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Science, Technolagy, and Intelligence *1
Earl Hunt

The University of Waahington

The Intelligenco teat has teen cited as psychology's
most importsnt technologiaal contribution to society.
Whether this ia good or {11 can be debated (Eysenck, 1979;
Kamin, 197%; lerrnatein; 1971; Gould, 1981). Certain
‘facts are not really subject to debate. Psychologists ocan
and have developed 'standardized {nterviews' that, on a
population basis, provide a cost effective technique for
peraonnel classification in indvstrial, military, ané some
governuent settings. However the teats are very far from
perfect (ndioators. Validity coefficenta between test. and
performance ratings typically range in the .3 to .5 range;
{.e. from ten to twenty five porcent of the variance in
performance {s predictable from teat scores. ¥hile auch
correlations may be quite high enough to justify teating
in many sf{tuations, there ia a nagging feeling that better

tests can be found.

The popular view is that a technology must be rooted
in a science; in this case psychological testa must be

rooted in a sclence of mental competence. In fact, the

situation {3 not quite that simple. Psychology has two

distinct aciences of nogmmvm,gawﬂc

study of {niclligence (henceforth 'psychometrics' (2) 1s
closely {intertwined with the development of testing
itself. The other tradition, Cognitive Paychology, has
historically atood apart from the study of individual
differecnces. Yet both study the human rind, in the human
brain. A number of years ago Chronbach (1957) urged
psychologlists to unite these two disciplinea. At one
level thc uniting took place. Cognitive psychologiats do
look at individual varfations, and the techniques of
Cognitive Paycaoloiy are usad to study {ndividual
differences. Tho resulting research has had rather little
influence on the technology of testing. Is this because
there 15 alwaya too long a lag betwaen science and
technclogy? Or {s there a decper reaaon? And if there i3
a deoper reason, js thore cause for alarm? Should
Jonething be done to accelcrate the appiication of new

sclentifio findings to psychological technology?

These questions are particu.arly apt today becausse
Cognitive Paychology and a group of reluted disciplines,
collectively called the "Cognitive Sciences®, are
perceived as being extremely active {ntellectually. This

12 in marked contrast to paychonetrics, wherse the
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Guwstions being debated touay are not terrlbly difforent
frow thode that were debated over lif'ty years ago (lluut,
in press). Interost in the technological potential of the
Copnitive Sclences has been expresced nr as high a luvel
43 the O0ffice of the Prusjdent (Holdun, 198%). The

dciency

It Is hoped that advances §n the tudy of luws of

interest in Cognitive has a strong technological
blas.
copnition will load to the yuvelopment of a technology of
intelligent gevices. These devices nay cxpiand the pomur of
hunan Intelligence. They way also expand the effiolency of
our gocioty's very larpge prograc ol formal education,

which §s perculved u: having substantial defects. It is
logical to believe that the developnent of bettur werhods

fmproving uental compotence will be clossely linked to

better nLuthods of e¢valuating, competcnce,

This vicw way be too optimistic., Thu surrent rervor
In the Cognirtive Sciences ity based on reswl changus in our
viewy of the uind. However these changes arc derived froc
theorfus ubout cognition that are alrout intellucteully
orthogonal to psychopetric rthcorius of tutellipence on
which noderu Intolligence tuesting fs l'ounded, Vreviou:
Writery WaG Lave urged Lhat psychouctriclave g

experinental paychologiota unfte In thelr Jtudy of' the

wind (Chronvach, 19Y57; lN.Jd. Sternvery, 1977; Underuocd,

Pago §

1975) proposed that the personal ability measuremants of
the paychonctricians be added to the design vurlables
aanipulatod by the cxperimentalists, so that the
interactions betwacn the two could be astudied. The logic
is epitonlized by the phrase ®aptitude X troatment
intersction®™., The saue loglc is found, slightly nuted, in
atudies of 'copnitive corrclates’ between paychometric and
Cognitive Scicnce moasuros.(Pellegrino and Glaser, 1979).
In both cases there is an fmplicit assuuptiun that
discovering the correlations betwsun measures that have
been developed in different intclleciual traditions will
further our understanding in both riolds, 1In this paper
sone¢ questions will be rajsed about the approach. Two
traditions can seldon be rauucd together by statisties.
What i3 requirod i3 a theoretical ayuthusis that l'uses
th~u., I the synthesis cannot be made Lhe theorios will

probably co-exist, each covering slightly different

douulns,

Is tho synthuxzis or the sepsiraste Lhcory approach
appropriate for the study of fndividuul dirrereuces §in
copnition? This question can only be answered by
considuring the presenl status uof the paychowretric nnd_
Cognitive Scluncu views of the wflad, sid BaLlnc whuther

they are cumpatibles Tuils question is eiplored velow.
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The soft of answy™ to be expected should te made clear.

It {a not e question of one approech being right end one
being wrong. Nefther ie it a queation of technology vaorsus
acionces The queation i3 whether paychometrica and
cognitive science cen be aynthealzed {nto e single view.
If they can, then the technology cen be developed fron a
uniform scientifio baala. If Chronbach's two 'camps of
acientiflc psychology' are inevitebly seperete ceaps sach

may develop Iits own technology, whioh may be useful for

diff'erent purposes.

TIE PRESERT STATUS OF PSYCHOMETRICAL THEORY

Since its inception psychomatrios has been beholden
to technology: Where would test theory be without the
number two lead poncil, the merk aenss form, and the
calculeting machine? The digital computer, which czae
sonewhet later, really did little more then cement
intellectual trends that hed already developed {n response

to what, collectively, wili be celled the "pepor end

pencil technology."

The peper end pencil technology nado {t easy to
record the produots of cognition. Hote thec strocss on

product. The peper and pencil technology is at its best

g

-
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when large numbers of fairly short questions are presentod
end when the respondent must choosc from & fixed sct of
elternetives. The paper end pencil technology is not well
suited to recordinC how a purson chooses the enswers, and
i3 worae asuited for sjtuetions in which free form
reanonding i3 required. Perheps most important, the paper
end pencil technology emphesizes counting the totel number
of correct items or, in more recent applicetions,
daterzining the most difficult item that a peraon cen
consiatently anaver correctly. Thus the conditions of the
rnoasurement procedure rule out observetion of aome

paychologically interesting behavior, and no amount of

theorizing cen put them back in.

The paper end pencil testing process hes elso been
influenced by the economic constraints impoased on
personnel eveluation, largely in nilitery and educatione!l
settings. Deceuse the test has been thought of as e
one-tine only meesure on which to bese e long term
prediction of e veguely apccified critericn, great stress
has been laid on mcasuring traits that ere stable over
repcated test adaninistrations. Indeed, in meny
discussions of tesating tho correlations between test

acores taken at different tines erc regarded as messuros

of tost reliebility rather than 23 neasures of the
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stabllity of the exawinee!s ability to do whatever the

test rcquires.

Those are reasonabdle strategles {1 the goal or
krodiction |s accepted, The decision to concentrute on
stable mental tralts docs rule out of conalderation broad
classes of behavior that could be considered part of
intellligence. 1In particular, measures of lecarning and of
individual variabllity of performance will not be
weasured. llowover, learning and puruonal stability could
caslly bc regarded as part of a person's gental

coxnpetence,

While any testing technolgy will be appropriate for
some behavior and not for others, the vuery succoss of
paper and pencil testing has uade its shortcouings
unusually serious. Thu behaviors ncasurcd on the tests
have becone¢ the accepted definition of fntsllligence. Tno
extent of this beliesr Las beon shown by resctions to soue
of the attompts that experimental paychologisty have uade
Lo uvstablish theories of fndividual Jigrerences {n
cognition. Althouph tlrese attenpts procevd frow « very
different “raditionu, and although atteupts to reproduce
correlations with traditlonal tuests were speclifically

uisavowed In one of the varliest papeis on these tlempts

11
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(Hunt, Froat, and Lunnaborg, 1973) peoplec still evaluate
both their cwn {Xeating, 1984) and other's (R.J.
Stornberg, 1964, but for a uore balancoed view see R. J.
Sternberg, 1985) work in terns of correlations with

cxiating tests.

The paper and pencil tochnology has led to a
particular type of thuorizing. The volume of duta produced
by piving battaries of tests to large numbpers of people
has forced psychomotricians to devulop sophlasticated
statistical procedures for data sunparjzation and
analysls, The natural way to reprosent a porson's test
scores is by a vector, and the natural way to summarize a
vector is by a ssaller vector. Hence factor analysis, the
art of oxtracting the suall factor score vectors from the
bewildoringly large vectors of test scores. The sunuary is
well defincd matheuatically, A porson's abflities are
repreacnted by a point in a Euclidean apace of "montal
ablilitiaa.* The point s then mapped on « line
representing the (usually vaguely defined) ultisate

criteria. An cxauple {s shown In Figure 1, As

B L LY
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the figure shows, this is a perfectly respcctable way of

naking classifioaticn decialons.

