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Psychometric Test

0w

w., Cognitive Tasks: A New "Structure of Intéllect"
. %

John ©. Carroll
Abstract

This largely.theoretical discussion attempts to ‘show how the "factors"

. . / ) ’ . N .. ,’
~identified in factor-ahalytic studies of cognitive abilities can be interpreted .
S . ’ ‘ o 7

I

in terms of current theories anu c..pcrimental work in cognitive psychology.
After consideration of the drawbacks of such psychometrically -derived theories
of &ogn%tive abiliﬁies as those of Guttman, Cattell, and Guilford, appeal’.

is made to E. B. Hunt's "distributie wemory" model and A. Newell's concept

’

of the "production system' as Rossil' hases for developing an alternative i
. . . . / : . ) ) ' -
».theory. ‘Such- a theory of COgnitive abilities rests upon the individual differences

dlsplayed 1n the parameters of~the tasks found in typlcal tests of 1nte111gence

\\
As a flrst step toward developlng a\new

'structure of 1ntellect model, a

l \\

'detalled subJectlve analysis is made_of the cognitive processes involved in

two tests designed to measure each of the 24 factors in the.1963 version of /o
¢ . P S

. / .
the Kit of .Reference Tests for Cognitive Factors. This analysisiis made by

.'systematic coding of aspects of these tasks according to a scheme for refating
N . o . . 3 kS

*

~these features to,the distributive memory model and to the productyign. system
”concept.' It is hypothesized that factor—analytic common factors arise when two

_or more tasks share features in which there are individual differences with
‘respeét to (1) the types and_d%ntents of memory stores involved, (2) the types

and sequences of,cpgnltlve operatlons requlred and cognitive qtrabegles employed
by 1nd1v1dual subJeets, and (3) the types of responses elicited. It is claimed

:hat.from this point of view, cognitive tasks are.complex, and cognitive
8 4 ‘ . C N ' ' :
factors resist classification by aay rigid taxonomy such as Guilford's Structure

o . 4 . ° . /
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cognitive tasks; at the.same time, work in the'experimental traditién should
pay- close attentiod‘fbfthe problem of idenLifying sources of variance that are

due to individual differences in task parameters.

N 4 . ?
N . .
11 -
(=4 3
.
/"’
y )
t .
. - .,
J; -
a4
! i
. - o

~
P

[N
4



Introduction .

Y

Theories of Cognitive PrpFesses, e e e e e e e

. «

a

Table of Contents

[

{

“©

Amalysis of a Representative Series of Psychométric

,

Characterizations of the Factors in Terms of

Z

Cognitive Processes.. . . .

Implications and

1 ° .
Further Comments on the Nature

/

Further Steps

Refergnces .*. . v 0 ¢« o w o .

ERIC

Aruitoxt provided by Eic:

Tests and Factors in the Cogpitive, Domain

.

Page/
AR 1
e e e 7
N
e
y

L]
A
C .. 36



- . | ‘ ‘ RN, e PRSI
> ! - — -

T ‘ BEST CUoY ¢ SYAILABLE

3

Technical Report

Psychometric Tests As Cognitive Tasks: A New "Structure of Intellect"

-
~

John B. Carroll1

- -

S -
- . o L . , N .
From its beginnings, psychofietriés has had a split personality. On

. B N __\—-—-_
,the one hand, it has been concerned with practical; means of measurement

. . . . ‘ N . . F
and prediction, including not only the construction of instruments buc also

‘the mathematical and statistical ngeshfqr obtaining reliable and valid

v

measurements--or what is commonly called "test theory." -On the othér hand,

the.very notion of validity--particularly the.notion of "constrnct validity"

(Gulliksen, 1950) implies that one be at least somewhat bothered by the
.- . o . . . ) ' ; Lo .
' problem qf hhatba test measures. Tests of "intelligence" have always

A

been the most prominent type of psychometric 1nstrument However great

their interest ‘in- practical matters, all the leading figures in pqychometrics

o

Binet, Spearman, Thurstone, and Guilford (to name but a-few)—-have had an o
abiding concern for the nature-of intelligence; all -of them have realized

that to construct a theory of intelligence is to construct”a theory of

)

cognition. It is not’ w1thout 51gan1cance that one of Spearman s (1924)

i
¢

major works bore t?e title The Nature of Intelligence and the Prlnciples of

_ .
Cognition. The same theme was carried.by the_titles of_books by Thurstone . -

. (1924) and Cuilford (1967).

&
-~

_ - . ' 4 -

We couldisay, then, that the first "cognitive psychologists" (in
‘this century at least, for we must remember the efforts of 19th century
psychologists, particularly in Britain) were the psychometricians. Perhaps

1From July 1974,\t‘e author is Kenan Professor of psychology and .
Director of the L. L. Thurstoné‘?sychometric Laboratory at the Univexrsity
of North Carolina, Chapel Hill, N.C. 27514. Preparation of this chapter
was supported in part by Office of” Naval Research Lontract N000l4- 71-C 0117,
4R 150 329 wita Educational Testing Service, aud in part by general research
funds of Educational Testlng Service.
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'beeahse of the seemingly "soft" nature of the data on:Which their thenries

" mental development.
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wer based,'but'also for many other reasons, psychometrids has increasingly

Va
v —

e

-

4

lost toqtact with the mainstream of psychological theory and experimentation

E . N

e

Theories of 1ntelllgence developed by pavchometric1ans have never had favor

among radicat behaviorists nor among experimental psyehologlsts——even those

eoncerned with "verbal learningtf;fThe situation provoked Cronbach (1957) .

.

’

into pointing out that there were ‘essentially two disciplines-in scientific.’

e . s ~ : - ¢

)sycholcgy, one the psychometric, one the experimental; he calied for greater

\
contact

‘and integration between the two,cultures. In-the 17 years since

2 B
“ 3 " -

: S A B - ' , . .
Cronbach made his plea, little of this sort has happened. On the psychometric

side, there has‘been; to be sure, increased, interest in so-called aptitude-

3

»

. N
~ v

. . : /, . T )
treatment interactions,.the "treatments" having to do with the sorts of

variables.that some experimentaiists study; on the'experimentalwside, there e

v

have been a few efforts to move into the 1nterpretat10n of psychometrlc

~data, for example Estes’ {1970) book- ldngth monograph on learnlng theory and

‘\\.

In the meantime, what has come to'be known as cognitive psychology has

had a rebirth among experimental psychologists and theorists (Mlller,

: Galanter,

imagery,

& Pribram, 1960 Neisser, 1967). ~ Cognitive psychologists are

rehearsal,

Iy

“willing to tall about such "mental évents" as plans, sets{ covert thcught, (

. i : N ("3
stimulus codings, and memory stores, and they are sometimes

3

able to make prec1se predictions of experimental phenomena by assuming the

/

operation of such events (e,g.,rAtklnson & Stiffrin, 1968). Along with Lhe

\

development of Eognitive psychology there has been the formulation of a

©

"human information processing' point of view (see, for example, Reitman,

SN

1965; Hunt, 1971;

Newell & Simon, 1972; various papers in Chase, .1973)



. - . -~
° .

»in ‘which the performance of .cognitive tasks is viewed as predicated on, the:

. | - ) ’ rd " N
operation of integrated "programs," as it were, for the processing of information 'E.
available from sensory channels and from memory stores assumed to exist in -

the central nervous system. t

A few cogﬁitive theorists have already sensed the possibility of o - -

. . -

_forging a link between psychometric data and cognitive information prccessing

o : b ' .. : - ¥ 0
- theory. Creen (1964)--himself both.a psychometrician and a cognitive rheorlst—— ’

o
v

proposed that computer simulations of intelligenoe test performance should be

attempted.- Such computer simdlations have in fact been performed; for example,
Reltman (1965) described a program for solving analogles 1tems, and Williams

\ ! .
(1972) developed a program, whlch he calls Aptltude Test. Taker, that = - e

deyelops its“own’ rules for solv1ng,1nduct1ve tasks when'presented.w1uh worked *

;o

H

examples. - | = ‘ ' : . o )

The most4iﬁteresripg developdent; however, waslc0ntaided in a;recent
paperfﬁ? Hunt,:Frost,"and Lunneborg (1973). These workers—frhe/first.two
:being exberimentalis§sdand the -last a pSychometriciao—-sought relatiooships
between psyéhometrid test scores and the parameters of'performahcesip cerraiﬁy
Iéarning'and memory tasks studied by experimentalist§; Altﬁouéh'their‘k
g'é were relatively sméll; and the psychomerricldata t hey employed.were‘
. composite scores of verbal and.quautitatipe ability that a factor adalyst
1would regard as too: global falrly consistent trends emerged Verbar ab111ty
1ppea1ed to be correlated w1th the speed with which ‘a: person enters 1nformat10n - f‘
into a short-term memory store, and quantitative_ab%lity appeared to-be ;
relared to resistance. to intefference_in_oemory tasks. Hunr, Frost, and B "”5\-,

)

-~ yLunneborg made ‘a strong argument that their results suggested that psychometric :

——

' aﬁducognitiQeﬁfﬁeofiSLg;should unify their efforts. !

er\\“\ . (\ . . . ) .
\‘1 . : : N . .

i o S v

~
"
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v';_\\\ ) 'Meanwhile, back atﬂtﬂe psycho;etriC‘fa?m, things haveibeen stirfing
gﬁite actively, bUt'nog too vigorously in the“direcfions sﬁggeStgd byuﬂunt;ﬁr,
Frosg, and Luhnéborgl Various new theories of intelligence have been fashioﬁ;d/
but iargely in the tradi&ions estébiishéd gy"Spearman-ahd‘Thhrstone; i.e.,

. ‘ : R
'bdséd onlspeculative inte}prgtatiqns and;c}Q$sifichtions of "féctors", L

revealed in cofreiational:studies. Guttman‘Kl970) has présented a new model

o e

of intellect. based on a distinétion between three major'facets: (1) the

languagé of cdmmunication (verbél, numerfcal, Or'figuralz;j(23 the type of . B

°

ject (fule—inferring or rule-applying);

task imposed on the sub (3) school -

\
: H

achievement. $Somewhat more attention is Qaid to cognitive theory in Cattell's
(1971) model, whereby cognitive abilities are organized according to .three’

. major diménsiods} (1) action phases, (2) contént, and (j) h;gcess paramegérs;'
Q . . . ) : : / - ) . .
and thén further into types of actien phéses,“dontents, aﬁd processes. For , i

o N - ' : ‘ . ' . LTy

example’, there are thpughtmto be thfée.actjon phases: (a)iinvo}Vemengvéf
ippu;,-(b)lihvolvemént_qf'iﬁternal'procégsing aAd sgorage; énd-ﬁg)'iﬁvolvemgéf4

of outpuf; The two content dimensions are: (1) ekperientiél—chltdfaI‘(with"

. various subdiménsions), and (2) neural-organizational; the ‘geven pfbceés :

dimehsions refer to task demands such as complexity of relations to be.educed,

memory storage, retentivity, retrieval, and speed. 'Ce£E;IBTy<Lhe most B;amineﬂt.

of‘thg-models iS’the'Structure of Intellect (SI). model developed by Guilford

(1967; Guilford & Hoepfner, 1971). As is well known, this is a'3-way

B qlaééification of factors according to 4 kinds pf Contents, Sjkinds of

a .

fp Operations; and 6 kinds of %;oducts,_a.claééification that seemed to ??erge

from consideration of the variety of factors found in a major program of

research on "higher-level cognitive abilities.”™ In his book; Guilford

'(1967,_pp. 255ff.)vadapﬁs a model of pefceptidn and memory procésses given

PN

/ |

. -
s - . : — :



1 . ) -
- . B : o i,

'houever, that the SI model came first. only to be followed by a klnd of
&

’

Procrustean flttlng of one model -into the other. Gullford deserves much
. . . '_,‘/u‘
credrt, nonetheless, for h1s thorough and careful éxplorations of thesliterature

7 / N
of cxperlmtntal psychology for poss1b1e relatlonshrps with his model. In

i

_any case, as I (Carroll 1968 197“) and others (Horn, 1970* Horn & Knapp,

—19737 have colealned Gu1lford's ST model seems too pat and rlgld and no)///

/
sufficiently-well supported either by'theoretrc 1 considerations or by the

empirical facts, to stand for all time as a final model for the "structure
o i ) . . N

. W U : N e b :

-of lntellect or of cognltlony. Probably not even Gullford 1ntended it to be.

