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A STUDY OF THE RELATIONSHIPS BETWEEN MEASURES OF 
FLUID AND PIAGETIAN INTELLIGENCE

Chapter 1 

The Problem 

Francis Galton (1869) was the first to suggest the scaling 

of human general intelligence, distinguishing fourteen grades 

ranging from the most illustrious and eminent to imbeciles and 

idiots. He sought to show that such intelligence was mainly 

hereditarily determined, although he was awe.re that most bril

liant individuals were reared in intellectually stimulating 

environments. Charles Spearman, an officer in the British 

Army and a man of great military tradi tion, likewise became 

interested in the nature of intelligence. Comparatively 

late in life he became a professor at the University of Lon

don, where he built a world-famous psychological research 

center. Spearman asked himself whether intelligence should 

be considered a single entity rather than a grouping of appar

ently unrelated abilities, as had been thought to be tho case 

by the testmakers near the turn of' the century, most notably 

Alfred Binet. The originator of factor analysis, Spearman 

proposed in 1927 that all individuals possess a general in

telligence factor (called g) in varying amounts. A person 

would be described as bright or dull depending upon the a.mount 

of g. Accordingly, Spearman felt the g factor to be the major 

determinant of performance on intelligence test items. 

A later researcher, Louis Thurstone (1938), objected to 

Spearman's g factor by stating that intelligence could be bro

ken down into a number of primary abilities. To isolate these 

abilities Thurstone applied the mothod of factor analysis to 



results from a large number of tests employing many different 

types of items. Those test i terns which were found to best 

represent each or the supposed basic factors were used to 

form new tests, and these tests were then given to another 

group of subjects and the intercorrelations reanalyzed. 

After a series of like studies, Thurstone stated that seven 

primary abilities were revealed by his tests. He summarized 

these abilities as in the table below. 

ABILITY 

Verbal comprehens,on 

Word fluency 

Number 

Space 

A1urnory 

Perceptual speed 

Rensomng 

DESCFllPTION 

The ability to understand the meaning of words, 
vocabulary tests represent this factor 

Ttie ability to thrnk of words rapidly, as in solving 

anagrams or thinking of words t11at rhyme 

The abil1ly to work with numbers a11d perforn~ 

computations. 

The ability to v1sual1Le space-form relat1onshi;is, ,1s in 

, ecoqniz1nri tre sarne l1gure presented 111 difkrent 

orre11tatIons 

T11e abilrly to rr·call witrnl st11nul1 s11r;ll ,l'i word p11Irs 

or sen•eI1ces. 

The ability to grasp visual details llu1ckly and to sr'L' 
simi!;nit1es and differences f)ctwecn p1cttired obiects 

Thri ab1l1ty to find a general rule on tile basis ot 
presented instances, ns 111 dP.terminin9 t·1ow a number 
series is cortstnH;ted after be1,19 presented with only 

a poi lion of tl1at series 

(.Hilgard, Atkinson, Atkinson, 1975, p. 409) 

In the preface to his cla.s sic book Primax>y M,,ntal Abili tie a, 

Thurstone states, 11 As far as we can determine at present, the 

tests that have been supposed to be saturated with the general 

common factor divide their variance amonrs primary factors that 

are not present in all the testa. Irle cannot report any general 

common factor in the battery of fifty-six teats that have been 
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results from a large number of tests employing many different, 

types of items. Those test items which were found to best 

represent each of the supposed basic factors were used to 

form new tests, and these tests were then given to another 

group of subjects and the intercorrelations reanalyzed. 

After a series of like studies, Thurstone stated that seven 

primary abilities were revealed by his tests. 

these abilities as in the table below. 

He summarized 

ABILITY 

Verbal comprehension 

Word fluency 

Number 

Space 

,\,1er11ory 

Perceptual speed 

Reason,ng 

DESCRIPTION 

The at11lity to understand the merining of words, 

vocabulary tests reprnsent this factor 

The ability to think of words rapidly, as in solving 

anagrams or t11ink1ng of words tl1at rhyrne. 

The ability to work with nurnbers and perforrc 

computations. 

The ability to v1su;1l1Le space-form relat1onsh1,lS, ,1s 1n 

recoq11izinq tt•e s;11rw figure presented in difft,rent 

orie11tat1ons 

Tlw a!J1l1ly to !L'Cilll Yl!rlJiil sl111111i1 Stlr.:ll il', WOid p;rns 

or sen•ences 

fhe ability to grasp visual cietalis lJUICkly and to '.,t:(' 

s1rni!,;rit1es and diffwences tietween pict,ned ob1ects 

The ilbility to find a general rule 011 tl1e basis of 

presented instances, as in delerrrnni11g how a number 

series is constructed after be1n(J presented with only 

a po, tion of that ser 1cs. 

tHilgard, Atkinson, Atkinson, 1975, p. 409) 

In the preface to his classic book Primar•z Montal Abilities, 

Thurstone states, 11 As far as we can determine at present, the 

tests that have been supposed to be saturated with the general 

common factor divide their variance among primary factors that 

are not present in all the tests. vie cannot report any general 

common factor in the battery of fifty-six tests that have been 
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analyzed in the present study." 

If Thurstone•~ abilities are truly independent, one would 

not always expect individuale who score high in one or more 

abilities to score high in the remaining abilities. Unfor

tunately, for Thurstone, subjects who score high on the rea

soning factor also score high on the number, verbal, and word 

fluency factors. In fact, the reasoning factor seema to be 

very similar to Spearmnn•s g, leading Freeman in 1962 to sug

gest that Thurstonats primaries may be only particular cul

tural expressions of a single ability factor. 1hurstone•a 

inability to obtain results indicative of independent factors 

led him to conclude that in addition to primary abilities 

there is a second-order general factor. 

