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“ © Attention, Perception, and Intelligence
o . " Lynn A. Cooper and Dennis T. Regan .
P’ .
a f ) ‘ - . v
. Y . ~

Our goal 1n preparmg thls chapter has been to 1solate basic
* .
atterional and perceptual centrfbutions to 1nte111gence. Relat1ng the
A &
.concepts of "attention," "percept1on,” and "intelligence' 'at either
) , Z

- e
sempirical ar theoretigal levels,has not been an easy task. Jhe notion ~
* 1 . . . v » 2
that attentional, and perceptual capabilities might deteﬁnme in' sig~

= eificarit ways o‘vera’ll mtellect’ual ab111ty has gn alive, since., the e s

v

early. days of sy;fematlc 1ntef11gence test1ng (s e fo; exagrple

-
,.

‘ Spearman 1927 Thurstone 1938)‘ ‘And “&15 sar}xe, v1ew has been one of ;

PO LI

the essential premlnses‘ unde:lyl,ng tlw.\.recent and much hetalded UR- r

3
s

(’,‘ hunan mt,efhgence (Carroll 1970)" oo ; P LT B
IR S ' ‘<. < R M bt. .: L]
' ,t .. - A .' ” °\ N i » ‘

) ‘ ~

o7 Nonethel‘ess prov1ding a synthesm of these three .psychologlcal

concepts has been dlfflclﬂt at best. Qne; problem "that we have en-
- “countered is the lack of consensus in either the cogm.tlve or the .

.
et . .

s differegtial, 11teratt1re concerning the meaning of the concepts of

N & *
- attention,'" "percep,txon," and "intelligence." A discusston of .
PO » . R

alternative conceptualizations of the nature of attention, perception,

and intelligence within cognitive psychology is beyond the sco’pelof

. e ~ ‘ 2
- this paper. Suffice it to say that some theorists have regarded '

. t . -
. -Aattention as a filtering mechanism (e.g. X Broadbent 1958) wh11e others

N
.

make »reSerence to a limited-capacity pgol of informatlon processlng

¢, - o /. 1
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R resources S ~fe.g., *Jorman & Bobrow, 1975). . Still others view attentien - .
as sk111, mod1fiab1e through' ;)ract‘l‘ce‘(.e.g.,.Neissér, 1976). '
‘nature of perception 1s also a matter of éome debate', with one appréach
emphasizing the direct pick-up of em'irQ:lmental information (€.g., <Gib- )
son, 1966), and ‘othet approachges regarding perception as the outcome
of a sequence of mternal infomation—process;ng stages (e.g., Rumelhart,
1977). The nature of 1.nte‘111g‘ehce 1s probably the most controversial

. of the three congebtk‘a‘nd"s\temberg.(this: 'vo}ume) sfnmnari:es al,terna'ti;/e .

» . -
-, . f

The I
™ LI H

attemptsaat a};‘,gfi,nitfbn. \' L

~

N

RN

&

s

s

-~

~

The view of the human orgamsm that we adopt (a,hd one that 1s LA

. ’ « N
sing and transformmg environmental 1nformat1on w1th component,sub-~ LN

gproces‘Ses beipg highly mterau.tlve and- 1nterdepende‘nt rather ‘than strictly

ot

This interactive view 3f the informat¥on-

. sequential and independent.
" processing system pose; another problem for any* analysis of attentional >

.
Under ’th1s account it is

-

and perceptuél cor{trlbutibns to 1intelligence. .

d1ff1cu1t to 1solate just where in the mformatlon prOcessmg sequenice

- -

. attentional and perceptual factors most 51gn1f1cant1y influence .intel-

11gent behavior and where "higher-level' cognitive and,—memorlal factors
begin to provide more powerful céntributions to intelligence. s 'f
" . ~

. . .

We ‘have not atzempted to solve these prob'lems in this paper.
. . R
Rather, our strategy 'has ‘consisted of carefully delimiting the aréas of. .

.rese'arch and theory that we con51der For purposes of the present dis-
~

cussion, we h‘a'i/e regarded as ess}:ntlally synonymous “"intelligencg" and

) \)4 | Y . .

s currently popular Within u.ogm*tlve psychology) i&6f an System %or proces- .

. -

- > !

-




- measurgs of ability om which individuals differ. We have defined

v

4 >
"attentional' aml "'perceptual opeTations as thoseylowest-lgvel pro- v
< . -

cesses ‘that might contribute té such abilrty differences. Gur discus- .

N * S [ - T
~ + s1on necessarily includes reférence to ¢¢¥a1n cognitive operations
. > ;

e .

*
that might not.traditionally be regarded as atftentional or perceptual - <
4 ; ;

. . , [N .-
. , 1n ndture. However, we have tried 7o avpid consideration of 1ssues

AT . .
' that cleatly invplve higher-level operations such as learning and ?
- 4 N . .
problem-solving, . - ' »
DI . < [ PR N
': . * E
Al . L] \- =~ ~ .t . . . .
, The overall structure of the chaptér contains two major'sections.
& " ° N . -
-, ..
“s . In the first, we summarize and ;valuafe reséﬁrch‘that‘@gs tried to A

¢ i .om
' uncover basic information-processing skills that account for individual. -

dafferences in psychometric measures of ability. This\wotk is the ‘ . - {

~

produgt of the recent effort to link cognitive and di;;erentlal\approachés \
to the study of individual dlfferences}in intelligence. We conclude that
this at%empt to isolatg.infonﬁgtibn-précessing correlates of ability
diffefencesthaﬁ,met with mixed success. In particular, infonnatiqn-

. processing meaSu}es,théT do Jdystinguish more from less “able péople oftgn’
account for only a small portion of th; variance 1n ghe ability differences,

- In the second major section of the chapte;, we consider the possibi}ity

that more fléxible aspects of cognitive functioning may make more subs;ani
© tial contr1but10n§‘to‘dndxv1dUa1 differences in 1intelligence thén‘do basic
. 1nfonnat1on-gchéss1ﬁg skills. The add1t1oﬂal sources of ind1v1duai,d1f-

1 -
- . N . N * - . L] .
ferences that we consider in this second section include strategies--or
,e

'

procedures for organizing cognitive processes--and attentional factors,

. . ( N D .
~ R .
. ot N .
.. ' “.o. , '
° > B h. T
Q -~ o ’ s B ~ " M
. ERIC S TR -
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_ outline whgt we see as promising.and productive directions for future

\ . .
periments designed to uncover correlations between information-processing

We conclude with a general évaluation of the work that we review, and we .

[
.

A .

A

- ’

DI i

research.

.

Basic Information-Processing Skills
. A4

Underlying PSychometric Measures of Abilityg

)
a - &

. ’

‘». - .
- » \

. . . e e
It 1s a‘ generally accepted v1e,w in cognitive psychology that affility

>
o mtelhgence reflects both a person s knowledge of the world and |some -
F
mote basic, general set  of skills for processmg\mfomamon *that dPgs

4

. / i
not depend en the content of the informatioh being processed. Much™gf

the thrust of cognitive psychology's recent interest in inteﬂiience has
- . © N

been dfrected toward isol-ating these bas.lc proce:ssing skills and ‘deter-
mmmg the extent of their relatlonsh1p to trad1t1onal ps»chometrxc
measures of ab111tyl. The*nature of the quest1orfthat.the cogn1t1ve
psychologist wishes to ask is put nicely in the titleyof a p1oneermg :

paper by Hunt, Lunneborg, and Lewis (1975)--'What does it mean to be

That 1s, "what does it mearn" in the sense of what might be

high verbal?"
the nature of:gxe basic informat ion- -processing skills that distinguish

lower scorers from higher scorers on_tests of verbal ab111ty’?

-

s

[t

~ .

< .
. In this sectten, we review apd evaluate a sdlected set of recent ex-

L]
@

skills, s%emmgfy related to attentional and perceptual mechanisms, and * °,
’ - .

measures of ability. The plan of the “section is as"follows: " First, we

-

[




discuss séveral studies’ on the Telatwnsfnp betweaen séme 1n£omat'10n-
processmg tasks and, measures of \,’erbal abl,lltvl pfinting out dlfferences
in the ade.quacv of the approaches of \'aﬁpus tvpes of m\esugatmn
Second, we prov 1de a swmilar anal\51s of studids of the Lomponent pro-

“cessess underlyving measures of reading abl}iny. Third, we discuss in
. s

«

essentially the same Way the nature of the 1nfomat1o'n-processmg skills

0 . .
that may be related to spatial ab111tv. Finallv we attempt to synthesize
v

the sallent and replicable results of these 1mest&gat10ns and we prov1de

< tel ngence .,

5

[
Verbal Abilrty

¢ ~
°

One rather obvious strategy for exploring #he relationships, among
. o

information-processing skllls and ability measurements mlght mvolye
isolating a sample of subjects that ‘dlffer ilfmeasured abITity and then
testing these subjects on a sgries of* 1ﬁfomat=!on-processmg tasks.
Measures of performance on the fnfomatmn-processing tasks could be
.dertved, and sthen theso’ perfomanie measures could be cqrrelated with

the ability me;s:vrements. The hope, using this sort of apptoach, ‘i that.
the pattern of c:)rrelatidns among the task _perfomance\'measures and the

ability measures might yield some coherent picture of just Wwhat asﬁects

. . 1
of which tasks are most strongly related to ability differences. Such
\

an mte‘rpretable pattern of correlations might, in turn, help to uncmér

the basic processing skills that underlle ability. -

ERI

Aruitoxt provided by Eic
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. cessing measures’ and the psychometric measures were then computed.

* and the ability_measures.

