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Technical Report

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

V
John Carroll

Abstract

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

identified in factor-analytic studies of cognitive abilities can be interpreted.

in.termS of current theories anu perimental work in cognitive pSychology.

After consideration of the drawbacks of such psychometrically-derived theories

of cognitive abilities as those of Guttman, Cattell, and. Guilford,, appeal

is made to E. B. Hunt's ".distributi/e .1.umory", model and A. Newell's concept

of the "production system" asNossiY hnses for developing an alternative

theory. ',Such, a theory of cognitive abilities rests upon the individual differences

displayed 'in the parametei-sothe tasks found in typical tests of intelligence.

As a first step toward developing a \ew "structure of intellect" model, a

detailed subjective analysis is made of the cognitive processes involved in

two tests designed to' measure each of the 24 factors in the.1963 version of

the Kit of.ReferenCe Tests for .CognitiveCognitive. This analysis\is made by

systematic coding of aspects of these tasks according to a scheme for relating

-these features tojhe distributive memory model and to the producttp:system

concept. It is hypothesized:that factor-analytic common factors arise when two

or.mare tasks share features in which there are individual differences with

respect to (1) the types and contents of MemorY stores involved, (2) the types

and 'sequences of/cognitive operations reqUiredand cognitive strai,egies employed

by individual subjects, and (3) the types of ,responses elicited. It is claimed

that. Crum this point of view, cognitive tasks are. complex, and cognitive

factors resist classification by aay rigid taxonomy such as Guilford's Structure



of Intellect model'; there are probably no such things as truly "pure" factors.

It is held that the study of individual differences in abilities canProfit

greatly if it Ls closely tied to the experimental analysis of particular

-

cognitive 'tasks; a -t the. -same time, work in the experimental tradition should

pay close 'attentiot-Cotthe problem of identifying sources of variance that are

due to indiVidual differences in task parameters.
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Technical Report

BEST CUY AVAiLABLE,

Psychometric Tests As CognitiVe Tasks.:- A New-"Structure of Intellect"

John B. Carroll
1

A

From its beginnings, psychoMtr-ieS',7_has had a split personality. On

the one hand, it has been concerned with practical means of measurement

and prediction, including not only the construction of instruments buc also

the mathematical an4 statistical basesjor obtaining reliable and valid

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

the very notion of validity--particularly the notion of "construct validity"

(Gulliksen, 1950) implies that one be at least somewhat bothered by the

problem.0 Whatba test measures. Tests of "intelligence" have always

been the most prominent type of psychometric instrument. However great

their interest -in practical matters, all the leading-figures in psychometrics

Binet, Spearman, Thurstone, and Guilford (to name but a few) -`have had an

/
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 without significance-that one of Spearman's (1924)

major works bore tlie title The Nature of Intelligence and the Principles' of

k-
Cognition The same theme was carried by the titles'of books by Thurstone

(1924) and Cuilford (1967).

We could say, then, that the first "cognitive psycholo sts" (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,-0-le author is Kenan Professor of pSychology and
Director-of the L. L. ThUrii-Sha7Psychometric Laboratory at the University
of North Carolina,'Chapel Hill, N.C. 27514. Preparation of this chapter
was supported in part by Office of-Naval Research1Contract:N00014-717C-0117,
NR 150 329"with Echkational Testing Service, and in part by general research
funds of Educational Testing SerVice
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beeaise of the seemingly "soft" nature of the data on Which their theories

wer based; but also for many other reasons, psychometrids has increasingly

,

lot contact with the mainstream of psychological theory and experimentation.
i \:

>

'Theories of intelligence developed by psychometricians have never had favor

among radical'behaviorists nor among experimental psychologists--even those

concerned with "verbal Iearning."_;The situation provoked CrOnbach (1957).

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

,psychology, one the psyehometric,_one the experimental; he called for greater

contact and integratioh between the two.cultures. Inthe 17 years since

0. Cronbach Made his plea, little of this sort has happened. On the psychotetric

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

treatment interactiohs,!the "treatments" having to do with the sorts of

variables, that some experimentalists study; on the experimental-aide, there 4

have been a feW'efforts to move into the interpretation of psychometric

data, for example Estes' (1970)' book-14hgth monograph on ledrning theory-and.

Mental development.

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

I

had a rebirth among experimental psychologists and theorists (Miller,

Galanter, & Pribram, J960; Neisset, 1967). Cognitive psychologists are

-willihg-to talk about such "mental events" as plans, sets covert-thought,

imagery, rehearsal, stimulus codings, and memory stores, and they are sometimes

able to make precise predictions of experimental phenomena by assuming the

operation of such events (e.g., Atkinson & Shiffrin, 1968). Along with the

development of cognitive psychology there has been the formulation of a

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

1965; Hunt, 1971; Newell .6( Simon, 1972; various papers in Chase, 1973)
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An which the performance of.cognitive tasks is viewed as predicated on the

opefation of integrated "programs," as it were, for the:procesing of information

available from sensory channels and from memory stores assumed to exist in

the central nervous System.

.A few cognitive theorists have already sensed the possibility of

6orging a link between psychometric data and cognitive information processing

k.
theory.. Green (1964)--himself both.a psychometrician and a cognitive theorist--

proposed that computer simulations Of intelligence test performance should. be

attempted.- Such computer simulations have in fact beet Performed; for example,

Reitman (1965) deScribed a program for solving analogies items, and Williams

(1972) developed a program, which he calls Aptitude Test Taker, that

deyelops its own rules for solving, inductive' tasks when' presented with worked

examples.

The most interesting development; however, was contained in a recent

paper -By Hunt, Frost, and Lunneborg (1973). These workersthe first.two

being experimentalists and the .last a pSychometriciam--sought relationships
0

between psychometrid test scores and the parameters of performances in certain:

learning and memory tasks studied by experimentalist4. Although their

N's were relatively small, and the psychometric data they employed were

composite scores of verbal and qUautitatiVe ability that a factor analyst

Would regard as too.global, fairly consistent trends emerged. Verbal ability'

appeared to be correlated with the speed with which a person enters. information

into a short-term memory store, and quantitative ability appeared CO-be

related to resistance. to interference in memory tasks. Hunt, Frost, and

JI.unneborg made a strong argument that their results suggested that psychometric

and.cognitive i-heorist4Lshould unify their efforts.
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Meanwhile, back at the psychometric -farm, things have been stirring

quite actively, bUt-not too vigorously in the directions suggested by Hunt

Frost, and Luhneborg. Various new theories' of intelligence have been foshioded,
/

but largely in the traditions established by'Spearman- and ThUrstone,
0,

based on speculative interpretations and-cloSifications of "factors".

revealed in cbrrelational.studies. Guttman (19.70) has presented a new model

of intellect based on a distinction between three- major"facets: (1) the

language of communication (verbal, numerical, or figural); -(2) the type of

task imposed on the subject (rule-inferring or -rule-applying); (3) school

achievement.. Somewhat more attention is yid to cognitive theory in Cotten'

(1971) model, whereby cognitive abilities are organized according to.thre

major dimensions (1) action phases, <2) content, and (3) process parameters,'

and then furthe:7 irao types of action phases, contents, and processes. For
P

example; there are thought,to be thrde action phases:. (a) involVement of

input,.-(b) .involvement of internal processing and storage,' and (0 involvemerit,

of output. The two content dimensions are: (1) experiential-dulturaI-(with

various subdimensions), and (2) neural-organizational; the seven vOcess
. .

dimehsions refer to task demands such as complexity of relations to be.educe&:,

memory storage, retentivity, retrieval, and speed. Certaie most ppatmerit.
o

of the- models is the Structure of Intellect (SI). model developed by Guilford

(1967; Guilford & Hoepfner, 1971). As is well known, this is aL3-way

classification of facttsrs according to 4 kinds pf Contents, 5 kinds of

o Operations; and t kinds of Piroducts, .a. classification that seemed to ,merge

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. 2551f.) adapts a model of perception and memory processes given.



by
, .