Concurrent to the consideration of a general factor in 

intelligence was the effort of Jean Piaget and his coworkers 

at the Rousseau Institute and the Centre International d 1 Ep

istomologie Genetique, both in Geneva, Switzorland. Piaget 

has come to regard intellectual development as proceeding 

in definite stages rather than as a continuous process. The 

stage concept implies that the course of development is di

vided into step-wise levels with clear-cut changes from one 

stage to the next. 'rhese stages follow one another in an 

orderly sequence, the transition from one stage to the next 

involving a process of integration, whereby the behavior from 

earlier stages is integrated into the next, along with new 

elements. 1:ihils environmental factors may speed up or slow 

down development, the sequence of sta.ges·is not changed. 
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Aa outlined by Sund (1976), the first two Piagetian atagee 

are the sensorimo·tor and the preoperationa.l, while the la.st 

two, which are of particular interest in this study, are the 

concrete and formal operational sta3es. In the concrete stage 

the individual is capable of logical thought, achieves con

servation of number, mass, and weight, can classify and order 

objects, and understands some relational terms. rrhe formal 

operational individual can think in abstract terms, follow 

logical propositions, and reason by hypothesis. Re is able 

to isolate the elements of a problem and systematically explore 

all the possible solutions. The formal thinker i:, also con

cerned with hypothetical and ideological problems. Consid

ering all possibilities, working out the consequence8 of al

ternate hypotheses, and confirming or denying these conse

quences is the essence of !'orroal thought. The third stage 

is called concrete as, although the individual mi.ght use ab

stract terms, he does so only in relation to concrete object!. 

Xot until the final stago of development is the individual 

able to reason in purely symbolic terms. 

Piaget (Piaget and Inhelder, 1964) believes that what 

changes in intellectual development are str-ucturos, those 

organized aspects of intelligence which change with age, while 

functions, general characteristics of intelligent activity, 

remain the same. Individuals do not inherit structures, as 

these emerge in the course of development, but intellectual 

functions are inherited. 

The dual nature of the inherited function and the acquired 

structure, although perhaps overshadowed by Piaget's descriptive 
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behavioral taxonomy, is similar to the work of Raymond B. 

Cattell. Catte1ll ( 1963) and John L. Horn ( Cattell and Horn, 

1966) also stress the dual nature of intelligence and believe 

that the concepts of fluid and crysta.llized intelligences 

satisfactorily deal with both the notion of general intelli

gence, Spearmants g, and factorial intelligence as posited 

by Thurstone and in greater detail by Guilford (1967). Cat

tell•s crystallized intelligence represents the effect of 

acculturation on hwnan ability while fluid intelligence is 

indicative of a pattern of neural-physiological and incidental 

learning influences. The basic processes underlying fluid in

telligence are anlage functions, elementary capacities in per

ception, retention, and expression. These functions are elem

entary, yet must be present in some sufficient amount to ade

quately support higher order thinking. Anlage functions, 

and thus elements of fluid intelligence, develop rolatively 

independently of a.Prangements one might make to foster them 

and are also independent of acculturation. 

Although the hypothetical composite age curve r0presenting 

the growth of intelligence from birth to middle age has class

ically been considered to be a flattened S-curve (Hilgard, 

.Atkinson, and Atkinson, 1975, page 415), the work of Cattell 

and Horn in the late 1960 1 s and early 1970 1 s ind:i.cates that 

curves are very different for fluid and crystallized intelli

gence and that the usually accepted curve is a mixture of the 

two measures. The graphs on the following page (Cattell, 

1971, page 168) illustrate the differences between the two 

sets of abilities. 
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It is observed immediately that elements of crystallized 

intelligence, reflecting acculturation or wisdom, do not 

decline with age while fluid abilities fall steadily from a 

comparatively early age. Cattell considers this to indicate 

that gf, the element of fluid intelligence, is closely related 

to biological neural efficiency. Coupled with the fa.ct that 

almost every known biological index shows a decline from 

about twenty years of age, illustrated in the graph below 

(Catt~ll and Horn, 1966), the parallelism of gf and general 

biological efficiency measures is quite striking. 

Parallelism of Ago Change Curves in Fluid Intelligence 

and General Biolo11ical Efficiency (Cattell and Horn, 

1966b; Robinson, 1938; Miles, 1942; and Burle, et of., 1953) 

100 -

90 -
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Ftel1ction .... 