ERIC

: ~
As, ani, example of this sors of research strategy, consider 4 series

of studies by Lunneborg (1977). In these experlments, subjects were tested |

on a varigty of psychometric uistruments, and they were then tested on a
N .
° ~
variety ®»f wformation-processing tasks, many of which used response

time as the dependent variable of interest. Correlations among the pro-

., .

of

chief concern ®6”Lunneborg Was the extent of "the possible relationship

between €hoice reaction time (presumably a reflection of procelsing speed)

Upfortunately, the xesults are difficult to
L]

interpret. In one study, the cofrelations of choice reaction time with
‘

abil1ty measurks®were reasonably, high (between - ~.55 and -,28, with faster

. tumes being related to hlghe'r éneasured ability), but.these correlations

virtually disappeared mktwo subsequent experuments. Had the pattern of
3
correlatlons been consistent across experments or w1th1n an expérlment

across sets .of ‘information-processing and ab111t) measures then  undbubtedly

v

more could have been léarped from, this study. What seems lacking in this

approach is an attempt to specIfy just what information-processing skills
v .

the laboratory tasks are measuring and which such skills might be com-

ponghts common to a variety ofthe tasks.
A .

S, - ™ ~ .
--processing components of laboratory tasks as a guide, a selection of tasks'

{gith theoretlc’ally meaningful and, hopefully, shared components could be

4
made, and predictions could be generated concerning relationships befween

.

the information-processing measures and the ability measufe_s. What 1s

. . A ’
clear- from this study is that there is no guarantee that such aftheory will

s

fall ot;.t of the patterh of correlations among many tasks and many ability

- : . .
N L
. ; - L

ol - .L

With a theory of the information-

»




measures. In a subsequent experiment using much the same approach,

..

« o . .
Lunneborg (1978) did find more interpretable patterns of relatzonships

. ,

- L]
améng ability and information-proces{ing measures. In this case, signif-
icant £otrelations between performance IQ and visual and nonlinguistic
i . s -
processing measures were found, while vocabulary and verbal, IQ scores

appedred to be.more stxohgl) related to measures of ]Jinguistic flexibility

N
.

and reading time. - L '

» ~

' A somewhat more'sat1s£;1ng approach to invest1gatfng the relation
between information-processiﬁg skills angd measures of "ab1lity %s illustafz
ed by some of'thé’expeciments reported by Hunt et .al. (1975; see also
Hunt, Frost, § Lunneborg, 1973). Their basic notion was that tests of

verbal aBility Erovide direct measures of verbal knowledge. (e.g., meaniny

s -of words, size of vocabulary, rules of syntax) but .only, indirect. measures "4
of content free infonna§1on-proces§1ng efficiency. . None%heleég, hiéh”
scoring and lower scoring groups of subjects might differ reliably in the ,

speed and efficiency w1th which they carry out bas1c 1nformat{Pn processing .

- v

tasksy The subJe;ts in Hunt et al.'s studies were Un1vers1ty of quhlngfon

R students who scored 1n the upper quartile ("high verbals”) or lower quart1le

’

("low verbals"j on a composite verbal\ab111tv measure from a standardlzed
test ad@inistered to high school jun1ors. The laboratory tasks on whuch

these subjecys were tested involved a variety oﬁ:ﬂsre or léss "standard" «
L) P -

information- process1ng parad1gms The interesting point about Hunt et

al.'s selection of tasks was that they represented 4n effort by the in- <
. . : IS ; . i
vestigators to specify in hdvance what the information-processing demands

.
.

e
- R . . ) .

ERIC RN T ‘
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2y .

- - of the tasks m1ght be. .Thus, the investigators had a basis for\.predlctlng‘

o

on which Fasks the high verbal subjects ehould excel,"and', further, for

~

analyzing thé niture of the information-processing shills that might

~ . +

lead to more eff1cient performance. One might quarrel both mth Hunt
et al.'s analysfis of the b%formatlon processmg tashks \md partlcularI\

with their claims concerning processmg s}\1lls common to \ar1ous tas}\s.

For,.thnt et al. provide no ettefnal evldence for& the relat1onsh1ps

:
' O

¥ among the processings v‘arlables which they hypothesize are related. »None- - .
LI "
theless,’ thls approach goes beyond the purely Lgﬁrelatmnal method 1n atl

tempting to specify 1in adva{lce the mfomat10n~proi‘ess1£1g skil]s underiymg\
4 N . a

.. RN
. performance on the laboratory tasks. .

. - -

'.. ‘ . 1

- . ¢

\ .

For purpds;?‘s of our analysis, only “two of the tasks’;xsed by H‘unt t;t .
al. w111 'be Lons1de13:d at length. he'descnbe these experlmental para- .

d1gms in some det,all as they ha»e been used extensively.in the work of .

‘others to be-discyssed 1n later’ segtlons. Thé fII'St task was based on_a

procedure orginally 1ntorduced by Posr;,er and Mitghell (1967) and Posner, e v
e 4

Bo1es Eichelman and Tavlor (1969 ). The parad1gm involves presentatlpn

P

of two letters hhlk.h are 1dent1ca1 1n both name and type case (A,AT,

¢ identical 1K name but not 1n case (A,a), different mnmbut not 1n
. t .
case ,(A,B) or different in both name and case fAb). In one standard

version of Posner et al.'s (¥969) procedure, subjects are shown such O
letter pairs, and -are required to \respc.md Msame" as rapidly and accurately
. ~ ‘ ~

as possible 1f the two letters share a comnon name. ‘Otherwise, the re- ~
* .

1

quired response 1is nd1fferent.’ Of central interest 1s the difference ‘

. X . SR |

, between tiie time taken to respond,'same' when tha letters aYe identical 1n |

.

+ v

"ERIC. =~ - | . )

J Z . s |
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. i ) . - v ’ .
. 4 s T - D ° -
name only (A,a) and the.time to respond "same" when they aré physically
¢ ~ N (Y f . « ~

g . -

v 1dentical ;(&,.«\) as well. “The average difference 1n response time between s .

¢ - N
<. name 1denticai (NI) and physicallv ‘Rlentical (PI), or the N1-PI difference, **

“1s on, the or’der of 70 milliseconds when L,roups of u.ollege students are

K

tested as subwuts (Posner et dl , 19()9-).

:
o L . N

- 2 -

: One standard interpretation of this reaction-time difference 1s as

"

. . ‘ )
{ollows: In the case of NI trials, the name associated with each visual
/ . .

pattern mist be ret!‘le'.ved from memory 1n ordér tS respond "same." Thus, ¢

< ’ . . L

%y . 2
N the NI-PI difference 15 a meaSure of the addrtional time needed to Access
. . 2 o ‘ i . . [N
the name, of a letter code in memory.,-Variations on the standard ‘Posner
v -

. ’

'procedure--whieh‘tn'emselves produce reliable NI-PI dift:erence:--lnclude

‘ 1nstruct1ng the stibjecs on separate blocks of tr1als “to respond !'s e‘ , ..
) on the basas o( physical 1dent1tv only Oor name 1dent1ty only, and \./ J, . —~ :"‘
;) measurmg the Speed with which & d;\.]\ of cards Lontauung’ letter palr ' y; /.- R
c;n be sbrted mto "'same’’ and "dlfferent" plIes under phys1ca1 1dent1ty~ C,
’ or name 1dent1ty 1nstmct10ns. In the funt.et al. study, both the
- ‘. standard paracQgRI anld the card—sornng modfhca}ions were \uscd. . N .-
- < ¢ . “.1 - ,
. ! M N L4 -
The results that Hunt et al’ (1975) obtained for the letter matching /
task can be stmmar‘i.zed as follows: For\ both the standard rez;ctlon-tune o

version of the etask and the card- ﬂortlng ‘varlant high verbal subjects

= exh1b1ted a qmall)'dxfference between. NI and PI trials than did low ver-
° bal subJec;s « The Tnagmtude of the NI- PI d1fferenge was about 64«m11115econ<ts
- © . . . L . L. .
< ~ [ " SN S,
.. o .
4 .. » .
" ~ " ‘ ‘ . Y
0
Q o

.
z




) 10 -,
o LR . . ’

o ~ . . ’

S . - . ,‘ , Za e .
seconds' for high verbals, and 89 milliseconds for lok verbals. (In subseyuent
NS ., : ) v . '

" work by Huns and his colleagues, reviewed in llunt, 1978, the magnitude of the

NI-PT difference has*been found tg-increase substantially when groups spamurlxg'

* ©

a wider range of measured ablllt\"‘.ire tested, e.g., the NI-PI differénce 1s

as large as 310 mi1l1seconds for mlldlv mentally retarded >uhool a,hxldren )

Hunt et al. mterpret this fmdm&. a> indicating thdt .‘hlgh \erbals have rela-

tively faster access to oyerleamed matefial (letter ndme>) in memor) than do ., .
low verbals, apd°that this faster memow'aqcess to name codes 15 a basic in- '
. . . . . v M 3
- kY LY - - * - . :
formataon-processing shkill that,‘underlles verbal atrility. -0y i 2T e
r @ - hl . . Lt . v« .w ! . ” . ¥
3 * © : : 4 -
N There are >ome potentlal problems with this 1nterpretat10n though, *

thai plague not only thediunt et al stuciv but also the work, of other in-

. . ves‘tlgators :to be rcv1ewed later. First, although the mtera-.tlon between
le\rel of verbal abality and type;df letter ‘palr 1dent1ty was mdeed staust—
* N
‘ 1ca11y 51gn1f1cant, it 1S nonetheless, true thdt }ngh and low verbal’ subJeuts
~ . L}

. dlffered in rﬁean response tikes on physual‘ly yientua\jglals a¢ wgll as’

-’
s

on name identical tr1al$ (In the case of the sta.ndard reaction-tifle taatg ‘

. R .