Crossman (1964) for the Interpretation of his SI model; one has the dmpregsion,

however, that the SI model came first, only to be followed by a kind of
or

;Procrustean fitting of one model into the other. Guilford deserves much

credit, nonetheless, for his thorough and careful explorations of theliterature

of experimental psychology for possible 'relationships with his model. In

any case, as I (Carroll, 1968, 1972) and others (Horn; 1970; Horn & Knapp,

-I973') haVe complained, Guilford's SI model Seems too pat and rigid, and no,t..../

sufficiently well supported either bytheoretic 1 considerations or by the

empirical facts, to stand for all time as'a fina model for the "structure

\ iintendedof intellect" or of cognition.. Probably not even Guilford d tit o be:
.

Charitably, we.may y tht Guilford's model was a brilliant attempt, but

``-,,premature--certainly adequate'for the extrapolations that have been made0
-,.

from,i..t.,_for example, Meeker's (1969) application of it to school loarning
.4,--

h problems. \

.AlmoSt13arenthetically,:one may note that Guilford uses the term,.

cognition in a rather. narrow senseas, one of his "operationS," concerned

with "awareness immediate4iscovety or rediscovery, or recognitioriof

:nformation sin various form;,comprehension or understanding" (Guilford,

1967, p. 203). "Cognition" thuS Stands. apartfrom Guilfbrd's other operations,
/ ,

...i .1 ,

o - . . .

convergentmemory, divergent produ'Lion, onvergent production, and'evaluation.

Whatever Guilford's 'operations".,Maybe, surely they are all intludedin

___:_thepurview'of a psychology of cognition, in'Neisser'1967, p.
N,

,

terms would be concerneewith " thee-prOcesseS by wh0h the sensory input
\

is transformed, reduced, elaborate --Stored,,\ecovered, ancrused," including

eption, ihagery, etentign, recall,sucH procesges as Iseniltioft,
I

a



prC3lem-solving, and thinking, among many others."' It is flora this broad

perspective that I,view cognitive psychology.

What stilleems needed is a general methodology and theory for interpreting

psychometric tests as cognitive txasks, and for characterizing ,(but not

necessarily classifying) factor-analytic factors (aereafter, FA factors)

according to a model of cognitive processes. In this pape I will attempt

..to provide such a methodology and theory, but necessarily, o ly sketchily.

My procedures are still largely subjective7-like thoCe of other,"structure of

intellect" modelers. But what I believe is new in my approach is ;hat I _

. start from a model f cognitive processes-suggested by recent t4ories and

e9frimental findings, only 'then attempting to interpret and characterize

FA factors s-accOrding to' this model. I avoid_thes-ungtAbil-t-et FA factors
/

can be classified -- according to some.n-way taxonomic sYsrem, bell g, rather,

,

that the cognitive tasks used in FA, studies, are necessarily complex from

an, information-procesSing7 point 'of view and that FA factots simply tend to

feature or highlight certain'aspectS-of.informatiOn-processing in which there

are prominent individual differences (there being many other aspects. in which

individual differences may-txist, but are not salient).. Avoiding the n-way

classification notion will undoubtedly make my "structure of intellect"

model,less immediately-appealing, and ha-rder, to comprehend readily, than'

previous models, but one must confront the fact that cognition is a comrlex

matter.

This paper is_addtirss-e-d-S-Oth to cognitive theorists and psychometricians.

the same time it is offered to those who, in the current mood of

_--,
skepticism of ;

intelligen e tests" and the meaning of iridividuar differences,

.
,

._are compldining that cognitive tests do not measure anything well-defined or

I
important. I shall not say anything about the importance of intelligence
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or the social import of individual differences, for these are matters of

one's values, but I do believe that-a-new-"structure of intellect" model

based on cognitive theory can contribute to abetter definition of what

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

to judge their social .i0pliCations..

Theories of Cognitive Processes

I said that my procedure was going to be to start from a theory of

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

FA facd)rs and, by iliplicatiOn, what the corresponding FA tests measure.

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

students of factor ana'ysis, who have usually employed precisely the reverse

approach--to try to develop a theory of cognitive processes,starting from

FA results.

'At this point in the history of psychology, one has a good deal to choose

from in selecting or formulating a theory-of cognitive processes. Many

cognitive theorists have attempted to build models or partial models of.memory

processes, relying on the considerable amount of evidence that it is useful

to distinguish among various forms of memory and storage elements--including

sensory "buffers" in which iconic storage of material from sensory receptors

,ar

takes place, and "memories"' f_different "terms" (short7trm memory, intermediate-

term memory, long term memory, permanent memory:--terminology differs from

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

,modality, or different types of memory codling) gets passed from one.kirid

-

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

in some way in this process, or sometimes fading away or dropping out of exist-

/
encecompletely. Processes. of storing items in memorm6 searching for iteMs_ in.
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memory, and retrieving items from memory through some form of "addressin

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

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

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

hlapter 11) also believe it desirable to poStulate an "executive process"

or simply " executive" that somehow controls-all this information flow and

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

homunculus (and so on in infinite 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 :'executive" is not necessarily always

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

Nobcdy seriously believes that the mind is made up Of a series of

.

separate storage boxes (although brain studies have demonstrated that'there

is 'indeed.some kind of partitioningof cortical functioning), and nobody

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

brain (though there are some interesting speculations about even this).

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 justified in assuming,

for convenience, that it passes from one Set'of neural components to another,

and these sets of neural componT may, as well 'as not, .be represented by

"boxes. The assumption of an executive process also seems an intuitive

necessity if-one is going to get the system in operation. Whether memory

stages are in.fact distinctly separated by "term" (short-term, intermediate-
/

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

for memorial information :'occur at different times (from moment to moment,

and in the total life.history of the individual) and it.may indeed be convenient
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and even necessary to classify memories with reference to the more or less

--.

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 indeed.

he "permanent"; it is only necessary to accept the fact that some memories

are relatively long-enduring.

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

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

Insert Figure 1 about here

supposes it'to tperate in connection with.induttive probleM solving is shown

in Figure 2. Briefly, the model depicts information coming from the

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

memory, and then through an intermediate-term memory into a long-term memory..

Hunt's equivalent "executive" appears in_Figure "conscious thought"

(as shown next to the box for Pshort-term memory ") or, better, as a separate

box (Figure 2) for a "conscious memory procesSor" that has access to other

Insert Figure 2 about here

/

memories. In inductive problem solving, for example, the "conscious memory

processor" utilizes "current hypotheses" and "guesses aboutattributes".

drawn from long-term memory, in the meantime utilizing a Concept Learning

SyStem (CLS) program (and/or related programs) drawn'from long-term memory.

I need to make, however, one major extension- Hunt's model - -one that

I believe is thoroughly in the spirit of the model.but that did not happen

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

of a "production system" (NeWiti, 1'973). As Newel points out, models
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such as 1-hint's fail to pay-enough attention'to the exact nature and status

of the "programs" that function to control 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 An which the production is

supposed to operate; the production systemS he-uses as illustrations

function with a very sparse architecture and make highly simplified assumptions

about the parameters of the model. BUt these deficiencies can*d undoubtedly

will he reMedied.)

