
i.fTerences in inteiiectual 
st 'mates of broad factors 

ses revealed that: 

me, general visualization, 
uency were obtained by combining scores on 

research. A sample of 
7 year-olds, 18-20 year- 
year-olds. Amiyses of 
tars and age groupings, 
ves, 3s covariates. hese 

e mean kvel of fluid intelligence was systcmakally higher for younger 
ive to older adults), 

nce Was systematica 

ftonct on was highest for the 
ears systematically dropped off 

were discernible frpr the general speediness. 

ort for the tileory of ; slid and crystallize 
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ularly applicable in the study of’ relationships be ween aging in adult- 

hood and changes in iMellec tual performances. 
In a previous study (HORN!, 3. L. ar,J W. l CATTELL, I’% 

shown that when primary mental ability factors (after 
EKSTROM and PRICE, !963) are grouped according to t 
of loadings on second-order IFactors (HORN, 
aind CATTELL, IX. B., 1966a), then analyses between adult age groupings 
extending from the ‘mid-teens’ (14-17) to ‘over forty’ (40--61) indicate 
consistent differences favoring the young on primaries that are relatively 
J)ure miakers for fluid intelligence (Gf), consistent differerces favoring 
i:he older adults on primaries which define crystallized intelligence (Gc) . 

most purely and variabl: age-trend curves or primaries having variance 
divided roughly eqtially between Gf and Cc. These results are highly 
encouragiag for the general fluid cr!/stallizcd theory, but they leave 
so-me questions unansvrered and they fail to bring out certain details 
( rf the relationships be,:,ween intellectual performance and aging. ‘For 
example, the question o’e the influence of educational and sex differences 
on t.he rec,*_tlts was not answered and lthe analyses did not clea 
the extent to which the ;.lge-trend curve:; could be altered 
controlling the variance measured in generel speediness 
tion factor-s. The present study was designed to help 
of this kind. 

by statistically 
and visualiza- 
resolve issues 

2. THEORETICAL BASIS FOR THIS STUDY 

For reaclers not yet familiar with the most recent expressions of 
the theory of fluid and crystallized intelligence some outline of this is 
necessary to put the present investigation in context. 

In broad terms the Gf-Gc theory is an attempt to integrate evidence 
converging from some five kinds of studies of intellectual performance, 
Liz., studies dealing with: (1) the effects of brain damage on abilities, 
1)articularly the differential eRects associated with early (in develo 
:nent) as compared with late brain damage; (2) the relationships be- 
:.ween test scores and opportunities to acquire knowledge; (I!) the con- 
struction of intelligence tests which will be more nearly fair for all 
persons regardless of their social cla3., c*(v tof origin; (4) the factor structure 
among sets of tests said to measure various aspects of intelligence and; 
(5) the changes in intellectual performances assoc ated with aging, 
both in childhood and in adulthooo. The principal conclusion deriving 



NCES IN FLUID A .LIZED INTELLIGENCE 

areas is that 
at a gen< ral level into two general 

iffe rent -_ i.e. independent - 

hose influences 
hich intellectual 

ust be constructed 

here are those 
tructure only indirectly through 

a recent and eomprohensive study of factor structure among primary 
enral abilities ( 0RN, J. L., f965a). ere it can be seen that Gf is 

defined by tasks such as: 

0 a 

(b) 

Cc) 
(d) 

,etter grouping and series from the primary factor I,* Inductive 
reasoning, 

gure classifications, Topology and tribes from the primary 
tar CFR, Figural relations, 
mmon word analogies of CMR, Semantic relations, 

Nonsense equations and paired associates mernorv of I a, As- 
sociative memory. 

These tasks call for a capacity to perceilde relations and educe cor- 
relates, as SPEARMAN (1927) defined these fun’ztions; they indicate 
riibility to maintain span of immediate awareness; they involve concept 
formation and attainment, reasoning and abstracting. That is, in 
general, the tasks which define Cf recll:ire intelligence as this concept 
is usually defined. But it will be noted th5.t t e problem materials of 
these tasks are not such that emphasis in measurement is placed upon 
individual difierences in education or acculturation, broadly conceived. 
For example, the Letter Series task requires only knowledge of the 

The abbreviations and other labels for ability are those commonly used; 
in *he U.S.A. Readers not familiar with this jargon should consult FRENCH, 
et al. (1963) and GUILPORD (1959). 
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TABLE 1 

btique structure among a brsa 

ary factor symbol and name 

ductive reasoning ...... 

Figural relations . ...... 

3sociative memory ...... 

tellectua~l speed . ...... 

Inte5lectua.l level. . ...... 

General retasoning ...... 

mantic relations. ...... 

rma1 reasoning . ...... 

Number fa&ity . - ...... 

Verbafi comprehension . . . . . 

I~hanica? knowledge . . . I 

tiitl evaluation . . . c 

nal fluency . . . . . . . 

sociational flueccy . . . . m 

Spatial orientatiorn. . . . . . . 

