept the scheme of life in which variation, selection, and evolution are the
master plan, just as the racist finds it impossible to believe that other races are
probably in countless ways “‘superior’ to his own. In this immorality of personal
narcism, which 1s common to both the racist and the ignoracist, the ignoracist
nevertheless proudly airs his moral indignation at the racist. He does so without

perceiving the greater immorality—or, at the very least, the scientific dis-
honesty—of the ignoracist. It is necessary in the present circumstances to take

time to point out that both of these intrusive, emotionalized extremes of



6 Theory and Measurement

prejudice must be excluded from the calm of the laboratory if we are to make
any progress toward the intricate solutions and complex conceptual statements
by which one can alone expect to approach the truth.

The problem of discussion in two languages

Having thus, we hope, followed Samuel Johnson’s injunction to “‘clear one’s
mind of cant’’ with explicit recognition that differences in intelligence may
exist between racial groups and that some fraction of that difierence may prove
to be innate, let us examine the basis on which the question, “Do they actually
differ?”> can be brought to an unprejudiced decision. The evidence has two
parts: (1) data on whether the groups differ in intelligence measures; and
(2) analysis on how much of the difference is innate. This chapter is largely
concerned with the former, though it will finish with some asides on the latter.

With the jealous concern of a young would-be science to establish itsell,
psychology—at least among its spearhead group of researchers—has striven
mightily in the last fifty years to clear up the subject of ability structure in man
and lower animals. Nevertheless, the degree of success that the present writer,
for one, would claim to be won, i1s still subject to question and still more, to
misunderstanding. When Voltaire skeptically commented: “Quand celur a qu
’on parle ne comprend pas, et celur qui parle ne se comprend pas, c’est de la metaphysique,’”
he might well have been talking of the present plight of psychology rather
than of metaphysics. That plight, as 1t affects us here, stems from the com-
paratively recent outgrowth of the quantitative and mathematical study of
personality and ability beyond the general verbal foundation that the man in
the street shares with William James or Freud. An engineer, a physicist, or a
chemist realizes that he has to master basic mathematics before his bridge will
stand or his rocket circle the earth. However, the man in the street and the
psychology student who avoids the mathematical and experimental disciplines,
because they can introspect, claim a knowledge of what goes on in the human
mind.

The emergence of a quantitative, experimental, and mathematical psychol-
ogy has been made concrete in the last decade by the formation of splinter
groups from the American Psychological Association (APA) such as the Psycho-
nomic Society and the Society for Multivariate Experimental Psychology. But
the general public (and 1t 1s the public educated, it at all, in the Jamesian-
Freudian verbal approach to psychology that is trying to discuss the present
question 1n journalistic circles) 1s prepared, mainly, to handle ideas and
problems only at a verbal level. For example, because there is one word
“intelligence,” the assumption 1s unconsciously—and, as it happens, erroneously
—made that there 1s one power and that we are all talking about the same

“thing.”” The danger of the prepsychometric morass into which discussants
are likely to flounder en masse must be stressed (Bacon stressed this pitfall of
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words nearly four centuries ago, but still not strongly enough, apparently).
Otherwise few will be willing to attempt the more arduous disciplined mathe-
matical inquiry necessary so that some precise conclusions can be reached.
In regard to the question of intelligence and race, or even of intelligence and
heredity, we have now achieved a spirit (admirable when contrasted with the
closed mind) of free speech and free inquiry. Even so, one would like to see the
argument move on from the excitement of “Let us all stand up and debate’’ to
the more intriguing phase of “Let us all sit down and calculate.”” Apart from the
fact that the latter gets us much further, the computer has a calming effect on
emotionality that rhetoric usually intentionally lacks.