.high yerbals werk about 18 m111,1§euonds f,aster than low verbals on PI trial N
~

and ;he-dﬁfereme was,éit_out 49 mlllg.\ecpnds gn N? tlflals ) The problem N -

PN - . -

- hereis that the entu‘e NI-PI drffer ce between high and IWQ’:]\S%—
"\ . JeGts cannot'necessarxlv be attubuted to drfferences in theveffi®ienty of = -
memory access. In addition, thére may be general speed fautors or, d1fferen-

 tial speed of pattem- matdu“hg proaesses tha-t\contnbute both to the pl1f‘fer—

R -y . - -
ences in measured ability and{oreabtlon time. ~ . . . .
. . ..
- m Lo . .
. . .
, L .
e .
~ . ~ . | T " ) ‘
. : ..
. » SRR . .
) * . . - * 14
¢ & (‘r_’ ' ¢ . )

EMC - . P . :
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A second prq}zlem’with the Hunt et al. (1975) mterpretatlon lies

.

n the emp1rn,a1 ba,s1s for their claim nthat the NI- PI dlfference 1s_an .

s I mdex o,ﬁxeffn,lencv of mernor\ retrle\al of pver;@arned Lodes. In ordervﬂ .

to estab].lsh that _speed of memons Jccess, and not .some other fa;tor !

.

rea;lx is an 1n£ommt10n-process‘mg skrll correlated with verbal ability,
r - it would be desirable to shgw that mdrqduélsxwith small NI-PI differ- .

©  ences (fast memoTy access,) also show small reactior’f—t‘lme differences 1n

PR I,., ‘.

some cOmponent of another mfomatron processing task, where that compo-

"*f . nent 'is also assumed to be an 1ndex of efficiency of retr1eva1 of over-
/ d

7 “learned material. What this amounts to is establishing construct °
. ‘ . -
. A . .
validity via:-an jndividual differences analysis for processmg components
Y -t 3 . >
of tasks for.which those components are assumed_to be related? If such

. . - % » . .
gonstruct validity can be established, then the meaning of a. relationshlp N

- between processing time and measured ability is fno‘re readlly interpret- :

able. "Hunt et al. do nat provide suc,h an analysis.of re.lat1onsh1ps among

K > processing components in similar tasks. =
. . . Py ‘-

/— - . ‘ .
) The second taskof interest used by,Hunt et al. (1975) was a modifi-

¢ , cation oﬁ the "sentence icture verification' paradi 1ntroduu.ed b
P gn Y,

Clark and Chase (1}\,) In this paradigm, the subject is first shown a . ¢
. .
sentence describing a spatial _.relation between two ‘elements (e.g., "'star" e
’_/*'\or *, and "plus" or +). The relatro‘hal ‘tems used in"the initial 2
descrlptlon may contam E1ther the words "above' or 'below,' ahd the ¢

.

; description may oF may not contain a negative. This yields four basic
* 3 \- 3 - . 0 . -
sentence types in the initial descriptions--"star above plus,” "'star
-npt' above plus,' "star below plus,' &nd "star nqt below plus.” Fol-

]

' lowing presentation of the senpenq’e, a test picture is presented

\)‘ ‘ ‘ | ' | .
. ‘ ) /‘f,., /‘/ . \1*3~“ . 3
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which contains ®ither the configuration * or + . The subject must

*

respond as ‘rapidly and atcurately as possible whether the 1n1t°ial septence

A} -
s "true" or "false" of the test picture: In the modification used by

- . . .
Hunt et al. (1975), two measu/res\o&_response time were obtained--the time*
- - v .
the subject needed to encode or comprehend the initial sentence and the

time needed to ver1f) that the sentenge was ‘true or false of th?puture

whuh was presenteg‘ as soon as the SUbJeLt mduated that emodmg of the

- N -

sentence was complete. »

.

’
«

-

There are a number of theoretical analyses that hdve been offered -
" < N

of the processes underlying performance bn Fhis task which we will con-
sidex 1n detail later (e.g., Clark & Chase, 19‘72;. Carp;nter & Just, 1575;
Glushko ?Cooper, 1978). For now, let us 'con§1de‘r onl): the geﬁeral analysis -
offered by"élark and Chase "(1972) and by Hunt et al. (19?5). When@the ‘
initial sentence ‘is presented, the‘subjsbs encodes it by forming an in-

ternal representation that will subseq‘uently be compéred wi?h%e fncture._

A number of 1nvest1gato&rs have sugges'ted that this internal representation

1§ 11ngu1;t1c 1 nature ‘and that the time it taies to form the representation .
is affected by the 11ngu1siic complexity of the sentence (see Clark AG Chase,
1972; Trabasso, Rollins, & Shaughnessey, 1971) Furtharmorg, both the pre-a . !
sence of a negatlve term and the: presence of a "markefl” form of a spatial .
comparative (1in this cas!”below" as .opposedy to "above'') are thought to

increase linguistic complexity and hence to increase encoding tume. Clark

and Chase. propose that the'inter"nal r.epresen.tation offthe picture .to be'

compared with the representation of fhe segtence 15 also linguistic in hature.

Na




- .

» ‘ . . .
;{ence, we might expect {that the test picture will be converted into a

representation similar to that of the. mitial sentence and .that processmg

time for verxfymé that the’ pxcture 1S true or false of the §entence will

S

be Effected by the same linguistic variables "that affect encoding of the

sontence.« If this analysis of the task is correct, then differences be-

. 3

tween the times to encede or to verify more or less complex sentence types

~

. v 4
. - h .
measure the speed with which a SUbfeCt can convert the sentence or pilcture

¢ stumulu material into a linguistic internal representation and then per-

form th% comparison. ‘ re oL e
’ ) \ -

\ - o ’

fnt et al. found no effects of linguistic markedness, but they did

.

Find both a 51gn1f1cant effect of negation and a significant m{eractlon

. e

between the size of the negation effect and verbal ability. High verbal

subjects took about 55 milliseconds longer té ;chde sentences containing -

- -
a negative than sentences without. a negative and this difference rose to

about 100 mlllxseconds for low verba-l subJects The 3ize of the negation
effect differed across ab111ty levels 1n the case of decision tiMes also.

High verbals required about 70 additiénal milllseconds to compare a neg-
\verby ! i 1 ompage .

ative sentence with a picture) and low verbals required an. additional 120

- N -

mildiseconds to make, the same comparison., The investigators interpret the
differential size of the negation effect for differen of measured

°ab111tv as follows: The lzy'ge'r dlfferery 1n tl@o € e or comprehend negatlve

than afflrmatlve sentences for low verbal subjects could reflect a superior
3

ability in the high verbals to convert a' complex sentence inta/a corresponding

internal representation. The dffference between high and low verbals in the

v

ERI
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size of the negation effect' for decision latengies could reflect a superior

<

. . . .
efficiency n Comparm’g/a,pigture against a complex internal representation,

for the high verbal subjects. 7

. ~

. “. '
D

"We can question the interpretation of these results along much lthe.

* same lines as we did the interpretation of the results of the letter-match-

‘ng task. First, the differential size-of the negation effect could simply
deriye from a general tgndency toward faster processing in the high verbal

t’Sijects. From the way in which Hunt et al. present thelr data, it is not

.

possible to determine whether the two ability groups are approximately

s

equivalent 1n speed of encoding and/or comparing an affirmative sentence or

~

whether the high verbal subjects excel in this base.condition as well as’in

their relative sensitivity to,negation. Second, the interpretation of the
" T
pattern ‘of differences is tied to a pattjcular theorétical analysis of the

&

operations involved\k%n the sentence-picture verification task. And, Hunt, et

-

~

al. provide po evidence for theivalidity of the assumed anderlying .processes ‘

in that they'do not show that individuals with relatiyvely ‘small negation_ef-

L2 #

fects also show small reaction-Time effects in other tasks that are presymed
to me '1}e the effiCiéI_lCX with which more or less con;plex internal representa-
tions amé encoded and compared against test stimli. _The general thrus\g of
thi's,seeond objection---that an interpretation of per\fomance:(}ifferences is

critically dependent on the adequacy of one's thedry of the proce‘ssés under -

lying a given information-processing task--will become quite important, when we
. . ~ L7 K A
consider latef further WO;}( tﬁ:’a‘t Hunt and his colleagues fave done on an
analysis of the relationship between patterns of ability and patterns of fperformance

. N * ©

ERIC L e

Aruitoxt provided by Eic:



R Y . > .
- a7 .. T ) . 15 * 2 v
. ) o 4 - .| ¥
. ¥ Vol : .
) - ’ RN RN - .
in the sentence-picture verification s‘1tuat10n (\iacLeod #Hunt, § Mathews,
-
1978; Lansman Note 1), SQ - . v
. < y 2 ‘ v

We conclude our discussion with an examination of what we consider
" ‘e
* «~ . - . *
tWo "model” sets of experiments-on basm information- -processing correlates

of verbal abllity, one by Chlang ard AtklnSOn (1976) and one b{ Keating and

Bobbitt (1978). The appealing feature of these/Studles is that the investi-

gators attempt to demonstrate emp1r1ca11v the assumed theoret1ca1 relation-
.f: . ships among component processmg parameters.of varlous cogn1t1ve tasks.
. This is accompllshed bx correlatmg 1nd1v1dua1 subjects' values of parameters
. f;om models of the tasks across different tasks and within the same task. . ../
The pattern’ of corre_latlons is inspected to determine whether there is ade-
" -quate suppoert‘ for the theoretical an'alysés~of the tasks (i.e., whether para~
)
JMeters which, 'theorefically, ought to be related are related emp1r1ca11y)
Hang established such construct vﬁl’ldlty for_the processing parameters of
« ' the tasks, correlat;ons 6f these parameters with psychometric measures of
ability are then obtained to determine whigh basic information- -processing

skills relate to differences in ability. ’ .
A

1
v Tn the Chiang and Atkinson (1976) study, the subjects were Stanford
University undergraduates whose verbal and- math scores gn “the Scholastic
.. Aptltude test were available. The 1nfomat10n-processing tasks on which the
~ subjects'were tested'were a memory search task (Sternberg, 1966) and a vishal
s’earch-'task.' (A test of digit span'was 3lso included, but we will not con-

sider the resuLts here i In the memory search task, the subjest is presented -

v - -lj » ' ) % -
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_d set of from one to five rtems (letters), foilowed by the presentation of ‘
a test letter. The subjggt is réquired to report ag rapidly and accurately

as possible whether or nét the test letter 1is conta{ned-in the set of leg}ers .l
1n_memory. Generally, the amount- of time to make the response increases

’ linearly with the mumber of items in the memory set (Sternberg, 1969). This -

] . .
linear reaction-time function @long with other aspects of the data usually
. ?