The Euclidesr reorcaentation has been used aa a
paychologlcal theory of intelligence, by interpreting the
dinenajons of the Euclidean space aa dasio montal tralts.
The aethod {s well known, ao no further dezeription is
necded here, (Sece Nunnaly, 1978, for a prood introductlon.)
fhis 13 where the problem ljiea. Factor analytic basod
theories do not provide an adequate conceptual bdbsasis for
thinking about individual differences in mental
competance, exccpt for the restricted purpose of

classification. Why is thia?

The usual objection to factor analytic theories ia
that the factor anzxlysis as a mathenatical procedure does
not lcad to a uniqul Euolidean representation of tho data.
Therefore subsidiary mathematical assumptions are made
that, {n cffect, dictate the psychological theory to be
accepted (Gould, 1981). The Liggest argument (s over
whether one should insi{st that the dinensions, when
interpreted as traits, be mathenatically orthogonal. The
argument {s not trivial, because the orthogonality
requircncent pathepmaticglly precludes the discovery of

acparate but correlated psychological trajts. This and

Page 10
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siallar {ndcterninancies In the wmatheantical solunions to
the data analysis problea aset the stapye for a confusing
hlay of ompirical obsorvations. pifferrnt investipatoers
applied difforont nathematical techniques to different
data sets, producing a varfety of cluim? for models that
vary from Spearzan’s (1927) clasalc "general™ theory of
intellligence through hierarchial nodels of "general
intelligence® of varying degreos, and finally to the
narthogonal specifio atiiities models espoused by Thurstons

(1938) and Guilford (1967).

The trees nay have obssured the forest. Carroll (in
press) has done the fleld a ronajderable service by
applying consi{stent factor analytic procedures to sone of
the major data aets reported {n the literature.
Overaiuplifying a good deal, what Carroll found s that
O3t of thesec data acts can be f{t ty a "hieraurchial
gencral factor® nodel of human abilities. Examplcs of
such models are those csapouscd by Cattell and Horn
(cattell, 1972; Horn and Donaldson, 1979) or by Vernon
(1961). The Cattell-lorn model secms to be the most
accurate. It assumes that there are three sajor classes of
abllities. These are the "crystallized®, and usually
highly verbal, abllity to apply previously learned

solutions to current probless (Ge), the "fluid

)’J
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intelligence&™ ability to apply general problen solving
nethnds to nevw sftuations (Gf), and a "visuulizattion®
ability to deul with problems involving visual-ppatial
relations (Gv). (There is soue evidence for an analagous
abllity to deal with auditory relutlons (Stankov and jiorn,
1980)). There i3 ample ovidonce that thase abilitics are
diatinct, althouzh Go and Gf are corrclated {n most

populations,

One of the nost ancouraging things aobut the
Cattell-llorn nodel i3 that {t fits reasonably well with
neuropsychological analyses of brain function. These are
based on quite different sorts of observations about
cognition; extensive exaninations of patholopioal cases.
The natch s particularly strong for Gv and for Go,
interpreted #s verbal ability, fo therc is massive
evidence that =putial-visual and verbal {nrormation
processing take place in dirferent physicul locations in
the brain. (Kolb and Whishaw, 1980), Tncre is also soue
evidence for selective forebrain involvemcut in the sorts
of' planning functions that appear to be involvec in the
ability to plan and coordinate activitius, At lceast
superficiuslly this sounds like Gr, although it should be
realized that the soris of failures of planning described

r'or frontal lobec patie¢nts are nuch more extrem¢ than those

15
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associated wih low Gf,

In suwnoary, hierar‘hial models provide good sumnmaries
of tho abilities tappud by paper and pencil testing, 1o a
limited uxtont, we can wake a guess aboul where some of
the infornation processing that underlies the traits
ident{fied in the modals tukes place i{n the brain. Clearly
there {a some reality to the model, as a Euclidean
doscription of human abilities. The problem {s that it {s
difficult to go further with any Euclidean nodel of
cognition, because suoh models provide relative
deacriptions of the products of thought without any

conuituent to a model of the process of thinking.

Since this goint is crucial, a hypothetical
fllustration will be given. Cons:de: the task of
prodicting how a person might perform on a test parapgraph
conprehenaion. A psychometriclan could predict the total

test score, by using a foruula something like

Prodicted test score = a x (Examinee's
Gf truit score) =
b x (kxauinue's
Ge tralt score),

vhere a and b are appropriately valued coer'f'lcients. But

BEST COPY AVALABLE 16
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this prodiocts how wel]l the person will perform, not Low
+ To describe porror;anee on the tost one hns to have a
model of how & porson merges his or her gencral knowledge
with the information {n the text, in order to construct a
;epreaentat!on of the infornation in the paragraph, and
then one has to have 2 model of how the exaun!nee
interprets questions and {nterrogates the intornal
repreaentation of the text, These models deal with

processes, not rolative outcomes.

Paychonetricians are certainly aware of this problen,
Their approach has beon to exanine tests that appssr, by
nathenatical criteria, to ba relatively pure tests of a
tralt. Tho hope {s that an exaxination of such tests will
iead to a better understanding of what tho trait neans.
This has vorked rolatively well ror spatial-visual
reasoning (Gv), which aeens to be comnposed of several
definable actions; holding bits of visual {nages in one's
head, and moving {mages about "in the mind's ecye" (Lohnan,
1979; HcGes, 15379). The approach has worked much less weil
in the case of tho more general "corystallized®™ and "fluid”
{ntelligence traits. The relevunt findings are "=ry well
sunmarized by recent work by Snov und his colleap ies
(Snow, in press; Yarshalak, Snow, and Lohman, 198%), They

used multidimensional scaling mathods to construct a space

R R EEEEEEEESEEEEETT————.
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of various tests In which distances between tests

a,, s oxinated correlations betwocen them. lience tasts that
dof'ine a factor will be grouped in tight clusters. A
graphic sunnary of souv of thelr results {s shown In
Figure 2, Aa the fijure shows, there are clusters that
define the Gr and Uc factors. llowever the tests in these
clusters tend to be complex ones. Therefore people dirfer
in thefr interpretation of the bohavioral capesbilities
needed to attack them., The weil known Raven Progressive
Hatrix teast (Raven, 1965), which |s widely regarded as a
good Gf mcasure, s a good exauple. The test contalas
prob.ans that yleld to several alternative strategies,
each of which utilizas distinct clenecntary processing
steps (Hunt, 1974). Therefore one cannot easily sumnarize
tho procesaes that the Raven Matrix test testa. A sumnary
that onc person finds adequate will displease another, and

theru i{s no way to rosolvo the Issue.

R.J. Sternberg (1977) has developed an aliernative
approach to the problen of definitlon of what a trait
means. The technique s cs+lled "conmponent analysis.® One
asjumes that an exaninee's overall test perforzance can be
broken down {nto components, where a component (s defined
a3 a process that begins with a defined input fron

previous conponents and ends with a defined output to be

1)
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doliverod to the next component in line. Consider analogy

Lests, Eaoh itenm 13 of the form

4
»
[
Lo
’ Page 15
"A fs to B as C {s to Dt,D2,D3,Dk"
¢80
"Cat i3 to Dog a3 WNolf is to (Lion, Girarfe, Elephant,
Psnguin)®

Such 3 problen can be solved i{n the following steps.

t. Codo the meaning of tho torms.

2. Estadblish the reletion butwoon the A and B taerms.
3. Apply thet relation to map from the C torm into an
{doal ensver.

¥, Locate that snawver amongst the D terms that most

closely approximates the jdeal answer.