The experimental and psychometric development
of the concept of intelligence

Our purpose is to look critically at intelligence measurement; thus, let us first
recognize that individual-difference measurement generally in psychology has
largely passed from the construction of a priori scales, by “clinical” or *“philoso-
phical and semantic” intention, into a new phase of structured measurement. By
correlation and factor-analytic methods one first seeks to locate the unitary trait
structures and their interactions and use these source traits as the target for the

construction of batteries and scales.
Actually, intelligence was the first structure to be so handled. In 1904

Spearman developed factor analysis (independently of some related develop-
ments in pure mathematics) as an answer to the perplexity and subjectivity
prevalent for a generation among psychologists who were testing intelligence
but were unequipped with the new methods. (These perplexities, one may add,
have persisted to the present day in the reactions of many who resist the
inevitable extension of the multivariate analytical experimental methods to
personality and motivation.)

Spearman’s theory of a unitary intelligence factor g in the cognitive
problem-solving area 1s well known to every student, as also is the somewhat
more complex development by Thurstone. In the latter, a dozen primary
abilities (found as primary factors) themselves factor to the same Spearman
general factor g but at the second order. Primary-ability and general intelligence
tests have shown scientifically more gratifying consistencies of findings than
earlier tests, for test construction can now validate itself against these uniquely

determined target concepts.
However, science i1s continually modifying its concepts, and advances in

the flexibility and penetrative capacity of factor analysis as a method (partly
due to 1ts exercise in the more complex field of personality) have more recently
forced a modification in the Spearman-Thurstone model of a set of primaries

and a single broad secondary g. The new development was first expressed at
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the APA Annual Meeting in 1940, when two papers were given, one by the
present writer (published in 1941) on factor-analytic evidence and one by
Hebb (published in 1942) on neurological evidence. The two viewpoints were
later combined into the concept of fwo kinds of general intelligence. The
reader who wishes to follow the development of the concept of fluid and
crystallized general intelligences in depth and with detailed supporting evidence
may do so in the present writer’s Abilities: Their structure, growth, and action
(1971a). In this brief chapter only the highlights of the nature, origins, and
relations of these two new concepts can be given.

Briefly, if one factor analyzes (with the obliqueness necessary for full
simple structure), say, fifty different variables representing fairly diverse
aspects of cognitive performance, he is likely to get—as Thurstone (1938),
Adkins (1952), French (1951), Horn (1965), and many others have shown—
some fifteen to twenty primary abilities, such as numerical, verbal, spatial,
mechanical, perceptual closure, etc. When these again are factored, not one
“general” ability, but fwo or three or more are actually found—though in
Thurstone’s day psychometrists were content to stop at one. Although these
are ‘“‘general” factors affecting virtually all cognitive performance, they are
very different in respect to the area in which they place their main loading
influence. For example, there is a general cognitive speed factor, loading speeded
measures but not complexity, and a general fluency or retrieval factor having
to do with access to the bank of memory. But the two big factors that concern
us most here have a twinlike quality and clearly have equal claim to some such
title as intelligence, for both are concerned with those processes of abstract
thinking, adaptability in problem solving, and capacity to acquire new capacity
(rapid learning) that have always possessed a semantic right to the word
intelligence.

Since exact description is the first necessary step to explanation, let us look
in Table 1 at the precise nature of the loading pattern upon primaries of these
two g factors. Now, especially through the fine analyses by Horn, we have
parallel studies at different age levels, and it is becoming clearly evident that
the duality persists developmentally throughout an individual’s entire school
life and his adult range.

Characteristically, that which shall henceforth be designated g, the
crystallized-intelligence factor, loads the well-known primary abilities, such as
verbal, numerical, spatial, and mechanical aptitudes and others. The second
general factor, g., fluid ability, also loads these primaries to some degree; but,
as Horn, Nesselroade, and others have shown, it loads most highly of all the
relatively culture-free performances in abstraction and relation eduction,
which shall be illustrated in test form in more detail later.