Charltably, we may ay that Gu1lford s model was a brllllant attempt but .

\\\\\premature——certalnly n

. 1
-

adequate for tnu extrapolatlons that have been made -

-

'. fromnl£w for example, Meeker s (1969) app$1cat10n of 1t to sehool l%?rnlng B

. N\ _ ~
A problems . . fpf\:, o : ' o en )
-Almost: parenthetically, one may note that Guilford uses the teim .-
v ) . . . ¢ / . . . - . / p . ‘ L ‘ . L |
. A . . . s . . . ”" .. .. T k ’
cognition in a rather narrow sense--as one of his ''operativns,” concerned . [~
- - o ‘ /,. - ~ L . —_— . . . . N .

AN
. N

with‘"awarenessg immediaté*discovery or reddscovery, or recognitionfof e,
nformat1on 1n varlous forms, comprehen51on or understandxng (Gu1lford

.
- . - < . K .
.

1967 Py 203).. "Cognltlon thus stands apart from Gullfbrd s other operatlons,

y . " . . o
7 A A )

memory, dlvergent productlon, convergent productlon, and evaluatlon. e T et

‘e
Whatever Gullford s operatlons 'may be, surely they are all 1nc1udedv}n "' .

-.
X

\\\\/he purv1ew of a psychology of cogn1t1qn whlch in' Nelsser §/(1967 p. 4)-~
. ° ,/' ¢ :’L -~ .

.. terms would be concerned 'with "YW the - processes by whﬂ@h the sensory 1nput

. . \ .

"s

B 3 N .
‘«. N :

7 stored recovered, and ‘used," including - |
R . . . . /
ion, imagery,Wregentfpn, recall, * '

is'transformed reduced, eraborate

' Such procesées as sensétlon,
-~

rlﬁRJ}:h"' R f.vﬁ EEE S o ‘i— _;} .

T : < = : . : .

g

by Crossman (1964) for the-interpretation of his SI modél; one has the -impressioh,

A



<

. prcdlem-solviag, and thinking, among many others." It is ffom this broad
perspective that I view cognitive psychology. . : P~
. What stLlLQgeems needed is a general methodology and-theor§ for interpreting

" psychometric tests as cognitive tasks, and for characterizing,(but not
/ necessarily classifying) factor—analytic factors (hereafter, FA factars)

_1Ccording'to a.model of cognitive processes. In this paper 1 will attempt

FONE

. ’ 2]
-~ to prov1d¢ such a methodology and ‘theory, but neceséarlly, \h@v sketchlly

My procedures are stlll largely subJectlve—-llke thoée of ofher "structure of
) ‘ \ ° - «

1ntellect modelers.. Buf what 1 berleve is new in my approach 1s‘chat I

. ° . . - ov—y ________,_.

start from a model of cognltlve'processes suggested by recent theorles and

Y _expfrlmental findings, only then attemptlng to 1pferpret and characterlze -
' 0 : - o . o | T -
FA factors'according to~thi7.model. I avoid. the-assumptiofi that FA faclors [
L T : J— ,_.//4—’ ’ ’ ' . e e

ing, rather,

can be c13551ﬁled according to some, n-way taxonomlc system, beli

Q‘#' , that ‘the cognltlve tasks used in FA studie are necessarily complex from

. . i
>

o an. information-processihgrpo;nt'of vrew and that FN factors.simply tend to
feature or- hlghllght certain°aspects of . 1nformat10n—proce351ng in which there -

are prominent individual’ d1fferences (there belng many other aspects in which
- . \d - .

_:individual differences may~éx1st, but are not~salient), Avoiding the nfway R

_claSSification‘notion_will undoubtedly make my. "structure of intellect"

matter. . - ' o [ ST

I I

Th1s paper 1s,addfess”a Eoth to cogn1t1ve fheorlsts and psychometrlclans{

“ R . /

. b,’,_’ - IR ,—/
,;,,,,/fxf/the‘same\time 1t~1svoffefed-to those who, in the'current mocd of , L

£

—

e ¢ . . - . .
- skepticism-about '"intelliger. e tests'" and the meaning of "individual® differences,

~

_.are cempiainingdthat cognitive tests do not"measure anythingAwell—defined~or_

°

important. I shall not sayjanything about the importance of intelligence ._l . e

Qo - - - B e SRR

i
i
1
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~ -

>

or.the socizl import of individual differences, for these are matters of

one's values, but T do believe that a new "structure of intellect' model
3 :
~

based on cogritive theory can contribute to awbetter definition of what-

-

"intelligence tests" actually measure, and thus to a firmer basis on which

to-judge their social implications.

/[~  Theories of Cognitive Processes
I said that my proeedure was going to be to start from a theory of

cognitive processes and then, on this basis, to attempt to characterize

FA factérs and, by inolication, what tHe corresponding FA tests measure.

To my knowledge, such-a- procedurb has never been seriously followed by >

JENEIERS S
R

'students of factor analysis, who have usually employed precisely the reverse
Iapproach——to try_to develop adtheory’of cognitiveﬁprooessesqstarting’from

/' FA results.

At thisnpoint.in the history of psychology, onevhas a good deal to cﬂoose

fromfin selecting or formulating a theory»of cognitive processes. Many S

¥ 0
-

cognitive theorists have attempted to build mode}s or partial models of _mémory . .-
dprocesses, relying on the cons1derable amount of ev1dence that it is useful

to distinguish among various forms of'memory and storage elements——including

sensor&'"buffersﬁ in wnich>iCOnic storage of materiai:from sensory.reeeotors'
'takesgpiaeezeand fmemories"iof,different "terms" (short7term memory; intermediate-
term memory, %ong'term memory, permanent'memoryé—terminology differs from

one theorist to'another). Information of different kinds (according to.sensory

.modality, or d1fferent types of memory eodﬁng) gets passed from one kind

v

of buffer or memory storage to another, often beeoming transformed or recoded

in some way in this process, or sometimes fading away or dropping out_of'éxist—
enceg completely. - Processes. of storing items in memorw, searching for iteds_in_
. ’ oo ‘ o

'Q | | L | | : _ B S \~) i
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memory, and retrieving items from memory through some form of '"addressing'

are assumed to occur. The various kinds of storage are usually depicted. as

i

o

patterns of interconnected boxes, and the analogy of an-electronic ccmputer

s

is often appealed to. Some cognitive theorists (e.g., Neisser, 1967,

, v
éhapter 11) also belicve it desirable to postulate an "executive process"

. ’ ¥
or simply "executise" that somehow controls-all this information fl?w:and

addressing--not a homunculus that would havé to be explained by still another

homunculus (and so on in irfinite regress), but simply a set of innate or
. >

learned processes that can be regarded as being in the focus of immediate . .

~—=-= - -attention, awareness, or control. (The Mexecutive" is not necessarily always

—_

"conscious" or in the immediate focus of attention;)

Nobcdy seriously believes that the mind is made up- 6f a series of_
separate étorage boxes (although brain studies have demonstrated that' there

is ‘indeed- some kind of partitiéning'of cortical functioning), and nobody

has been able to find an exact location. for an "executive process" in the

v

brain (though there are some interesting speculations about even this). PR
Nevertheless, a model of cognition that accepts- the idea that information

exists, and that it gets processed in the brain (gets coded,_transformed,

stored, retrieved, etc.), as it undoubtedly does, is juétified in assuming;

and these sets of neural compoiiggs may, as well ‘as not, be represented by

A\,

"boxes.'" . The assumption of an executive'brocéss also seems an intu@rivé'

. . A . . " . ) N .; .- h j N '
necessity if one is going to get the system in opepﬁtion. Whetﬂer memory
stages are in fact distinctly separated by "term" (short-term, intermedidte-

- term, etc.) does not have to be decided, but it is clear that the inputs P

/

N R , = Co. - .
for memorial information‘bccdr at different times (from moment to moment,

4 and in the total life history of the irdividual) aﬁd it.may indeed be convenient
% . . / : ' -
ERIC o -
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and even necessary to classify memories with reference to the more or less i
distinct periods of relative time-depth implied by ‘the terms short-term,

long-term, etc. We do not even have to decide whether memories can indeeq

be "permanent"; it is only necessary to accept the fact that Sorfe memories

Care relaﬁiVely long-enduring.

a1

To start from something concrete and rather well elaborated, I adopt
e

o

the ”distributive memory model" proposed by Hunt (1971), the overall

architecture of which is shown in Figure 1. A detail of the model as Hunt

.

- supposes it 'to tPerate in connection with.inductive problem solving is shown

in Figure 2. Briefly, the model depicts information comiqgvffomrphe

/ environment . through a series of sensory and iconic buffers into a short-term

mémory, and then through an intermediate-term memory into a long-term memory.
Hunt's equivalent of an "executive'" appears in Figure._l as "conscious thought" -

(as shown next torthe box for ¥short-term méﬁory") or, better, as a separate

box (Figure 2) fof a "conscious memory processor" that has access to other

1y

] o —— —— —————— ——— —— ’

memoriés;_jlﬁ iﬁdgégive problem solving,‘for examplé,’the ﬁéoﬁééioﬁs‘memory

processor' ‘utilizes "cufrent hypotheses' and "guésses éboutfattributesd..‘ ‘ e
drawn frqm 1ongftefm=memofy, in the meantime utilizing a'Coﬁcept Learning

Syétem (CLS) progfam (and/or related programs) drawn ‘from long-term memory.

I need to make, however, one major exteﬁsion-)f Hunt's model--one that’

o

Imbélieve is thoroughly in the spitit of the modéf but‘fhat.did not happen

‘to receive attention by Hunt in his presentation of it.  This is the cencept

" of 4 "praduction system'" (Newéll, 1973). As Newell points out, models
< I IR . : S S —
I ) : o : L ' i g oo
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such as Hunt's fail to pay-enough attention to the exact nature and statug

~of the "pregrams" thit function to contral the processing of -information.