Pl

.

. [}
obtained with this p{scedure) is taken as evidence .that subjects perform
the task by sequentially comparing the test-item to each item in the memory
- . R -~ 13

set before making a positive or a negative reépbnse. The slope of this
reactlon time function é}ov1des an estimate of the' time requ1red for each
. '
. memory comparison,’or the rate of scanning items in memory. The intercept of
.
{ the reaction-time- funut1on reflects all other processes not 1A;olved in
memory séarch-—-v1~., encoding éhé test item, determining whether a match has
. -

been found, ﬁpd executing the appropriate response, f -

.- . e
3 . ' “
.

‘

. C \ L .
The component processing operations inéthe vidual search task.arg

theoretically related to those in the memory scanﬁing:task. in the visual

.

search parad}gm, a 51ng1e target~z£em is presented f1rst folaowed by a

dlsplay of from one to Tlve items. Thé sibject is requ1red to search thé

dlsplay set and to determlne gi rap1d1y and aucurately as poss;ble whether
the target is contained in the dlsplay set. "As in the memory. search task, it
o ' v
i5 generally found that reaction time increases linearly with the size of the .
B > - . - < o
set of visual display itefis {Atkinson,_Holmgren, & Juofa, 1969; Estes § ?: -

‘Taylo;, 1964, 1966). slope of this fungtion is thought to reflect the

time for each comparisgn of the target item with each display set item and
. ; -

. -




. . .
also the time to encede each i%em 1n the visual display. The intercept

o

® \ -
parageter 1n the visual search task is taken as a measure of the time to

make the "ves" - "no'' decision and the time to execute the response.

.

Chiang and Atkinson (1976) estimated the intercept and slope parameters .
for each of their individual subjects for both the memory search and the

visual search tasks. When the individual subjects' parameter values were

.

.
v

intercortglgggd, a compelling pattern emerged.. Correlations between thqiin-
tercepts of the two tasks and the slopes of the two tasks were high (.968 and
.832, regpectively). Howéver, thege'was virtually no cgfrelation between the
intercepts and the slopes within éach task. That‘is, subjects who are char-

acterized by rapid search rates manifest this skill in both memory and visual

- search conditions, and subjects who encode efficiently ﬂo so in.both experimen-

"

tal situations. Furthermore, the lack of correlation between intercept and

slope parameters in the same task shows that the correlation of parametefs

'

across taSks is a reflection of more than.simple, general processuypeed
For a generai speed factor should show up in a ‘correlation of intercept and
slope parameters, as well as in a‘correlation of each ob these parameters in .

-
- -

different tasks. )
."” i . .

.

Despite the elegance of Ghiang And Atkinson's analysis of the relationships
among componént processing skills, the results of their attempt to relate these
skills to psychometric measures of ability are quite dlsapp01nt1ng Unfortun-
atelv, they failed to obta1n any significant correlations _bgtween the information-

*

process1pg parameters and either the SAT verbal or SAT math scores. When the

ERI
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data were broken down by, sex, some significant correlations emerg.e%, but the
’ L4

0

: pattern is extremely difficult to interpret. One possible reason for the

. o . # . S
fadlure to fipd relationships between processing components and ability could &

- be that the range of measured abilit)T of Stanford updergr.aduate students was

.
rather narrow.

q ¥

Some more positive evidence concerning the relationship between ability

.and informatién-processing skills has been found in a study by Keating and' .
Bobbitt (19"8)~ ‘' The aBlllty measure used by these investigators “was a com-
p051te score on the Standard and Advanced Raven Progressive Matrices (Raven,
1960, 1965). This test is generally regarded as a measure of problem-solying' .
abiljty in that, unlike measures of verbal ability, general or vocabulary %

knowledge is not assessed. The subjects in the expéri_ment were children from
[ [y N )
grades 3,7, and 11‘. The information-processing tasks used were the Posner

¢ '’
letter-matching task (the card-so_rtin'g variation described earlier), gnd the

. 7 .
.memory search task. In addition, tests of simple and choice rea¢tion time
! »
were includeaym the sunple reaction-time task, the subject had to mdlcate
*aé rapidly as pessible whenever a light turned red In the choice reaction- .

time task,*®the subject had tb push one button when a green Iight appeared

b J '

and another when a red 11ght appeared and to push the buttons as rap,ldly as

poss ible, - .

: .cé . ..;;‘“

The rt;su1~ts of t}&se expériments were subjected to-a n,ﬁmber of different
., ‘ I

analyseé. Anzi}ys‘és of variance generally showed significant main effects of

aée and ability /ﬂevels, such that older and higher ability subjegts performed
. ! / N ¢ [

d -

Ld
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.

. each of the tasks more eff1c1ently than younger and lower abllltv subJects
‘ ‘of pax‘tlcular interest are some of" the mteractlons between age and ab‘i;itv
- and certain task variables. For the letter- matc})‘mg task, 51gn1f1cant 1nter”~

actlons, emerged, such that the NI-PI-difference was smaller for older than for

,youngerﬂkubjects and also smaller for hlgher than for lower ability subJects
Fon the memory scanning task, there was an 1nt§ract10n between memoty set
size and ability, such that search rate was slower for lower. ab111ty/sub_]ects.,' ’
" .
lee Chiang and Atkmson (1976), Keatlng and Bobbatt (1978) attempted S
to provide (;Onst{uct validity for ‘the compOnent GDeratlons prest:med to under-
lie “the Varlous irformation- processmg tasks., To do th],s they proposed a
four stage _sequence of ba51c comnonent processes'con51st1ng of (B encodmg, .:'ﬁ .;:\@%33
. (2) operatlon (3) bmary dec151on (response selection), and (4) response
execution. Various parameters of the information prbces’s'ing tasks were e
ass;gned to one or more of the fourdsequentlal stages. Then, individual i
subJects values for these papameters-were correlated across tasks., The"dope
- was tha varl’a'bles assumed to 1nv01ve common processing stages would correlate
more hlghly than those that did not'have any stages in common. Unlike Chiang

and Atkmson no within- task correlations were compyted, The results of . . &

«+this analysis revealed that the 1ntercorrelat10n<{ among varlables having

K
. as

common stages were higher than among variables w1t‘hou; stages in common ( 66.

+
43

and . 30, respectl\slv) They mterpret«‘@he patterp of correl'atlons as_showing- .

&

that there are basic information- processing operatlons that are tapped by the

- v : [d . ‘_‘ . :
1
v B

>
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dlfferent tasks but that in addition there exists a genm’&l, speed .factor e @‘
S
that is reflected in the lower but often still 51gfxﬂf1cant c%:a%hs k% A A |

. among \arlables without hypothesl:zed comen stages. ";‘ ;- - {'
- . o , - 3,. “* %, ‘g ‘ .,,J‘
. In their final analvs1s, l\eatmg and Bobbltt assessed the relat‘rqhsmp‘ .o
}nbng three informatlon-processing parameters and measured ability vid wul- | ‘;‘A s '-9'«‘
e tip;le regres51on Jechniques? The infomation—processing parameters’were"‘::;ﬁ .
measures of det,lSIOH effn_lency (choice reaction time minus simple ret;ttlgn ‘tirgel‘b 3.
’ |
ef£1c1en|.y of memory retrieval of overlearned codes (NI-PI dlfferente],aacn:l " \?":V e}
. L3 1 Ve e
memory search efficiency (slope of the memory scanning function}. With ag’e‘ t ’ ‘:’
part%aled out, the 1nformat1on process‘\{ng measures accounted for only IS% "of
N v 5 v

Y

the variance in the ability scores, but this was a 51gn1f1cant amount of add— . <
. .

. s M . o s

ed variance. More interestingly, h&en correlations were computed for “each age
group separate—ly, the N;-I‘I ﬁlfference was always the most effectlve »varlableo -

N 3 . >~
and it accountéd, for progresswely more variance in meast&"ed' ab111ty as the .

» . 2

4N
age of the subjects increased (17%, 25%, and 32% of varlang:ezfor the threes ”
- ' . s, A

.

s - '

v R et
. o

groups in thronological order).