According to Newell:

A production system is a scheMdZifor specifying an information prOcessing

system. It consistip of a set of productions, each production consisting of a

condition and an action; _It, has also a collection_of data structures: expreksior.

that encode the information upon which the production system works - -on

which the actions operate and on whiCh the Conditions can be determined to

be true or false.

A p oduction system,- starting with an inieialiy given set ofdata _
-..,

structure1s, operates as follows. That prodUction Whose condition is true..

of the current data (assume there , is only one)-isexecuted, that is, the

-arriomista-ken.----The-result is to!imadify the current dati §-tfi-idtut-. This

leads in the next instant to another (possibly the same) production beinv

exec4ted, leading to still,furthei..modi5icatinn. 'so it goes, action after

action being taken to carry out an'entire program of processing,_ each evoked'

by its, condition becomihg true of the momentarily current collection of

data structures. -The-entire process halts either when no condition is true

(hence nothing is evoked) or when an action containing a stop operation

occurs [Newell; 1973, p. 463]..



Newell has implemented his concept of production system in a special

program, PSG, coded in a system building language called L*(G), which operates

on a PDP-10 computer. In the paper from which the above quotation was raken,

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's

behavior in solving cryptarithmetic problems (Newell & Simon, 1972, Chapters

5 -7). FOr my present purposes, rborrow froMjlewell only the general concept

of a production system, not any particular realization of it. (To attempt

to program in PSG all the cognitive tasks that I discuss below7-or even just. one

of them--would be a major effort in itself. In any case, as far as I am

aware, I do not have PSG.operating on any interactive computer,system availab e

to me, although it would seem possible to code PSG programs in other interact i e

language :in which I am "fluent.")

What strikes me as important.and useful about the concept of a prodnction

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

Specifying the "program" for any given cognitive task. The various
V

'condition-action statements incorporated in' a PSG program specify not only

the task itself, but the rules andstratdkies by which the subject performs,

the task. The production system also specifies the data available to the

subject as he starts performing the task, and the changes.in "data" that

'.)ccur as he carries oucrthk operations that are required, or that seem to

him to be required, to complete the task. These changes in "data" are, in

the win, changes in, internal memory states, although they_could be changes
iz

in the external environment that develop as the task is performed either as

the result of S's actions or as the result of other circu0Stance8, such as

_________
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new stimuli presented by the tester or experimente0. Also, every action

is assumed to take 'a certain amount of time; i.e., actions have temporal .

parameters. (often they are to be specified in milliseconds).

Since a production system includes a specification of the task, it should

be possible to encode in it the instructions that are -given to the subject

or examinee.

whose meaning

The instructions for a cognitive task (e.g., "Find thelWord

is closest to that of the key word";-"Find the word whose Meaning_

is opposite to that of the key word"; "Find and mark all instances of

the letter a on this shedt"r-etc.), when fully comprehended by the subject,

constitute a task set which is then to be applied id each item in a test,

to each item of stimulus in, a series of learning trials or the like. , One
-!"t

of the most unstudied problems in psychology is the nature of these task

sets. ,AS)Newell remarks,

.
.

,:.

. .

.The interaction of the instructions 'with the ask performance program
i

is as,much centraL to control as the internal part of the performance

program. It is, predictable that a full fledged thtory of task instruction

will be required (N well, 1973NP. 522].

In Huntlis model, a place must be found for these instructions or task

sets., The, task instructions have to-be comprehended by the subjectif

not from verbal statements, from experiences in- working'smnple/problems

and the resulting-"programs" have to be integrated with elements of production..

systems already resident in permanent memory: Just how all this happens

has to be_explainecf,_but letus ignore this problem by as uming, in our analyses.

of cognitive tasks, that the subject comes to us aldy
I

well instructed-3-7

i.e., he has already developed the production system that he will use to

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

to °specify the:full production system in detail. For one thing, we will

need to know much more about the cognitive processes, and, t8ir 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

separate. action in a production system for a partdcular-task situation,

.:The more important reason for saying that a-yroduction system cannot be

specified-solely from the task instructions is that in order to do so we

must know something about the individual. Newell himself recognizes this

difficulty. The production systems of different individuals may differ,

ffom very little to quite a lot,Jdepending upon -the characteristics of those

individuals and their past experienCes. Most likebe, the production-systhms,

of a representative sample of individuals many common elements

(identical or nearly identical condition-action statements), but they mayl

differ with respect to the particular strA.egies and kinds nf data avail4ble

to, and employed by different individualS.

Let us state this point in more 'detail. IndiVidual differences among

Ssin their "production systemS" would arise through:

(a) Differences' in the composition and ordering of the sets of

"condition-action" rules incorporated in=the system; and

(b) Differences In the temporal parameters associated with these

i condition-action rule

There would, however, btfurlpg r sources of indiVidual differences

in the actual performance of a task: arising from differences in Ss' success
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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 Tight have a perfectly effective "production

-.system" for responding to avoCabniary test, but he would fail a particular

D

item if his permanent memory did not contain the meaning of a word presented

in the item.
/

There is one more extension of,Hunt'S model that.needs to be made.

I nm sure it was simply an oversight, or a matter so obvious that it was,

unworthy of attention, that Hunt -did not inclnde_provision-for a response

in his system. When.the central processor or executive, recognizes that it

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

`in Newell's terms, when it has reached a "stop" operation); it must activate

--N
some motor system to make that tesultmanifest. At least, this would be

true in a test or task-oriented situation; it might not be the case if the

individual is merely storing inforMation by reading, or "thinking of"

name'- without uttering it even subvocally.' In the analysis of psychometric

. / /
/

tests as cognitive tasks, we must reserve a place for the specification of.

the,kinda Of -responses to be made, and any other. requirements__in the; task'

NN
such as',the instruction to give -"as many different 'responses as possible."

I have ven, here, only a--very brief-and sketchy account of the type of

theory of cognitiv processes that I propose to use in analyzing and

characterizing the natu e of.FA factors and the psychometric tests that

presumably measure'those fac£ctrs. I have. emphasized the role of individual

/. 6
differences,in this theory of course, individual differences are

what FA-facLrs are all about. What I e-to do'is to identify particular

sources of individual differences on tests
A l'r Orck,

the cognitive domain with
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/

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 follows; some details will be filled in as we proceed.

C

Analysisof a Representative Series of Psychometric Tests

and. Factors incthe Cognitive Domain

As of.the publication of their most recent book (Guilford & Hoepfner,

]971), Guilford and his associates had-claimed identificati6n of at least

one factor. (occasionally, two or three) to occupy each of 98 out of the

. /

120 possible cells in their SI model.' It ullouldbd too, la-ge a task, and

impossible to report here, to analyEe'each of these SI factors, and each

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

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

as a representative sample of cognitive psychometric tests the 74 tests,

presumably measuring 24 different FA factors, that were assembled by French,

Ekstrom, and Price (1963) to Constitute a Kit of Reference Tests for Cognitive

Factors. This sample Ins,a number of virtues, and also some limitations.

Its virtues: it includes a' large number of test types that are found in

various omnibus intelligence tests such as the Otis, the Wechsler'tests,

the CEEBS-cholastic Aptitude Test, etc.; it contains a/variety of test

types that have been used:repeatedly in FA stbdies and that, frOm the evidence

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

the 24 factors (eack test, with items that are highly homogeneous in/type,

wasoselected_as being most probably a "pure" test of.a given factor);

. and the kit is readily available (though at present anew edition is in

jiteparation at ETS). its limitations: nearly all the tests involve a time-limit,
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introducing an unknown speed comtonent; they are'all paper-and-pencil tests

(except for three-memory-span tests) ana thus tend to emphasize information

.presented visualfy; they are suitable mainly for college-age and adult

0opulations.and thits permit little consideration of developmental aspects

of cognitive processing; nearly all are conventional tests requiring performance
1 .

on a series of tasks presented oneat a time (r..ather than with a temporal
,....

structure such as-to require delayed recall--only/the three tests of

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

evidence (Ekstrom; 1973) that not all the factors ace as distinct and well-
.