If you ask in surprise why this duality was not found sooner, the perhaps

redundant reply is offered that all new things are found later rather than
sooner. But, more specific reasons can be cited for the delay in the recognition



1. Comparison of loading patterns of fluid (9r) and crystallized (g.)

Intelligence factors on various performances in good experiments

o0—6-year-olds (114) (Cattell. 1967a)

Culture Fair (Fluidity Markers)

Reasoning
Verbal
Numerical
Personality 2
Personality 3
Personality C
Personality H
Personality Q,

_ 9-12-year-olds (30
Culture Fair (All)
Reasoning *
Verbal

Numerical

Spatial

Exvia

Anxiety

Pathemia

Neuroticism

13-14-year-olds (277) (Cattell, 1963)

Culture Fair (Classification)
Reasoning

Verbal

Numerical

Spatial

Personality F

Personality C

Personality H

Personality Q,

Personality Q,

Adults (477)

Culture Fair (All)
Reasoning

Verbal

Numerical

Spatial

Mechanical Knowledge
Speed of Perceptual Closure
Ideational Fluency

Inductive Reasoning
Personality, U.I. 16

Personality, U.I. 19
Personality, U.I. 21
Personality, U.I. 36
Personality Anxiety, U.I. 24

e

il ol A

i 8e
.98 —.11
10 72

—.17 74
43 49
.04 —.05
.07 —.08
—.07 —.09
A5 17
.01 .02
6) (Cattell, 1967b) _
.78 .09

.30 40
22 .63
47 .35
.73 .03
.01 29
.05 .00
.04 .04

—.09 .06

.63 —.02
.08 .90
A9 .46
.05 .99
32 14

—.05 .09
21 —.07
21 —.04
—.06 .05
05 —.02
(Horn, 1965)

.48 —.08
.20 .30
.08 .09
.20 29
.04 —.04

—.15 43
.18 —.05
—.03 2D
D9 12
—.04 .18
.05 .07
—.03 —.08
.01 43
—.05

—.26

Note: The variables have, for ease of com
in g; and g. blocks.

*In this case since reasonin
from tests known to load it.

il ——

parison, been arranged in the same order, not

g was not a separate primary, an estimate (rounded) was made
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of the duality: (1) technical advances 1n multiple-factor analysis, notably
regarding communalities and the number of factors to extract, had to be
awaited; (2) the present definition of higher-order factors in abilities could not
proceed until much more was known about the neighboring personality tactor
domain; and (3) a strategy of putting In backeround data for the pattern
(technically, kyperplane siuff ) had to be learned before the experiment could be

successfully done.
A moment must be taken to expand on the last issue because 1ts importance

in the strategy has evidently not yet been widely understood. It makes simple
sense to some investigators to seek primary abilities by factoring a batch ot
cognitive-ability variables only. At the first order, i.e., when looking for
primaries, this limitation produces no serious source of distortion. However, 1if
a second-order factoring should produce a broad factor common to all prim-
aries, then there is no means of rotating it to a unique position, for it has nothing
outside itself to act as hyperplane. Consequently, whatever general factor 1s
found, it turns out to be as unstable and dependent on choice of primaries as 1s
any principal axis. Indeed, the chief reason why the existence of more than
one second-order factor has been so long overlooked is that the background
material against which the distinct patterns could be visible—that 1s, the diverse
extradimensionality of hyperplane stuff—was not added. (As in many fields,
for that matter, we then fail to understand something because we know only
the thing but nothing about its relation to what stands outside it.) Good experi-
mental strategy requires that markers for at least half a dozen known different
dimensions of personality will still be available at the second order to permit
rotation of the two or more factors that may be expected to extend themselves
across all, or most, ability primaries. Figure 1 shows more concretely what this
means, and, incidentally, it brings out the significant positive correlation that

typically obtains between g, and g;. 'lhis correlation, of about 0.5, 1s an
important fact for checking some later theories.