¢ . .. . . -
* R . , .
“ M ’
What, 1f any, systematlc findings have emerged from a consideration of
p .
AY
these various studles reflecting dlfferent approaches tp assessmg the re- \

lag\wnshlp between basic mformatwn }Iocessmg skills ‘and measures of verbal

ab;lllty" Clearly, the most unlversal processmg difference betwetn the higher )

. and the, lower ability subjects 1n the work reviewed above is the dlffereng:e
)

- between the time. for matchqné letters 1dent1cal in name only and letters thaf*” ,

. /'qre in addition, physically 1dent1ca1 Furt}fermore, Tthis difference ,e'mé‘rga‘sx

.
re . ! ’ v >
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ERIC o 22 L

- -
2 .

. - ~ . .

.d“




despite procegbral variations in the letter-matchlhg task (the discrete trial

reaction-time method and the card sorting technlgue) and for both children

Pl

* (Keating &-Bobbitt, 1978) and adults (it et al., 1975). Thusfar, we have

-

“interpreted this NI:PI difference as reflecting efficiency of memory acgess
to overledrned material. In subsequent sections,.-as the d1fference appears
in still other bodies of work Jwe shall consider whether this proce551ng skill,
is spec1f1cally ;pe of theletter-code access or whether it- may reflect a more

-

‘general progess of memory-access or even of flex1b111tv in applying information-
processing skllls. . . .
0 - .
v . - N . 3.
Another possible candidate for an operation underlying verbal ability is
the speed with which items’in memory can be compared with a test item. Keating

and Bbeigt's (1978) finding of a decrease in the slope of the- Sternberg memory

scanning function with increasing ability provides evidenee for this notion,
- 1 d

but_the e}}dence is mixed at best. On the opposite 51de we have Ch1ang and

Atkinson' faLlure to find-a relationship between slbpe and ability, and the

report of Hunt et al., (1975) that the positive relatlonshlp that was reported

v v .

earlier (funt et al., 1973) could not be replicated. And Sternberg (1975} has

reported no relatlonshlp between scannlng ,yate and measures of intklligence
w1th1n nonrnal un1ver§1€;>hnd high school populatlons The relat1onsh1p of
* memoty comparlson efficiency to ability may be a subtle gne hgvever. 1 &
(1978, 1980) has. reviewed evidence suggesting a‘rather dramaticg difference
in memory comparison.processes when the groups con51dered come from more ex- -
treme populatlons than the Varlatlon of ablllty in the normal college sample

used by most investigators. For example, groups of SUbJectsTEG,fering from
N v -

Aruitoxt provided by Eic:
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various forms—ef mentd¥retardation show much steeper slopes in the memory®

<

scanmng experment than do normal High school and college studegts Further-
mpre "Keating.and Bobkitt (19”8) report an almost 51gn1f1cant 1nteraut10n
between age and ability in'the, slope of the memory scanning function such that
. the effect of ab111:y on scanning rate becomes less important as age 1ncreases.

What this may mean is that general mewmory compariSon skills are well develqped

across ability levels within the normal range, but that these general skills

are not available to the vounger or the more severely Tow abilit,\: subject.

3

. .

A thind possible skill that may be related to ability 1s simfiiy overall »~

0

~

. processing speed. That is, more able peopl"e)may just be faster at anything

' they do. We will consider seriously the general speed factor as a source of

. '

ability differences in later sections. “At present, analyses such as those of
! . .

y
"Keating and Bobbitt (1978) suggest that although a genéral speed factor may
- exist, there are additional more specific processing skills that contribute

*
3 to diffgrences in verbal intelligence. .

Reading Ability

The ability to t’ad rapldly and w1th h1gh comprehen51on is a crocial

-

aspect of "intelligent'" behavwr in any 11terate soc1ety At & minimum,

reading involves picking up visual information from a page of print,and pro- '

cessing that information on a variety of levels so as to yield, eventually,

e , _ . . ;
understanding of the meaning of a passage. In this section we review and
. .
evaluate some of the literature that attempts to isolate the basic processes

] [{\y ,
s v

»
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Qr- components of-reading that might differentiate highly skilled from less

skilled réaders. The recent literature.on reading is-vol&xinbus, and our

review will be highly selective.
’ - PR *
* “, ’ ’

- We first dlSLUSS in deta11 a series of studies by Jackson and ‘McCelland

(19755 1979; Jack50n Note 2; see also \icClelfand & Jackson, 1978)" t‘hdt purport to-

demonstrate a very basxc visual* mformatzon “processing difference between

~

average and very prof1c1ent readers. We highlight these studies because they

combine elegance and care in experimental design and execution, clarity of\ ex- - g
» l
positien, and a consistent and intriguing pgattern of ‘results. » o
. L4 g
<

-

It has been known for over seventy years (Huey, 1908) that readmg takes ,
i 4
place: durmg pausgs or f1xat1ons of the eye,. and that faster readers make

fewer flxatlons +per page of text although-they spend about the same amount of
" time on each fixation. This suggests that faster readers may be able to pro- ,
cess & larger amount of text per fixation, and a study by Gilbert (1959} sup- -

©  ports the suggestion. Gilbert ‘presented single lines of text for very brlef
periods, and found that faster readers could accurately report more ‘of the text -
than slower readers, But, prec1s€&y what is the nature of the advantage {ast
readers have that enables them to exti‘act more information from a smgle f1x— .

) ation? The possibilities are numerous, and Jacks§ and McClellana (1975 1979)
designed their studies so as to narrow them down.
) ~
L]

.
D

A word is in order about the measure of reading ability used in these

[N

-3
.

s . P

.
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a umgversny population

-

- measure of Effectlve Reading Speed, whlx_h\ls the speed of reading the text

,  4studies. Groups,of relat1\1r§ly fast and 'average" readers are selected from*

ese, groups _have non—overlapning scores on a

I Srlal multlplledyby the 9c6re~on a very §tri\,t comprehenslon tes{ There

persuaswe rationale for Using thls meaSpre of readmg ab111t\ The

best reuders should both read qun.klv and cpmprehend much And n fagt

typically therr, fast effectlve readers do score higher on both Speed and com-

prehensjon. The groups ‘ate then put through a yariety of t sks djlgned to ..

tap partlcular proceSSmg agllltles that might distinguish them.

v
~

ct In their f1rst study, Jackson and McClelland (1975) repllcated Gilbert's

(1959) results and investigated the 00551b111ty that faster r%aders might
°p1ck up more from a single flxatlon\because they have a visual sénsory pro-

cessing advantage. E‘i faster readers actually showed no greater a§111ty to

pick up information pxbsented a® th ery of the visual. field, nop were

. thelr thresholds /I'bwer for detectmg a*smgle e er under condltlons of pre-

and’ post- ex‘posu’re atterned maskm '\\> °
T P §. / A

5 N -
, .

E) -
. -~

- - L4

. At the other extreme from sic sensory procesges, fast readers, mlght be -

‘e o

htter aq f1111ng in missing information on ﬁe bams\Q(in\text;ual cues

s they might have superlor underst:andiélg of the orthographic cohstraints of the

Enghsh language and thus be more effectlve at gu@"mssmg" letters in
. .

_ words.- Fmally, fast readers might simply be ablé' to hold moresmaterial in

short- term memory. W;\d McCtelland (19"5) found that fast readers”




" maintained their supertority over slow readers even when forced to pick
between two words differing in but a sihgle létter, both of which. fjt the
conteXt of the previous sentence but only one of which had actdbllg éppeared.

Contextypl cue$ could not guide such a choice. Furthermore, fast readers
) » . , ¢ .
¢ould report agcuratelg@a larger percentage of a string of briefly presented -

random letters, sa the superiority shows itself eveén when orthographic regu-
¢ >

larities aré eliminated. This last result also suggests that the fast rcaders'

3 . .
.

visual processifg advantage is ind¢pendent of language-comprehension processes
’respOn51b1e for our understandlng ,the meaning of what is read. Fiﬂally and -
relatedly, greater short terin memory capacity does not seen respon51b1e for -
the fast readers' superiority on the tasks described above, for they were not
superior on an audltory version of the unrelated letters task (Jackson § Mc-

c1e11anel/ 1979},

H

.
. A 0
* °

L4 ‘
What, then, accounts for tﬁé‘superior performance of more able readers in
< R . ’
extracting infoimation from a brief presentation of text or letters? The -

sults thus far point to some relatlvely central proce551ng .capacity that seems
’ visually spec1f1c but attemptlng to identify what this capacity might be re- >

qu1res-§BEE;fv1ng a theory of reading. Jackson and McClelland (1979) do not
r s
attempt such a theory, but they share, the cent¥4l assumptions of many informa-

tion-processing theories of reading (e-g., Estes, 1975 Frederlkson 1978;

-

- Rumelhart, 1977) that the process1ng of informagion in reading occurs 51mu1tan-

eously and interactively atsmany dlfferent/levels of analysis, wh1ch are loosely

hierarchically organized. In constructing a congceptual representatlon of what
N . L]
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is read (understanding the meaning of the text), it is argued, there are
’

subprocesses corresponding to analysis of visual ff&atures, tetter clus‘ters, 5
words, and semantic/conceptual meanings. The output of ‘each level of enéad—

ing and analysis may serve as input to the level(s) above it, and 'may in Wm

be vmf luenced by outbut fI‘OI;l these higher levels. The problem becomes one of

isolating level(s) of processing at which fast readers have an advantag.e.