(At the same time, I would point out, Newell does not pay much attention to

the "architecture" of the memory systems .in which the production is

supposed Lo operate; the production systems he.uses as illustrations.
o function with a very sparse architecture and make h1gh1y s1mp11f1ed ‘assumptions

about the parameters of the model But these def1c1enc1es can a@d undoubtedly

will be_renied jed.)

According to Newell:

a

. ]
———i -

@ »

. A production system is a schem&‘for spec1fy1ng an 1nformat10n process1ng

; system. It con51SQ§ of a set of productlons, each productlon conslstlng of a

s , = - TUOUTT T e e e e —

: condltlon ‘and an, action. It has also a collectlon of data. structures. expre351or

that encode the 1nformat10n upon wh1ch the productlon system works—-on

.

which the actlons operaté’ and on whlch the condltlons can be determlned to

be true or false.

\u" n"n-"‘ -

war

o structures, operates as follows. That productlon whose Condltlon is true

of the current data (assume there is only one) is executed that is, the'

smtakenf—mThe result 1S'tozmod1fy ‘the current data structﬁres. ThiS‘__“

¥

leads in the next 1nstant to aqpther (poss1b1y the same) productlon belng
° v_- / 2 : L;’
execgted, leadlng to still, further modlglcatlon. So it goes, action after

actlon belng taken to carry out an entire program of proce531ngt_each evoked'

by 1ts condltlon becomlng true of the momentarlly current collectlon of-

L data structures.—The-entire process haits either when no- condltlon 1s true —

(hence nothing is evoked) or when an actlon contalnlng a stop operat1on

occurs | [Newell” 1973, p. 463). i’

|

|
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!
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Newell has impleménted his concept of production system in a special s
.~ program, PSG, coued in a system‘building language_called L*(G), which operates
-on a PDP-10 computer. In the paper from which:- the abové quotation was taken,
he has applied it to the analysis of memory search processes‘as represented

by. .the Sternberg (1969) paradigm. "Earlier versions.of the program Were

applied to the analysis of stimulus encoding (Newell, 1972). and of §'s

/_bchavior in solving cryptarithmetic problems (Newell & Simon, 1972, Chapters

I

5-7). For my present purposes, I borrow from. Newell only the general concept
. " . ‘. \
of a production system, not any particular realization of it. (To attemps

K1

to program in PSG all the cognitive tasks that 1 discuss below——or even JUSt one

<

of them——would be a major_effort in itself. 1In any case, as far as I am
~c;aWare, I'do_not have PSG'operating on any interactive computer .system aVailab{;
to me, although it would seem possible to code PSG programs in other interactive

languageg 'in wh1ch I am "fluent ")
What strikes me as important .and useful about the concept of a prod%ction

system, in the .present context, is that it provides a sophisticated way “™

of specifying the "program” for any given cognitive task. The various
condition action staLements 1nc9rporated in a PSG program specify not only

I —

.. a PN s P s -
“the task 1tself but the rules and strategfes by which rhe SubJect performs,

o

the task. The production System'also specifies*the data available to the

! ‘. ‘ ‘ ' . o ’
subject» as he starts performing the task, and the changes.in "data" that
) _ , /

wceur as he carries outrthe operations that are requ1red ~or that seem~to

him to be required, to complete the task These changes 1n,"dafa" are,iini:cwill__m_m;_

- -

?'thE‘mai changes in 1nternal memory states, although they_could be chapges

£

invthe external environment that develop as the task is performed (either as ,

- -,
.

the result ‘of[g‘s actions or as the result-of other circugistances, such'as"

ERIC— ™ - r S ' v
P v | - o i - : - . )
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new stimuli presented by the tester or experimenter). Also, every atction -

is assumed to takc 4 certain amount of time; i.e., actions have temporal .
parametersﬂ(often they are to be specified in milliseconds).

W " Since a production system includes a specification of the task, it should
. A o J e
be possible to encode in it the instructions that are given to the sabject

or examinee. The instructions for a cognitive task (e.g., '"Find the word
/

. whose meaning is closest to that of the key word"'; ,"Find the yord whose meanlngA

N - . -

is opposite to'that'of the key word"; "Find and mark all 1nstances of

8
hd

the letter a on th1s sheet" ;etc. ), when fully comprehended by the subject,

constitite a task set whlch is then to be applied to each item in a test,

to each item ot stimulus in a series of learning trialsh\or:the like. One

of the most unstudied problems in psychplogy is the nature of these task v

-

. sets. ,As)Newell remarks,
..The interaction of the instructions with the gask5performance program
* R ; S . :

is.as -much central to control as the internal part of the performance

program. It_isrpredictahle that a full‘ﬁledéed theory of Eask instruction

will be required Eyéaell, 1973,,p. 5221,

In Hunt'svmodel, a'place must be found for_Ehese instructidhs or task
sets. The task instructions have to’be comprehended by the subJect~—if

.

not from verbal statements, from experlences in working-’ sample/problems-~

and the resultlng' programs"' have to be 1ntegra§ed with elements of pﬁoduction.t