Fluid 
Intelligence 

I 

// 
// 

// 
/! 
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Intake in · / 
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50'------;1~4--'-:_,;-:;7:-:--,~8~-·2::;::0:-;::2·1:"-... -:::-28;::------2=-=9,-l::-:39=--------40_j__61-
Age 

Of equal interest is the similarity seen to exist bet

ween gf and the levels of Piaget. Attainment of Piaget's top 

level and maximum achievement of elements of gf chronologi

cally coincide, and the decline in gf abilities parallels the 

failure of successful application of Piagetian stages to older 



e 
adults, as reported by Rubin {1974) and Storck, Looft, and 

Hooper (1972). Although Pi.aget rejects any psychometric con

ception of intelligence, assuming assimilation simply causes 

a reorganization into existing structures resulting in a 

chronological retention, Cattell recognizes the analogy and 

states: 

An enormous amount of discussion- and a very limited 

amount of psychometric experiment- has been given by 

Piaget and his followers to the area of acquisition of 

abilities by learning, with the theory of which we are 

here concerned. This discussion, beginning with the 

valuable 11 naturalistic 11 observation of problem-solving 

in small children, has, in the main, failed to integrate 

with the main stream of quantitative experimental psy

chometric research, for lack of a methodological sophia

tication •••••• It has also taken virtually no account 

of the role of gf in making the perception of certain 

relations possible, which produces the well-documented 

correlation of acquisition of the more advanced tools 

with constitutional level on gf. The most disabling 

lack of perspective, however, has occurred in implicitly 

considering the gains of the child in these experiences 

as an increas(, in his "general abili ty 11
- as some general 

power in the child himself without regard to their being 

tied up in a specific relation to a specific environment. 

(Cattell, 1971, p. 315) 

It is the purpose of the proposed study to explore the 

relationships between measures of fluid intelligence and 



performance on Piagetian tasks. 

statement of the Problem 

9 

The purpose of this study was to examine student scores 

on two measures purporting to measure fluid intelligence, 

Raven 1 s Progressive Matrices and Cattell's IPAT Culture Fair 

Intelligence Test, in view of the students• Piagetian level 

as assessed by Anton Lawson's Classroom Test of Formal Opera

tions. The conceptual groundwork laid in the introduction 

above tends to indicate that the quantity under scrutiny 

in all three measures is similar. It is therefore hypoth

esized that 1) older, formal operational thinkers will exhibit 

a greater degree of fluid intelligence than younger, concrete 

operational thinlrnrs, and 2} younger, formal operational 

thinkers will likewise illustrate a greater measure of fluid 

intelligence than older, concrete operational thinkers. The 

relationship of Piagetian intelligence to gf will then be 

established independently of the a~e of the subjects in the 

test group. 

Imnortance of the Problem 

If it can be sufficiently demonstrated through numerous 

and repeatable studies that the Piagetian and fluid intelligence 

theories have common elements, a quasi-biological interpreta

tion of Piaget 1 s observations will be possible. Consideration 

of inclusion of elements of fluid intelligence (associated 

momory, figural relations, intellectual speed, and induction) 

and crystallized intelligence (ideational fluency, associated 

fluency, experimental evnluation, mechanical knowledge, and 

verbal comprehension) into curricula at the most appropriate 
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and efficient time might then be possible. Furthermore, if 

fluid and Piagetian intelligences are similar, a reassessment 

of psychometric procedures should be undertaken. Educators 

should certainly be aware that perhaps standard measures of 

intelligence measure only one set of abilities, neglecting 

those skills which are relatively independent of environmental 

impact. 

Assumptions 

The underlying a.ssumpt.ion in a study of this nature is 

that a test requiring adaptation to new situations is a meas

ure of fluld abili 1;y, and that crystallized skills (gc) will 

be of no particular advantage. For individual!!! not a.t com

plete biological maturity, as was the case with the subjects 

in this study, it was also assumed that individual differences 

in the difference between go and gf were reflected mainly as 

variations in fluid ability. Di-vergence of crystallized abil

ities was presumed minimal due to the si.milarity of the school 

experience of the subjects. 

It should also be mentioned that with all comments re

garding gf and gc, reference is being made to general factors 

in a broad array of fluid and crystallized abilities, rather 

than to any single ability. 

Limitations of the Study 

Some question has arisen in recent years as to whether 

construction of a test independent of acculturotion is possible 

{Eells, 1951 ). liilgard, Atkinson, and Atkinson (1975) point 

out that a study of rural Xigerian children ln which it was 

concluded that lack of familiarity with pictorial representation 
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resulted in consistently poor performance, whereas identical 

tasks utilizing physical ob,jects presented no difficulty to 

the subjects. Cattell (1971 ), however, points to success 

with his test for Chinese, Indian, European, 1\rnericnn, !\us

tralian, and Japanese popula.tions, and provides data indi

cating successful statistical isolation of a gf factor. In 

the table below (Cattell, 1971, page 487), note that data 

is listed for the Raven's test also. 

LoDdings (Saturations) When General FDctor is Defined 

by VDried Collection of Intellectual Ability Measures 

Prr:s11111ed 1 

T!'S/ I:! 

11'!\T Culture-Fnir (Scale 2A) .75 ------- ·--···-~-... -------
Rav. l'rogn:,stve MatrirL'S .71 

Prcsun:,·d Cry.1·1. Intel/. 
or Lt!uc. Fae/or 

··----------··-·------
lorgc--Thornd1kc Fig. Class. .5~ 
----· ---·- -·-· ---
Lorgc-Tliorr,cli kc No. Series .55 

--------------
Lorge-Thorndike 1:ig. Anal. 