~

To this end, Jackson ‘and McClelland (1979) {xtilized a variety of matchinge

’,

,tasks, in whicb the subject responded as quicklyj and as accurately as possible

whethey two presented stimoi§ were the '"same" or "different" according to a

. .
specifiéd criterion. The stimuli to be matched and the criterion for respond-

ing "'same” were chosen to reflect different. levels in the processing hierarchy

leading to reading with comprehension. 'I'hfg primary matching tasks of interest
B3 . .
were: letters, where the subject is instructed t© respond "same' if the
~ s

. }
letters have the same name (e.g., Aa) or are physically the same (e.g.,

AA; after Posner et al., 1969); words, wheére the subject e

- hd . ‘

¢ S . .
responds ''same" if, the words are synonyms; words, where the ''same' response 1s

.

glven to homonyms; pseudo-words, with a ''same' response to homgphones; and
$ N~
simple dot patterns, with a "same' response if the patterns are physically i-

dentical. The tasks.thus were an, attempt to reflect, respectively, the process
v o * ' -
of forming letter codes, word meanings, verbal (articulatory) word codes,, and

visual cog. In addition to the matching tasks, the test battery included

measures of listening comprehension and of verbal ability,

+
.

. ¢ . . .
The results were that fast readers had shorter reaction.times on all t‘

ERlC o . .
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matching tasks except dot patterns.' This exception is important, far it 1n\-

[y

dicates that the advantage of fast roaders does not lie in more rapid encoding .

or comparison of any visual display. I{\ the mitching tasks that did show a

LY
fast vs. average reader difference, the magnitude of the difference was gener-
3

ally proportisnal to overall response time. But again, the dot matching task,
’ M . *
which had the longest response times, dil not show a lifference beyien readers
. + -
of valying ability. ‘ PP
>

Given only these results, the fast reader advantage could lie at any or
all of the levels of process.ing presumably tapped by the various matching
tasks. But Jackson ax;d McClelland (19795 sul;jected their data to a variety
of correlational, partial correlz(tional, and r!gress{‘on analyses which clarjfy
cons_iderably the interpretation of the findings. The simple corrélational
analysis showed.that the single stronge?t pfedict?r of effective: reading speed

' 'was a measure of listening comprehensio'nl: in which the vsubjecté answered a set
of quesvions about a passage which was read tp them at normal speakmg rate
The 115ten1;1g comprehension measure accounted for about half the variance 1n}
effettlve reading speed. This measure was also statistically independent of

I

the reaction-time measures from the matching tasks. ' The strongest predlctor

o.f reading ability in this study then seems to be a modality- 1ndependent set

of language comprehe}\swn skills for understandlng and remembermg meaningful

discoursg. A subsequent stepx&ise Tegression ax.1a1ysis, with variables entered
* in the order of th; amount 01; unexplained variance in reading ability dccounted

for, confirmed that listening comprehension was the most powerful predictor of
. 4

reading ability. We will discuss this listening comprehens%on variable in more ¢

-

vdetail below. N

N E

ot K . !
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The correlational analysis indicated that the reaction-time measure which

most stfongly predicted reading speed was on the lettér name-match task, and

v

-

the stepwise regression analysis confirmed that tHis reaction-timg measure s

accounted for a signiflcant(pxoportlon of the remammg variance when 1t was

,

entered after listening comprehension. = \one of the other reaction-time measuresg
accounted for significant residual »arlame And the name-match reaction-time S
contmuved to account for significant variance in readmg speed even when lis-

tening comprehension and the other réaction-time measures were partialed out
N , -

(Jackson and McClelland, 197); Table 7). . Finally, a measure of verbal aptitude 7

(School and Collige Apt1tude Test Series II Form 1C) correlated approxmately

.45 with effective reading speed However, once the name-match reaction-time
) LA
variable was-entered in the stepwise regression analysls, verbal aptitude fail-

ed to account for any of the residual variance. |

,

- A} ®

; These results strongly suggest the letter hame—ma}ch variable is the \

. Dbest measure of the component of re?ading ability ‘that iS' picked up by the re-
action-time'fnatching tasks. In interpreting the difference on this task, Jackson
and McClelland suggest that fast readers have swifter access @ letter identityr
codes stored in long tem ruemory, a claim 51m11ar to the one ;hat Hunt ° )

- et al, (1975) have made for h1gh verbals. This is consistent.with the?ack of
any Telatlonsh1p between the reacuon t1m'e tasks and the, listening comprehensmn
task (letters were not \mvolved in the latter), as well- as with the obtained

differences between fast and average reade'{”\s on the syrfonym, homonym and homo-

phone tasks,if we make the reasonable as/sumptiorf that letter ident-i;flsation is
. N . P ° . - '
Lo . : # \ :
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N - . )
a component of fluent word idqntification (e.g., Estes, 1975; McClelland, 1976).

1

*

In his doctoral thesis Jackson (Note 2) attempted to clarify the nature of the

name*match reaction-time advantage for fast remders by addressing two questions:

Is the fast reader advantage restricted to letter codes, or does it appear when=

ever any me}singfulw(n%meable) visual stimulus is presented? Second, if the*
difference is found on other meaningful material besides letters ior words); is
is attributable to differential practice with the nameable material, or does it
occur even without differential amounts of practice? The second questiom has ~ -

some implications for the possible beneficial effects of mere practice in .

identifying letters and words in improving the performance of poorgr Teaders.

If better’readers come to the readimg situation with an already-edsting super-.

iority in ability to access memory codes for any meaningful pattern,

of familiarity with it, one would be less sanguine about the possibility that
- »

- practice could close the gap between readers of differing ability.

-

. Jackson {Note 2) replicated many of the results of the previous work by Jackson

»

" and McClelland (1979) In addition, he found that fagter 7eaders were quicker

to, respond whether two line drawings weyé¥or were not ers of the same general
category (e.g., toy, vegetable, Jusical instrument) This category match re-

action-time variable correlated -.29 w1th the measure of effective reading

speedﬁ(w1th faster reaction times associated with superior effective reading

»

* “speed). Name- match reaction time correlated -.35 with reading speed. And

MC ‘ . ‘ ¢

category -match @nd name-match reactlon times correlated .42 w1th each other

@

-
PR A .70 rovided by ERIC




Each contributes significantly to effective reading speed ‘when listening gom-

preheiion is pargjaled out. Most importantly, the twosréaction:time tasks

~
seem ti)fe tapping the same component of reading «ability, for when either is -

partialed out, the correlation of the other with: reading speed drops eséentially

)
N . N . »
to zero. So the name-match reaction-time measure 1s an index of a very general
. . .
N
processing ability to access rapidly a learned code in memory for any meaning-
1 AN

-
. .

ful visual material. .
i . : - ' .
N . . ¢ L
. - . . > . . . v o,
That this ability is indépendent of practice with the particular visual
d :

—~

G .
material processed is strongly suggested by a second experiment (Jackson, Note 2) in
.4 ! ' . . : ' : .
whic¢h the stimuli were an unfamiliar character set constructed by using fedtures

similar to those found in 1e'tte;‘s. None «of thé chaggcters closely resembled
existing letters, howevér. Fast redders showed no advantage in a ;.)hysi’szﬂ/
identity matching task. when pa;rs 5 pair'§ in total) o*f these characters
were gi)}en one-syllable z':ense names, and the subjecié were reql}iged to re~

spond ''same’ if the two characters shown had the same name, fast readers showed

~ [

roughly a 100-millisecond advantage over avérage reqlaers on this tgsk. This

difference occurred despite the:fact t};at the two groups did not differ\in -
“\ amount of practice witlh or 'pri(;r exposureﬂ t}\u.z characters, in that i)qth groups
\I“eamed the names in the same sm‘iill number of trials., .
— N ” . * ¢ . ~ )
. .

The upshot of this elegant body of research is that relatively proficient

adult readers differ from less proficient ones in the ‘rapidity with which they

can executera basic visual information-processing skill--that is, acgess from
b A .
, long-term memory to the name for any meaningful visual pattern. Letters appear
= 8 > :

a ”» -

. - .

-
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- to be the meaningm visual patterns involved in rea‘ding, ‘but the i'nfo’nnation-
processing skill at which Sroficfent readers have an adv/tage is apparently A
much more general than the ability to access the names of letters The re-
sults seem to suggest that better readers bring to reading a "talent" inde-
pendent of practice with the particula—r material being viewed, and independent ‘

of the language comprehension skills that account ‘for the bulk of the variance

in Teading ability in these studies. Though the.results are impressively ‘

) consistent from stu.dy to study, and make & coherent conceptual package, it is
" perhaps worth remembering that the correlatlon between refding ability and
this processing skill as, indicated by the various reactlon tlme tasks was/

-

generally in the .30 rapge, which accounts for only approximately 10% ny the,

3’ variance 1n the data. And even this may be an inflated estimate, smce the »
reading gr\ups were selected to,be nonoverlappmg in abilitys /,-
’ / A
. ’, . ¥ / . :

The listening comprehension measure, on the other hand did agcount for a
very largeproportlon of the variance (typically about SOQ) in effedtlve read-
ing scores in these studies. We might ask what particular skil.]f; are involved
in llstemng comprehension that would contribute to readmg ab,111ty, and the |
possibilities are clearly numerous. People who can comprehené discourse better
may have better knowledge of ward meanmgs‘ better short temn memory capacity
(although this seems unlikely; see, e.g., Perfetti § Goldyﬁan 1976), better
Wbilitv to mamtaln continyous attention in the task of/\mderstandmg ”(JackSOn &
McClelland, 1979) better ablllty to utillze structure, /and context of discourse ¢
so as maximally to devote processmg. resources where/most neéded Or a variety

/4

of other advantages. ' , . .