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

deal with the time-limit problem by considering the task requirements
k .

for performance of a single "item" at a time -(incIdding specification of

any tmporal parameters that may be involved in such a performance). I \

define-an "item" as any stimulus, or group of stimuli considered as a unit,

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

'a standard multiple-choice item, or the like, the item is the "lead" stimulus

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

Of the "fluency" tests m_itemr-would be-the.-gtiiiiiiitis 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.

In attempting to characterize the tests and the factors in terms/of
z

cognitive theory, I started by developing a uniform system for coding, the

characteristics of the task represente00by- the items of.each test.

Developing this system required much drafting and redrafting, and much

consulting and review/Of the tests themselves. The task Characteristics

that were coded included the types of stimuli presented, bhe kinds of overt

O
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responses 'that were required'to demonstrate performance, any relevant aspees

of sequencing of suAaaks within the task; and the elements in the production
o

systems that I conceived a subject (at least, myself) would employ in petforming

it. These latter elements refetred to the types ("term" and contents)

of memory stores that would probably be addresseein storage, search, ands.

retrieval-aperations, as well as the types of operations and strategies that

'would probably be employed in a "central processor" or- executive element..

. My coding_also covered such matters as the probable ranges of the relevant

temporal parameters, and the probable ranges of individual differences in

'relevant aspects of the task, suclias these temporal paiameters, and the
6 _ _

memory stores involved. The complete coding systeM (which even now needs-
/

further "revision and reorganization) is given in Table 1-

77)
Insert TabIeni about hele-

After the coding system was worked out, it was prograMmed to operate
.

OA an interactive computer (using FOCL with the PDP-8) in such a way that

the program would successively demand my codings for, a given test, and then

print out my codes in a format convenient fOr analysis. With some difficulty,

. the coding could have been done by responding to, say, a printed or mimeo=

graphed questionnaire, but use of a compliter program made the coding much

more flexible and convenient, becaUse the program allowed for various bfanehing

_decisions. Even so, responding to the computer-program proved to be an

:extremely tedious and frustrating task--many of the questions asked were of

a seemingly trivial nature, and yet other questions demanded decisions that

wereverydifficult to make. "Nevertheless, I concluded that a procedure

such as this was th-bet way to fotce myself,to make systematic codings.

I selected 48 of the tests. (a randomly. selected 2 for-each of the 24 factors)
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and coded them according to the system, considering them in a randomly

/ -

determined orde such/ that nntwo.tests of the same factor were considered

unless eeparated by tests of at least 2 'other factors.

The bases and justifications for my codings cannot bp deScribed here.

in d'tail. I tried to lay aside, and he unbiased by, any knowledge I

had of the empirically deterMined "factor structure" of each test, br-nf-its

classification according to autlfoYd's or anyone else'e systpm. I did try to

rely on what knowledge of cognitive information -processing theory I have

acquired through a fairly extensive acquaintance with its literature, as

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

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

the journal of Verbal Learning and Verbal Behavior, and others. I haye,not

yet been able to determine anything about the inter -coder reliability of the

system; that would take a good deal of time on the part of a cognitive

psychologist.
2.

The resulting:codings for the test's could be regarded as.raw4aterials,

as it were, fOr.coristrticting "production sygtems" for the test' tasks. I

have not.attempted; however, to construct an actual production- system for

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

ordering-of- processes and their exact specifications, as_ ell as assumptions

-t&boUt. the strategies that particular individuals are likelyto,employ.

7

-Thanks are due to Dr. John Fredefiksen, Brandeis University, who
in a session lasting about four hours worked through the codings of two
tests with me, on the basis of to early version-of:the system. Dr.' Frederiksen
and. I-eeemed to agree on our codings most of/ the time, but no formal check of
--75-greement was made. My coding of 48.-testetook a -tOtal of abdut 14 .hours,.'
an average of about 17 miyi tes per test, with a considerable standard.deviation.
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. 5

Instead,. I net turned to a detailed analysis of the codings made for

0

-Ole 48 tests. In this analysis, it was assumed.that the factors supposedly

represented by the tests were sufficiently well established and factorially,

distinct, and that the tests were sufficiently representative of their

respective factois, to justify using the factor-test pairings as a basis for

finding common elementa in the codings and isolating distinctive patterns

4

of codes for given factors. Attention was first directed°to test-factor

pairs that had similar codes for operations and:Strategies carried on by the

central processor and for the types of memory stores presumably addressed

by them, especially when the coding indicated that substantial i_dividual

differences (in samples of people ---firCery-to-be-adminitered these tests)

existed either in the contentA of the relevant memory stores or in the tempora
1

parameters of the operations. It was found that nearly all test-factor pairs

had one or More cgdes-in common (with associated individual differences)

,and.that the patterns of .these codes were generally .distinct--ever faCtors.t

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

I managed to.convinee4myself7that I had inadvertently missed.someopportunitiee

to code, perhaps th'04h,insufficient definition of the themselves.

(For eicample, sometimes 4- used the,operation "retrieve :name or instance

nd the operation "retrieve association"

)the same process.)

alternatively to

'1.

cede essentially

I then considered similarities between test-facto pairs with respect

to the types of stimuli land overt responses involved. In-apfew cases,

\ individual differences in certain parameters of item response seemed 'to

account for the tet pairings.

1,7
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_ .

--------,---The----es-s-e-rierdll`esults of this study are in fact the cognitive processes

identified by this procedure as.being characteristic of each of the 24

FA factors and the tests that represent them. It turns out that these

___-p-rocesses are quite diverse with respect to'type, memory store involved,

temaoral parameters, and other details: Furthermore, most of the FA factors

differ markedly from one another; in the few instances in which they do not,

there is a suggestion that further empirical study by conventional FA

methods might show them not to he statistically-distinct. (We will -examine-

some evidence Of this sort in a later Section it. which the factors will be

discussed in detail;)

In_many cages, .it'may apPear that the characterizations of the factors
.

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

for example, by French, et al. (1963) when they assembled the Kit of l'eference-'

Tests.for Cognitive Factors. I would claim, however, that the ad-ded element

is the orientation with respect to a unified cognitive theory -based on recent

findings in cognitive psychology. Rather than saying -that a given factor

.appears to involve some presumed'mental process drawn, as it were, from thin./

air, a theory - oriented characterization identifies the role of that process

in a total matrix of cognitive operations, drawing attention to the role

of individual differences in weli-defined aspects of the process.

Yresentation of my results poses a problem.. I could simply list y,e

factors. in, some arbitrary order and give their characterizations, and in

some ways that ought to be'sufficient. Clarity demands, however, that the

list y'eht to he organized in some principled way. But any "principled way"

implies what woqd appear tb be taxonomic classification, and I do not

believe that taxynomic classification is justified in the case of a series
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of FA faCtors that are presumably distinct and uncorrelated specimens,

which have common elements; if any, quite by accident. The problem of

factors is somewhat like that of classifying the letterS of the

alphabet. 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,

or we might classify them by the number of strokes 'needed to write them, or

-by the dumber of serifs they have in a particular font of print; all such

classifications would, however, be ad hoc. It is with some misgivings, therefore,

ihat'I present the factors and their characterizations in a somewhat organized

manner, first in a table ('Table aand then in a series of verbal descriptions

thatsive explanations of entries in the table.