Although the main discussion turns on the meaning of the duality presented
by these intelligence factors, perspective requires that we glance briefly at
their setting in the broader domain of what 1 have designated the triadic theory
of ability structure (1971a). The triadic theory recognizes three classes of struc-
tures. First, there are primary abilities that functionally belong to a class
which may be called agencies because they are the means of expression of general
abilities or generate ‘“tools” within particular domains. Second, the theory
recognizes a class of neurologically organized powers local to sensory and motor
cortical areas, for example, the factors found for visualization, motor dexterity,
and, presumably, auditory analysis, kinesthetic sensitivity, and others. Third,
there are general capacities running throughout cognitive performances. Thus
far only two of the latter have been set out clearly in Table 1, namely, g, and

gr, but the work ot Horn, particularly, indicates an equally broad generalized
cognitive speed factor, g, a generalized tluency or retrieval efficiency factor,
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CRYSTALLIZED INTELLIGENCE

Cos 8= .47 ® Numerical Ability
= 62°
A, ® ® Reasonin
Affecto- ?
thymia . eVerbal |
eSeries
® Spatial
oMatrices
® Topology
_ FLUID
° INTELLIGENCE

Classification

Figure 1. Plot of gr and g, intelligence factors showing simple structure and correlation
of abilities. Capital letters refer to primary personality factors. (From Horn & Cattell, 1967.)

g,, and some other general parameters of all cognitive action, briefly mentioned
above.

in fact, now typically yielding as many as five or six of these general cognitive
factors. But only two of them have the character of determining those complex

judgment, abstraction, and relation eduction proficiencies to which the term
intelligence has commonly been applied since the time of Herbert Spencer

and Francis Galton. It is on these two that the discussion will concentrate
henceforth.

The properties of the fluid- and
crystallized-intelligence capacities

Once the fluid- and crystallized-ability patterns have been behaviorally
(factor analytically) demonstrated as separate unitary influences, many other
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characteristics accrue around them, as can be shown thereafter by experimental
designs simpler than factor analyses. Among the characteristics that further
confirm their distinctive natures and independent qualities are:

1. The two ability patterns have different neurological assocliations,
which has been pointed out by Hebb (1942), Lansdell (1968), and others—
namely, that brain injury at any cortical locality produces impairment 1n
fluid general intelligence, roughly proportional to the size of the injury, whereas
crystallized ability has its various expressions more localized so that verbal
aphasia, for example, can result from a Broca area injury without significant
impairment of other localized habit skills, e.g., the spatial or numerical
abilities.

9. A striking difference in the standard deviation of the IQ exists, such
that the value calculated on fluid-ability mental ages is about 30 percent
larger than that for crystallized intelligence.

3. An equally striking difference in the hte curve plots is shown in Figure 2.

4, In general, the tests exclusively loaded on the fluid-ability factor are
more readily applicable cross-culturally, while the crystallized-ability subtests
obviously are not. They are deeply culturally embedded.

5 The indications are—in these cases needing a wider check—that the
nature-nurture variance ratio has a noticeably higher value for g, than for g..

Since statement 5 is a central issue in the present volume, I shall return

—  Fluid
——— Crystallized

el
-y S -y GSOSE) WERR CHNES S
ooams WEED S pa— B wruem weme GEemp GRS

5 0 15 20 25 30 30 40
Age

45

50 55 60 65

Figure 2. Growth curves of fluid (—) and crystallized (——) general intelligence factors.
The work of Schaie & Strather and that of Wackwitz suggest that if persons born in the
same year are taken as subjects, both curves after 15 are raised relative to the above.
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shortly to develop it. The reader has probably already recognized that one
implication of Spearman’s g being considered a component of what later
turned out to be grand g, is that most traditional Intelligence tests are, in fact,
measuring varying and usually unknown mixtures of the two intelligences.
Consequently, we are saddled with disputes about the exact magnitude of the
inheritance of intelligence which are as unreal as those formerly arising, for
Instance, over the atomic weight of helium before it was realized that two or