VisuaEzation . . . . . . . . * 

Speed of closure . . . . . . . 

Fiexibtity of closure. . . . . e 

figural adaptive flexibility . . ., 

rceptual speed . . . . . . tl 

SptxA copying . . . . . . . D 

R tiuctive flexibility. . . . . . 

mCarefuln;=ss . . . . . . . . . . 

50 
46 
32 

51 
23 30 

24 29 
69 
48 
43 
25 
35 

21 

-23 

23 
23 
25 

50 

58 
36 
48 
40 

48 
63 
46 

26 

to achieve maximum clarity of presentation. 
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which enable one to come into contact with this culture, a 
as a result of such contact, are independeat of level of flui 

ot only are the factors which indicate 
pendent of Gf, but also many non-in&% ectual factors of 
himself arc thus independent 2nd yet 
represented i.n Gc - factors such as 
what AYES (1962) has cogently desc 
drives’), his characteristic level o!i’ personality integration, his vitality, etc. 

c is largely a function of experience, aging throughout life 
will tend to be associated with its increase. 
c!, through development, can beco 

t will be noted that table I showci four general factors in addition 
to Gf and Gc. These, according to our theory, represent functions 
which are .not basically intellectual, as such, but which produce variance 
on necessarily fallible measures of intelligence. 

Gv is a general visualization function producing some variance on 
all intellectual tasks which involve imaging the way objects may change 
in appearance as they rnove in space, maintaining orientation whith 
respect to objects in space, keeping spatial configurations in mind, 
finding the Gestalt among disparate parts in a visual field, maintaining 

xibillty concerning other possible structurings of elements in space, etc, 
is interesting 1:hat many putative tests of intelligence are constructed 

of spdtial materials and Ch~s require visual& on. And, of course, 
we must recogr4ze the importance of vision i the development of 
inteliigenze:. But in part this emphasis on spatial materials in intelligence 
tests is fortuitous. As SPEAKMAN (192‘7) pointed out some years ago, 
there is probabl:lr no necessary reason to enrjphasize use of any partic- 
ular kind of proMem material in measures of intelligence. any, if nol 

of the prcb:e.ms presently ph:rased, as it were, in spatial symbols 
t be phr::s:d in auditory symbols. is emphasis were 

a se! of abil ty measurements, a general audition factor, 
alogaus :to ger era1 visu lization, b ollld obtrude and seduce variance 

1 to t:hz t on the Gf or Go functions. It’s in t s sense that 
is said to ~xottnf in part for individual differences in measures of 

Sigence and yet not itself indicate intelligence. 
s factor picks up variance from most s eeded ability tests 

sens 2 represents a function determinin thr.: rate at which 
lems are solved. his function is largely ‘indepen 



in fact the two factors have been 

antes on intellligence 

rather surprising that this era1 dimensioh shou 
the general speediness and caref 
yet it was so defined in our pr 
involve, principally, a recess of quick:y bringin 
mainly words I from long-term storage unit into immediate aware- 

is, in turn, could represent either the size of store of concept 
labels -. somethin that could be expected to increase with aging - or 
the degree of short-c of path~~~ys f. :jrn storage centers to 

sent an inter- 

duces varianx 
palrticularly those d - it will be 
as it were, in cov 

intelligence increases 
en levels off 

of dr :velopment, fro childhood to late maturity. 
r these predictions are numerous and intertwine 



ljuries to the structures which su ort intellectual functi 
occur throughout life and are irreversible. These injuries are usuallly 

ah and few in number during the course of a perceptible ti 
span that they e not notxed, either subjec 
or by others. oreover, in childhood the cts CS such injurres on 
~teUectual performances are 
from neural growth, learning and other devel 

s accumuiate nev 
uence on the develqment of intelligence. 

uences, this influence is felt most directly in the 
f and somewhat more in ectly in the develo 
od, when the masking ences referred to a 

cease to be potent, the effects of acc”rlm of neural dam 
more evident in intellectual behavior. e, because flu 

tigence is most sensitively dependent 
gical structures which support intellectual behavior, there will 
be a decline in Gf with aging in adulthood, this :re 

egeneration of structure due to accumulation of irreversible 



able to maintain it. 

ut the work of preparing people to 

in cross-sectional dudies) ca e due either to an act 



r reasons s 

TABLE 2 

Second-Order factor estimates 

Symbol scores combined obtain estimates 

1. 

2. 