Insert Table 2 about here

The vertical organization of Table 2 reflect's:

( 1 ) Type of memory (STM, ITM, or LTM) in which some aspect of

individual differences is regarded as being,predominan

(2) MOdality (in thecase of SIN-factors) or contents (in the case

of ITMand.LTM factors) of.---16ein;Y..

Of the-24 factors, there seem to be eight for which individual diffe ces
/

al. ?ear to be most prominently associated with operations and strategies

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

-bufEer. Put otherWilbT7-there-Is-little or no involvement of indiVidual

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

For seven of these factors, the modality of the sensory bUffers and the STM

is visual; for the eighth factor, themodality is regardedoas nonspecific,

since the contents of sensory buffers and STM could be either visual or auditory.

/4
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It sl-ould be emphasized at this point that'Table 2 indicates only the

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

the "STM" factors.involve.tasks in whith sensory buffers have to be addressed;.

in fact, every factor in the whole table involves'addressing of sensory

buffers (i.e., petceiving stimuli presented in the task),_and it is often

the case that these .stimuli have to be.interpreted by reference to either

LTM or LTM. But for the STM factors, it is believed that individualt differences

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

of factor P (Perceptual Speed), any likely test-takers would be t1ll:3

familiar with,Or be readily able to interpretttle-d-igifiSYMbols or other stimulus

elements presented in tests `.P. her'ecoding scheme (Table 1) contains codes

for all operat-ions and strategies that were perceived as possibly functioning

in L:te performancenf a given task, but these codes are reflected in Table 2

one when ,individual differences were thought to be relevant either to the

temporal parameters.(T) of a process, to the capacity or.contents (C) of

a relevant memory store, or to the probability (P) that a particular strategy

Would be employed by a subject (the symbols T, C, and P are.used la -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

arise mainly in storage and retrieval operatiOns.with ITM. The contents are

nonspecific as 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 retrieval operations with LTM. Usually, they-Trwalik-upom the contents--

of. LTM or some particular portion thereof. That is, individual differences

in these factors will be a function of the contents of particular kinds of
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LTM contents, i.e., what the individual has )_earned in his previous history

and §toeed in his permanent memory. The major types of LTM contents may

be Classified (for our - present purposes) as:

'(a) Vasualrepresentational (images or other abstract representations

derived from tisual perceptions).

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

ut in .,the auditory;mode).

(c) Lexicosemantic information (abstract representations of words,

and their semantic and grammatical features and rules)

LexicoSeMantic information is usually cross-referenced to visual-

representational and auditory representational contents, It is

assumed that this information pertains to the English language.

(The French at al, tests are in Engligh, not French!)

(d) QuantitatiV
\

information ( abstract representations of numbers,

numbers, number operatiOns, and algorithms far dealing with

/

4uantitati linformationY: Much of this is cross-referenced to

visual representational and to lexicosemantic information.

(e) Abstract c nce and "general_logie inforMation (representations
A

of various conc\epts; principles, and rules having to do with

. implicatio infe-rence, causality, sequencing,; attributes,

patterning, etc.),

(f) Experie7tia information (relating to the individual's general

store of information about himself and his environment, and his

Past-experi nces). Some of this information would result from

special lear ing periences such as schooling and reading.

//
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Some tests. and factors /seem to draw upon further subcategories of LTM

contents; eig., factor Fw (Word Fluency) emphasizes lexicographemic information

(orthographic characteristics of words), and factor Fe (Expressional. FAtency)+

draws upon the individual's -stock of=1&-o-41edge about syntactic rules and

grammatical classifications of words..
c----

.

The classification of the contents of-LTM is to a large extent arbitrary

and solely a matter of convenience. It should not mislead one to the impression

that cognitive tests and FA factors are concerned only s.ith some particular /

type of contents. Most cognitive tasks involve at least some elements of

LTM, and those elements may be sampled from any portion of it. Further,

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

may be presumed to exist in LTM, for example between the lexicosemantic store.

/and the, visual, auditory, and other kinds of storage to which lexicosemantic

elements "refer," we must assume that the whole of LTM may be involved in a

cognitive task. Our designation of certain factors.as being addressed to.

certain portions 9f LTM'impiies only that certain portions are featured
. ,

in that involvement: For example,. Factor .V (Verbal comprehension).is

prtmarlly concerned with the richness and variety of the lexicosemantic store.

the horizontal organization of Table 2 concerns the specification of

operations and strategies ( "control, processes") in which individUal differences

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

between an,/operation,and a strategy is only that operations are control procesees

that are explicitly specified, or. implied, in the task instructions and

fore- exercises and that must be performed if the task is to be successfully

completed, while strategies are control processes that are not specified in

the-task instructions,'but-may or may not. be used-(discovered) by a particular.

subl-ett: Strategies may or may not be helpful in performing the task; some

may even be counterproductive.
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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.

/.
Attentional processes (with associated individual differences) are

exemplified in the French et al. Kit of Reference Tests primarily .by visual

search operations and strategies (controlling eye-movements to acces/s

different parts of a visual display, for example). In 4 more diversified

collection of cognitive tasks, these attentional processes could include attending

to particular features of stimuli in various modalities.

Operations addressing ITM or LTM are of three major types:

(a) Storing an element in ITM or in LTM; (b) SearChing for an element'with'

given attributes in ITM or LTM; (c) Retrieving an element from ITM or LTM

hy some process of "addressing." We cannot yet'speCify what parameters of a

/
.

storage operation are associated with individual differences; it can only .

be said that there -are apparenlly individual differences in the efficiency

and success of such storage. Individual differences in search operations

seem to be associated with the time spent in such searches and the rate of

search; a search operation may or may not eventuate in a successful retrieval.

Individual differences in direct retrieval 'operations may be associated with

their temporal parameters, but most often they are associated with the

contents of the memory being searched (and thus. with the probability that a

given item is present in ITM or LTM and can in fact be 'retrieved).

A 'special remark must be made concerning the way in which certain

/

tests of "fluency" faCtors involve LTM search operations. Many of these
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S.
tests require the subject to retrieve "as many [different] items as possible,"

usually in n portion-of-LTM-that---may e-asuriied to contain items of the type
_

being searched (so that it is.not a matter of the richness of the store).

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

primarily of the rate of search (but also of any special search strategies

adopted by the subject). Some tests, however, reqdire only one itemto be

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

that we may assume that the subject may haveo 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

control processes in an executive and its associated STM are exemplified

by such' things as:

(1) Simple judgments of stimulus attributes -such as to reveal

,identity, Similarity, or comparison between two stimuli;

(,2) Certain manipulations of STM contents, such as "imaging" or

, 'otherwise abstractly representing an item., imaging a figure-in-ground, and

. mentally rotating a visuo-Spatial configuration; 4;14:._/

-77-"1` operations using algorithms from the general logic stare
-

(or, more generally, a production sysfem that includes such algorithms).

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

.turn are operated on,.produCing still further elements; and so on until the

process is terminated (either successfully or unsuccessfully). Individual

differences concern the ability to performthese operations efficiently and

'correctly with whatever algorithm or.algorithths are being used. (Of course,

°individual differences al -so arise from whether appropriate,algorithms are
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in fact being us.edbut
such-.d-iffcrences-areassizne-cl to differences in

contents of relevant LTM memory stores.)

A final column of,t.he table notes whether individual differences may be

presumed in the temporal parameters of "response rendering." This applies

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

Tests for Cognitive 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 individual differences in writing speed (Carroll, 1941) that

enter into test correlations. The table notes factors in which such individual

differences may play a role, although it may not be that such a role is

essential to their measurement.

Characterizations of the Factors in Terml of Cognitive ProcesseS

In the following "characterizations;-"T)must emphasize again that the

descriptions address only aspects of tasks that involve individual. differendes.