systems already resident in permanent memoryt Just how all this happens

-

e l, .
O Vﬁhas to be explalned but let us 1gnore this problem by ajpumlng, in our analyses

~~~~~~~ . 4
- —

of cognitlve tasks, that the subject comes to us already/well‘instructed\~ i

i.e., he has already developedfthe productlon system that he will use to ~~ °

Co L

perform'the task. | o S . . : a , S

L - et A i s R i et

- TN : ) . i
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;. o
”

The' instructions to the subject, or the task set, will.hardly be enough

’

"tofspecify the.full production system in detail. For one thing, we will
©
/ need to know much more about the bognitive processes, and- tBeir parameters
(temporal and. otherwise), that~would be entailed in the production systems -

for different tasks. For example, we could explore the possibility, as

=

; argued by Posner (1973), that a stimulus may evoke multiple codes--visual,.

auditory, lexical, semantic, etc.; each Such coding would constitute‘a
: ' Co ' ' L e _
_separate action in a production system fér a particular task situation._— — - — |

~.

“-- .. The more important reason for saying that a—producticn systém cannot be

speéifiéd\sgiely from the task instructions is that in order to do so we

/ Tl

must kqow.somethiﬁé“abogp the individua

\ N

1. Newell himself recognizes this

Tfaifficulty. The. production Syéféms\pf different individuals may differ,

- “from very little to quite a lot,’ depending Jbaﬁtthe$charactefistics of those

Eal

. . T 3 H
individuals and théeir past experiences. Mostvlikelﬁf'the producﬂion~sys;§msu
-of a representatjve sample of individuals will have many common elements |

(identical or nearly identical condition-action statements), but they~@ay§
, . : ST ' T ' o
differ with respect to Shé particular strategies and'kindé‘of_data.aVailéblg- .

- B B

‘{td, and employed by different individuéls.

Let us state this point in more~de;éil. Individual'differences among - e

"

5 - ) _ A
- Ssin their "production systems" would arise through:

A(a)-Differen¢es’in'the composition and ordering of the sets of.

. A "condition-action! rules incorporatéd in:the system; and / : ,},

(b) Differences in the Femporal parameters'assoéiated with these

e - . R | )
/ condition-gction rulezm,._L : f

There_wbuld; however, be.furabgr sources of individual differences
v R / : . o .
,in the actual performance of a task: arising -from difféfén@éé in Ss' success

et e e o - - X . : N
- o . ) : : _ LAY
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in applying their production systems in view of differences in the processing
capacity -of the "executive" and its associated memory stores, and particularly
in view of differences in the contents of long-~term or permanent memory

stores. For example, a person might have a perfectly effectivé "production

%~ gystem'" for responding to aavochulary test, but he would fail a particular

. » _ S -
item if his permanent memory did not contain the meaning of a word presented
in the item. : ' } ' "

/ - : @ :

.f -
/

There is one more extension offhunt's model that.needs to be made. I

R .

"I mm sure it was simply an oversight or a matter S0 obv1ous that 1t was,

‘theory of cognitive\grocesses that 1 propose to use in ana1y21ng and

unworthy of attention, that Hunt. did not 1nclpde_prov1319n—for a resgonse

“in his system When the central processor or executive:recognizes that it o

has achieved some result. from its.application of the production system (or-

. . _ . . . o . R

'in Newell's terms, when it has reached a 'stop" operation), it must activate
f . . i

_ . .

some mgtor system to make that pesultfngnifest. At least, this would be
true in a test’or task—oriented situation; it might not be_the case if the
individualvis merely storing information by reading,.or_"thinhing of" aﬁ

. ' e N : . ! Co T
name 'without uttering it even—subvocally;’ In the analysis of psychonetric
.tests,as cognitive tasks, we nust/reserveva'ﬁiace'for'the/specification of.

the\kinds of responses to be made,_and any other. requirements in the task

SRS — [

N v

R .
such as\the instruction to give "as many different responses as poss1ble.

o

>

/ : Py

characterizing-the natu of.FA factors and the'psychometric tests that

resumably measures those factqrs. 1 have emphas1zed the role of 1nd1v1dual
P Q\\

- differences in this theoryvbecause;\\f course, 1nd1v1dua1 differences are

what FA‘facgors are all about. . What,Ir ope~to‘do°is'to identify particular

n

“sources of individual differences on tests 1

the cognitive domain with

S
g
\_\
\\
— e S
.
<
"
.
.
/
v
L
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L have\éiyen, here, only a-very brieffand sketchy account of the typé of ﬁ'



particular aspects of information processing behavior as it is described

£

in the theory. For the-moment, I regard the description of the theory as

adequate for what foliows;\some details will be filled in as we' proceed.
> :

©

©

o Analysis:zof a Representative Series of Psychometric Tests :

~and Factors. in“the Cognitive Domain o
. . ; -
As pf.the gublication of their most recent book (Guilford & Hoepfner,

1971), Guilford and his associates had 5claifned identificatidp of at least

4;one factor (occa81onally, two or three) to occup¥ each of 98 out of the

o

120 poss1ble cells in their SI model. It would bé too 1a'ge a task, and

1mposs1ble to report here, to analyze. each of these SI factors, and each

Y 1

of .the approximately 520 tests described by Guilford and Hoepfner as having

been used in their Aptitudes Research Project. Instead, I have selected
/ e

as a represehtatiVe'sample of cognitive psychometric tests’'the 74 tests,

presumably measuring 24 different FA factors, that were assembled by’ Fneﬁch

v - T . /

C Ekstrom, and Pr1ce (1963) to' constitute a Klt of Reference Tests for Cogn1t1Y4

Factors. This sample has .a number of v1rtues; and also some 11m1tations. .

B

. oy . ' N \ :
“Its virtues: it includes a'large number of test types that are found in
- /"

'-_varlous omnibus 1ntelligence ‘tests such as the Otis, the Wechsler\tests,

_the CEEB Scholastic Aptitude Test, etc., 1t contains a var1ety of test\‘

types that have been used,repeatedly in FA studies and that, from the eV1dence

\ : .
available to French et al. in 1963, could be regarded as good" tests of . -

the 24 factors (each test, w1th 1tems that are highly homogeneous 1n'type,

wasoselected as be1ng most probably a pure best of ‘a given factor),

.-and the k1t is readily available (though at present a,new edition 1s in

“pteparation'at'ETS).f Its limitations: nearly ali the tests involve a time-limit, =~ .-

[
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s

introducing an unknown speed com*onent; they are’all paper-and-pencil tests:

(cxcept for three memory-span tests) and thus tend to emphasize information

-presented.visually; they are suitable mainly for caldege-age and adult’

~ .
@opulat’:ions .and thus permit litcle consideration of developmental aspects

Emc

Aruitoxt provided by Eic:

‘a standard multiple-choice item, or the like, the itém is the "lead" stimulus .

3,
4

of cognl}ive processing; nearly all are conventiongl tests requiring performance
; i [} - s -
) . . S - . . ' . )
on a series of tasks presented one' &t a timé (rather than with a temporal

structure_shch as-to requir'e delayed recall-;onlv/tﬁe three tests of . =~ oo

“Associative (Rote) Memory" involve delayed recall), and finally, there is now

o

evidence'(Ekstrom§.1973) that not all the factbors are as distinct and well-

-

. . . ) o . .
defined, from a statistical point of view, as was originally thought.

9 deal with the.time—limit problem by considering the task requirements.
/- . i ) \

for performance of a single ?item at-a-time (incIuding spelelcatlon oﬁ
L
any tgmporal parameters that may be involved in such a performance) I

\

N v \ _

_def;nefan 'item" as' any StlmulUS, or group of st1mu11 cons1dered as a un1t

on the basis of which one or more responses are to be made. In the case of -

“ .

and the alternatives from which the S is to make his selection; for certain .

" of the "fluency" tests, an item would be-the stimulus that is supposed to

evoke a series of responses. The extreme case 'would be the "Theme" test

-where the "item" is the topic specified for a theme that is to be written--

one or more paragraphs. ‘ L - ‘ i A R i o
" In-attempting to characterize the tests and the:factors in terms ,of

. : ' 5 . w o - SN . ®

cognitive theory, I started by developing a Unifbrm system for éoding~the

¢ "\ o . \
_characterlstlcs of the task represented’gy the 1tems of each test. L ,
Developlng th1s system required mLCh drafting and redraftlng, and much T

.
o

.cbgsulting and review/of the tests themselyes. The task-tharacteristics L

that were coded included the types of stimuli'presented, the kinds-oé overt-



responses ‘that were required’to demonstrate performance, any relivant aspectis

of sequencing of suﬁtasks within the task,; and the elements in the-productlon

o n

“systems that [ conceived a subject (at least, myself) would employ in performing
. . . « . A - ) . ) - .
" ,it. These latter elements refetred to the types_('term" and contents)

/ .
of memory stores that would prebably be‘addressed’in storage, search, and °
o . ' . / ’ C .
retrieval\oﬁerations, as well as the types of operations and strategies that»
'would probably be employed in a "central processor" or -executive element.

.« My codlng_‘lso covered such matters as the probablc ranges of the relevant

temporal parameters, and the probable ranges of individual differences in

relevant aspects of the task sucl’ as these'temporal parameters,Aand the

— ¢ . - . . . [eil—

memory stores involved. The complete coding system (which €ven now needsi :
.. ‘ . . / e

further ‘revision and reorganization) is given in Table l. « -
. . ' ARG A

R S . ' Lt ,
S ———s T -
Insert Tabléig_about hetre- - ‘

- v - ——————————— e
B

After the coding system was worked out, it was programmed to operate
on‘an‘interactive comput;r (using FOCL With the PDPLS) in such a Way thatw
the program would successively'demand my codings forva given test, and then'/

O lprint;out my codes in a format convenient fbr_analysis. With some'difficulty,-
. the.coding could.nave$been done'by”respondlng to, say;Aapprlnted or mlmeoi'

graphed questionndire, but use of a computer program made the codingvmuch
. more flexible and convenient, because the’program'allowedpfor various branching

\decisions. Even so, responding to the'computer-program proved to be an - e

. ’ S . / o v
. extremely tedious and frustratlng task-—-many of the questions asked were of

S

a seemlngly tr1v1al nature, and yet other questions demanded dec1s1ons that

. + L v -

'were very dlfficult to make.' Nevertheless, I concluded that a procedure

such as'this'vas"therest way to force myself,to make systematic codings.
Y -A . . . .

L o A '
L selected 48 of ‘the tests_(a‘randomly»selected 2 for“ézch of the 24 factors)




O

ERIC

o

“détermined order such/ that no.tWo_tests of the same factor were corsidered

psvchologist. ; > ! )
T The resulting codings for the tests could be regarded as .raw materials,

-18-

LIS

and coded them accdrding to the system, considering them in a randomly

.
/ . . ) - . N

unless separated by tests of at least 2 other factors. .~ o
? ; ) ’ ) e
a ; R

The bases and_j;stifications for. my codings cannot be déScribed here

W . . e

in detail. I tried to lay aside, and be unbiased by,'any'kndwledge 1

"had of the'empirieally determined ”factpr‘structure" of each test, or-of.its

Ce - A ~

- . * . 2 -

classification according to Guilford's or anyone else's system. I did try to
3 . / R - o ) .

T

—~——

- tely on what knoWledge of cognitive informatidﬁ‘procegsing theory I .bzve
; i 2

AN T
. —

. . I -
acquired through a fairly extensive acquaintance with its literature, as
© - - . X 1<) v, . ~—

~.
e
.

represented by books such-as those of Neisser (1967), Reitman (1965),

Kintsch  (1970), and Chase (/973), and journals such as Cognitive Psychology,