under examination in this volume, it is desirable to round out the general
theoretical picture regarding the total cognitive structure which seems best
to fit the above wide range of areas of evidence and the hypothetico-deductive
checking possible among them. We shall begin with the definition of fluid
intelligence. It is q capacity for insight into complex relations, accounting for that
part of the test variance which seems independent of the sensory or cultural area in
which the tests are expressed. The theory is that this capacity for relation eduction
is neurologically determined and a function of the size and functionality of the
general association mass—i.e., the areas not devoted to specific sensory, motor,
vegetative, and emotional control functions (Cattell, 1971a). However, to
assert that it is neurologically determined is not the same as saying 1t is wholly
genetically determined. Also, it should be noted that although fluid intelligence
determines the capacity to perceive complex relations in any area of behavior,
as already pointed out, the construction of a good fluid-intelligence test involves
finding areas of behavior, e.g., spatial resolution, in which all persons are likely
to be overlearned in knowing the fundaments themselves and 1n which all thus
start from the same basis before the relational complexity is built up.

~ T'he other general capacities—we have spoken notably of speed and fluency
—are, of course, independent in their levels in a given individual of fluid
intelligence. They decide respectively the speed of most cognitive performances,
especially the simpler forms, e.g., cancellation of letters test and the fluency
with which the individual can retrieve ideas. For example, one might have the

analogy 4:3 as square is to ———, A good fluid intelligence might get the idea
triangle but not be as readily able to find the word quickly.

We would not expect the crystallized-intelligence factor to be so inde-
pendent of other capacities as is the fluid factor because of its mode of origin.
By the investment theory, which has been developed to fit the above facts, the
more culturally Protean general crystallized-ability factor arises as the result
of the investment of fluid intelligence, over the years, in whatever higher-level
cultural skills the individual is exposed to. One can see that such capacities as
Huency might also contribute to the success in general acquisition of skills and
that in consequence some positive correlation might exist between g. and these

other capacities. Actually, in the principal hypothesized case (the investment
of fluid in crystallized) the hypothesis of a causal connection is supported by
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repeated findings of a correlation of about +0.5 between g, and g, persisting

across all age levels experimented upon.

The problems that have always faced the psychologist regarding the
origin of the crystallized general-ability factor are those involved in accounting
for its appearing as an independent factor (source trait) rather than as a mere
correlation cluster (surface trait) and for the generality of its loading, 1.e., for
the evenness of loading across so many higher-level skills in a given culture.
The investment of a unitary fluid intelligence in all learning of complex
judgmental skills would account for some of the latter, but that generality would
be undone if the learning experiences were all very different for different
people. The fact that most successful traditional, crystallized-intelligence tests
have been couched in verbal, numerical, and kindred skills gives us the clue
that the second contributor to the commonness or generality of a general factor
.« the standardness of content in the school curriculum. The fact that all
children are exposed to the same pattern of higher “intellectual” skills, but to
varying lengths of time and with varying interest in school work, explains the
origin of the common variance which puzzled us above.

That this development appears as a third factor, rather than as a cluster
of variables created by common loading on two factors—g; and intensity of
school curriculum experience—involves more technical arguments. A new
factor means not only that we have been given a statistical verdict that a new
dimension is needed, but also the graphical appearance of a new hyperplane,
indicating that some causal action 1s associated with the newly appearing cluster
of variables. The implication of these revelations (important for the theory of
g) is that crystallized intelligence once formed takes on a “life of its own.”
In other words, it begins, presumably by transfer of training effects, itself to
:nfluence new domains of growth of skill. Since this property is that assigned
in the triadic theory of abilities (Cattell, 1971a) to agencies, i.e., to skills which
begin as means to ends and then develop a (factorial) unity of their own, we

are conceptually required in the end to switch from writing crystallized 1n-
telligence as g, (expressing 1its reflection of g;) to writing 1t as a, (which more

correctly expresses its nature as the most general of all agencies—a).
The total picture of developmental relations embraced in the investment

theory of the development of crystallized general intelligence 1s most casily
set out diagrammatically, as in Figure 3. Here the strata essentially represent
factor orders, as empirically found in tactor analysis, though connections are
.dded of a causal nature, their existence being derived from wider evidence

than experiment only by factor analysis.
After this developmental period the crystallized judgmental skills remain