1 loll•Crowdt:r Fig. Ch. 
---··-------
l lolL•Crowd..:r Series .46 

----------·---
1 lolz-Crowder Spatial .•10 

On:upat. Status Parent .25 

l lonw Index .25 
-----------------------

l{cading Vocabulary .J.\ 

Reading Comprehension .50 

Arith. Reasoning .46 

Arith. FundamL·ntals .45 

.21 

.21 
-----

.74 

.62 

.34 

.44 
---·----.-----------------------

Language .42 . 59 
-·----------------------
Spelling .20 .62 

Laycock .68 .51 
---·--------

Cal. Test ML·nt. _Matur. Spatial .(,! 
·--·--·-•-----··----·-----··-· --------

Ca I. Tt·sl ~lc-111. Mat11r. Logical . (,(, 
--··---·----------------·------- -------------·- ---------------- -- --------·----·----

Ctl TL·,t Mc11t. Matur. Number ,(,.j .20 
-········---· . -····--·--- --·-- ----
Cal. Test :'vh-11t. Matur. Verbal .. J(i 

'011 271 Canadian (ir;1de 7 boys a11J girls. Rotalillll, nut fully f'o1 :,11npk slructurl', 
by IC S. 1\k•\1thur and W, ll. l'lky, Tile rl'L!uctilln ofsuciol'clllWrnic Iii.I'- Ill i,111'il1t:rncc 
lc',ti11g. /11·i11.1/i Jt111111ul ,,( l:,l11n111011u/ l'.1'_1'c/1t1!ogy, I 9h.1, .1.l, 107 I I 1J. ( ·u, 1 l'ial ions 
\It-low .20 omitted. 



(_(l.\lllN(,S IN 1)11/ll(INI i\N,\1.\\1.',, T(H,111111( \Villi (\Jl(l(ll,\IHJNS Willi 

i\( I lll·Vl.~11.NT /\NI> SOCl,\L SI/\ I LIS OF l',\IU NI.-; c 

g 

'/ i·.11 /, 111ili11g 
:.._;_---,----=-c,----------
!PAT Culture-Fair 

.\111111s 

.79 .2-1 

, lc!iit"r. 

/1·11.1 

.35 
• ---- ·--•-➔--•-·------------ - ·------~-···- ·---·--•--

Rawn Matrices ,78 .23 ,•11 ------ .... ----
.1 ·' .31 --- ---------- - --·-- -···----

Lorgc-ThmndikL' l·ig. Cl:iss. ··-····-··· .5X 

!,(J/'gl'-·1 horn~l~~:·_i'J_,i_:2L:!~L~~-- .~5 __________ : I 'J _________ ._.11 _____ _ 

l.:_(_~ge-~_)1m11d1kL· I_ ig _i\11:1I. _ _ ------~7:~ _________ :_:<, ________ _:~~-
1,()q;L·-ThorndikL· ·1·()1al .75 .2? ___________ ~~7 __ _ 
llolz-CrowdLT SL·ries .'1r1 .31 .4lJ 

11,ilz-Crnwd\'r Fig. Ch. -------~'2 .22 ----~~~---

Cnl. Test Ment. rv1atur. Non-Lang. ---~1-~-- _____ _:I_~---------__:]_~---
Cal. Tl'st Ml'nt. M,1tur. Lang. ..'iX -II .C,<, 

----- ------·--·-----
Cal. Test Ment. [\fotur. Total .3~ J,5 

Laycock IntelligL'llCL' Test .6X .,5 .64 

(Cattell, 1971, p. 488) 
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Perhaps a culture fair test is impossible in principal

an individual's performance may always be affected by cultural 

background regardless of the nature of the test. A degree 

of faith in the test instruments appears justified, however, 

and any success of this study was understood to be 1hnitcd 

by any element of culture-unfairness. 



Definitions of Terms 

For the purposes of the proposed study, the following 

definitions are made: 

1.3 

1) Fluid intelligence, or gf, is ta.ken to be a neuraJ.

physiological entity determining proficiency in associated 

memory, figural relations, intellectual speed, and induction, 

and is that factor which is measured by Raven's Standard 

Progressive Matrices and Ca.ttell 1 s IP.AT Culture Fair Test. 

2) Crystallized intelligence, or gc, is taken to be a 

broad array of cultural factors determining proficiency in 

ideational fluency, associated fluency, experimental evalua

tion, mechanical knowledge, and verbal comprehension., It 

is assumed that the two evaluative tools mentioned contain 

a negligible assessment of gc. 

3) Concrete operational thinkers are operationally 

defined as those individuals who achieve a score of 6-11 on 

Lawaon 1 s Classroom Test of Formal Operations. 

4) Formal operational thinkers are operationally defined 

as those individuals who achieve a score of 12-15 on Lawson 1 s 

Test of Formal Operations. 

5) The term "younger" is applied to subjects drawn from 

the 9th grade. 

6) The term "older 11 is applied to subjects drawn from 

the 12th grade. 

In this study the independent variable will be concrete 

vs. formal thought (as this consideration is of a nominal 

nature), the moderator variable uhder consideration will be 

age (younger vs. older), and the dependent variable· is per

formance on the Raven 1 s and Culture Fair tests. 
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Chapter 2 

Review of Related Li tera.ture 

The basic premises of Piaget•s theory aro presented in 

his book The Origins of I~telligence in Children (1952) and 

Pia.get and Inhelder 1 a The Growth of Lo5ical Thinking from 

Childhood to Adolescence (1958). Additionally, Sund (1976) 

haa authored a multimedia program, Piaget :r_or Educators, 

which utilizes the learning cycle (exploration, concept 

introduction, and concept application), an extension of 

Piagetian theory, to introduce the theory to teachers. In 

his article "The Development and Validation of a Classroom 

Test of Formal Reasoning", Lawson (1978) explains in detail 

the content and development of the examination used in this 

study. Lawson and lfordland (1976) also present a review of 

several of the Piagetian tasks contained in the Lawson test. 

Those not familiar with the theory of fluid and crys

tallized intelligence are referred to cattell's book Abiliti~.J.. 