) : o _ S . . : ’ / .
the Journal of Verbal 'Leayning and Verbal Behavior, amd others. I have not .- -
T J A " N B : )

" yet been able to determine anytning about'the interfcdder reliability oﬁ the

system, that would take a good deal of time on the part of a cognitive .
s

— >

as it were, for_constructing productiqn syétems for the test_tasks. 1

have_not,attempted; hoWeVer,'to construct an actual production'system for

»

any of the test,tasks. This would require decisions about the .detailéd

lBordef’i‘ngroﬁprocesées and their ekact specifications, as_Lell as assumptions

“About- the strategies that'particular 1nd1v1duals are likely - to, employ.

A

“Thanks are due to Dr. John Frederiksen, Brandeis University, who
in a session lasting abodt four hours worked through the codings of two
tests with me, on the basis of un early version of the system. Dr. Frederiksen
and 1 seemed to agree on our codings most of the time, but no formal check of
agreement was made. =My coding of 48‘tests took a tqtal 6f about 14 hours, :
an’ average of about 17 mi tes per test, with a con51derable standard dev1ation.

°




o Co-19- .

. . : . . . . ° L8 . . »
Instead, I next turned to a detailed analysis of the codings made for

‘the 48 tests. 1In this analysis, it was assumed.that the factors supposedly

[l . te

represe‘nted‘ by the ‘tests were sufficiently well est_abli'-shed and fg/_c/torially'

distinct, and that thé tests were sufficiently representative of their =

-

r'esp'ective factots, to justify using" the factor-test pairings as a basis for

findlng common elements in’ the codlngs and 1solat1ng d1stinct<1ve patterns

" of codes for given factors. Attention wds first d1recte(d to tes’fwfactor S e

o / e
)

pairs that had similar codes for operations and ’strategies carried won by the -

central prcrcessor and f.or the types of memorystores presumably,addressed

L]
o

by them, espec1ally when ‘the coding 1nd1cated that Su‘b/stantial 1r{d1v1dual -

. ',,’\
differEnces in sam 1es of eo 1 11 ker orbekadm ter d these tests
(i p people 1ikely ¢ inL \e\\ ).

T—

’ ex1sted either in the contents of the relevant memory stores or. 1n the tempora —
o . , / :

‘parameters ,fo the .operations. Tt .was ‘found t'hat nearly all test-facter pairs

' had one or more codes in common (with associated individual difﬁerergces) IR

o . .- . l . . T . . . ’ o’ : ‘ l

- and .that'\the patterns of t'hese codes were generally .disti-nc‘{_\c-ver fac\:tor.s. .
: : » o : -

In a few cases, where no such codes were in common between test factor palrs,

. . A / / B B . ‘ . . ] -

1 managed to. conv:mce@myseif -that ‘I had 1nadvertently missed- some opportunities

'to cod,e, perhaps thpp§$h 1nsuff1c1ent definltlon of th/eédes themselves. _ R

e (For example, sometimes i used the operation ' 'retrieve name or instance o
’ , i -

,w

~and the operation retrieve assoc1atlon alternatlvely to code essentially .

)the same process )

1 then considered similarities between test-factor\ pairs with res'pec't

to the ty.pes of stimuli @nd overt r“es_ponses involv/ed. In -as few cases,'

ks

‘,\
e
|

|

account for the. tgst .-'pairipgs. - o . .

1n01v1dual dlfferen(_es in certain parameters of item response seemed ‘to
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~W~Mfm¥he~eSSEﬁtIEI“*esultsiof this study are in fact the cognitive processes

LN . . .

E identiiied by this procedure as.being characteristic of eachrof.the 24

FA factors and the tests that represent them. It turns-out that these
A ' . o
,,processes are quite diverse w1th respect to type memory store involved

v

temgoral parameters, and other stallS. Furthermore, most of the FA factors

'kdiffer markedly from one another; in the few instances_in which they do not,

there is a suggestion that further empiricalAstudy by conventional FA

-

methods might show them not to be statlsticaily distinct. (We will -examine - o

some ev1dence of this sort in a later section in which the factors will be

aiscussed in detail,) ——
-.© In_many Caées,'it'may appear- that the’characterizations of the factors -

.« - . . - ¥

made here .are not very different from thﬂ'sorts of characterizations made,

for example, by French et al (1963) when they assembled the Kit of Héference

'Tests;fdr Cognitive Factors. I would claim, however, that the added‘element

-

is the orientationIWith respect to a unified cognitive theory based on recent
findings in cognitive psvchology. Rather than saying ‘that a given factor

»

.appears to involve some presumedﬂmental'process drawn, as it were, from thin’/

. air, a theory~oriented characterizafion identifies the role of that process

'in a total matrix of cognitive_operations,»drawihg attention to the role

of individual differences in well;defined aspects of the process.
Presentation of my results poses a Droblem.; 1 could 51mply list the

-

factors 1n some arbitrary order and give their characterizatlons, and in

some ways that ought to be'sufficient.. Clarity demands, however, that. the
list.ohght to be organized in.some principled way. - But any "principled way"

Q

1mplies what would appear .tb be taxonomic classlfication, and I do not

believe that tax?nomic class1fication is JuStified 1n the case of a series.

. . .
Co ) ) . ©



-that address either a short-term memory (STM) or some kind of.sensory

-21- . ” S
of FA factors that are preSumably distinct and uncorrelated specimens, -

o

which have common elements; if any, quite by accident. The problem o?”“‘Z,

classifying factors is somewhat like that of classifying the letters of the - S
’ / . / /
. . ! )
alﬁhabet. We could classify letters on the basis of whether they have only

~

straight lines, or only curves, or some mixture of straight lines and curves,
L3 . . ) : . .

or we might claésify them by the number of strokes‘needed to write them, or

‘by the dumber of serifs they have in a partlcular font of prlnt all such .

class1f1cat10ns w0uld however, be ad hoc. It is with some mIsglvings, therefore,

Lhat‘I present the factors and their characterizations in a somewhat organized

Em@nnef, first in a table (Table 2).and then in a series of verbai descriptions

that give explanations of entriés in the table. : o S o

The vertical organization of Table 2 reflects: - .
r) - . . /
(1) Type of memory (STM, ITM, or LTM) in whlch some aspect 9///// — = T

individual dlfferences is regarded as being predominan

(2);Modality (in the.case of SIM-factors) or contents - (in the case
N — - ' ¢ - .
of ITM.and LTM ﬁactbrs)_of;ﬁéagg;-‘ co ' ~
. -

-~

Of theW24 factors, there ‘seem t7 be eight for which 1nd1v1dual d1£fere§ces

apoear to be most promlnently associated with operatlons and strategles

[

-buffer. Put otherwisé, Tthere- 1s-i1ttle or no 1nVolvement of . 1nd1V1dual

]

differences with either an intermediate-term or a long-term memory store,

. : . P a) ?
For seven of these factors, the modality of the sensory buffers and the STM -«

is visual; for the eighth factor, the‘'modality is regardedoas nonspecifie,

since the contents of éensory buffers and STM could be either viéua} or auditory.

.

-



o
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It s&phld be emphasized at this péint that’ Table 2 indicates only the

operations, etc., in which individual differences are great. Of course, all

the "STM" factors involve .tasks in which sensory buffers have to be addressed;
in fact, every factor in the whole table involves ‘addressing of sensory

buffers (i.e., pérceiving stimuli presented in’ the task), and it is often
.the case that these stimuli have to be interpreted by reference to either

£l . /.

ITM or LTM. ‘But for the STM factors, it is beliéved that individuéy différences

are not likely to pertain to contents of ITM or LTM; for example, in the case

d

of factor P (Perceptual Speed), ény likely test~-takers would be thor ughi?”ﬂL/f’/’

familiar with, ¢r be readily able to interprg&/ghg/éigTE:g;hbols or other stihulus

elements presented in .tests of/Bf’/TEE/E;;;;g’schéme (Table ‘1) contains codes

e

for all qgg;a&iﬁﬁgzg;d strategies that were pérceived as possibly functioning

—

,‘/— . - . ’
“in the performance -of a given task, but these codes are reflected in Table 2

oni Qhén,individual differences were thought to be relevant either to the
temporal parameters. (T) of a process, to the capacity or contents (Q) of

a relevént memory store, or to thé’probability (P) that 'a particular strategy

v

i

would be employed by a subject (the symbols T, C, éﬁd B_are.gsed-iA‘Table 2).‘

Only one Factor, MA (Associative Rote Memory), is assigned to ITM, .

for insofar as a memory store is concerned, individual 'differences appear to

O

ERIC

Aruitoxt provided by Eic: .

arise mainly in storage and retrieval opcratiens with ITM. The contents are
nonspecific .2as to modality, on the present evidence.
The remaining 15 factors are assigned'to'LTM because (so far as a .;} )

memory store is involved), individual differences are associated mainly with

search and retrigval operations with LTM. UsualLy,‘éﬁé?“déﬁéﬁﬁ:ﬁﬁéﬁf

the contents
of LTM or some particular portibn thereof. That is, individual differences

in these factors will be a function of the contents of particular kinds‘of'

/




, -

LTM contents, i.e., what the'individyal has }earned‘in his previous history

LR

I

/

» _BE\Elasg;ﬁied (for our present purposes) as:

_/,/

“and stored in his permanent memory. Thevmajor types of LTM contents may.

o

(a) Vigﬁalzxepresentational (images or other abstract representations

derived from visual.perceptions), ,

(b) Auditory-representational (analogous to visual-representational,

./a—ﬁﬁf“inltheAauditory\mode).

-~

(¢) Lexicosemantic information (abstract representations of wofds,

i

and their semantic and grammatical features and rules).

W . - . . »
Lexicosemantic information is usually cross-referenced to visual-

|

N - N “‘ ) . P i
representational and auditory representational- contents. It is
| . o . :
assumed that this information pertains to' the English language.

¥
Vi

- (The(Frencﬁ et al. tests are in English, not French!)

) Quantitativ% information (abggract representations of numbers,
humbers, number operations, and algorithms for dealing with
\ . o Cee / .
quantitati e information). Much of this is cross-referenced to

viSual—rep/eséntational and to lexicosemantic information.

72

(e) Abstract c %ce ts and "general logic' information (representations
g gl . LONE

of various con&epts; principles, and rules having to do with
.implication, inﬁe?en@e, causality, sequencing,fattribdtes,

patterning, etc.?h

(£) .Experie?tia inﬁo{matioﬁ (relating to the individual's general’

<

store of in ormatioq about himself and his environment, and his

4

E

O

JAruntoxt provided by exic 8

past_experidnces).| Some of this information would result from
I , ’
special learning experiences such as schooling and reading.

/



Some tests. and factors/seem to draw upon further subcategories of LTM
13 o - . .
contents; efg., factor Fw (WOrd Fluency) emphasizes lexicographemic infeormation

(orthographic charagterlstlcs of words), and factor Fe (Expr9551onal F uency)

AN

" draws upon the inq;yiduale_stock“Uf’knowledge about syntactlc rules and
grammatical classifications of words..

a

2

- The classification of the contents of ETM is to a large extent arbitrary
. . /

-

o

and soiely a matter of convenience. It should not mislead one to the impression
° @
that cognitive tests and FA factors aré concerned only with some partigular /
/ - -

type of contents. Most cognitive tasks involve at least some elements of
LTM, and those elements may be sampled from any portiom of it.  Further,

because of the large amount of cross-referencing and interconnectedness that

s

may be P;esumedato exist in LTM, for.example between the lexicogemantic store.
/and the visual, auditofy, aad/bther kinds of sﬁerage to which lexicosemantic
.+ elemeénts "refep," we must assume that‘the whole ef LTM may be involved in a
cognitive task. Our designation of certain faceorsjas being addressed to-