.

41

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

of cognitive processes that are involved. (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

.the temporal Parameters, and the capacity of STM and the Visival sensory

buffer, are involved-. In at least two of the Kit tests (Maze Tracing Speed',

andChoosing a Path) Ss may differ in their probabilities of discovering

a possibly helpful-special strategy, namely, scanning from the goal rather

than from the start
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Factor Le (Lengtli_Estdmation)--requiLes slffiglydEomparison of distances,

a compari-on which may be assumed to take place in the executive and an

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

Factor PS(Perceptual-Speed) involves primarily the temporal parameters

of a visual search through a field for specified elements; this search occurs

by addressing sensory buffers,

° :Factor.CF (Flexibility'ef Closure) involves a.process occurring in,STM

whereby a figure is imaged in relation to a surrounding visual-representational

field. Both capacity and temporal aspects may be ilnvolved:

Factor SO (Spatial Orientation) involves essentially the ability (capacity

Of STM) and rate (temporal parameters) of a proteSs occurring in STM whereby

a spatial representation is "mentally" rotated.

Factor Vz (Visualization)involves the same process as Factor S but in

addition requires the performance, in executive and STM, of serial operations.

upon the resultsof mental rotations.

Factor XF (Figural Adaptive Flexibility) requires the same process as in

Factor CF (Flexibility of Closure), i.e., imaging a figure in relation to a

surrounding visual-representational field\ In addition, it requires the
1

performance;. in STM, of serial operations, and also- a search for relevant-

hypotheses in a LTM logic store. (I would not expect it to be 'a "pure"

factor, and the evidence assembled by Ekstrom `[1973, pp. 64-65] tends

to confirm this suspicion.)

Factor MS (Memory Span) involves storage and retrieval of information

,nonspecific as to modality) in STM. The capacity of STM for this operation

is the primary individual difference determiner. Strategies or chunking or

grouping. stimulus elements may be- helpful to somesubjects.'



Factor MA (Associative, Rote Meltlory) is similar to Factor MS except that

the storage and retrieval operations are with reSpeCt to Usually; the

time alloWed for this test perMits Ss to use special strategies, such as

reh. sal in STM, and finding "medtators" in lexicosemafitic and/or experiential

LTM stores; thus, individual/differences may also appear in the probability

and success of using such strategies.
. .

Factor CS (Speed Of.Clogure) requires a search of a LTM visual=represen-

tational memory'store'for a match for a partially degraded stimulus cue.

Individual differences appear primarilykin the rate of this search, but.the

probability of certain speCial strategies may also be involved: (1) Searching

and utilizing hyPotheseedrawn from associations in LTM, (2) (consciously)

searching in different portions of LTM, and (3) restructuring the perception

of the stimulus (an Operation involving the addressing of a sensory buffer,-

and similar to the alternation the.perception of.ambiguoUs figUreS.such,

as the Necker/cube):

4

Factor FW (Word Fluency) requires a search of a "lexicographemic"

portion'of a. LTM store for instances fitting certain orthographic requirements;

the tempnral,parameters of this search, and the contents of the LTM, figure

. ...I
in individual differences. A special strategy thatundoubtedlymany subjects

adopt is to use the, alphabet as a mnemonic, i.e., systematically testing

memory store with different letters. Also, some subjects may "consciously"

search different portions of memory, such as (for the test requiring words

beginning with RE- ) searching memory for verbs for which RE- s a prefix

meaning "back" or "again."

4
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Factor FE (Fluency, of Expression) involves search of leiicosemantic

mmemory /,
Iwith special attention to the grammatical features of lexical items .

.and different syntactical patterns of phrases apd.sentences. Special

strategies include the "conscious" search .of different portions of memory,-

:Mirthe use of "grammatical mnemonics" (such as deliberately considering

different grammNsal classifications in searching for words).

Factor FA. (Associational Fluency) entails search of a major portion of

a LTM lexicosemantic store, with speCial attent-io its semantic'and

associational aspects. A special strategy that some sutilectswill doubtless

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

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

might :be helpful.

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-choice vocabulary tests are offered as

rdference tests; a more diversified set of tests of this factor would,probably

call.on'otheraspects of the lexicosemantic store, particularly its grammatical

'feature portions.)

Factor N (Number Facility) involves (1) retrieving appropriate number

asscciations and algorithms 'from LTM and (2) performing serial operations

on the stimulus 'materials using these associations and algorithms. Individual

differences could appear in both content and temporal aspects of these

. -

retrieval and manipulative operations. Special strategies possibly contributing,

to individual differences mid e special ways of '!chunking"'numer cal materials.
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(e.g., mentally,adding,two-digit numbers both digits at a time rather than

9

by'the more "elementary" one-digit-and-carrying methods).

FactorI,(Induction) entails searching for relevant hypOtheSes in a LTM

"general logic-store." Success Mould depend primarily on whether the corOtnts

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

subjects, fiowever, might adopt the pos3ibly helpful strategy of performing

serial operations with STM contents,to construct new hypotheses.

Factor RL (Syllogistic Reasoning) inVolves both retrieval oE meanings

and algorithms from relevant pOrtions of LTM and performing in STM serial

operations on materials retrieved. Individual differences could appear in

content and temporal aspects of both these types"of oPerations.. They cOuld

also occur in the probability that the subject will give adequate attention

t
to details of the stimulus- materials.

Factor RG (General Reasoning) is very, similar to Factor RL (Syllogistic
4

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

would be.distinguished from Factor Rs only with respect to the precise types

of contents in LTM that are 'required to be retrieved. and utilized in the

serial operations. the case of Factor RI, these contents have to

dd with lOgital characteristic certain linguistic quantifiers (all, 'some,

.4-whereas in Factor V,Pthe contents' are more general algorithms

concerned! with 'quantitative relations (time, rate, cost, etc.),

and in addition, the same types of number associations' that are involved-in

Factor N Number Facility).

We will deal with Factors Fl (Ideational Fluency), 0 (Originality),

and SR (Semantic Redefinition) as a 'group:.All involve memory search far

certain types of associations and instances in an "experiential" store;
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they differ only in terms of the particular portions of this LTM store that

are to be -searched. For Factor FI (Ideational Fluency),,, a rather wide
1

spectrum of experiences and concepts is to be searoted. For Factor Q

(Originalit)q, special constraints are introduced--the instances areto be

somewhat unusual-, or dependent upon special'physiognomic" associations of

visual shapes. For Factor SR (Semantic Redefinition), experiences related to

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

elicit a,spAal strategy of consciously searching different subportions of

/
the relevaht,memOry store. (It should be rioted treat `the responses,

i=r

to many of the tests involve writing words or.phrases, and thus individual

differenc ain writing speed may partially account for factor, analytic results.)

Fact .r XS (Semantic Spontaneous, Flexibility), if it exists at all,

would a o depend upon search for associations ina-LTMexperiential-store;

. . ,

.especial y that portion, concerned with possible goals and uses for objects.

Conside ng the fact that it is often scored in terms of the number of

Pcatego y changes" in the responses, it would also, depend upon the probability
o.

that S rill use the strategy of examining different portighs of memory.

According to Ekstrom. (1973), the factor is- in any case not well supported by

empiiic4 data.
.

. Factor-1P (Sensitivity to'Pro another factor for which .

empftical evidence is slim. If it exists, would interpret it as involving

. .

*trieving associations from a general experiential store concerned with

properties' and u3es of objects, and then performiagserial,operations with

these associations using algorithms frob a "general logic" LTM concerned with

consequepces of actions, and the like. Subjts could adopt.

special strategies in searching memoryjor appropriate associations.