(as a persistent general factor determining performance) offering as a general
factor the necessary target for validating construction of the traditional 1n-

telligence test. However, the increasing dissatisfaction of psychologists with
the traditional intelligence test when used in middle adult years points up
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Figure 3. The causal relations hypothesized between fluid- and crystallized-ability
factors.

that this general factor is at its best at the end of the schooling period; it ceases
to have such good predictive generality as men become engineers, farmers,
businessmen, and so on, investing their skills in many different areas.

Many other questions will occur to the reader that the present researcher
has attempted to handle more systematically elsewhere (1971a). For example,
how is the line to be drawn between fotal cultural acquisition (which Humphreys
seems satishied to call intelligence but which most of us call cultural know-how)
and that part originating with gr action only, and not including acquisitions
from rote memory which appear in crystallized-intelligence tests? It is a histori-
cal fact that for reasons of cultural life our schools have, from at least medieval
times, concerned themselves relatively strongly with the teaching of abstract
and symbolic skills. Thus, the overlap of the general “‘fluid” factor, g, and
the area of the curriculum pattern 1s substantial; on the contrary, those frag-
ments of the curriculum (multiplication tables, spelling) that are sheer rote
learning lack this common variance with gr and thus do not enter the new
a, (g,) factor pattern.
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In summary, the a, pattern requires that its common variance be produced,
first, by the common requirement ‘n these intellectual skills of g, and, second,
by the fact of unequal school experience and interest across a uniform set of
«intellectual” performances. The latter inequality produces a common advance
or retardation in all of the skills, 1.e., a general factor 1s induced by their being
the common core of the teaching curricula of schools. Any individual gets
either a smaller or greater dose of learning simultaneously in all of these
tellectual skills. Both sources—g, and the general, common curriculum—are
needed to give substantial unitary character to the a, factor. Consequently,
it is not surprising that when the second ingredient is absent—as 1n the corre-
lations found in a group of children from different subcultures or those found
when using traditional tests with middle-aged adults from very difterent
occupations—the power of a, as a general factor (and, therefore, its practical

utility as a measure of intelligence, i.e., a predictor) begins to decline.

Fluid intelligence as a first basis for
culture-reduced intelligence tests

Those who wish to pursue further the specific evidence for the relations, 1n
various circumstances, of g, to school performance in itself must be referred
to The prediction of achievement and creativity (Cattell & Butcher, 1963), for in
the remaining space discussion has to be extended in other directions—par-
ticularly, in the direction of social and genetic inquiry and discussion of the
interpretation of the results of culture fair intelligence tests. It is vital to do
<o in order to avert some misunderstandings that might arise in the use of these
concepts in their main applications to the present debate. The first bone of
contention concerns the sheer practicability of developing culture fair or, at least,
soylture-reduced” tests of intelligence. Such measures would have great social
and educational value in making individual and group comparisons of 1n-
telligence, i.e., of learning potential, possible despite the compared individuals
or groups differing in major ways in their culture or subculture. The claim
that the IPAT Culture Fair tests (Cattell & Cattell, 1949; Horn & Cattell,
1971) or Raven’s matrices (1947) have produced a relatively culture fair test
has been quite curtly dismissed by some writers acting as psychological
authorities to the press. They have assured readers, who would rather like the
whole question of real group difterences to be forgotten, that such things simply
cannot be constructed. Their reaction is on a par with those newspaper editorials
.0 1903 which assured their readers that the Wright brothers’ plane could
never be anything but a toy. The fact 1s that in actual tryouts, the culture fair
test has met most of the requirements that could be demanded of such an
instrument—namely, that it be capable not only of giving equal scores in
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