The tinme requirod to answor 4 test itenm {3 assumod to be o
linear function of tho time requirud to execute ceach
cor:poncnt process, plus a "junk™ terwy reprcacnting "all
othor processos involved.” A similar wodol can be
construoted for eatineting the probability of producing
the correot answer as 4 function of tho probability or
correctly exocuting each component process. A purson's
abllity to execute Individual componenty can be tstimated

la two ways; by deaigning wodified test {teus that {solate

O

ERIC 19

BECL COLA VAYITVETE

Page 16

one of the components (as was done in Starnberg's original
vork) or by oonatruoting a faotorial esperiment in whi2h
the exparinental variables ape chosen to godifv thae
diffioulty of one and only ona of the componant processus

(e.8. Pellegrino end Kail, 1982),

Componential analysos ocan producs very accurate
partitiona of variation in perforsance on differant
problems within a particular type of test, averagod across
individuals, On the other hard, no one of the couponent
prooess measures seexs to aocount for very muoh of the
varienoe in individual veriation {n test porformance, The
"Jjunk® parameter, whioh reapresents "encoding plus
evarything else® is consistently the most aocurate
estinate of goneral perfurmance in other areas. This 19
disooncarting, for the prooosses contridbuting to tho Junk
parametler are not defined by the experiuental varjations,
As a result, conponential analysis doos provide a better
fdea of what behaviors are required to take a conventional
test, but componential unalysis has not rcluted these
behaviors to a theory of cognition, nor has it evplalned

uvhy soxe tests york as predictors jn sone situations,

The criticiass that have beern direoted at the

hiarerohial mode¢l are not Specifiec to ft, They can be

BEST COPY AVAILABLE 20
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directed at any trait theory of cognition. This does aot THE COGHITIVE PSYCHOLOCY APPROACH !
mean that trait theoriea are falae, juat that thiuy have
inherent deficienoles. Can these dafioiencies bi remedied Cognitive psychology is dased on an approach to the

by combining psyohometrioa with cognitive payohology? To mina that {3 markedly different from the Euolidean

anawer this queation, let uz take a look at what the representation approach taken by psychometrioa. The modern

Cognitive Paychology view is. (post 1970) approach has been strongly influenoced by a
variety of other diaciplines, notably by linguistios,
neuropsychology, artificial Intelligance, psyohology, and
t0 a lesser extent cultural anthropology. Theae branchea
of each of these disciplines tha} are concerned with
thinking have come to be referred to, colleotively, az the
‘Cognitive Sciences.’ This i3 an umbrella tern for a
colleotive movenent toward the development of a unified
theory of mind rather than to multiple,
disoipline~-specifio nodela. Since modern cognitive
paychology ia best undaratood as part of this movenent a
few words about it are in order. Tthe basio assumption of
the cugnitive sclences is that there are laws that govern
phyalcal symbol manipulating systems, somowhat akin to
laws that govern physical phenonena. At a very general
level, Shannon & Weaver's (19%9) theory of infornation
tranani{ssion vould be an exanple of such a law. The tern
"physical symbol manipulating system™ i3 inportant. The
copnitive aclience approach assuncs cognition {3 achisved

by the manipulation of symbols that repraesent aome
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external world., However the aot of symbol manipulation
requires soume sort of phyalcal systen. What cognitive
science studies {3 the restraints placed on symbol
wanipulation by the nature of tho external world being
reprusentod, by Lhe nature of symbol manipulation fts.
and by the physical character of the system doling the

manipulation.

Pylyshyn {1983) has {dentified three levels of
cognitive scionce studies. The first {s the study of the
{nfluecnce of physical nechanisms upon cognitive
processing. This carn be done by analyzing the one devioe
that we kinow is oapabdble of thought; the nummalian brain.
The cognitive and nourosciences mergo here. 4
complenentary approach |3 to analyze the perfornance of
hypothetical physical devices, to see¢ if they could
perform the computations that are ruquircd to achieve
certalin cognitive aotlions. Exuuples ol such work are the
study of the learning and nmouory capacities ol networks of
idealized, neuron-like devices (llinton and Anderson, 193%,
Minsky und Papert, 1969) and analys.s o! the networks that

can fwvalize co:putn;iona.requlred in vision (liarr, 1982).

Pylyshyns's second level of cognitive sclience

rescarch deals with ‘pure' symbolic processing
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capablilities defined without conoern for the external
referents of the symbols being processed. An example
would be the well known studies of the scanning of
infornation in short-term neuory (S.Sternberg, 1969, 1975)
or studiaes of the procesa of moving visual images "in the
aind's eyu" (Shepard and Cooper, 1982). At thc highest
level are atudies of thought processes that are oontrolled
by people'’s understanding of the referents of syubolic
processing. Examples of work at this level are studies of
problen solving and text comprehonsion. Johnson-Laird
(1983) has desoribed this level of rescarch as research on
the nental models that people construct and manipulate {in

the course of problem solviog.

For brevity let us refer to these levels as the
physical, information processing, and referential levels
of cognition. Clearly the physical level {s the most
concrete, for an action of the mind must ulticzately be an
action of the brain. The referential level (s what we
normally think of as consclous thought. The mo3st abstract
0l the three luvels {s the {nformation processing level.
Pylyshyn presented the levels as analogically similar to
the study of computer circuitry, system deslgn, und

programs within computer science. A related, and pernaps

somevhat clearer, analogy {s to tuink of studius at the

BEST COPY AVAILABLE
' 24




EE

Page 21

phyafioal (brain) lavel {in humans a3 being anaiagous to tho
atudy of computer hardware, studiea at the
representational level as beling analagoua tv the study of
the actions of partioular programs, and studies at the
information procesaing level aa being analagous to atudias
of the opsrationa parmittead {n a oompuier language in

which the represantational "programa" are writtaen.

. To provide a more apecific {lluatration, consider the
study of human vaerbal comprehension. At the phyaical
lavel there have been numerous atudiea showing that
language procesaing {n the braia takes place largely in
the left hemisphare (Kold and Whiahaw, 1930). At thae
repreaentational lavel Ve find studies of how the
information a pearson aextracta from a text {s from a toxt,
i{s influenced by their level of knowledge of the topio,
the text and their beljefa adbout the use they will have to

nake of tha taxt based information (Johnson and Kiaeras,

1983; Chiasi, Spillich, and Voss, 1979).

The {nforzation prooessing level (s the hardest level
to define, since {t refars to processes rather than to
physical atructures, but the Procesaes ars not open to
conscious {napaction. Continuing the analogy to

computation, unraveling the information processing
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elenants of cognition §s a bit like stteampting to infar

the baslio oparationa of a coaputer programming language by
obaerving thoe parformance of prograus written in that
language, The problem can be §lluatrated by conaldaring
the loglc of the aentence verification paradign
developed by Clark and Chasa (1972). The procedura will
be considered in some detajl bacause it has been tha
vehicle for a rcasonable amount of reasorch on individual
differences. The procedure {s shown in Figura 3. First a
simple sentance {a ahown. The aentence {a followed by a
pioture. The participsnt nmust indicate whather or not the
santanoe correctly deacribes the ploture. Since arrors
are (nfrequent, the dependent variables are the time a
person requires to comprehend the sentance {™comprehension
time®) and the time required to dete:wina whather or not
the sentence corractly describes the plcture
("verification tine"). Thase can ba altarvd by varying
the truth value and syntacticz-semantic forn of the
sentance. For instance, it takos longer to verify
negations than affirmations ("Plus above star" versus
"Plus not above star®) and longer to verify santances
containing nsrked teras (*balow") than unnarked o1es
("above™). The tiame required to carry out basic steps {n
linguistio information s.eps can be measured by observing

how verification times change vhen santence forms . ‘e
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altered syatematically, The logo can be extended to
individual di{fference resesaroh by determining how (or
whether) the time required to execute a specific

lingulstio process varles aoross people.

Flgure 3 nhere

There are two major differences between the oognitive
psychology and the psyohometrio apprcaches. Doth are
particularly striking in studlies at the information
precessing and representational level. Cognitive
paycnology {s {ntereated {n the process of cogrition,
rathur than the product. This ~an be scen in the studies
of verbal comprohension just described, where the emphaals
13 on bullding a model of how a linguistic statemont is
understood, rather than on speoifyling how likely u person
43 to understand an arbitrary statement. The second
difference, which follows from the first, {s that a
cognitive paychology theory of {adividual differcnoes must
fit Into a process model of the cognitive action beling
studied. The cognitive paychologist s not particularly
{nterested in dotornlnl;g the diucnaicas of the Euclidean
apace adequate to doscribe individual's ability, relative
Lo each other. The cognitive psychologlist {s interasted (n

knowing how variables related to the {ndividuul fapinge
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upon the prooess of that individual's cognitioa.

This oan bLe {llustrated by looking at a aeriea of
studies on the rule of short term memory in reading. Thaere
1a a poaitive correlation betwean measures of uemory span
and scorss on omnibus written tests of verbal abiliuy
(Daneman and Carpenter, 1980; Paluer et al., 1985).
Daneman and her colleagues (reviewed {n Daneman, 198%)
asked why this 18 so. Firat it was shown that higher
correlations oan be aohieved {f the mcasure of memory apan
15 one that directly refleots the abllity to hold
inl'ormation {n memory while processing Intervening
linguistio atatexs ts, rather than one that reflects che
®pasaive® capacity to hold words in nenory without doing
some intervening aotivirs. (The memory span subjeots of
most intelligence batteries are of the latter sort.) Hext,
1t was shown that the ability to hold {nformution in
memory exerts {ts effuct on certalin steps in lingulstio
processing, such as the ability to resolve anaphoric
references or to recall previously presented {nformation
when aomse reference to it {3 required. Instead of
stopping vwith the observation that reading couprehension
and ahort term meuory tests loazd on the same factor,
Daneman and her colleagues examined the process of reading

in order to deterainc what produced the loading.
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Because the enphasis of cognitive paychology is on
process, experimenters try to oonstpruct laboretory
sftuations that lsolate process. A oopnitive psychologist
may find performance {n an {solated sftuation extrenely
intereating, on thooretical grounds, even though that
{soleted sjtuation does not draw upon behaviors that are
called upon a great deal in the everyday world,

Prediction {s not the point.