‘Pure fluid intelligence GfP 

‘Overa.ll’ fluid Gf* 

‘h u-e’ crystallized 
ir:tell.igencl: 
‘Overall crystallized 
intelligence 

General visualization 

Cletiarl speed Gsc 

General speed (with Gs Gsc plus nufferno speed, readin 

GCP 

=O 

GV 

intellectual components) 

by inteKgence G 

Letter grouping, ure series, toPoh%Y 9 
matrices, figure classification 

Gfp plus number series, Nufferno speed and 
level, common word analogies, ari thmeticai 
reasoning, match arrangements, paired 
related words, nonsense equstidns, careful 
letter series, careful gure classification 

Vocabulary, general information, social situa- 
tions, abstruse word analogies 

Gcr plus arithmetical reasoning. common word 
analogies, mechanical information tool 
identification, inferetxes, controlle 
ciation, ideas, mixed arithmetic 

Cards, figures, fern boards, match at-ran 
ments, strebet gestalt, designs, backward 
reading 

Forward writing, forward printing, unusual 
writing, matching letters, matching numbers, 
rapid cancellation 

Controlled associations, things round, ideas 
Carefulness on : letter series, figure CliX3Sl!fCtI- 

tion, estimates, dividing, fractions 
Gfp, Gcp, Gv, F, number series, nufferno 

speed and level, arithmetical reasoning, 
paired related words, nonsense equations, 

mechanical information, tool identification, 
false premises, inferences, tied arithmetic 



aat extraneous 

nwanted fakAors. 
e so-called ‘exact’ 

e conditions required to achieve 

ore than five - 
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The reason for the omnibus intelligence measure will be ade 
evident bielow, after the basic results have been described. 

4. 

of 

THE SAMPLE 

he measurements indicated in table 2 were obtained from a sa 
297 older teenagers and adults drawn from Stateville, 

Dwight State risons in Wnois, The Illinois Soldiers’ arid ilors’ 
Children’s Schocl, Canon City State Penitentiary in Colorado and the 
Colorado State Employment office in Denver.2 All subjects were 

volunteers. They were offered information about their perfor ces 
as an inducement for giving their time and doing their best. the 
297 subjects, 215 were males. 

The age range was 14 to 61 years, but there was only o 
year-old, two persons aged 61 and one each aged 56, 55 and 52, the 
bulk of the sample thus being between 15 and 51. For purposes of 
analysis the sample was divided into five age categories, viz., (1) 
‘adolescents’: 46 subjects 14 to 17 years of age inclusive, (2) ‘late 
adolescents’: 5 1 subjects between 18 and 20 years, (3) ‘young adults’: 
81 subjects between 21 and 28 years, (4) ‘adults’: 73 subjects between 
23 and 39 years, and (5) ‘mature adults’: 46 subjects between 40 and 
6 1 years inclusive. This breakdown was made to provide groupts 
wherein W was large enough to yield stable statistics and with the aim 
of representing theoretically interesting phases in intellectual develop** 
men from late childhood into adulthood. Thus, for example, because 
it is widely held that intellectual development reaches a peak in late 
adolescence, the sample in the age range from 14 to 20 was divided 
into the “adolescents’ and ‘late adolescents’ groups. 

In table 3 results are presented for analyses with the factors and 
age grou.pings described in previous sections. The units of measurement 
for the various factors are arbitrary - i.e., as noted above, test scores 

2 For aid in securing this sample special thanks are Cue to J’ulia Bates, StaQ 
Psychologist at the IJlinois Soldiers’ and Sailors’ Children’s School; Arthur 
V. Huffman, Stati of Illinois Criminologist; Wilson Mceks, Chairman of the 
Classification Board ai Stateville Prison; Stow E. Syman, Sociologist at Pontiac 
Prison; Bernard Robiaison, Sociologist at Dwight Prison; George Levy, Senior 

sychologist at the Colorado State ?enitenLiary; and David J. Wilson, of the 
Denver Department of Welfare. 
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sitive, with mean 10.) 
nominal weight, S~J 

’ indicates that the 
was covaried out. 

the listed means,. 

his was done because e mcarn for this group was lower 

nce of the overall F. 
eedom vary from 3 
eedom an F in the 

4 4.74 and 5.61 is significant at the 
o give some indication no orlly of the significance of 

ee of association betwti:en 

who prefer to use these values when thinking about the significance 
of differences, we may note that with the -degrees of freedom here. at 
hand a 31 above about 20 is signi.ficant at the .Ol level and one above 
about 2.5 is significant at the .OOl level. With these boundaries and 
conditions in mind, let us examine the res llts of table 3 in detail. 

First, as rcgarGs fluid Mity, noticc: that the differences favo 
young are significmt :n all analyses, both those in which the! 
measurements were involved and those w Gch utilized the Gf-overall 
meaf.urements. These differences remain Agnificant after remo~l~al of 
the linear effects associated with the various covariates and when the 
grouping for the jfoungest people has been excluded. Indeed, the C’ata 
suggest that the irkuences represented by tke covariates tend to obscure 
the basic rel tior;ship showing decline in. Gf with aging: when sex 
and education d#erences are covaried cT;t in the analyses of Gf-pure 
__I__ 

4 TM is, the Fs 8re estimated by linear interpolation in Central F MAes 
such as those provided by GMYBKL, 1961. 
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