NS
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T‘nls last posslblllty was investigated in a series of smdles‘by Perfettl
and hlS colléagues (see especially Perfett1,& Goldman, 1976; Perfettl G !
Lesgold, 1978). These aut}lors utilized @’ varlety of techmques to investigate

the possibility \that\good vs. poor readews would be differe}\tiz.illy sepsi‘tiye to
aspects of discourse structure thatv 'migh,t be relate& to ease of ‘comprehension
of meaningful material. Specifically, they inveftigated the possibilitie%' (a)
that aspects of sentence- and thematic-strug.ture of discourse would affect
s{xbjects' ability to comprehend and remember spokeﬁ_or wnitten)d%terial, and °
(b) that good readers would profit more from discourse organizqtion thani poor
readers. Théy“pe?;?§med several éxperiments,'ahd the findingsl cohverged in

1

support of (a) but provided no evidence whatever for tb). . ’

3

Con51der memory for spoken or written material.' Perfetia. and Lesgold-

(1978) perfomed several ,"probe d1scourse experiments,'” in which the subject]'s
tésk is to read (or listen to) matenal presented to him or her. and to attempt .
to remember it. Every now and then, a probe word which had occurred ;ecent@y *in
the text is presented to the subject, whose task is to report the word (called
the target) whi‘ch had immediately followed the probe word in the text: It is_
possible t})manipulate a variety .of aspects of discourse structure'between the

target's position in the text and the occurrence of the probe ‘tfes't item, and ,

thereby to see whether ‘good vs. poor readers are différentially sensitive to
them. Perf.etti and cdlleagues did this in a variety .of studies, usirig as subjects,
typlcallyn 3rd to 5th grade smdentSff differing reading ability but matthed '
[ 10, . .

. - -
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197%8), thev-var1ed (ﬁ the number oﬂ.wordsfintervenxng betheen target and ;robe

test and whether these words were.hlthln the same sentente Or across sentence=

boundaries, (2 whether the context in which senteneea were presented to sub- v .
jects was normal or serambled,,and (2 whether the materlal 1nterven1ng betheen
L 4 ° N ‘¢ -
target and probe test item réferred to material alreadx "“given' earlier in the
N N N . ¢ - . .

.text, or introduced ‘new' material see Haviland § Clark, 1974). In each .of

«

thes?® cases,: we *would eXpect a ma1n effecy o% dlscourse stru»ture meory should

be better for material w1th1n a sentence than across Sentence lines, especially.

if a large number of wprds 1ntervened betweenntarget and test. It should also be

better for materlaf presented in a mean;ngful context. And‘it should\be better

when "'given’ rather than "mew” information intervened between targetxand test.

5,
%o

~All of these predictions were conflnned presumably because in each case the

i materlal is easier {o process when the discourse is more structured. We should
also expect in each case a p;@n effect of reading ability: Good readers should
remember more from Epoken or written passéges than do podr readers. The }esultﬁ
clearly supported this prediction as well. But are good readers more proficient
because they are better able tq take advantage of the structure of discourse?
Perfetti and.Lesgold's (1978) answer is an emphatic "mno". In no case was there
a statistical interaltjon between reading abikity and dispourse structure. Poor

readers’ memory for the material was helped (or hindered¥ by ‘discourse structure

.

{or its absence) évery bit as much as that of, good readers. Determination of ‘h;

precise nature of the listening comprehension differences between good and poor

readers clearly awaits further investigation.

’ M -
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We turn, finally, to an information-processing approgch to reading that

retains the assumption that reading can be viewed as a set 9t interactive com- .

v
ponent processes, but adopts a different method frop Jackson and McClelland for

1dent1fv1ng those prQLesses and testing thglr relatlonshlp to reading ability s ) 1
s |

We highlight this work by Frederiksen (1978, Note 3) because the theorgxlcaiuapproach

and research methods Lleaf?v have promise, although the data base on which the . ’

o

conc1u51ons rest needs éxpan51on ’ X ’ L.

- . '
~

.

. The component processes in reading hypophesized by Frederiksen are
. 1]

Perceptuaf Encoding, Decoding, and Lexical Acgess. Encoding is divided into
two processes--Encoding of Graphemes and Encoding of Multilettér Units. De-

coding is also divided inte~two separate processgs—-Phonemic.Translﬁtlon, which

.

«

involves applying letter-sound correspondence rules td derive a phonological/
. ~

phonemic representation, and Articulatory Programming, which refers to "auto-

’ s hd

. LY N . . Y
'maticity m devrjving a speech representation, in the assigmment of $tress and

Eé?qp p1051d1c features" (Frederikser,, 1978 p. 29). The component processes

IO, .
wl

;;§§umed to be hierarqgiically organ1zed although Frederiksen (19"8) ex-

pllCltly states that the initiation of ,the "higher" processes need aot neces-

N ;sarlly await completion of earlier ones. With these assumptions about the .
TR .
*rnature of reading, Frederiksen's. overall research goals were three:. (1) to
cLI T > T
&

de?i&e_information-processing tasks that should be measures of these separate

«*scomporient processes, (2) to show, By factor analysis, that the hypothesized

. - ) L
+ five procesS¢8 do best represent the pattefn of correlations among the tasks, . L.
s .
and (3) to show that the factor structure actually i$ related to scores on
i - i -
standard tests of reading &bility. . <« s 0T 3y
‘ ’ ~ 1) - - -
. - . ° - " -
. VAR . .
- - 4
» : L & T N
4 ) ) :)(; - -
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We do not here consider in detail the tasks selected (see Frederiksen,

19"8). But the gengral idea was to choose tasks such that different conditions

of a task (fo_{z exarnp];e,,tr‘esponding "'same’’ to name-identical versus physically- I
identical 1et£ers) “should place different demands on one- of the hypothesized -

. proc&sing compo’nents of reading ((n‘ is case, Grapheme En(;oding). Then,

reactidn'rtimf differences were computed betwe'en conditions for several such

tasks _i;x the expeétation that these differences should t;e. highly correlated

if the tasks tap the same component ’proce%;sv. In certain cases, the reason why

.a particular reaction-time difference should tap a particular component process

was unclear. Nevertheless,qfrederﬂ;sen (197é) found that his h;pothesized five-
factor structure (one factor congesponding to each of the five hypothesized com-
ponent processes) provide@impressive fit tatile pattern of correlations
among the eleven reaction-time C?ifferences computed. Further, he was able to

.-show statistically that simpler, four-factor models did not provide an adequate

. ¢ 4 4 *
fit. . v
~ ot * ) N .
K - ' -

- . .

Frederiksen (1978) tested the relationship between his component proces~

ses, as revealed in the factor structure for the chronometric tasks, and reading

abilityl on a samplé of 20 high school sophomores, juniors, and seniors who repre-
sented 4 wide range of reading abil'ity levels. Three measures of reading ability
were assessed, and the multiple correlations ‘of the five factors with the readirg

scores ranged from a low of .73 for the Gray Oral Reading Test“, to 1.00 for the

. . . A ' *
Total Score on the Nelson-Denny Reading Test. These multiple correlations' are

-

particulagly impressive when it is noted that none of the reaction-time tasks

defining the factors involved reading anything more complex than a single%ord‘

.

e " < 3y o
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or pséudo-word. The factors with the heaviest loading on reafling scorgs in ,
this sample were Encoding of Multiletter Units and Articu’latory Programming, -
but we do not make much of these relative weights because the sample is so small
and the findings clearly need to be replicated. For the same reason, we ¢o not
make an explicit comparison with the findings of Jackson and McClelland dis-
cussed above, save to mention that Frederiksen (1978) did find that the name-
identity versus physical-identity letter matching reactién—tixrle‘ difference sig-
nif1caf1t1y- discriminated between good and poor readers.’ Also, if the Frederiksen
resu1t§ hold up, iE should be possible to tap chronometrically what Jackson and
McClelland have called listening comprehension with simple information-proces-
sing tasks. But the most attractive featuré of Frederiksen's work is the

exdplicit statlment of a theory of reading as embodying particular component

~

processes, along with the sophisticated methods for testing for the e;(islence

of those component processes and their relationship to reading ability.
T N \

~

E

On’ the basis of the work described, we can draw some general conclusions /
about fhe information-processir}g‘abilities that discriminafe betwe;en relatively |
“good versus poor readers. The difference is clearly not to be found in low-
level‘sensory capacities (Jackson § McClelland, 1’975). Nor does it derive simély

more exposure to or greater familiarity with letters (Jackson, Note 2). At
the other extreme, good readers do not seem to different from poor readers in
high-tevel sensitivit&v to discourse structure (Perfetti § Lesgold, 1978), al-
though this is not to say that ﬁood readers cannot more effe'c/tively utilize
contextual cues in some circumstances (e.g., see Frederiksen, Note 4). All of_\ﬁhe

extensive work by Jackson and McClelland converges on the point that good readers

’

ERI!
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can more quictkly access the name of any meaningful visual pattern, regardless
’ »

of practice with it. And there is the very intriguing suggestion in Jackson

and McClelland (1979) that this abiiity may totally account for the oé'g:en-

.

found association between measures of verbal ability and reading abafity.

Finally, there 1s the possibility (aithough we are skeptical) that measures of

basic information-processing abilities, if care'fully sele'cqed. and tied to a

component -processes theorv of reading, may account Ec;r .much more of fhe}\rariance in
N

reading ability than the approximately 10} or so generally found in the literature.
Spatial 'Abilitz . - 2

: The term "'spatial ability” is often thought to refer to competence in
¢y, “ . '

encoding, transforming, generating,sand remembering internal repgesentations ‘.

of objects "in space and their rélationships to other objects and spatial po-. o :

s¥tions., Psychometru tests . providing measures of level/f spatlal abll\ty .
)

have been avallable sinle the t&me of Thurstone (1938), We will not undertake

a review of the ps*metru literature on tests of.spatial abilisy here Rath-
er, we pomt to twd' x:ecent reviews of psychometric and correlational studies of.
spatial ab'111ty (Lohpan, 1979a; McGee, 1979) that mdlcatp the existence of at

least two, separable but Lorrelated maJor spatlal facotrs and several minoy orfes.z‘

., .