certain portiofis of LiMﬁimplies oniQ‘that certain portions are featured

:in'that inVOlvement; . For example,'Factor_V (Verbal comprehension)lis

S ! . <

'prrmarlly concerned w1th the rlchness and varlety of the lex1cosemant1c store.

e . .
The horlzonfal organlzaxlon of Table 2 concerns the ‘specification of

~ ' . ~

operatioﬁs and strategies (”controleprocesses") in which individual differences

are assumed to be prominently involved in specified FA factors. The diétinction4

s

hetween an/operation;and a’'strategy is only that operations are control processes.

that are explicitly specified, of.implied,_in the task instructions and )
fbrp—exercises and thdt _must be performed if the task is to be'suecessfully

completed, while strategles are control processes that are not spec1f1ed in

the task 1nstruct10ns,=but may or may not. be used (dlscovéred) by a partlcular_'

e SUbTECET Strafegies may or may not be'helpful in performing the task; some

a

mayfeveﬁ be counterproductive.

JAruitoxt Provided - -
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Control processes are of three general types: (a) attentional processes

'addressing sensory buffers§ (b) processes addressing longer-term-memories —— """

[

(ITM or LTM); and (c) processes/operating primarily within an "executive"
"and an asSociated STM, usually with contents that arrive in STM as a result

. of control-processes'(a) or (b), or both.

A . .

/. . . . RO S
Attentional processes (with associated®individual dlfgerences) are

T
1

exemplified in the French et al. Kit of Reference Tests pr&marily_by visual

search operations and strategies (¢ontrolling eye-movements to acces%

different parts of a visual dis?lay, for example). In d4 more diversified

collection of cognitive tasks, these attentional processes could include attending
- : . S » :
to particular features of stimuli in various modalities.

Operations addressing ITM or LTM are of three major types: o
L)

.

“(a) Storing an-element in ITM or in LTM; (b) Searching for an element'with'

. given attributes in 1TM or LTM; (c) Retrieving an element from ITM or LTM
B : / _'
by some process of ''addressing.'  We cannot yet specify what parameters of a ’
/ . ' L S e - . L e .
storage operation are associated with individual differences; it can only

be said that there are apparently individual differences in the efficiency 7

. and success of such storage. Individual differences in search operations would
— o . S
seem to be associated with the time spent in such. searches and the rate of

seafch; a eearch oneration nay.or mAy not eventuate in e_successful retrieval.
Indiyidnel diffbrences in direct retrieval operations may be associated{with
their temporal nanameters, but most cften they are esbociated_wiﬁh the
contents cf the memory being searched (and-thus-thh the probability that a
given icem is presenc in ITM or LTM and caniin‘facclbe retrieved).

A'epecial remark must be made concerning the way in which ceftéin_

-/ s : .
tests of "fluency" factors involve LTM search operations. Many of these
- _ . . . /

. . g . .
o - . .1

s : Co. ‘ .
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tests require the subject to retrieve "as many [different] items as possible,"

usugllx_in;afngtion—of;LTM~tﬁéfiﬁ5§9be”a§§hméa“to contain items of the type -
being searched (so that it is.not a mat;ér of the richness of the store).

Since the tests are administered under a time liqit, the scores are a function

-

primarily of phe'tate of search (but also of any_special»Searbh strategies

°

adopted by the Subject). Some tests, however; require only one item to bg

retrieved; such unusual constraints may be placed on this one item, however,
/ ' ' :

that we may assume that the subject may have -to. spend much time searching for

it, so that the probability of success may still be assumed to be a function
primarily of rate of search.

So far as their association with individual differences is concerned,

- v

_control processés in an executive and its associated STM are exemplified -

P . . .

‘by sucﬁ‘things as:

(1) Simple judgments of stimulus attributes such as to reveal
,identity, similarity, or comparison between two stimuli; o ‘
(2) Certain manipulations of STM contents, such as "imaging'" or

i

. -otherwise abstractly representing an item, imaging a figure-in-grouad, and g

5 B

. : . . ) , . o ) : ) . e
- mentally rotating a visuo-spatial configuration; A LA

T

o

°

-~
»

AR

O

ERIC

Aruitoxt provided by Eic:

' Z3i/ﬂ§££iél? operations using algorithms from the general logic stére{
(or, more generélly, a production system that(idcludes such algOrithms).i

That is;, certain elements are operated on,; producing new elements; these in

turn are operated on,- producing still further elements; ahd so on until the

. v

proceés is’ terminated (either successfully or unsuccessfully). Individual
[ : - . -

differences boggern the ability to pe:fprm.thése»operations efficiently and

‘correctly with whatever algorithm or. algorithms are being used. (of course;

. 1

'°individual differences also arise from whether appropriate algorithms are

3 ! .



.- in fact being used, but such differences. are assigned Yo differencas in

<

contents of relevant LTM memory stores.)

A final column ofathe table notes whether individual differences may be

N . . -]
presumed in the temporal parameters‘of "response rendering."

£

to the particular tests offered in the French et al. Kit of Reference

Th1s applies

Tests for Cognltlve Factors.. Many of these'tests (usually, all tests of a

given factor) require the subject to render his response By writing words,
/ ) .

phrases, or sentences, rather than simply ;selecting a response. We know that

_there are 1nd1v1dua1 dlfferences in wr1t1ng speed (Carroll 1941) that
i / - K
enter into test correlatlons. The table notes factors in which such individual

differences may play a role;ralthough it may not be that such & role is

7

essential to their measurement.

Characterlzatlons of the Factors in Terms of Cognlﬂlve Processes

v

Tn the follow1ng _ characterlzatlons, T must emphas1ze again that the

,descr1ptlons address only aspects of tasks that 1nvolve 1nd1v1dual dlfferences.
. ) . Sre

The factors are arranged roughly in terms of the type of memory and the number
. o

of cognitive processes that are 1nvolved (This is also the order in which the

\

factors are presented in.Table 2.)

Factor SS (Spatial Scanning) requires'addressing sensory buffers to make'
< | a visual search for the connectedness of lines ‘and spaces (paths); both

e
a

-the temporal parameters, and the capac1ty of STM and the visval sensory
/ o / .
_« | buffer, are 1nvolved In at 1east two of the KJt tests (Maze Traclng Speed

e
N

and Choos1ng a Path) Ss may differ iu their probab111t1es of d1scovering

a poss1b1y helpful- speclal strategy, namely, scanning from the goal rather

than-from the start.

Aruitoxt provided by Eic:



FstOf Le._ (Length,Estlmatkeﬂ%~requITES'SlmpIy'EMEbmpar1son of-dlstances,

a compari~on which may be assumed to take place in the executlve and an

-

associated STM. Both capacity and temporal aspects may be involved.

Factor PS(Pefeeptual‘Speed) involves primarily the temporal parameters

of a visual search throﬁgh a. field for specified elements; this search ocrurs
by addressing senéory buffers. ,

-° . Factor: CF (FlexiB{lity\OE Closuvej involveé a pfocess oceurring in<STM \

whereby a flgure is imaged in relatlon to a surrounding VLSual—representatlonal

 f1eld Both capacity and temporal aspects may be 3nvolved:

Factor SO (Spatial Orientation) involVesveSsentially the ability (capacity

of STM) and rate (temporal parameters) of a process occugfing in STM whereby
a spé;ial representation is "mentally" rotated.

3

Factor Vz (Visualization)'involves-the same process as Factor S but ig

addition requifes the performance, in executive and STM, of sefialﬂoperations-
upon the resultsvof mental rotations. ' .

K . . . / . .

, Factor XF (Figural Adaptive Flexibility),mequires the same process as 1in )

Factor CF (Flex1b111ty of Closure), i. eﬁlmaglng a figure in relatlon to a

' surr0und1ng v1sual—representat10nal f1el$\\ In addition, it requlres theh\&
vperformance;'ip STM, of serial operations, and a{so~pa search.for relevant~
hypotheses in a‘L?M logic store. (f would noe.expect it tolbe'a "pure" . |
faé@or, ah& the evidence aesembled.by Ekstrom TI973: pp. 64-65] tends

.to confirm ghi5'5uspicion.)

.

Factor MS (Memory Span) involves storage and retrieval of information .-
gnonspecific as_to modglity) in STM. The eapapity of Srmtforfthjsfopefation

is the primary individual diffe;epceideterminef, -Strategies or chunking or
. - . . C : -

gr0upiﬁgﬂstimulus elements may befhelpfq} to some,éubjec;s.

-




- Factor MA (Associative Rote Memquf is similar to Factor MS except that
5 ‘ : _ .
-the storage and retrieval operations are with reSpeét to ITg./ Usually, the &

rd o v
: S

f

time allowed for this test permits Ss to use special strategies, such as

reh. sal in STm; and finding "mediators" in lexicosemantic and/or experiential

LTM stores; thus, individunl/ﬁifferences.mny also éppear in the probability
/! * 1

/
and success of using such sgkategies.
. 1

- < .

Factor CS (Speed of,c1béu}e) requires a searc¢h of a LTM visual-represen-
tational memory' store for a match for a partially degraded stimulus cue. -
/| Individual differences aﬁpear primarily+in the rate of_this.search, but the

probabilitylof certain'speéial strategies nay also be involved: (1) Séarch;ng

 and utilizing hypotheses®drawn from assnciations in LTM, (2) (conﬁciously).
searching.in different portions of LTM, and (3) restructuring thenperception

of the stimu%us (an dperation involving the addressing of a sénsory buffer,:

and similar to the alternation of the .perception of ambiguous figures such,

‘as the Necker ‘cube). - . . ' o ’ " ) .
. ’ ~ v . . . . .

. . . ]
w, Factor FW (Word Fluency) requires a search of a '"lexicographemic"

portion;of a LIM store for instances fitfing certain ofthographic requirenenfs;
théftenporal‘paramefers qf_this searnh,iand ;he4con£énps of thé LTM, figure

in individual differencés. A ;pecial strategy.ﬁhnt,undoubtedly-manyLsubjects_ N
adopt 'is to use the.a;phabet as a mnemanic,‘i.e{, é&gFématicalxyntegtingi f‘h
nemoryvétore wiﬁh différent letters. Also, nome“subj;é s may Tconscibnsiyﬂ

search different portions of mémory;.such“as (for thé'test‘fequiring words

beginning with RE- ) seafching_memory for verbs-fnr”which RE— is a prefix

9

#= meaning "back'" or '"again."

Aruitoxt provided by Eic: . L . ot . . 3 -



Factor FE (Fluengx,of Expression) involves search of lekicosemantic

S : )

./ ) .
memor%@ w1th spec1al attent on to the grammatical features of lexical items =

L L \ °

and different syntactical patterns of phrases and. sentences. Special

M
-
y

strategies include the ' consc1ous» search»of different portions of memory,

“*ESH'the use of "grammatical mnemonics“ (such as de11berately considering ',
. ,

different grammatical classlfications in searching for words) . -

-+ Factor FA_(Assoc1ational Fluency)_entails search of a major portion of

.
L

‘ [ . N g R S .

a LTM lexicosemantic store, with sped¢ial attensiop- its semantic’ and
_ ’ att _)/fb\\

associational aspects. A special strategy that some sub}ectswill doubtless

. > N, . : ot ' ) .

use is a conscious search of different portions of LTM,‘trying different

\

categorizations of the stimulus’ word or words; in many cases such a strategy

. -

might be helpful *

. ) o ;o . . B ’ . w°

Factor’ V (Verbal Comprehension) is almost exclusively dependent upon

.

the contents of the lexicosemantic LTM store, i.e.; upon the probability

that § can retrieve the correct meaning of a word.. (In the French et al.?

Kit, only conventional multiple-ch01ce vocabulary tests are offered as .
. ‘ i N A L ;
(réferenCe/tests;va more diversified set of tests of this factor would_probably

h <.

call on ‘other aspects of the lexicosemantic store, particularly its grammatical
.0 . : € P Yy BI: _

¥