I 1.
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Fi ally, Factor Mk (Mechanical Knowledge) obviously involves a special

portion of a LTM experiential store concerned with mechdhical and electrical

devices and their properties (a cross-referenced lexicosemantic store is

also involved, but individual differences are probably centered in the

experiential or knowledge store rather than in'the lexicosemantic store

I have not mentioned a special strategy that may appl in the case

;
,

of almost any test that rdquires search 41d/or retrieval of 'memoriesin

fact with nearly ail the factOrs and tests, namely, forming an image:of some

item.in

-
STM in order to help in the elicitation of associations. can

be asserted with reasonable confidence thatthe0 are large individual

differences in thd capacity and predisposition to_yrm such images (AnderSon;

a973; Di Vest, Ingersoll,& Sunshine, 1971; Ho lenberg, 1970; Paivio, 1970;

Posner, 1973) Betause this facet of individual differences is so universal

it has'not seemed efficiept to mention it in connectiqn with every factor

characterized above.

Implications and Fure-her Steps 1
.

The characterizations of factors given above are admittedly speculative;

they are given mainly in order to.demonstrate the kinds of characterizations
1

that I believe ought toe be made as the resplt of theory7oriented research

in factOr analysis and in experimental psychology.

It is rare 'to find in Table 2 a factor in whiCh-individual diff ences

are ascribed to a single aspectof acognitivetask. Nearly all'cognitive

tasks are complex, thel7Sense,that,they vea numbei of different kinds
, .

of memo=ries and control/ processes. Viet, as Herbert Simon remarki somewhere,

they are fundamentally simple, in the sense that they are Constructed-out of
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fundamentally simple. operations.) Each kind of memory, and each kind of

,

control process, 'may have a number of different parameters. These considerations'

lead to the,conausion that it may be impossible, .in principle, to identify

"pure" factors 'of individual differences-,-probably not., at any rate, through

the application of typical l-group7adMInistered tests. Possibly methods for
. ".

measuring ?'pure" factors of individual differences could be devised .for use

in an experimental laboratory. The oftw-notedobservation that all psychometric-

tests in the cognitive do;ain tend to be more or leA positively correlated

probably reflects the multifaceted nature of the yasks sampled in these tests..

The multifaceted nature of psychometric tasks also further supports

the-concIdsibn that it is.impssible,. in principle,,to construct a "structure.

of intellect" model-containing an n -way Cie siftcation:of tasks such that

a--"faAtor"can be. found for each ctll'in t:g OassifiFaLion. Nevertheless,

the model cif intellectnhat I have tried to present h'ere may have a hetiristic

value in/the sense'that furthek factor-analytic investigations Could examine

certain components and component-combinations of the model in greater

I would think,* however, hat these investigations would haVe to rely on testa"
conducted under much re carefdlly controlled experimental cond* ions than

. _

has-been generally tr n the

/Some of the cognitiveyrooesseslostulated here are being /intensively

investigated by expeilmental'psycholog2sts. I will give a nSnb er-of
i d

, /.:,
examples,- but-this list, aid, the -itationa, are only IllustVative. Note that most

of the investigations cited are concerned only with 4: kited of process, and ''

i-

little attention is being paid to individual-differences,/ let alone cOrrelations

among individual difference variables. :
,

1

pp. 4ff."Visual search (as in Factors SS and PS): Neiss4r, 1967,

4
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Mental rotation of spatial configuration '(as in Factors SO and Vz ):

Shepard & Metzler, 1)71;'Cooper & Shepard, 1973.

Serial operations in STM (as in many of the_factors):

. TrabassO, R011ins, & Shaughnessy, 1971; Newell & Simon, 1972;

4

Groen & Parkman, 1972.

Memory storage an retrieval in STM (as in Factor MS): Winzenz &

Bower, 1970; Sternberg, 1969

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

see Goss & Nodine, 1965; Melton & Martin, 1972.

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

Bousfield & Barclay, 1950; Freedman & Loftus, 1971..

The obvious next step would be to extend these experimental investigations

to include attention to individual differences and to possible linkages with

psychometric tests that tap individual differences in,copitive processes.

Sikh a step would lead to more pre4se specifications of cognitive processes,

and it might yield some surprises. 'The individual difference linkages with learning

parameters that are reported by Hunt, Frost, and LunnettOrg (1973; described

earlier in this paper) are .somewhat surprising, to me at least, because I see1

little involvement of learning processes in the actual performance of 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 nand quantitative abilities get developed in

the first place. That is, for example, if it is the case that people with a high

rate of entrS, -of items'into STM are likely to be high in verbal ability, perhaps
/*

I/ t.

verbal ability(ii.e., a large vocabulary and language store) is acquired-most
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-7-Treadily by people-with -a characteristically high value of a-in-Atkinson-and---

/

Shiffrin's (199) model of memory processes.

Further Comments on the Nature of Intelligence

Let us returr to the original theme of this conference, /remembering all

those "people out there" who argue that intelligence is not well-defined, and

that whatever the tests measure has ne signifiCant role in school success,

and still less in life success.

I have tried to show, first, how the tasks .on many types of-psychometric-

vests in the cognitive domain 'are indeed cognitiVe tasks whose structure, contents,

and control processes can.be identified. Many ofthe control processes that I have

found in these cognitive tasks ca-n,-ke operationally defined through the techniques

of experimental psychology. It appears that there \are wide individual differences .

in people's ability to perfo:m these control procesSes efficiently, and certainly

there are substantial differences in the contents of\peopIe's long-term memdries.

But de these individual dif/ferences have any clear relevance to achievement

in school ?. Or in life? We do know that certain typeS\ of "intelligence tests"-7

particularly those of factors V and RG7r_rhavesubstantia correlations with mea ures

of school success, despite the less than perfect reliability of/school grades \
/

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

have, I would draw upon the model of intellect proposed hare to identify elements
T

andyoperations that are in common beteen psychometric tests and school periormance.
-\

As we have seen, Factor V depends mainly on the individual'sLTM stores of

lexicosemantic information: such stores not only are produced\by school and

school-related experiences, but also are prerequisite for many\varieties

of later learning. Factor RGinvolves LTM stores of algorithms for reasoning, and

the efficiency of serial/operations in STM for applying these algoithms
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to problems requiring them. These algorithms and operations are also

present in school learning tasks. Similar remarks could be made about various

other factors in relation to school performance--Factors SO, Vz, FI, for example.

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

tests and school performance 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 reiteration, in the face

of allegations that "intelligence tests" do not measure anything important.

/21seems to me that the clarification of what it is that cognitive

tests measure--along the lines of a "structure of intellect" such as is
A

,

.,.

*.

proposed hereirOrovides additional scientific suppartfor this notion.
111,

We could undoubtedly find elements -in common between psychometric
,

,---

tasks and cognitive tasks in everyday life. Writing a letter, planning, a

route, understanding the operation of-a machine, thinking of candidates for

committee membership, 1..!arning a list of prices or ZIP codes--these are

cognitive tasks Which involve operations and strategies applied to various

types of memory stores. These tasks are considered socially iMportant;

is it not ithpOrtant also to study the cognitive processes that u derlie them?

/

There have been complaints about the. uses to.whiCh lintellig ce tests"

have been put, And the very notion of individual-differences in intellectual

abilities, and capacities-hasbe-ebbe colored with a Certain measure of

opprobrium--opprobriunwhich, however, does not seem to attach to the notion

of individual differences in, say',,-musical, artistic, or athletic abilities.