Their Str~cture, Growth, an..9- Action ( 1971 ) , hia article 

"Theory of Fluid and Crystallized Intelligence: A Critical 

Experiment 11 (1963), Cattell and Horn's "Refinement and Test 

of the Theory of Fluid and Crystallized General Intelligencea 11 

{ 1 966), and Horn I e II Organization of Abilities and the Develop

ment of Intelligence" (1968). Cattell and Horn continue the 

development, refinement, and defense of their efforts in the 

articles ucheok on the Theory of Fluid and Crystallized In

telligence with Description of New Sub-Test Designs" (Cattell 

and Horn, 1978) and nAre Culture Fair Intelligence Tests 
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Possible and l(ecessa.ry?" (Cattell, 1979). 

A similarity previously noted between the Piagetian 

and fluid intelligence theories was the regression of abil

ities of the aged. Age differences in primary mental abil

ities are illustrated by Cattell and Horn (1966), while 

Hooper, Fitzgerald, and Papalia (1971) in their article 

"Piagetian Theory and the Aging Process: Extensions and 

Speculations" note that "Piagetian logical functioning is 

potentially subject to qualitative disorganization and re

gression with advancing years." Rubin (1974) concludes from 

his studies on agocentrism that "the combined effects of 

increasing neural decrement and decreasinG activity within 

the environment lead to cognitive regression" or, in Piaget

ian terms, structural disintegration. 

A startling lack of literature exists purporting to show 

similarity between the two theories as they might be applied 

to adolescents. Storck, Looft, and Hooper (1972) examine 

interrelationships between Piagetian tasks and traditional 

tests of cognitive abilities in mature and elderly adults, 

while Rubin, Brown, and Priddle (1978) do the same for elem

entary school children. Carlson, Dalton, and Fagal (1977) 

also have performed an investie;ation of somewhat limited scope. 

It is therefore hoped that the study undertaken niay in some 

minute way contribute to further understanding in this area. 
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In order to achieve the greatest possible critical mass 

for the study, as many individuals as possible were placed 

into the appropriate criterion groups (Younger Concrete, 

Younger Formal, Older Concrete, Older Formal) by f::!.rat admin

istering Lawson 1 s Test of Formal Operations. The Raven 1 s 

test and Ca.ttell 1 s IPAT were then administered on consecutive 

days. In order to facilitate computations done in the analy

sis of variance, equal numbers of individuals were placed 

into the appropriate groups. A total of 80 students were 

involved in the study, 20 per criterion group. 

The younger students were drawn from three classes of 

freshman general science, an elective course (although virtually 

all of the freshman students fulfill their one-year science 

requirement with this class). The older students were drawn 

from elective classes in senior English and it was assumed 

that since the different classes were designed for all levels 

of student ability, variations in IQ, ability, and sex would 

equalize within the framework of the original group criteria.. 

Subjects who participated in the research might best be described 

as "selected volunteers", as the researcher was in a position 

of authority over them. It was assumed that this relationship 

had no bearing on the experimental outcome as the evaluative 

instrwnents are not of an opinion or survey nature. 

E2CJ)erimental Design 

The followi.ng design was decided upon as Concrete vs. Formal 
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may be considered a nominal independent variable, Younger vs. 

Older as a nominal moderator variable, and scores on the Rav

en's test and Cattell 1 s IPAT as interval dependent variables. 

y 

0 

C 

01,02 

o5,o6 

F 

03,04 

01,08 

C= Concrete thinkers 
F= Formal thinkers 
Y= Younger students 
o= Older students 
01,03,05,07= Raven's scores 
02,04,06,08= IPAT scores 

The hypotheses are now restated as: 

1 ) the 8 C Qj__,..(~ S 07 G.11d 08 \~Ji~~:.. 3 i[;n:Lfici,.ntly differ from. 

the rJcores 01 and Q2, 

and 2) the scores 03 and 04 will significiintly differ from 

the scores o5 and 06. 

Data Analysis 

l\s the independent and moderator variables are nominal 

while the dependent variables 2.re interval, the appropriate 

statistical tool is analysis of variance. (Tuckman, 1978) 

A two-factor analysis of variance was performed twice, once 

for the Raven's scores and again for the Cattell scores. 

Such analysis clarifies the action and interaction of the 

variables on the dependent measures. Additionally, independent 

means t-tests were conducted to more directly address the two 

hypotheses listed above. 

Description of Instruments to be Used 

Determination of Piagetian level has traditionally been 

made by personal interview, so the development of a classroom 

test was a welcome departure from special materials and time

consuming methods. Lawson's test is a composite of several 

techniques, many authored by Piaget himself, and is renorted 
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by Lawson {1978) to have a reliability of .e6 utilizing Cron

bach's Alpha Coefficient, a modification of the KR-20 formula 

for scalable items. ~eat-retest correlation coefficients 

obtained from various groups range from .4~ to .78. To assess 

face validity, Lawson submitted his test for consideration to 

a panel of six Piagetian researchers, and they responded un

animously that the test was appropriate. Convergent validity 

is established by item utilizing Pearson product-moment 

ooefficients and factorial validity is established by prin

cipal components analysis. Individuals interested in the 

details of the test construction are referred to Lawson (1978). 