ffeature portions.). _ \\y‘ _ i | o L

.

Factor N (Nﬁmber Facility) in§olyes ¢D) retrieving appropriate number
asscciations-and algorithms“from LTM and (2) performing’serial operations
on the stimulus materials using theselassociatigns and algorithms. _Individual' o
differences‘could appear inlboth content and temporal'aspects~of these
. retrieval and manipuiative operationsy Speciai strategies possi?ly contributing‘
a ' . . w Y . : . . A ) ) .

) to individual differences’ni e special Ways'of ﬁchnnkingvﬁnuTe£¥cal materials

4 F— ~-

+ '

/ _ . . " . ) R _ . AR
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'(e.g.,'mentallynadding>5wo—digit numbers both digits at a time rather than
by the more "elementary" one—digit;and—carrying methods). f

‘FactorAIﬁ(lnduction) entails searching for relevant hypothqses.in a LTM

. . \
”general logic-store." Success would depend primarily on whefher the conppents

?

of this store are ‘adequate to yield the solution to the problem. Some

SUbJeCtS, however, might adopt the posoibly helpful strategy of perferming
N -~

serial operations with STM contents‘to construct new hypotheses.
2 /

- hd .

Factor RL (Syllogistic Reasoning) inVolves both retrieval of:meanings
. VN ' . N
and algorithms-from'relevant portions of LTM and performing in STM serial

»

Le

operations on materials retrieved. Individual differences could appear in

>

content and temporal_aspects of both these types of operations. They could:

e +

" also occur in the probability that-the subject will'give adequate attention
) o A T A
. ‘to details of the stlmulus«materlals. '

Factor RG(General Reasoning) is very similar to Factor RL (Syllogistic- "
. Y .

. Reasoning) in that it involves both- retrieval and serial operations. L1t

. 4 ’ - - H g'
would ‘be. distinguished from Factor Rs _only w1th respect to the precise types
: / o o

Qf contents 1n LTM that are Yequired to be retrieved and utilized 1n the = %=

. -

serial operations. In the case of Factor RL,‘these contents'have to

«

-~

dd with logical characteristiiﬁ/ﬁi certain linguistic quantifiers (all, some,
I R i :

no,{ﬁ%c ) whereas in Factor RGithe contents are more general algorithms
/! i ) 4 ;

5 . . R . a

concerned‘w1th concrete quantitatiVe relations Gtime, rate, cbst etc ),

<
'

St
“and in addition, the same types of number assoc1ations that are involved 1n ,

. 4

1 Factor N \Num_er'Facility). ' . . . | '
We will deal with Factors FI;(Ideational Fluency), O (Originality), Lt

" and SR (Semantic Redeginition) as a'groupf_‘A}l involve memory search'for‘

certdin types of associations and instances in an "experiential" store;
Al ) T | = e {

SR A o N e

. . . . 3 . - . s "

"1 < . . . .

. . . . e
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“a .

e

/ | - _
they differ only in terms of the particular portions of this LTM store that.

0 .

are to be searched. For Factor FI (Ideational Fluencyii a rather wide

-

épectrom of”exberiences and concepts is to be searched. For Factor 0 . .

(Originality), special constraints are introduced--the instancesvare,to'be
/ 4"_ . N - 7 ! .

somewhat unusual, or dependent upon special "physiogromic' associations of

¢ . . o . .~

~visual shapes. For Factor SR (Semantic Redefinition), experiences related to
: . ' ’ ; / '

o

uses or possible uses of objects are searched. . All three factors may

’ - N

_ . ¢ S
-e}icit‘a,speE&al_strategy of consciously searching different subpoStions-of

[y .
-

the relevapt?memory stJre; (It should be noted that the responseg,

would algo. depend upon search for assoc1at10ns ina LTM- experlentlal store, '”"f“—“

.espec1al y thag portlon concerned w1th poSSlble goals and uses ror obJects o

..

ing the fact thaE it is often scored in terms of the number of .

~"categovy changes" Ln the responses, it would also depend upon the probability -

)

'that s 111 use the strategy of examlnlng dlfferent portllhs of memory.»f

: Accordlng to Ekstrom'(1973), the factor 1s'1n any case not well supported by

P . ) .. . . )' . ) . N .

emptrlcal data. - C ~ /

Factor 'SP (Sensitivity to Proplems)’ 1% another factor for which .

empfrical evidence is slim. If it existsj\\ZWOuld interpret it as involvihg

S SR L N L . _
retrievipg associations from a general experiential store concerned with _ Ve

.

- properties and uses of objects, and then performinglserial,operations with

K
»

o .r. T : .‘ . .
these associations using algorithms from a '"general logic" LTM concerned'with_

a
4

causality, c0nsequepces of'aotions, and theilike. Subjszts ¢ould adopt

special strategles in searching memory for approprlate associatlons

i



, -33- -
/“\\ . ) .

. ‘( ) / . . . .1 .

7 Fi ally, Factor Mk (Mechanical Knowledge) obviously involves a special

<. . “~

portion of a LTM experiential_store concerned with mechdnical and electrical
’§evices and their properties (a cross-referenced lexicosemantic 'store is

3
’ w X .

‘also involved, but indiyidual\differenoes are probably centered in the

' ;Posner,vL973);

experiential oT . knowledge store father than in the lexicosemantic store)

*1 have not mentioned a special strategy that may appix in the case

of almost any'test that requires search and/or retrieval of memories--in

fact with nearly al]l the factors and tests, namelz,uforming an image-'of some

item«in STM in order to help in the elicitation of associations.
} . < B

/ . o . i

be asSerted_with reasonable confidence that there are large'individual

it can

&

differences in the capacity and predisp051tion to.jprm such 1mages (Anderson,

-‘1973 Di Vesta, Ingersoll & Sunshine, 1971 1970;

Ho lenberg, 1970 Pa1v1o,

Because this facet of 1ndiv1dual differences is so universal
" [
“'it has ‘net seemed efficiép& to mention it in connectiqn with evéry factor
o , _ ,

. . . : . . . . . ) , ) . \’
characterized abové. : oo :

. — ~ Implications and Further Steps l o 1

. /

The characterizations of,factors‘given>above are admittedly speculative;
o : . - ) ' 1 . ' '
they are given mainly in oroer‘to-dempnstrate the. . /
that I believe ought e».bé made’as the resplt of theory;oriented,research

N o

in factor analysis and in experimental psychology
' /

It is rare to find in Table 2 a factor 1n wh;\h\indiv1dual dif/grences

. Nearly ali cognitive
. oy A
_tasks are complex, ip theGSense.Ehat they nv ve ta number of défferent kinds

a e . -

are ascribed to a 51ng1e aspect of a cognitive task

of memories and control/ processes.. ‘(Yet, as Herbert’Simon'remarks somewhere,
S . . : ,: .. . . L . ,ﬁ .
they are fun&amentally simple, in the sense that they are constructed-out of

< ¢ . v

I\)’ . .. . ‘/°. - cL ."e-‘ ?"‘ . P ; L, “"
lc

r . . -
Full Tt Provided by ERIC. . o .

kinds, of characterizations . .
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)
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fundamentally s1mp1e operatlons ) Each kind of memory, and each kind of

.

control process, may have a number of d1fferent parameters. These cconsiderations'

lead to the concJus1on that 1t may be 1mpos31ble, in pr1nc1ple, to 1dent1fy

. B3

\ - : — L
\ "pure" factors of individual différenceSe—probably not.y at anyrrateg through

. . "
- . [ . .

thefapplication of typical‘group:administered tests. Possibly’methods for
/" . D
- measuring fpure factors of 1nd1v1dual dlfferences could be devised .for use
. . 7
- . ¥ . "1 '. \
in an experimental laboratory. The oftag;noted observatlon that atl psychometrlc

r

[ tests in the cognitive doma1n tend to be more ‘or 1esé pos1t1vely correlated
probably reflects the multifaceted nature of the yasks sampled in th?se tests.

‘The multifaceted nature of psychometric tasks also further supports

»the—conc*us1bn that it 1s-1mpéss1ble, 1n pr1nc1ple, to construct a structure.

- : of 1ntellect mode&’contalnlng an n—way cl;rs1ficat10n of tasks such that

"fag;of" can be found for each celt in ¢ & cﬂass1f1catlon Nevertheless,

the model qt éhtellectithat I have tried to present here may have a hedristic
value in/the sense’that furthet factor-analytic investigations could examine
. certain components and component-combinations of the model in greater detail.

T would think;'however,';hat these investigations would have to rely_on tlests
L . [ T ) » J ! .

conducted under muchbre carefully controlled experimental conditions than
Jas-been generally tr

/Some of the cognitive processes ostulated here are being/intensiVely
inVestigated by experimentel’psychologists. I will give a number of /
2 i H
examples, but this blst, ad the qltatlons, are‘only 111ust#atLve. Note that most

b2

fnl) with 6/2 klﬁd of process, and - ~f
: . .

i

"o

of the 1nvest1gatlons cited are concerned

. little attentlon is be1ng pa1d to individual- dlfferepces, let alone corrclatlons
e . . , ') 1:

among individual difference variables. S ; . \
. C ;

o - o Visual gearch (as.in Factors SS and PS): Neissér, 1967, pp. Q6ff.

. N . N N 1
° . ’ L 4 : B . ! o 4 !

‘o
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Mental rotation of spatial éodfiguratidn'(as in Factors 50 and Vz):

- Shepard & Metzler, 1371;" Cooper & Shepard, 1973: /

Serial operations‘in STM (as iprmqpyrngphgmfagtors): e

. Trabasso, Rollins, & Shaughneséy, 1971; Newell & Simon, 1972;

T L]
Groen & Parkman, 1972.

/
/

Memory storage angyretrieval in STM (as-in~Factor MS):  Winzenz &

Bower, 1970; Sternberg, 1969, : ‘ f ‘

‘Memory storage and retrieval in ITM (as in Factor MA): for references, : /

Seé Goss ‘& Nodine, 1965; Melton & Martin, 1972.

Memory storage and retrieval in LTM (as in Factor FA):

Bousfield & Ba?qlayf 1950; Freedman & Loftus, 1971..
A S S
The obvious next step would be to extend theée éxpérimental investigationé ‘
. . . v . /
to inc}ude attention to individual differences and to possible linkages with '
pSychometric tes£S Ehat tap_individual differenceé inacognitive p;oaesseg; :

Such a step would lead to more precise specifications of cognitive processes, .

and it might yield some surpf%ses. °The‘individual difference linkages with learning

'parametersrthat'are reporééd by Hunt, Frost, and Lunneborg (1973; described

e
. i - / . !
earlier in this paper) are .soméwhat surprising, to me at least, because I see'

s, . . . ‘

/

. . J . ) ) . .
little involvement of learning processes in the actual pérformance pf verbal and

quantitative ability tests of the type used by these workers. Perhaps. these

/

correlations say something, not about how verbal and quantitative ability ‘tests

'~ are performed,-but about how verbal ,and quantitative abilities get develdped'in

the first nlace. That is, for example, if it is Fhe case -that people wiﬁh a'hiéh 
- u . i . ’ . ' . \
rate of entry -of items’'into STM are likely to be high in verbal ability, perhaps

/ - |

/

. Lo : o . . [
verbal ability.(i.e., a large vocabulary and language store) is acquired smost ) ‘e

] ; . /
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-readily by peoglg;with’é'bharactetist?éaﬁ;y high value of * o~ in-Atkinsom-and— -

_»

Sﬁiffrin'g (1968) model of memory prbcessés.
4

i

Further Comments on the Nature of Intelligence ¢

Let us return to the original theme ofVXhis conference, ﬁemembering all

N .

those ”people>du§ there" who argue that intei@igenee is not well-defined, and

. - ‘ i 4 i '
that whatever the tests measure-has n¢ significant rolle in school success,
. ' "

.

and still less in life success. , ) . :
P | -

1 have tried to show, first, how the taskgion many types of -psychometric

: . . . . . oy . . N .:'x . -
Yests in the cognitive domain 'are indeed cognitive tasks whose structure, contents, -

and control processes can.be identified. Many of: the coﬁtrol'processes that I have

(™
. ¥

found in these cognitive tasks cdn. be opérationalf\ defined through the techniques
. & B \ 8 N

\ } . .
\are wide individual differences

1

, 5 [
of experimental psychology. . It appedrs that there
in people's ability to ﬁerfo:m these control;procesées efficiently, and certéinly.

. ‘ . . S . -

»

there are substantial differences in the contents of\ people's long-ferm memoTries.
But do these "individual di%ﬁerences have any clear relevance to achievement