Heasures of jyndividual differences that relate to a
theory of process are always of {nterest, in the framswork
of that theory, even though variations in the moasures may
not be highly related to varfations in performance in any
inportent socio-economio sctivity, Indeed, from a
theoretical view sone of the most {nportant neasures on an
individual may be those necasures that refleot constancies,
Tears ago, Hiller (1956) observed that there is very
little absolute varfetion in the humen abilities to nake
perceptual judgments and to hold inforuation In short term
nenory, The importance of thease constancies for perception
and language comprehension {s immensc. Yot measures with

lov variebility are not good predictors.

Given the differences in philoaophy, it is not clear
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that oosnitive paychology and paycheonotrics can be united.
On the other hand, it is not clear that they cannot. The
probloms arc sonewhet different at cach of Pylyshyn's

thrce levels of the study of the nind.

The functioning of the mind depcnds upon the
functioning of the brain, so qucstions about the relation
between brain proocsses and mental processes are of
interest. The fanous i{3sue of hermispheric looalization of
function {s an exanple. So are ntudies of the influence of
apeoifio chemicals upon mental functioning; e.g. the role
of alooholio intoxication upon memory. A great deal of
technologioal development has gone into the construction
of measutres of functioning of the phyaioal bdrain, ranging
from neuropsychological observations of behavior to such
exotica as tomographio scana. The technology provides an
excellent way to study two things; the general physfcal
substrate of the normal mind and aberrations in mind that
ere produoed by speeific, usually physical altcrations in

the brain.

The fact that the dimensions of individual varietion
uncovered by paychonetrics do map reasonably well upon the
brain functions discovered by neuropsychology is an

important observation. The neuropsychologioal
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ob3aervations are almoat all baaed upon the study of
extremac oases, while the psyohometrio data resta very
largely upon the study of normal variation {n ucntal
compotence within @ normal populaton. This suggests that
thuere are aufficient differences in bdbrafn functioning in
the nornal population to make a difference in at least
soue of our behaviors, speoifioally thoae aotions required
by a oonventional aptitude test. In terma of the
Euolidean representation of the psohonetriofan, the
question is whether or not measures of brain funotioning
are suffiolently close to payohosatrio measuraes to fit
into the paychouetric dimensfonal representation of the
mind. In more pragmatic terms whcther or not brain
function neasures can be related to everyday functioning
in normal individuals depends upon whother the neasures
are related to behaviors shared by teat taking and
everyday coznitive actions, or whethor thec brain function
measurcs are unalnly associated with cognitive epiphenonenu

of the tust {tsclf.

Frou time to tine there are reports that there are
"substantial eorrelntlona' betwezn mcasurenunts of braln
functioning and some extreuely couplex behavior, such as a

goeneral I{ntelligence test. (sce llendrickson, 1982) for the

latest suoh sxarnle.) The vast majority of these reports
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have aimply failed the oruolial test of {ndependent
replibation. This {5 not to deny that the propoaition that
individual differences {n brain functioning have something
to do with individual cognitive behavior. I am sure that
they do, eapecially in extrexe cases. Aa a matter of
scionti{fio interest, atudies of the relation between brain
functioning and cognitive behavior should and will be
repesated. However it {s not at all clear what will be
learned by studies that are oonfined to reporting
correlations between Zruss measures of brain function and
groas measures of uental funotion; e.g. a correlation
baetween a measure of the varlability of the brain's
overall rosponse to a repeated stimulus and performance on
a general intelligenoce test. Unless the correlations were
extronely high (and again I rapeat my caution adbout
independent replication) all this tells us s that the
gcneral functioning of the brain {s related to general

cognitive functioning. Did anyonc doubt this?

Brain-oognition questions have a seductive physical
concretenoss. If Loaosraphlé scans reveal metabdbolic

s

activity in & particular brain rugion during cectain acts
of cognition (e.g. uwctivity in the right hemiaphore ouring
spati{al-visual reasoning) then surely this rgust tell us

how we think. Unfortunately, it does not. It tells us

BEST COPY AVAILABLE



()f

[E

l_

Page 29

vhere vwe think. Brain function uneasurcs do not answer the
queations poaed L7 the gcognitive psychologiat unless
meaaues on the brain can be associated with specific
processes. To some extent thia has been dons, espocislly
in the analysis of language comprehonsion, where the
processes of word and sentence oq-prohonaxon have been
diaasacciated at an anatomical level. It is even posalble
that phyaical risassociations between different techniques
for word analysia will be discovared (Coltheart, in
press). Such work is certainly exciting, but it ia
probably not { ng to have much influence on the relation
between pasychomotrics and oognitive paychology, since
neuropasychology reats upon evidences from pathclogical
czses. One must also remember that a process nay be
diatributed over several anatomical loci. So a fallure to
fdentify an anstomfcal location for a process tells us
little. There would be a need for information procesaing
studies even if we knew all there Was to know about
neuropsychology.

Figure ¥ here

Esrly thoorioa of infornation procossing eophasized
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the isolation of stages of aymbol nanipulation, Figure ¥
showzs an oxample, taken from an early paper by Saith
(1968), in which the act of aelecting a responsoc to a
atinulus was broken up into two atages of stimulus
analysis and two astages of responss execution. In fact,
thia approach is the historic progenitor of R.d,
Sternberg's (1977) component analysos of intelligence
tests. The etrongest {nterpretation of Smith's model {a
that therc are diatinot stages of information proceaaling,
that activity in one stage i3 independent of activity in
tho other stages, and that the stagea pass information to
sach other {n a aori{al manner. Thus a model like that
shown in Figure & ia really quite a strong statemcnt about
information procesaing. A more gensral view is to regard
thought as dependiung upon isoleble subsyatems, or modules,
of information proceasing actions that operate
fndepondently of each other (Fodor, 1983; Posner, 1978).
Each of the modules contains ita own view of some aspsol
of the external world. Theae vieus are sventually
integrated into an overall repreaentation of what is going
on. As an exanple of modular proceasing, consider what
must happon when an autonobile driver {s told, verbally,
by a pasaenger, that the passengor would like to stop for
dinner at the next restaurant. Figure 5 shows the

exchange of information between modulea that nmust go on
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inaide the driver'a head {f the car i1s to be naneuvered

into the nearest restaurant parking lot.

Figure 5 here

The current “wisdom™ is that the integration of
modular procesaing that occurs in cognition can.bo nodeled
by the use of a concoptual device known as a production
execution system. The basfs of production execution
systems i3 the oroduction , & pattern and an aotion to be
taken if that pattern is exccuted, Figure 6 shows a
slightly whimsical set of productions for driving a oar.
Each modulc of thought can be conceptualized a2 the set of
patterns and primitive actions that are effucted within by
that nodule. Intermodulo communication {s aohioved by
allowing modules to place thelir output efther into the
pattern area of other modules ar (more usually) by
assumuing a counon "blackboard” area that can contaln
patterns appropriate to any of the separate nodules. This
is {llustrated {n Flgdre 7, which shows the orgunization
of an hypathetical modular systex of procucticas that
night be required to sxecute the logical production system

stated in Figure 6.
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Figure 6

Thinking of thinking as organized modularity leads to
an anphasls upon certain olasses of information prooessing
functions. The first i3 the wefinition of the modules
theuselves. Hodules ashould not be thought of as stages in
component processes (as described previously in discussing
R.J.Sternuerg's work), but rather as specialized workshopa
containing resources to be assembled into component
prooesses. The distinotion {s roushly analagous to the
distinotion betweun a hardware uanafaoturer, such as the
RNoeing Aircraft Conpany, that {s capable of doing cortain
things, provided its shops aru not ovarloaded, and the
stages in the process of conatructing a apecific aircraft,

nissile, or space vahicle.