In the guide to ad.ministering his test, Raven (1977) 

reports a test-retest reliability of .83 to .93, varying with 

age. For the sample considered in this study the reliability 

is .93. Raven cites additional studies illustrating that 

scores on the test reach a maximum for subjects nt ri.bcnrt P.r;e 

14, remain constant for ten years, and then becin to decline 

u.11.j_formly. This pattern is taken to indicate that fluid abil

ities decline. Raven's statistics were ~enerated from samples 

obtained in England in the 1930s bu.the st.ates, "For compar

ative purposes the SPM is now used internationally, and no 

revision of it has yet appeared necessary. 11 (Raven, 1977) 

In a review of Raven' a test, Lemke and Wiez•sma ( 1976) 

report that the test has a .79 loading on the gf factor and 

essentially zero loadings on all other factors, indicating 

that the test is homogeneous in content. This tends to lower 

the criterion validity, since the item correlation is high, 

but the construct validity is therefore high. They also state 
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that the test may not correlate with tests which may contain 

cultural bias, although they indicate a correlation of .86 

with the Terman-Merrill scale. 

In the handbook accompanying his test, Cattell (1960) 

presents extensive data outlining its reliability and validity, 

and the concerned reader should avail himself of this infor

mation. Originally normed on a sample of 3140, Cattell lists 

over thirty studies which favorably review his test with cor

relations with gf consistently near .e. Additionally, Buros 

{1959) views the test favorably in The Fifth Mental Measurements 

Yearbook. Cattell points to hie sub-test format as advantageous 

to that of Raven's single format and rejects as useless any 

correlations with intelligence tests which evaluate mainly 

crystallized abilities while citing a correlation of .73 with 

other recognized tests of gem3ral ability. Test reliability 

is listed as .84-.94 test-retest for four undergraduate samples 

{X=400) and • 82-. 95 split-half on three underi-i;raduate groups 

(1(=367). 
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Results 

Application of the technique of analysis of variance 

yields the following results. 

Table 1 

Source 

Total 

Piaget 

Age 

Piaget 

Error 

Analysis of Variance of Raven's Scores by 

Piagetian Level and Age 

df MS F £ 

79 -· - -
1 720.00 27.33 <. 001 

1 84.05 3.19 <. 05 

X Age 1 42.05 1. 60 n.s. 

76 26.34 -

Table 2 .Analysis of Variance of IPAT Scores by 

Piagetian Level and Age 

Source df MS F E. 

Total 79 

Piaget 1 5412.00 26.77 < • 001 

Age 1 2761.20 13. 66 < .001 

Piaget X Age 1 387.30 1. 92 n.s. 

Error 76 202.19 - -

20 
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Preliminary conclusions drawn from the analyses of vari-

ance are: 

1) Piagetian level significantly affects performance on 

both the Raven's and the IPAT measures. In both cases sig

nificance is observed at the .001 level. 

2) Age significantly affects performance on both the 

Raven's and the IPAT measures. Significance is observed at 

the .05 level for the Raven's and at the .001 level for the 

IPAT. 

3) Ko interaction exists between the variables Piagetian 

level and Age on either the Raven's or the IPAT measures. 

While analysis of variance clarifies the action and inter

action of the independent and moderator variables on the 

dependent variable, in order to more directly address the 

hypotheses that 1 ) Older Formal thinkers outperform Youngor• 

Concrete thinkers, and 2) Younger Formal thinkers outperform 

Older Concrete thinkers, independent means t-tests were per

formed. The results of these tests are presented in Table 3. 

Table 3 Independent Means t-Test Results 

Hypothesis df t E 

OF~Yc (Raven I s) 38 5.16 <. 001 

YF, oc (Raven• s) 38 2.35 < .025 

OF> YC (IPAT) 38 7.40 <.. 001 

YF '7 OC ( IPAT) 38 0.93 n.s. 

YF > OC (revised IPAT) 37 1. 61 ~ .1 
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Preliminary conclusions drawn from the t-tests are: 

1) Older Formal thinkers significantly outperform Younger 

Concrete thinkers on both dependent measures. 

2) Youngor Formal thinkers significantly outperform Older 

Concrete thinlrni-·s on the Raven's measure but not on the IPAT. 

Significance is observed on the IPAT measure, however, if 

one extreme score (IQ 162) is discounted. 

Discussion of Results 

The superiority of the Formal thinkers over the Concrete 

thinkers on both measures of gf is firmly established (p < • 001) 

and supports the contention that individuals in the higher 

Piagetian level posseas a greater amoQ~t of gf. If gf is con

sidered a strict function of Piagetian level, however, the 

significance of age on :performance (p < .05 for the Raven's 

and<~ 001 for the IP :'l.'r) is difficult to explain. Why should 

Older Concrete thinkers outperform Younger Concrete thinkers 

on tests which clai:n no crystallized component if Piagetian 

level is, i~ fact, determined by gf? Examination of the fol

lowing figures clarifies this problem. 