' ' : !

, _ . . , L ) .
in school? Or in life? We do know that certain types of "intelligence tests''--

. -
A\

particulﬁrly those of Factors V andRG:rhavesubstantia¥ correlations with me;hgies

of

school success, despite the less than perfect.reiiability of ;school grades \\ 

\ [ /

and other measures of school achievement. 1In accounting\for what correlations we

: . IR :
haﬂe,,l would draw upon thg model of intellect proposed heére to identify elements

4 \" > 3 ‘. . - N . ' | . -
- and)| operations that are in commdn betxgen psychometrin tests and school performance.

/

ERIC

Aruitoxt provided by Eic

As we have_seeh, Factor V depends mainly on the individual's\LTM stores of

\

\ P

. : . . \ . )
lexicosemantic information: such stores not only are-produced\Py school and

A
\

i

school-related experiences, but also are prerequisite for many\yarieties
H ! ; - ‘

.of later learning. Factor RGinvolves LTM stores of aigérithms fQ: reasaning, and

st

tﬁé_efficiency of serial/bperafions in S%M_fo; applying these'algdfithms_
. | A
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to problems requlrlng ‘them. These algorithms and operations are also

present in school learning tasks. Similar regarks could be made about various
other factors in relation to school peﬁformance4—Factors S0, Vz, FI, for example.

The.ddea that there are mental operations in common between psychometric

tests and school_perfofmance is not at_all new; such an assumption has in
‘fact underlain the’thinking of mental testers even/since Binet, if not before.

I mention it here_only because it seems in need of reiteratioh, in the face

o

of allegatlons that "1ntell igence tests" do not measure anything important.

\ ’

//ﬂig;3 it seems to me that the clarification'of,what it is that cognitive

tests measure——algng-the lines of a "structure of intellect" such as is :
b : N o - : _ ‘ :

proposed hereiihrovides additional scientific support for this notion.
We could undoubtedly find elements in commen between psychometric

taéks.and»cognitiveAtasks in'éverydéy life. Writing a letter, pianning_é

.

: . SR
route, understanding the operation of.a machine, thinking of candidates for

committee membership, l:arning a list of prices or ZIP codes——theéq\are

cognitive tasks which involve operations and strategies applied to various

types of memory stores. These tasks are considered socially i@portantgl

is it not important also to study the’cognitive processes that underlie. them?

There have been complaints about the uses to.which "intelligence tests"

: - : . 3 .
have been put, and the very notion of indiVidual'differences in int lectual

'ab111t1es and capac1t1es has‘becomé colored with a Certaln measure of

< o2

opprobrlumr—opprobrﬁunwh1ch however, does not seem to attach to the notlon
'of_individual diffetences_in,_say;-musicai, artistic; or athletic abilities. :
“This is not therplace.to.gomment/on the proper usgs.of;tésté or-to Speculate
about the role that individual differences in'intelléctuél_capabilities

shquld play in the functioning of a freé’society. 'Whatzi have tried to do
- ! - . . ;

. _ - s
I

PAruntext provided by enic
!
;
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in

3 in this paper is to point out that the study of individual differences

‘

éognitive task performances may lead to better understanding of the formation
~of individual differences in general, as well as to fundamental knowledge

~about the nature of the underlying cognitive processes.

s

"o
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, . o / . Ta?le 1
A Provisional Coding Scheme for Cognitive Tasks Appeérln@ in
, ~ i.ychometric Tebts |
_ /
, STIMULUS MATEREALS «as provided at "outs6t of task) 4
N 1A N;ﬁber of stimulus classes - ' .. ~
.. ) ~. o ‘
\\\ : : l One stimulus class (a word, picture, etc ) :
SEAN o2 TWO_stimulus classes (as in many types of MC items, PA learnlng, etc.)
. . - . .%. ] / 3
§\\\ .Descriptlgn of the ith stimulus class: = - - ’ _ ' . ’
) N . SRR : . v, ‘ '
N - 1B Completeness . , N ' R ,
. i Complete : : '
‘\\ 2 Degraded {with visual or auditory "noise")
lé\ Interpretability i
l Unambiguous (immediately interpretable) . A
S | biguous (codable several ways) “ T ' .
; Qmalous (not immediately" codable) :

Memor;\to be addressed in interpretation: - o N

5& Term (see\list SA)

-

5B Contents g\ée list 5B)

IR ‘5C-:Relevance of Tnﬂividual Differences(in this memory store) )
N - Y-S \ . ’ :
I
OVERT RESPONSE TO BE MA E AT END OF TASK

©2A " Number and Type \ ' . o ‘ : .'% h

1 Select response from\ presented alternatives o

2 Produce one correct answer from operations to be performed .

3 Produce as many responses as possible (all different) \
4 Produce a specified nimber cof responses (all différent)

2B Response Mode N

Indicat choice ‘of alternative (in some conventional way)
Produde a “single symbol (lett , numerical quantity) -

Write word é{\

Write phrase or sentence

Write paragraph or fore \\- _

Make spoken response AN ‘ ' o o
Make line or simple drawing . \\

SN




Table 1 - (3)

.
N .
) . ¢ ’ /
L . 3 .
s

2C Criterion of rcsponsa'acceptability
i AE .

1

3
4

Identity = .
2 SimilaMity (or non- simllar1ty) with respcct to one or more features
Semantic oppos1t10n o o !

bOntalnm°nt

- 5-Zérrect result of serial operation -

6 Instance (sybordinate of stimulus class). ,
7 Superordinate SR o . .
" 8 Correct answer to vorbak’questlun ("£i11 in wh.") T '
9 Comparative. judgment.: - . _ - nlc,
10 Arbitrary association established in task :
11 Semantdic and/or grammatical acceptability (''makes sense') ;
12 Connectedness of . 11nes or paths ' .
TASK STRUCTURE . —
/ o v
3A 1 Unitary (each item’ completed on a single occasion) /
2 There is a temporal structure such that stlmuli are,presented on

/

OPERATIONS AND STRATEGIES ' ‘ ' - L

one occasion, ‘responses ayre made on another occasion (as in
c e

" memery and, learhlng -tasks)

/- L This coding would -have to be extended greatly to include many
types of expefimental cognitlve tasks] .

¢ . - . ) . o

4]

Description of the ith operation: «°

- ABi Type or description - o,/”' . -

4A Number of_operations and strategies~codedlfor-the-task .

-

L
~ .

-1
-2
3
4
5
-6
T

.’x/?”‘. 8

9
10
11
12

c 13
- 14

15

16

17
.18
"19

20

»

/ T :
Idéntify,vrecogniZL, 1rtcrpret stimulus
‘Educe identities ‘or similarities between two or more stlmull
Retrieve name description, or instance from memory

Store item “in memory . b

Retrleve associations, or gcnoral 1nformation, from memory . o -
Réfricve or construct hypotheses' . PR T - )
Examine different portions of memory ' , : '
Perform serial operations with data from memory
Record intermediate result

Visual inspection .strategy (examine different parts of visual stimulus)
Reinterprctation of possibly ambiguous. item . c ®
Imaging, imag1ning,'or other way of formlng abstract representation ‘

/

of a stimulus - : 1

Mentally rotate spaiffsl configuration / ’

Comprehend and analyze language stimulus : : . }."

Judge stimulus with respect to.a specified characteristic

Ignore irrelevant stimuli . . E -

Use a special mnemonic aid (Spe01fy) ST oy T '
Rehearse associations . § :

Develop a gpecial search strategy (visual)

‘Chunk or gioup stimuli or data from memory S B - /



$

L | | e L
Table: 1" - (3) S , L

-

[Description of the ith operation or. strategy, cont'd] _' .
‘ o _ .
. 4C 1s the operation specificd in the task instructions? ,
1 Yes, explititg§ h < 7 ! ) : _
2 Implied but not cxplicitly stated ) . ¢ - !
3 Not’ sch1fied ornimplied in instructions - : : ‘ .

4D How dependent is. acceptable performance on thlS operation or strategy

A

;l Crucially -dependent ‘ ' N l
2 Helpful, but not crucial - '
3 Of dubious effect (may be positive or négdtive) &
. 4 Probably aihindrance, countcrproductive :
Mbmory involved in this operation. ' ‘ -~
~

5A ‘Term (see list 5A) ‘ ' : ; .

5B. Contents (see list 5B) . . , .
H o ‘ ’ .
5C Relevance of Individual Differences (in this memory store) (sce list SC) -

0'.

o

\

Temporal,aspects of the operation-or strategy: -
(if 6A.= O L"irrelevant"], 6B pertains to the prabability that the
! S will ‘adopt a strategy) o .

» : . )
6A Qgration,(range'of-average duration)- ‘ / _ - .;
0 ’Irrelevant or inapplicable o ) ~(}' . ' q' .
1" Very short (e.g., < 200 msec,) : - ! o
2. Middle range (e.g., < 1 sec.) : T _
3 Long {e.g.y 1 = 5 sec.) . ‘ A \
4 LOnger ¢ e. eBes > 5 sec. ) o S S ; ‘
) o \
6B Individugl differences in duration (or probability of strategy)
. \ = e
1 Probably inconséquential _ .o ,. . . ‘
2 Possibly relevant-_ o .
3 Probable wide individual differences (in Iikely test populations)

~ . ’

6C‘"Criterion.for termination of operation 5 ‘ ,
0 Irrelevant L : - : f Y
1 Upon arrival at recognizably correct’ solution (self~ terminating)
; 2 Not self-terminating in senmse of (1), (That is, the solution
may be a guess, or S may be satisfied with what is actually -

an: ihcorrect solution ) - A ‘ o
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Tabl(! 1. - (&) e A : ! j .

MEMORY STORE INVOLVED S SRR e e

5A 'Derm . ; ‘ : N v e

1 Sensory buffer
2 Short term memorv (STM) (a matter of secondsQ . .
3 Intermediate € m memory (ITM) (a matter of mlnutes)

4 Long term or.permanent memory

- 5B Contents /. o ' Ty o \.
.5 Non- spec1f1c : o : ' \ .
Visual (general, non- speciflc) "
Points, pos1t19ns of points
Lines (one-~dimensional)
Lines & curves (2-dimensional)

.
N

5
0
1
2
3 . . ,
4 Ceometyic patterns and shapes. . - R ’ ’ . ‘ ..
5 Pictorial (ob_]ectus etc.) ' o
5
6
o7
8
8
8

.51 Subcategory (e.g.. ‘toolsy ; .
Real 2-dimensional “items , _ ‘
Maps, charts, grids . o A LT
Representations of 3- dimensional geometrlc shapes
.85 Pictures of 3~ dimens10nal obJects or s1txations
6 -Facés . :

<

ru!-'t-‘r-tr-l-;-ln-a'n-ar-rp—'r—-n-ao'

Real ObjeftS in 3 dimensions . - , L o,
Auditory lnot further spec1f1ed here) " '
Graphemiq, general .
Letters | o '

Words (apart from ‘theif semantic informat1on)

. lAlphabethc order’ information

Linguistic, general (of native’ language) )
1 - Sub#ategd%les (e g. term1nology and expressions in a special fleld) " - ¢’

Lexical | - S e . AN
1 - SuBcategorles . < y e \
.2 Syntactié . L f" . o : oo
.21 Lexicogrammatlcal ‘(e.g. grammatical classifications of words) ’ .
.3 Grammatical rules and features, general s

9

0

o

1

2 ;
5 .
0

o

1

1

2

2

3

4 Semantic (meanings of. words, syntactic features, etc.)
5

0]

k

2

3

0

1

2

0

0

1

0

Non-verbal semantics (e. g. meanlngs of pictorial symbols)
‘Numerical, mathematical, 7 general .
Digit symbols with meanings o .
Elementary number operations and symbols .  ~ L T
Algorithms for/deallng with quan*itative relations S I
Logic, general * IR
Jarious abstract patterﬁs Calternation, sequence, etc. ) o
Attributeés in which stimuli could vary : -
Movements, kinesthetic "concepts". . ’ S : I
"Redl world" experiences and learnings, situations, facts, information i
-- Subcategories (e.g. mechanical and electrical information) . Ny
Arbitrary, new codings and assooiatlons established in the task situati '

\oooooxloxmm'mmm(nbbbbbbbbbuwwww

o
.
o
.
.
[y
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Table 1 - (5) -
. . MEMORY STORE INVOLVED (Cong'd) /
5C Relevance of indﬁidual differences in t:h s _store
1/ / ‘ ' .
1 Most 'Ss will have required store : e
2 Doubtful that most Ss will have required store )
o 3 Wide“individual differences in this memory store are likely
j S
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Fig. 1--A

schematig model of |
(Reptoduced by human co

gn1t1ve processing.
permission from Hunt [1971].)

o

Conscious thought

Short 'er‘m.memory —
L)
Intermediate term memory

Iconjc : , —
buffer ‘ Long term memory ;&';'; :
iconic —
buffer hottor
Sensory “ Semsory ‘
buffer oo

e

. Environment

Fig. 2--The model of human cognitive processing as ‘it may be
supposed to operate irn inductive concept formation.
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-permission: from. Hunt [1971].)
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