Information processing research attecpts to identify
the zmodules and the actions of which they are capable.
This is done by inferring the existenco of a module, or
of a préceaa within a module, by observing the sclective
action of variables on cortain types of performance. An
exaaple {5 & uidely cited study by Biederzan and Kaplan

(1970) whioh demonstruted sclective effects of stimulus
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discriminability and response compatibility upon viaual
encoding and notor roa;onao production systems. An
altsrnative technique for (nferring the ex{stence of
asparate modulea fa to show that aatiecn within one module
does not interfere with actiod iZn another mcdule. This
sort of reasoning {z exemplified by dual taak atudiss, in
which peopie are aaked 10 dc osizansibly iadspendsal taaka,
If the taaka are done by asparate modulea {t should be
poasible to tine ahare the taaka without interference. 4
good f{llustration {s a study by Kerr et al. (1933) in

which maintaining one'a poature waa found to {nterfere

with visual but not with verbal memory tasks.

Once modulea have been identified one can investigate
the extent to which each aodule diaplays variation aoross
{ndividuala. Sinsiiar atudisa can be made of proceaasa
within a module. Logically, individuals are treated as
factora in an experiment, and one observes when
differences zssociated with {ndividuala (e.g. age, sex, or
sonetimes simply individual {dentity) make a difference in
the performance of & task that {s already known to
involve a particular module. The fact that the modules
have been defined {ndependently is what distinguishes the
experimental paychology of individual differences from

psychometrio investigations. In psychometric theory a

Page 3%

BEBL CObA VAVILVEBTE

%good" measure (s defined by the pattern of corrclations
involving it and other testa. In cognitive psychology the
neaning of the testing procedure will already have been
defined, with reapect to a particular theory of cognition,
and will have been juatified by the nomothstic experiments
done to validate that theory. The pattern of {ndividual
differencea (3 aomething to discover, but the pattern does

not validite the ueasure.

The approach can be illuatrated by a further
consideration of linfujatic {nformation processing. The
modular character of linguistic processing haa been
established by psychometric, neuropsychological, and
experimental psychological criterfa. In order to prooess
{&gnguage one haa to know words. This {s reflected in the
well known fact that (at leaat in young adulta) vocabulary
size (38 an excellent {ndicator of one'a general ability to
deal with language. This (s the reason that vocabulary
tests are often uaed as "aarkers” for verbal ability.
Tests of the apeed of retrieval of the meaning of oommon
words {dentify a rellable dimension of {ndividual
differences. Furthermore, this dimension of ability is
distinct from the ability to manipulate strings of words,
as tested in the sentence verification paradizm (Hunt,

Davidson, and Lansman, 1981; Palmer, HacLeod, Hunt, and

¢
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Davldaon.‘l985). Thess findings {ndicats that the languuge
proceaaing module oontaina two aomewhat saparate
mnechanian:, one for retrieving word {nformation from long
tare uenory and one for manipulating information aftuer it
has been retrieved. The concluafon {s buttresaed by
neuropsychologicl findinga indioating that different brain
structures are involved {n retrieval of word meaning and
sentence analyals (Kolb and Whishart, 1980), Since
sentence and word proceaxing are not perfactly corrselatad
they evidently uake a diatinct contribution to the
paychometricliants verbal comprehension trait. llote the
implied causality. Sentence and word prososaing measures
are not regarded ax loading on an underlying truit of
verbal comprehension ability, they are thought of as
producing that ability. On the other hand, from the point
of viuw of soxeone {nterested in prediction, a teat that
nixed sentence and word processing into a general teat of
the ablility to comprehend languuge aight be far more

useful than {solated tests of the separate processes,

Vorbal comprehension depends on the integrution of
word information {nto centence strucutre, ind sentence
structure into diacourse structure, Dctallecd godels ror
both processes have bean proposed (Schank, 1975; Kiantsch

and van Dijk, 1978)., Both asaume that what a comprehender
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does {3 to conatruct a structure reprosanting the meaning
of tha nuessage baing received, This {a not a trivial
task, since the meaning of words and sentences will often
be determined largely by context., Subsatantial individual
differences in the ability to define words in context have
been obaerved, indicating that variation in fitting
semantic moaning to pragmatic context la.a najor source of

variation {n verbal comprahension. {(hunt, 198%)

Poaitive findings such aa these it well into
hierarchial psyohometric models because they suggest that
broad dimensions, such as "verbal ability®, can ba broken
down {nto mora tightly defined traits, But what about
negative finding? One of the processcs that faclilitates
the I{ntegration of words {nto sentences (s a non-soclective
"priming® process, {u which topics that have already Leen
identified fncrease a peraon’s sensitivity to the
recognition of ralated words (Foas, 1982)., The uLsual
exanple {s that people shown the word "Doctor™ arc quick
to recognize the following word “Hurse." There is no doubt
about the exlstence of this mechanisu or about its role {n
the procaessing of normal discourase, Illovever the priming
mechaniam appears to show little variation acroas
individuals, and therefore neasures of {t are poor

prediotors of relative verbal couprchonsion ability
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(Hunt, 198%),

From a ocognitive scienoe view, findings showing that
there 13 a lingulatio {nformation procaaaling module, that
it has subprcoesases, and that the aubprooesaes sometimos
show individual varfation represent a atart towarda an
information prooesaing theory of verbal ability. Happing
the distribution of individual differences, per se, (i.c.
oonstructing the appropriate Euolidean representation) is
not a high priority next atep. Stuuies that relate
theoretioally defined mecasurea to specific {individual
charaoteristios are far more {nteresting. For instanoe,
it appeara that adult aging hatms linguiatio {nformation
prooeaaing at the level of sentence and text !ntogratlan
(Cohen, 1979; Light, Zolinski and lloore, 1982)., This is
somewhat contrary to the paychometric obaorvation that
"verbal abflity", as defined by certain payohometrio
tests, {a relatively impervious to aging (Botwinick,
1975). How {3 this discrepancy to be resolved? Questions
such as this are central to a solentific understanding of
individual differences, but may be much loss oentral to

prediction of performance in wide~ranging situations.

The discusafon of verbal oomprehersion {lilustrates

how cognitive psyohologists think about individual

t—
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differenoces within an area of {nformation processing
module. Cognitive psychology also stresaes the process of
integration of {nformation across different wmodulos, or
aoroas different souroes of input. The diatinotion is
important. Studies of the exchange of {nformation between
procesaes deal with the pasaago of {nformation from one
reproaontation to another. Studies of the way i{n which
people deal with multiple sources of {nformation focus
more upon people’s ability to control the way in whioh
attention highlights firat one, and then another, aspeot
of the ourrent ajituation. Both conoerns preasnt
challenges for the psyohometric approaoh, but for somewhat

different reasons.

Virtuaily everyone who has examined problem solving
has stressed the importanoe of foraing a good prodlem
representation. Perhaps the claarest example i3 in high
sohool geometry. Strictly speaking, solving geometrio
problens §s an exercise in syntaotical analysis; well
fornod strings of sywbols are to be written fnto other
well forned atrings using a finite set of rules. Problem

diagrams are not logically necessary, but they certainly
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help. It (s quite ocaay to show that people differ in the
representationa that they usne. Consider the sentence
Verification task. HMost people solve this problem by
oomparing the meaning of linguistic doscriptions of the
pleture to the meaning of the sentance. Theso are people
who will use the aentence to construct an image or the
picturo they expect to see and then ooupare {t to the
plcture that thoy are aotually shown (MacLeod, Hunt, and
Hathewa, 1978). Regularities {n representation use can
alio bo shown across cultures. Children raised in a
woatern European culture will attack an objeot
momorization task simnilar to the game "concentration® by
developing a verbal strategy of where the objects ara.
Desert dwelling Australian aboriginal childrun treat the
samne task as one of momorizing a visual inage (Kearins,

1981).

The fact thwnt differeant people use difforent
roprosentations poses a najor probles for any trajt wodel
of cognition. Changes of roprusontation may chungo tho
type of {nformation processing that (s required to take a
particular test. This challenges a basio assucption of all
psychometric methods; that the samc linear combination of
abilities can be usod to predict the test score of every

oxaninee, [ore colloquially, If reprosentations change
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then there will be "reprusentation optional” teata th.::
are verbal toats to aome people and viaual-spatial teats
to others, When rapresentation optional testa are {ncluded
in paychometrio batteries they will give erratic results,
sinoo their loadings will dopend on the frequenoy of use
of different representations in the population beling
tested, (Sentence verifioation tests provide aixed rosults
when uaed with college studenta, but seem to be purely
verbal tests {n populations of older people (Hunt and
Davidaon, 1981).) By a sort of Darwinian loglc,
ropresentation optional tests drop cut of intelligence
testing, beocause thoy do not fit well into the Euolidean
wodel of ability description. But, from a cognitive
science view, knowing the aort of representations a person
likes to use is one of the most {mportant pieces of
i{nformation that you can have about problem solving

abllfey. .