Fi::;ure 1 

58-t 57-, 
56-1-
55-l-
547-

~~~--: 51 -
50 -
49 -

Raven's Scores as a Function of Piagetian 

Level and Age 

/ 

Older 

. / Younger 

C F 



Figure 2 

135 
130--
125 
120-
115--
110--
105 
100-
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IPAT Scores as a Function or Piagetian Level 

and Age 

_~Younger 

C F 

It is readily observed that the variance becomes statis

tically significant due to the superiority of the Older Formal 

thinkers over the Younger Formal thinkers. The Older Concrete 

thinkers have not significantly outperformed the Younger 

Concrete thinkers. Again, however, the question of age arises. 

Why have the Older Formals outperformed the Younser Formals? 

If faith is placed in the tools of measurement of gf, i.e., if 

their crystallized content is negligible, one posslbility 

would be to attribute the superiority to neural maturation, 

supportive of Cattell 1 s attempt to relate intellectual devel

opment to physiological development. In compiling data for 

analysis, a confusing situation is encountered, however, in 

that Cattell•s last age group entry in his normed tables is 

11 13. 9-adult" I (see Appendix) If such neural differences exist 

from early to late teen years, should there not be different 

entries? Perhaps allowing the older adolescents to dominate 

the younger within the group is Cattell 1 s argument for positing 

neural maturation, but use of such tables to illustrate intell

ectual decline in the aged presents perhaps insurmountable 

difficulties. The Raven 1 s data continues to age 65 so no such 

problem would occur, however.a ceiling effect is observed in 
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the Old Formal group (25fo of the group received perfect scores), 

accounting for the lower level of sic;nificance (pc .05 for the 

Raven Is as compared to p < • 001 on tho IP/\.T) on the Ago variable. 

t>fuile •rubles 1 and 2 report no sir;nificance on the Pia

get X Age interaction, it should be reported that interaction 

did exist on both dependent measures near the .2 level. Fig

ures 1 and 2 illustrate the differontj_al action of Ag0 while 

Figures 3 and 4 show the same for Piagetian level. 

Figure 3 

58 
57 
56-
55 
54 
53 
52 
51 -
50 -
49 

Figure 4 

Raven rs Scores as a Fu.riction of 1\ge and 

Piagetian Level 

_ _/ Formal 

__...L-------------- Concrete 

y 0 

IPAT Scores as a Function of Age and Piagetian 

Level 

~Formal 
~-

~ ___ Concrete 

135 
130 -
125 
120 -
115 -
110 -
105 -
100 - ----------------

y 0 
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Figures 3 and 4 illustrate that once an individual moves 

from the Concrete to the Formal level, his intellectual devel

opment is accelerated as he matures over and above what is 

observed had such a transition not occurred. Again, while 

Cattell•s theory is perhaps only mildly supported, it certainly 

is not refuted. 

The t-test results isolate cells of the experimental 

design to directly address hypotheses about different groups. 

Hypothesis 1 listed in the Chapter 3 Experimental Design sec

tion, i.e., Older Formal students will significantly outpei•form 

Younger Concrete students, is supported at the .001 level on 

both dependent measures. Such an hypothesis is made to insure 

that both measures yield ari anticipated result. The crucial 

t-test is that which responds to Hypothesis 2, that Younger 

Formal thinkers will outperform Older Concrete thinkers. From 

Table 3 it is observed that the hypothesis is supported at the 

.025 level for the Raven 1 s test, while the IPAT test yields 

a non-significant result. Included in the Older Concrete group, 

however, is an IQ score of 162, nearly four standard deviations 

above the mean score of 100 (for the norm group), and more than 

three standard deviations above the cell mean! Discounting 

this one individual and computing a revised t yields signifi

cance at the .1 level for the IPAT measure. 

Discussion of the data would be incomplete without sub

jective comment on the three measures employed in this study. 

The Lawson fest of Formal Operations seemed to adequately dif

ferentiate the Concrete from the Formal thinkers, while definite 

problems occurred with both the Raven's test and the IPAT. 
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As previously mentioned, a definite ceiling effect was observed 

in the Raven•s results. Of the five sets of twelve matrices, 

only the fourth and fifth seemed to discriminate. Although 

there is an Advanced Matrices Test, the 1977 Raven•s manual 

indicates that the Standard Progressive Matrices is the approp

riate test for the age group included in this study. Addi

tionally, scores must still be compared to normative data 

obtained four decades ago in England. The 1977 manual presents 

more recent data only for aees 5.9 to 11.9 years. 

While the Cattell examination was found to adequately 

discriminate between the four test groups, questions ar±ae 

in observing some of the extremely high IQ scores. A score 

of nearly four standard deviations above the mean, tha 162 

previously mentioned, should be nearly impossible to achieve. 

Also, the mean of the Older Formal group is two standard devi

ations above the mean. Of the ·twenty individuals contained 

in thi3 cell, all but one would be screened as gifted according 

to most current definition3f Again, while an advanced scale 

exists for this measure, it is recorrnnended only for 11 college 

students ••• and (use) with other individuals considered gener

ally higher in ability. 11 (Cattell & Cattell, 1959) If this 

atudy is to be repeated, consideration should be given to using 

advanced scales for both the Raven's and the IPtT tests. 
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William of Ockham, the most influential scholastic thinker 

of the fourteenth century, stressed in his writings that 11 en

ti ties must not be multiplied beyond what is necessary." 

{Courtenay, 1977) Known as Ockham 1 s Razor, this principle, 

that the simplest theory which fits the facts of a situation 

should be selected, has become the goal of research. Newly 

obtained data must either take its place within the framework 

of current theory, or revision of theory must be undertaken 

to accommodate the data. Kuhn (1979) notes that the diffi

culties encountered in attempts at reduction are revealing of 

the ambiguities that exist within theories, and that attempts 

to overcome the difficulties contribute to clarification of 

new strategies for development of theory. Horn (1968) also 

argues that "future research should be directed toward bring

ing together results from studies pertaining to process and 

development, on the one hand, and results on structure (or 

correlational patterns) among performances in ability tests, 