This is not the place to commention the proper uses oftests or to speculate

about the role that individuar differences in intellectual, capabilities

should play in the functioning of a free society. What I have tried to do
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in this paper is to point out that the study of individual differences in

cognitive 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.
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yTable 1

A Provisional Coding- Scheme for.Cognitive Tasks Appearing in
.

vchometric TAts

STIMULUS MATERIALS -(as provided at buts6t of task)

1j
IA N

1
ber of stimulus classes

/

1 0.1e stimulus class (a word, picture, etc.) .

2 Two stimulus classes (as in many types of MC items, P4 learning, etc.)

Description of the ith stimulus class:

1B Completeness

i CorOlete
2 Degraded (with visual or auditory !'noise)

1C Interpretability .

1 Unambiguo-us (immediatelyjnterpretable),
2 biguous (codable'several ways) c.

3 Mmalous (not immediately'codable)
_\

Mamory\to be addressed in interpretation:

5A Term. (see\iist 54)

5B Contents (se list 5B)

5C 'Relevance of individual Differences(in this memory store)

OVERT RESPONSE TO BE 'MA E AT END OF TASK

2A 'Number and Type \

1 Select response from presented alternatives
2 Produce one correct answer from operations to be performed
3 Produce as many responSes as possible (all different)
4 Produce a specified nthnber of responses (all difftrent)

2B Response Mode

1 Indicate Ohoice'of alternati (in some conventional way)
2 Produe a'single symbol (letter, numerical quantity)
3 Write word
4 Write phrase or sentence
5 Write paragraph or! More
6 Make spoken response
7 Make line or simple drawing
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2C criterion of responses

1 Identity
/

2Similatlty (or non-similarity) with respect to one or more features
3 Semantic opposition
4 Containment

--5aii'rect result of serial operation
6 Instance (st.pordinate of stimulus class)
7 Superordtnate /

8 Correct answer to verbal' questiun ("fill in wh - ")
9 Comparative judgment-

10 Arbitrary association established in task
11 Semantic and/or grammatical acceptability ("makes sense")
12 Connectedness of lines or paths

TASK STRUCTURE

3A 1 Unitary (each item completed on a single occasion)
2 There is a temporal,structure such that stimuli are presented on

one occasion, responses are made on another occasion (as in
memory and learning tasks)
[This coding would have to be extended greatly to include many
types of experimental cognitive tasks]

OPERATIONS, MD STRATEdIES

4A Number of operations and strategies coded for the task

Description of the ith operation:

4B altf(21211-2Lic2D
-/

1 Icfttify,recognizer-interpret stimulus
2'Educe identities or similar-it-1-es between two or more stimuli
3 Retrieve name;'desdription, or instance from memory
4 Store itemrin memory
5 Retrieve associations, or general information, from\memory e
6 Rarieve or construct hypotheses
7 Examine different portions of memory
8 Perform serial operations with data from memory
9 Record intermediate result

10 Visual inspection strategy (examine different parts of visual stimulus)
.11 Reinterpretation of possibly ambibious,item r

12 Imaging, imagining, or other way of forming abstract representation
of a stimulus

13 Mentally rotate spagpol configuration
14 Comprehend and analyze language stimulus I.

15 Judge stimulus with respect to la specified characteristic
16 Ignore irrelevant stimuli '

17 Use .a specibl mnemonic aid (specify)
18 Rehearse associations -

'19 Develop a special search strategy (visual)
20 Chunk or group stimuli or data from memory
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Table, 1" - (3')

[Description of the ith operation or strategy, cont'd] ,41IP

4C the operation specified in the task. instructions?

1 Yes, explici4
2 Implied but not explicitlystated
3 'Not specified or implied in instructions.

4D How dependent is acceptable performance on this operation or strategy?

.1 Crucially dependent
2 Helpful, but not crucial,
3 Of dubious ,effect (may be positive or n

, 4 Probably d'hindrance, counterproductive

Memory involved in this operatIOnt

5A Term (see list 5A)

tive)

,5B Contents (see.liat 5B)

5C Relevance of Individual Differences (in this-Memory store) (see list SC)

Temporal,, aspects of the-operatiOn.or strategy:
(if 6A= 0 Luirrelevant"], 6B pertains to the probability that the

S. will ',adopt a strategy) .'

6A Duration (range.of-average duration)

0 Irrelevant or inapplicable
1 Very Short (e.g., <-200.msec.)
g,,Sfiddle range (e.g., < 1 sec. )

3 'Long (e.g., 1 5 see.)
4 Longer ( >.5 sec.)

6B Individual differences'in duration (or probability of strategy)

1 Probably inconsequential
2 Possibly relevants
3 Probable wide individual differences (in likely test populations)

.

.

.6C Criterion .for termination of operation

0 Irrelevant
1 Upon-arrival at'recognizably correct' solution (self-terminating)
2 Not self - terminating in sense of-(1). (That is, the solution

may be a guess, or S may be satisfied with what is actually
art: hcorrect solution.)
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Table 1 - ( ( )

MEMORY STORE INVOLVED

5A Term
P

1 Sensory buffer
2 Short term memory (STK) (a matter of second0-
3 Intermediate tf AD memory (I'M). (a matter of Minutes)
4 Lang term or,permanent memory

5B Contents 4/

o
c,

0.5 Non-specific
.

. 1.0 Visual (general,'non-specific)
1.1 Points, positions of points
1.2 Lines (one,dimensional)
1.3 Lines & curves (2- dimensional)
1.4.Ceometvic patterns and shapes
1.5 Pictorial (objects, etc.)
1.51 Subcategory (e.g.. tools):

.1.6 Real 2-dimensional 'items

. 1.7 Kaps, :charts, grids
.

, /

1,8 Representations of 3,-diMenaional geometric shapes
1.85-2ictures-Of 3-dimensional objects or situations.
1.B6J'ac&s
l.9 Real objeCts in 3 dimensiOns
2.0 auditory (not further specified here)
3.0 Graphemic, general/ \

.3.1'Letters I ,

1.2 Words(epart from their' semantic information)
3,5AlphabetiC order'information

.

I

.

4.0 Linguistic, general (of native language)
4.01 - Subcategdries (e.g. terMinotogy and expresSions in a special field)''`
4.1 Lexical/ . /. ,,,--

.

4.11 -- Subcategories /1
4.2 SyntactiC _/

,i

4.21 iexicogrammaticial '(e.g. grammatical classifications of words)
4.3 Grammatical rules anti features, general
4.4 Semantic '.(meanings, of. words, syntactic features, etc.)
4.5 Non- verbal semantics (e.g., meanings of .pictorial syinbols)

'-5.0-Numerical, mathematical, general
'5.1 Digit syMbols with meanings
5.2 Elementary number oPerations and symbols i

5..3 AlgOrithMs for/dealing with quantitative relations
Logic, general

6.1 Jarious abstract patterhs (alternation, sequence, etc.
6.2 Attributes in which stimuli could vary
7.0 Movements, kinesthetic "concepts ". . /

8.0 "Reall world" experiences and learnings, situations, facts,:inforMatton
8.1 -- Subcategories (e.g mechanical and electrical information):
9.0 Arbitrary, new codings ane; associations established in the task situat

, ,
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Table 1 -. (5)

. MEMORY STORE INVOLVED (Con 'i)

5C Relevance of incUVidual differences in th s store

1 Most Ss TA 1 have required store
2 poubtf 1/ that most Ss will have required\ store
3 Wid individual differences in. this memory store' are likely
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Fig. 1--A schematic model of human cognitive processing.(Reproduced by permission from Hunt [1971].)
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Fig. 2--The model of human cognitive processing as 'itmay be
supposed to operate in' induc1tive concept formation. (Reproduced by
.permission from. Hunt [1971].)
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