Finally, let us cons{dor the other sense of
"{ntegration®, tho ability to control attention during
problem solving. This ability {s usually tested by giving
people saveral tasks to do {n 3 short time period, and
scoing how well they are able cope with streans of
infornation from difforent tasks. The tasks involved are

almost always very sinple ones, such as detecting whether
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or not a partfcular word haa ococurred in a string of words
przaantod to the right or lert ear (dichotic listening),
or datermining whether a signal haa baen presented at a
particular location in the visual field. These simple
tasks are studied becauze they are balieved to be kay

components in a variety of very complex machinery

operating tasks, auch aa flying an airplane,

Early research suggested that there are no reliabdle
;ndividUIl differencea in the ability to do xeveral things
at once, apart From the ability to do each of the tasksa
afngly. The early work has been criticized on
methodological grounda, though, and a reanalyais of key
atudies indicates that the ability to share one's
attention acroas several tasks ("time sharing ability”) is
a reliable dimension of individual differences (Ackersan,
Schneider, and Wickena, 1984; Stankov, 1983). Research
fdentifying Just what tima sharing ability is fa in its

infancy. However we do hava some indications of it nature.

Tiae sharing muat involve sone capacity for
controlling attention. People who are good either at
focusing attention on one auditory channel (e.g.

listening to a apeech againat a daokground of

Pagoe ¥2
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conversation) or aplitting attention across two auditory
chznnola (listening to a conversation while talking on the
telephonc) are not necessarily the paopla who can focus or
split attention across the visual rield, but thers ia a
substantial (.60) correlation betwesn measures of control
of attention within each uodality, Tiits sugreata that
there are’ both fnter and intra modality mechaniams
fnvolved (Lansman, Poltrock, and Hunt). There alzo aeems
to be a reliable dinensfon of individual differencea in
the ability to shift attention froa one astream of input to
another, Examples are the task of shifting from liatening
to one ear in a dichotic presentation to listening in
another, or ahifting from followlng one aequence of visual
aymbols to rollowing another (Hunt, in press; Hunt and
Farr, 198%). We do not know the relation between
“attention shifting® ability and the "attentional control*

ability identified by Lansaan et al.

Studies of tha control of attention are quite outaide
the present range of abilities tested by conventional
paychometric procedures, There are two reaaons why
paychometrioiana have avoided this field, One f{a that the
motivation for studying fndividual differencea in the
control of attantion is baaed partly on a deuire to

prediot how well paople will operate machinery in highly
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demanding, time limited aftuations. Again alirecraft
operation {3 the beat example. The aorta of proceases
being tapped in attentional control studies are sinply not
an {saue {n the educational and buainess settings
applicationa that fuel many payohologcal studies of
intelligence. There ia alao an {ntentionally praotioal
reason for avolding atudying attention {n a psychometric

Cranevork.

The procedures required to evaluate the control or
attention are, to put it mnildly, not casily included in
the usual testing situation. The tasks are conplicated and
the partioipanta muat reoeive a careful explanation. In
3ome cases up to several houpra of practice may be needed
before a person’a perforzance {s atable cnough so that he
or ahe can be tested. All of these conalderations nitigate
against the "large H" studiea that psychometrio technology
depends upon. llowever, there i3 no way to shortcut the
Precautions. As was pointed out earlier, cognitive
Psychology develops procedures that are justified by thelr
relevance to a theoretical model. Any usc of these
proocdures must contaln {nternal checks to make sure that
the model still applies. In the case of studies of
attention, the procedures and the internal ohecks will

often be 30 oneroua as to preclude their use In
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conventional peraonnel evaluation settinga. This pragumatic
fact does not diminiah thc theory, nor does it diminian
our sclentific interest {n {ndividual differencea {n

attention,

Previous reuarks have focused on the oonceptual
limits of the psychometrio approaoh. It {a worth noting
that {n the case of atudies of attention cognitive
paychology has also been myopio. *Attention®” has been
oonceived of aa something that a person throws from one
pPlace to another, in response to an environment that
demands an {nstantaneous response. This {3 a realistio
model for skatsboardera, all the time, and for airplane
Pilots some of the time. In most human endeavors, though,
the cognitive environment demands responses within
minutes, hours, or even daya. The peraon dolng the
thinking uaually haa a good deal of freedom in scheduling
the order (f different cognitive tasks sre to be done.
This {s a very difficult sftuation to study within the
technologiea of both paychcaetrics and cognitive
paychology, because {t means giving control of the
situation over to the participant. And once this {s done,
the examinee has oontrol over what {s to be measured.
Underatandably both paychometriolians and experimental

payohologlists avoid such altuatlons. But the ability to
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structursc cne's environment may be the key to succoss.
This bucomes apparcnt when we caonsider the topmost lavel
of cognitive psychology, the study of ccnscious,

apceialized problen solving.

Conplex problen asolving i1s very much Influenced by
the reproescntetions that problem solvers choose to use, so
understanding the process by which representations are
devcloped, selected, and chosen for uss has bocono a
centrel goal of cognitive psychology. Since the cholce of
optionel roprcsentations ia very heevily influenced by
learning, any theory of representation {n problem solving
has to be, in effect, a theory of how a person acquires
and uses knowledge. The effects of recpresentetion owning

on represcntetion having are nultiplicative, not additive.

This polnt has boun {llustrated {n a striking way in
atudies that show how thc Information that a person
extrents from a2 altuation depends upon the person's
represontz¢’ » >C the situation {tself. Chieai, Spillich
end Voss (1979) offered a good illustrative atudy in a
rather trivial ficld, recalling an account of a bascball
ganc. People who wore fasiliar with baseball could
construct e represontation of the plays being deacribed.

This causod them to focus on jame rvlevent !nfcrmation,
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which they wers subsequently able to racall. Peooplec not
famillar with basebull were not able to do Lhis, althouph
they were able to rucall game Irreluavant Infeormaton

contalned In the broadcast.

At one luvel, such an obacrvation is hardly
surprising. "Everyone" knows that people recell norc adbout
events that they understand. [‘ul this {s precisely the
point. Understanding and learning are prodblom solving
situations, in which a peraon's current knowledgze [z used
to structure nev knowvledpe. The toplc of Chicsi ot al.
exporinent may have becn trivial. The principle was not.
Exactly the samc polint can be uade (after a much uore
condsliceted enalyals) by studying the way in which
atudents acquire knowledge of plane geonmetry, or of
conputer progrenning (J.R. Andersen, et al., 198%). And
consider a atill nore dotailed analyals of a very
inportent activity. Carbonnell (1978) was ablo to sinulate
conservative and liberal interprctations of political
events using e program that applicd Identical infornation
processing mechanisns to norpe the statenents with
different representatiuvns of political and soclal forccs.
¥hat onc Keta from experience dupends very heavily upon

one's interprotation of {t.
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The paychometrio vioy {a quite unsatisfactory here.
Saying that people differ in their ability to uszs» comuon,
eulturally defined aolution methods (the definition of Oc)
hardly capturea the proceaa of repreasntation uss.
Anplifying the statement by aaying that conteat knowledye
extends Go in apecific fielda is only a aumall step
foruward, for the paychometrioian is still operating within
the Euclidean reprozentation of cognition. Regarding
‘applying knowledge' as a trait doua not diacriuinate
between the poaseasion of knowledfe and the ability to aee
that a particular piece of knowledge is relevant to the
problen at hand., It i3 fairly easy to demonstratu that the
two are not synonymous. People can be given exactly the
appropriate knnwledge to uae in probles solving, dbut in a
slightly different context, and be unable to apply it,
Some people see connectiona where others do not (Gick and
Holyoak, 1983), but why? What prooeasing differences are
there betwecon peoplc who do and don't umake
coneralizations? This i3 another axauple of a question
that {s central to a solence of indlvidual differencey but
not particularly crucial to a technology for prediction.

Thae fssue being rajsed here i3 quite a broud onu, for
it has to do with the way in which ®culturally acquired

knowledge® {3 used. While soue knowledge oonafats ot
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ready-made anavers to guestions of fact e.Z. much oultural
knowladge consiata of waya of repreaenting problema so
that their solution can be achieved. The repreasntations
fors skeletons that guide thought, directing one‘a
attention to key aspects of the problem at hand and
suggesting partioular solutiona. Different theorista have
used the termd "achema®, “frame®, and "soript® to desoribe
this process. Theae terss all reflect what seema to be a
universal charaoteristie of huwsan thought. The world ls
often ambiguous or‘ovoruholningly complicated. Feople
bring order into this chaos by assuming that the world
satisfles the constraints juplioit {n their world view.
Succeaaful problem solving {3 largely a process of trying
out one or another conatraining representation until one
is found that works. To give a concrete example, oonsider
the problen solving process of expert physicists. Thay
recognize specific problens as fnstantiations of a
generulized class of problens (e.g. balance of force
problens). Onoe recognition has been achieved problem
solving methods associated with the gencral clauss can then
be appliecd to solve the specific problem. lovices are
likely to focus on aspects of a problem that is pot
relevant to the yeneral classification principles (e.g. is
a sliaing blook involved?), leading to the use of general,

out clumsy problen solving methods. (Chi, Glaser, and
BEST COFY AVAILABLE
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Reese, 19B1; Larkin et 21, 1980).