on the other hand. 11 It was the purpose of the present study 

to explore the relationships between fluid and Piagetian 

intelligences to see if scores obtained on measm~es of fluid 

intelligence are dependent on Piagetian level. If the descrip

tions of behavioral development can be statistically substan

tiated by the work of Cattell, perhaps the two theories can 

complement one another in providing a more scientific inter

pretation of the complexity of human intelligence. 
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'l'hia study indicated that the gf factor of fluid intelli

gence is closely related to Piagetian level- formal operational 

thinkers were found to possess more of this postulated quantity 

than concrete operational thinkers. Determining whether such 

coexistence is causal or coincidental is beyond the scope of 

this research effort, however. Also, while the technique of 

analogy employed in this study may be less direct than other 

research methods, attempts at combination of the two theories 

are justified if significant and numerous similarities are 

identified. While the ~ewtonian synthesis rendered the work 

of Kepler, which itself was a synthesis of the efforts of 

Brahe, to be of secondary importance, the impact of Kepler•s 

three laws is not lessened, nor would it be reasonable to 

maintain Kepler•a efforts as separate and distinct from 

those of either Brahe or Kewton. Piaget and Cattell are 

not in competition and if their efforts are concurrent, each 

should support the other. The descriptive taxonomy and the 

quasi-biological interpretation both have their place in the 

study of intelligence. Horn (1968) supports this contention 

by stating: 

For too long there have been too many invidious compar

isons of work stemming from. these sources, the implica

tion sometimes being that one approach had the inside 

road to truth while the other was patent nonsense. When 

stated thus bluntly, of course, such extreme positions 

can be rejected rather easily. Hevertheless, there has 

been precious little cross-reference in the two major 

streams of research here indicated. Fortunately, many 
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signs point toward remo-ving communication barriers bet

ween these two. In this sense the gf-go theory, with 

its emphasis on bringing factor-analytic research on 

abilities into the context of developmental and process 

theories, is just one among several aspects of a Zeit

geist. 

While it is tempting to search for immediate uses to which 

a theory might be put, the development of either of the two 

theories with which this study concerns itself may be only 

partial. Xo one knows how to move an individual from the 

concrete to the formal stage, or even if facilitation of such 

movement is possible. Duckworth (1979), an associate of Pia

get, notes that 11 :Piaget•s own view is that such development 

takes time and cannot be hastened. Simply telling children 

the truth about something cannot make them understand it." 

Similarly, Glaser and Resnick (1972) state "Progress from one 

stage to the next depends on maturational changes so that 

training is most effective if it occurs when the child is 

ready." Gauld {1979) suggests that "Pia8et•s is not an ade

quate framewor.K to provide the kind of detail needed by class--

room teachers ••• ". Furthermore, he believes that "in the 

long run the development and coordination of schemes has to 

take place in the student's mind and so, to some extent (pos

sibly to a large extent), is out of the teacher's control. 

It may not occur at all. 11 While Ducl-::worth considers diagnosis 

of intellec~ual level to tailor individual instruction to be 

an impractical goal, Martin (1980) claims success in such a 

use of theory in his article 11 A Piagetia.n Approach to Teaching 
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Physics 11 • Additionally, Lawson ( ·, 978) believes that develop

ment of intelligence theory will benefit formal thinkers 

who have been mistakenly placed into remedial programs. 

Likewise, the factor 11 gf 11 is only a postulated construct and 

even if it could be isolated as a real quantity, could it 

be produced, nurtured, or manipulated, perhaps to enhance 

development of formal thinking? If one could literally bottle 

and sell gf, even knowing the outcome of its consumption, 

would marketing of such a substance be desired? 

The physicist is familiar with the concept of introducing 

energy into a system. In pushing a child on a swing, force 

applied only at specific times will facilitate maintenance 

of the activity. Blindly and randomly extending the arms to 

push the child on the swing will p'roduce no desired effect and 

will most likely produce soma undesireable ones.. So too, 

perhaps the work of Piaget and Cattell addresses itself more 

to what cannot be done than to what can. Attempts to produce 

the formal thinker or to increase gf may be philosophically 

misguided, as perhaps Robert Graham ( ''Sttp~lc.i.<is ?'', 1980) · is in hie 

attempt to breed genius. Inclusion of the appropriate ele-

ments of fluid and crystallized inteilieences at the most 

efficient time may be the only educational product of either 

theory. Increasing such efficiency, or manipulating the 

level of fluid intelligence may not be possible. Duckworth, 

in her article "Either We 1 re Too Early and They Can•t Learn It 

or We're Too Late and They Knew It .Already", explains that 

whatever the state of development at a given moment, the child 

may or may not even think of bringing higher capacities to 
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bear on a problem. She believes that the real issue for edu

cators should be when and how does anyone think of bringing 

higher levels of thought into play., 

This research study can, at best, stand as a minimal 

contribution to the research yet to come in clarifying the 

relationship of the work of Piaget to that of Cattell. As 

noted previously, if this study were undertaken again, more 

advanced measures of gf might clarify the results. An addi

tional consideration would be to treat transitional individuals 

as separate from the concrete group. (Piaget (Sund, 1976) has 

postulated a transitional phase between the concrete and formal 

levels. The present study considered such individuals to be 

concrete.) Studies of the loss of neural efficiency in the 

aged ar·e also potential sources of increased understanding 

of the development and decline of intellect. Cattell and 

Horn (1966) suggest that understanding the aged might be aided 

by conceiving their mental abilities to consist of gf and gc, 

which are affected in different ways by different influences. 
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