The realization that moat problen solving i3 achieved
by context specific nsethods marka a major change in
Cognitive Solience. Early work on artificial intelligence
and human problen aolving placed great emphaais on the
diacovery of general problem aolving methods (Hunt, 1975).
More reoent studies have emphasized arsa apecifio
knowledge (Feigenbaum, 1977 Hayea~Roth, Waterman, an
Lenat, 1983). The aame trend haa been evidunt in cognitive
psychology, where reasarch haa shown the extreme
importance of topio speoifio schemata as guidea {n problem

aolving.

If thia trend were to be taken to its extreme,
generalized psychometrica would be, if not impoasibdle, at
least greatly changed. The whole idea of *intelligence” ia
that there {a sone mental charaoteristic of the individual
thet applies to many problam solving situationa. An
enphasis on the use of schema in problem solving doea not
completely deny this notion, for soma achema will have
wide applioability, especially in eduocational settings.
Arguing again by flluatratfon, Van Dijk and Kintsch (1983)
have shown that understanding of a teXxt is driven by

achema that apecify the form of argument in different
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types of text (storiea, acientifio reports, etce.). It is
obviously poasible to design teata to see whether or not
people posasaa these general schema. Such testa are likely
to be useful predictors of ability to function in places
where general schoma are used. Educational aettings
innediately apring to mind. Tests of general schema uase
are not likely to be of much use {n predicting performance
in sftuations in which effective local schema operate,
People appear to be able to funcetion quite well with a
local aochema cven though they are not terribly comfortable

with a related, more general problem solving procedurs.

Some recent atudies of the learning and use of
sathematics and logic provide excellent examples of this
point. tathematica and logic are often thought of as the
purest, most abstract, and nost genseral problem solving
methods. At lenat in academic oircles, an argument can be
Justified solely by appealing to itz logical purity. ¥hen
children learn mathematical problems they learn them as
schema (Riley, Heller, and Greeno, 1983). Huch of the
difficulty in mathenatics appears to be in translating
fros a non-mathematical statement of a problem into the
appropriate schena (Xintsck and Greeno, 1985). At a
grander level, the abstract schema of mathematios are so

hard to learn that the ability to do so ia often
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conzidered in itself a hallmark o intelligence,

If nathematioal rcaaoning is so difficult, how does
the modern world function? To take a speolfio axsuple, hos
do paoplo oaloulat¢ the price of products {(n a
suparuarket? Poople are quite good at doing so; even
though pricing inforration is not always presented in the
unost strafightforward way-(Lave, Hurtagh, and Do.La
Roche,198%), The sane people are not good at aolving
simple arithuctio problems, when those problens are
presented outside of the shopping context. Lave ot
al.found that shoppers made errors on only 2% of the
pricing problems prcsented {n an actual shopping context
and on X31% of the problems prusented {n an abatraot
arithmetical oontaxt. This was true even though thc same
arithoetic operations wure used in oach case. Furthernmors
the two testa were not reliadly correlatedt Further
probing ahowed that the shoppers had a varliety of problen
solving prooedures that wero speolalized ror shopping and
that were quite adequate for prodleu solving in that

—

context.
Shopoing {s not the only place yhere people oxhibit

oontext-spaoifjo specializations of a loglc that, in some

abstract senso, the) roally do not understands Cazf and
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Liker (1985) have reported a study sixilar to Laveta ualng
an gven higher order skill, astatistical decision making.
Inveterate horae rsce beottors have to determine whether
the odds offered ty the traok are aotually & good estimute
of whether or not a horse Will win. (The racetraok odda
are deteorujned aololy by the amount uf money bet on each
horse, and do not reflect an explicit analyais of the
Lorse's ablility vis » vis {ts cqupotltora.) Sone
individuala oan "baat the odds™ reliably. It {s posaible
to formulate what they do &3 a complloated atatistioul
estimation problems: But the raoetraok handioappers wers
far t'roa being untutored, brilliint mathematioians. In
fact, their formal lnfoll!eonce test soorea werse well
below un *rgraduate norms. The skilled handicappers had
developed oomplicated, =acw~track specifio techniques for

handling an unusually oomplex problem in decision making.

lione of these remarks will be new to those familiar
with studies of cross cultural cognition. Speciaiists in
this fleld have long pointed 2ut that the Yustern eunphasis
on "inte¢liigence™ enphasizes the ability to dc problem
solving in the abstract. The vury idea of abstract problem
solving seons to bo related to Hestern European achooling
(Colo and Scribner, 1974). While this may be true in wn

abstraot asnse, {t does bug a very l{mportant polnt. The
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Western European schoolling situaticn, with {ts smphaais on
abstract problem dolving, may i{ndeed be a cultural
phenomenon. Houvever, {t ia an important, useful
phenoncnon, Loglic, mathemat{os, and general problen
solving methods do indeed provide an {nportant part of our
soclety, even if they are thea speoialized as people find
thelr niche In soclety. Therefore {dentifying paople who
are likely to be able to learn to use thoese mathods {3 a

reanonable endeavor,

This 13 where the concepts of Go and, to a lesser
extent, Gf, are likely to be uaeful. Let us accept the
faot that high scores on Gc testa {dentify those people
who have acquired the problem aslving schemata of our
aoclety. Those ara the very sohemata that are going to be
used in the classrooxs, to af{d people in acquiring further
decontextualized knowledge. Perhaps wa could dealgn hetter
teats If we had a better idea of how the educational
proceas proceeda, because We would then know what sohemata
are going to be required, when, and (perhaps) how they
should be learned. PFurthermore, at least in theory
Wastern schooling {s supposed to develop sn ability to
generallize; {.e. to see how problem solving schanata
learned {n one setting can be applied in another. It nay

be that tests of Gf identily peopis who can wake such
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generalizations. If we had a better undcrstanding of the
process of scheomata generalization we would know what {t
{s that these poople are doing, and then could develop

better testz for their idontification.
THE UNION OF THE CAMPS

Chronbach (1957) sought a uniting of two camps of
acleptifia paychology; the study of individual
differences and the atudy of nomothetic Influences on
cognitlions The prospects for uniting Lheas ocampa i3
excellent. However, the study of individual differences {2
not i{dentical to the use of a Eucllidean representation of
montal abilities. The prospects for uniting psychometrics
and cognitive psychology ar; nixed, and for perfectly good

reaaons.

The paper and pencil testing technology and {ts
accompanying Euclidean representation are hard to best, 3o
long as one's criteria are cost effective evaluation, and
the prediction is to be to a situation that {nvolves very
general behavior that depends upon decontextualized
reascning processes. Eductlon and, to a lesser extent,
ailitary lifc are examples of such situation. Traditional

psychometric evaluation has not, and probably will not, be
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extended sucoesafully to the prediction of performance in
uore spocifio aituationa, where adequacy deponds upon the
abllity of an {ndividual to exeoute sftuation spacifioc,
sohens based, and perhaps complex information processing
secquence3s. Hote that the problem hore (s not that the
paper and pencil technology ia inadequate to construct
such s{tuations. The problem {s that the underlying
Euclidean representation of montal ab{lities cannot be

used to formulate a proceas model of cognition.

Enter the computor. Hy frequent references to "paper
and pencil technology™ uay have sounded archalc to those
vho are already programning coaputer presentations of the
Hechsler Adult Intelligonce Soale, the Aramed Services
Vocational Battery, and any number of other {ntelligence
tests. Doing so will curtainly make testing more
efflofiuent, as witnessed by current dovelopaonts in ®ften
banking® and latent trait theory (Green, et al 1982).
Furthormore, oomputer presentations are nore flexible than
paper and pencil presentations, so the Euclidean model can
be extended to new domalins. Scme possibilities are
oxtensions of spatial-visual testing to the situations
involving moving visual displays (Hlunt and Pellegrino,
1985) nnd the dovelopment of practiozl tests of auditory

inforsation procassing (Stankov and liorn, 1980). ¥e uay
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have to add a few dimensions to the Euclidean wodel, or ve
nay not. Efther way, the expansion of the traditional
nodel via computerized testing will be a useful exercise.
In ftauvlf, though, computerized testing will not addresas
the conceptual {ssues that have beon ralaed here. There is
evury reason to believe that a theory of {ndividual
differencca can be developed as a subtheory of a general
theory of cognitive psychology will result in better
underatanding of how individual variables such as agse,
education, sex, and genetics {nfluence the processes of
problem solving. To what extent will or will not this

theory {nfluence tho technology of testing?

It 13 now technioally possible to devolop automated
laboratories, so that the experimontal psychologist can
collect data on enough {ndividuals to study {ndividual
differences at all. In the abstract, one could conceive of
the development of even larger laboratories devoted to
assossnont and prodiotion. Such laboratories would
inned{ately uncounter anothor economic lim{t; the expense
of the evaluation to the examines. The sorts of
neasurements required by cognitive process theories are
often extrenely time consuning. The equipment {s
relatively couplex, 3o that the exaninee aust apené

considerable time learning to use {t before any data can
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be oollected. This and several relatad problems are very
well discusscd in Longatreth's (198%) excellent critique
of the nisustu that has been made of choice reaction time
paradigmns {n order to fit them {nto an evaluation setting.
A point that was made earlier is more than worth
repeating. The measures developed from copnitive process

theories are only valid when the boundary oonditions for
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specific, and hence may be tested using some manajcable
tosting paradifn. In the other cese the information
proocezsing liuits nay only be definadble in oontext, and
hence oan only be tested in the actusl sfituation or an
adequate simulation of it. If this {s 30 it may not be
poasible to tust oxaminees who do not already have a good

understanding of the Job for which they are applying. 1In

%easuroment are met. This requirement way forever prevent efither case the test construotor cannot procecd without a

devaloping cognitive psychology analogs to the ten to situational model. One can inagine such a model for

tuenty minute tests so oommon in psychometric batterics. specifio situations, such as eircrew or radar operstion. A

detajled model of the {nformation procesasing required in

These remarks apply with partioular force to any high school {8 unlikely.

testing prograns based on the {nformation proceasing aapsot

of cognitive science. Because sucl tests are likely to:be At first glance a theory of the use of

expeonsive, testing {taelf will of neoessity be limited to representations might seem to be of little use in

those sftuationa in which prediction {a {mportant and {n personnel evalustion because, by definition,

which perfornance is limited by a person's {nformation representations are used by people who have already

processing capacity, onoe that person has acquired the ecquired expertise in aome field of endeaver. Ergo thoy

speolific knowledge ~equired to perform at all. This must have already been permitted entry to the field.

suggests two guldelines for applied reaearech. If Fortunately this logic can be reversed. If "becowming an

information processing models are to be useful, then the expert® means aoquiring certain problem solving schena,

test construotor pust have a good {dea of how {nformation why not evaluate a student by deturmining the extent to

prooessing linits performance {n the situation to be which the expert's problem solving schema have becn

predicted. Two cases can be imagined. In one the key internalized? Developments in Artificial Intelligence

infornation procesalng requirenents are not situatlion have led to at least the clalm that we can represent
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uxpert knowlsdga inaide a computar (llayaa-Roth, Wateruman,
and Lenat, 1983; but aee Drayrua, 198% for questions about
sone of tho evidenoe on which the claim §3 based.) "All"
that naeds to be dona is to apply the intarvievw uethoda
used to extract krowlodge from an cxpert to uxtract
(faulty) knowledge from a student. To aid teaching, the
evaluation proceoaa can ba made the basis for further

apecialized fnstruction.

Efforts are underway to develop just this sort of
intelligence computer ajdod instruotiun syatem (J.R.
Anderaon, 198% ot al.). The teaching goals appear to be in
roach in non-trivial fialds (computer programuing and
geometry). Whether or not the uvaluation goal i3 feasible
ravsxins to be detormined. The present intelligence
tutoring prograns seem to make & ruther genoral guass at
the student's current state of knowledge, and use that
guess to select problams that are most eduocational tor
that student. Whether or not tho prograu's guess about the
student's representation iy sufficiently accuraty to be
predictive remain to be seen.

CONCLUSIOH

Chronbach thoupht that general thoories of
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paychological procassas cught not to ignora fndividual
diffarencea, and vice varsa. He was right, and in a
genaral aenae the union of the camps i3 well undervay. 1In
my opinion (and here there nay be a violant differance of
opinion!) tha Wiy to achieve the aAcientifio urion is to
ooncentrate on underatanding how individual differences
variables, auch as age, aex, genatic constitution, and
education, influunce thec processecs of cognition. It does
not seen particularly fruitful to try to derive the
dinensions of tho paychometric Euolidean representation of

abilities frowm an undarlying procaas theory.

Thia does not mean that the Euolidean nodel {a wrong,
within the contaxt in which it has been developed.
Consider an analogy to what wu know about expurtiae,
Experts develop local achema that apply to their local
problema. Tha paychometric Euclidean wodel {3 an excellent
way to deal with personnel pradiction and classification.
But it doesa not genarualizo well to understanding cognitive
actions. Einstein was certainly intelligent, in the
paychonetric sense. However ho did not dovelop a ainglo
one of his intellectual conceptualizationa bccauso he was
high on Ge or Gf, He doveloped thums because he had
certain sohenma for probdlem solving and because he had the

information procussing capacity to apply theso schaua.
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Eventually there may be a "Grand Unified Theory® of
psychology, similar to those now being developed for
physica. But will We understand it? There seens to be a
role for Newtonian mechanioa even after quantun
theory..enginoer's use the limited Newtonian notions all
the time. Paychoaectrio and ocognitive procesa theoriea may
similarly oo-exiat for a long time. Praotical appliocation
and power of oonosptuulization are both worthwhile goals.

They are not necesaarily synonymous.
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Footnotes

t. The pruparation of this paper was partially
supported by the Offioe of laval Research, Contract
H00Q 14~BR=~K~5553 to the Unlvenrsity of ¥aahington. The
opinions axpreased are the euthor'a and do not roflect
policisea or'the office of Naval Research or any other U.S.

governnent agency.

2. The term 'payohometrics' will be used throughout
this pspar to refer to the paychological thcoriee of
mental competence that have been developad by applying
correlational analysis nethods to teat aoores. The
alternative meaning of psychometrics, as a branch of

applied mathematics, will not be uaed.
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Figurs Legenda

1. The Euolidedn model of mental ability. & psraon {a
conceptualized aa a point (X) in a apaoe of nental traits
(¥1,¥2,y3). Eaoh point on the space gan be mapped {nto an
acoeptance or rejeotion {nterval on a one~dimenaional

oriterion variable.

2., An abstraotion of the two dimensional apace of mental
teats developed by Harshalek, Snow, and Lohman (1983).
Testa were located by a multidiuensional acaling in whioh
the distanoe between teata in the apaoa {a roughly
proportional to the correlation between thum; the higher
the oorrelation the lecaa the distanoe betwcen test pointa.
Somo of the tests ahown In this figure are 1-Raven
Hatrices, 2-Letter Serles, 3~Hi{dden Figures, A-Paper Foram
Board, 5-0bjeot Assembly, 6-Vooabulary, 7-Information,
8~Comprehension of verbal statemonts, 9~Arithmetlo problem
solving, 10-Digit span, and 1i-Locating A's in a line of

text.

3. The Septenoe Verification paradign. A phrese ia
displayed. VWhen the partioipant indloates that the phrasse
13 underatood the pioture {s displayed. The partioipunt

then dotermines whether or not the phrase ocorrectly
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deaoribed the pioture, The depondent variablea are the
times betwaen phrasa display and oomprehenafon
(ocomprehenaion time) and pioture display and verifioation

(veririoation time).

RN, Snith'a (1968) atage model of atisulus alasciffoation
and reapona¢ produotion. Eaoh box {3 aasumed to repreaent
a diatinot psyohologioal proceas. The prooeaaes take

place {n aeries, projgressing from the top downward.

5. A modular agproach to oognition. Eaoh box repreaenta
a olaas of mental procesasing, analagous to a speclalixed
work shop. In {ntegrated thinking information ia paased
back and forth betwecn the different modules, and finally
represented as a ooherent internal picture of the external

world. Proceaaing fa not neoceasarily serial.

6. Fragments of a set of production rules for driving an

autouobdbile,

7« Tho organization of an infornation processing systes
for exeouting productions. The productions reaside {n long
terp uemory. Information {s presented to the system on
aud{tory and vi{sual channels tha% are connected to ths

external world. The system can ?keep notes for itaslf® by
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placing tenporary information in vorkinpy memory, and uaing

thia information to gulde production aelection.
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