. . . N . . ’ EA

“The first of these factors-:Spatial Visualization--refers to the ability

to mampulate mentally representatlons of »1sua1 ObJeLtS - Tests measuring‘ this
R
ability lqad on Guilford's (1%9) factor labeled Cognltlon of Figural Transformatio

Ll

Aruitoxt provided by Eic: N . N R




. . 3

<

A typical itezm#n‘one such test might require the testee to image a particu-

«*lar object having undergo’ng a particular spatial transfoglation (8.2

a 90 degree rbpatio'n). The picture showing the result of that spatial , .
b !

transformation must then be selected from a mtmber of alternative

pictures. The second major spatial factor--Spatidl Orientation--refers to the )

ability to determine spatial relationships with respect to an unagine& orienta-
tion of one's own body. Tests‘measurmg this ab111t) load on L,u11ford ) §1969)
Cogmtlon of Visual Figural Systems factor. A typical item’on such a test m1ght

. . s
require the™testee. to detg‘mine which of a number of picu/res of landscapes ac- .
- -

.

curately shows what he pr she would.see from the co;,}q)it of 'an ai.mlane shown

“¢ in another picture, -
, &
P "“ ¢ - ) . s

»
" Tests of‘spatlal ability have been shown to pred1ct well certain aspects

of job perfomance technical school success, and success in engineermg, cal- .

°cu1us and other mathemtus courses (see McGee, 1979, and Smlth 1964 for re-

views). From our point of view, tests of spatial ab111ty pronde\an i erestmg
pe P

place to look for attentionad and perceptual correlates of 1hte111gence for mo

- s . - . P |
reasons: First, the informatidn-processing demands of these tests (e.g., imag-
. . >

_ining transformations on visual objects) seem, intuitively, to have much in

f}:?”cpnmon with ordinary perceptual prmessmg Second, unlike tests of verbal or

y 4 Lo .

reading ability, spatial ability tests do not seem particularly dependent on ” .

.spgcific world knowledge. It might be in just this situation--when thevcon_t.r'i—' ®

bution of knowledge is minimize%——that the contribution of basic information- .
R . R .

. .processing skills to ability measures could.be mest clearly revealed. NN
; .

- . .
v,

. , L R

by

-\."‘I_n the discussion that follows, we hope to accomplish severdl goals. -
v D) . .
.First, we. review some of the infomation—procqssing studies of tasks th#t seem
. i x> .

ERIC 40 -/ :
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fto requxre skills simidar to those tapped by items on tesss of spatial ab111ty
In partlcular we provxde e\'ldenca for sources of 1nd1v1dua1 and group d1ffer~
»
ences in performance. on these tasks. Second, we examine studies wh1ch have

N - L]

specifically tried to relate measures, of spatial ability to parameters of in-

° fonnatlon-processmg models for performance on tests of spatial ability.
-~ ¢ N -
Finally, we attempt to mak® sense of the results of these studies, and we

. . . . . . N ...
. Int to potentaal pew directions in investigating th nature of spatial ability.
po po Y , 4 &j Y Y

rd
.

. P : . . . iy !
o« o - One information-processing task that has received considerable current

), o - 3 » -
. attentlon and that bears sumilarity to v15ua11..at10n items ort tests of _spatial

) ab111ty is the "mental rotation" task first studled by Shepard and MetZler

(1971) ~In_their initial eXperiment, Shepard and Metzler asked subjécts to
determine whe_the?“‘pairs of perspective drawings of three-dimensional objects
were the same in shape or were mirror images. In addition to a possible d1f-

ﬁerence in shape the obJects could differ in their portrayed orientations
e "

L exther m the picturé plane or about an axis in depth. The most significant’ v
N a
result of Shepard and Metzler's study was that the time required to make the ,

"same-" different" dxsc?lmmatxon increased linearly with the difference in ﬂhe
portrayed or1entat10ns 6f the two objects in the pair. Shepard and Metzler

-

interpreted these results as suggestmg that subjects perfomed the task by
imagining one object in the pair rotated into the orientation of t}é other
object and thenw comparing the transformed international rep}‘esentatlon with

o
the second obJect to determine whether there was a match or a mismatch in shape.

N

! - Preslmably, the slope of the reaction-time function provides amestxmate of the

v

rate at whlch this mental mampulatnon can be carled out, and ‘the intercept

' - L
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_provides an estimate of the time required to encode the two objects in the
pair, to compare them following the'mental rotation, and to select and exe-

cute the response of "same" or "different.”
Al .

Subsequenf‘studies of this process of mental rotation have shown that
when familiar visual stimuli (e.g., letters of the alphabet) are shown in-
dividually in nonstandard orientations, the time to determine wheth?r they
are ;xomal or reflected versions increases monetonically with the extent of
their depérture from the canonical, upright position (Cooper & Shepard, 1973a,
1973b). ) In. addition‘, linear reaction-time ?unctions, indicating a Procossugt
mental rotatio'n, have been demonstrated for stimuli such as random polygons

. (Cooper, 1975}, and Cooper and Podgorny (1976) have shown that the rate of

mental rotation of such polygons is unaffected by the complexity of the visual

\

figures. Orderly relatiomships between decision time and extent and/or num-

’ ber of spatial transformations have not been limited to tasks-in which the
3

transformation §s specifically one of rotation. For example, Shepard and
Féng (1972) have reported that response time for "mental paper folding' items,
similar to surface development 3})jsems om tests of spatial ability, i\ncteases .

~linearly with the nmumber of transfommations required to complete the 1tems.

° ]

-

.

Models of the processes underlying these mental transformation tasks
can’be considered as characterjzations of the operatigns involved when a
given subject solffes a given visualization item on a typical test of spatial

4
abilit)\ Is thefe any evidence from the informatjion-processing literature for

¢
d >
-
~ .
.

. . . .
3 = . N
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individual differences in mental trafsformation tasks that might ultimately
be related to psychometrically measured spatial ability? In fact, in all of
the studies ci'ted above, substantjal individual differences in both rate of

mental transformatlon and in encoding, comparison, and_response processes

have conSIStently been found. For example n the Cooper (1975) studv slopes

of 'the linear funqz;mn relating reaction t1me to angular dlsorlentatlon (expres-

sed in temms of rate of mental rotation) have ranged from 320 to 840 degrees

\

per second for 1nd1v1dua1 subjects, and intercepts have ranged form 300 to
1000 m11115ec0nds These differences are d1ff1cu1t to interpret from a psycho-

metrlc v1ewp01nt however, because the number of subjects in each study has

a

been small and the subjects have been selected from a population that undoubt-

o

edly would score high on tests of spatial ab111ty (generally, university
graduate studentS and faculty). yeed, ih the original Sheépard and Metzler'
(1971} study, subjects were initially screened on the basis of a series of

tests of spatial ability. In a subsequent study, Metzler and Shepard (1974)

systematlcally 1nvest1gated the effects of sex and handedness on mental rotation

(agam with a small mmber of subjects), and no compellmg or consistent pattems
1

emergecL 'm,the data. ¥ . ’ ’

\ior’e/regly, Kdil and his assoc1ates (Kail, Carter, _& Pellegrino, 1979

Kail, Pellegrino, § Carter, 1980) have used larper samples of subjects to )

¢

investigate both developmental and_ sex differences in fental rotation studles

< . The developmental studles (Kail et al. Py 1980) --using subjects from szrades
k 3 4, 6, and ¢ollege -- mdltate that the Yate of mental rotation increases with
+ H 2 . ’3 . N
~
>
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incrédsing chronological age, ahd also that the intercept of the reaction-

time function decreases as age‘increases. In addition, these investigators
’

found interactions between age and stimulus‘familiarity_for encoding, com-

=

parison, and response processe’s (the intercept parameter). To the extent that

- one accepts the v1ew that older subjects are generally more able, these results

suggest that mental transfonnatlon'processes are qu1cker and more efficient in

those of higher ability. :

Within g°college pqpulation; Kail et al. (1979) haﬁe examined sex differ-

.

Bl A rext Provided by ERIC

ences n perforﬂmnce on a mental rotation task.

To the _extent that mental ro-

-

3

.

tatlon tasks requ1re the same underlying processes that are measured in tests

.

By
t

of spétlal aBlllt?, such an 1nvest1gat10n is quite reasonable. For, there is a _

substantial body of literature documenting the superiority of males over females
~ *> -

on psychometric teses of both, the Visualization and the Orientation’ factors of

. spatial ability (see McGee, 1979, for a recent réview o% this literature). The

Kail et al. (1979) results can be summarized as follows: No differences were

found between the $exes in the intercept of.the.reacticp-time function, which
presumably reflects the speed of encodlng, comparison, @nd response processes.
Somewhat curiously, given the psychometric literature, overalr %ccuracx was aisc
roughly equal for men and women. The extent tp which the male and the female
data weie fit by linear functfons was also equal, suggesting that both sexes
did 1indeed use a process of mental rotation in solving these sp%t;el'problems.
The chief difference between the sexes was located in.the slope of the reaction-
time functio;s, with the men #Verall having a faster rage of rstaticn than the

women. Closer examimation of the data revealed that the variability of the

2

.
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slopes was considerably greater for women than for wen, with about 30% of the

distribution of slopes for women falling outside of the distribution .for men.

‘

v
'
.

7This study, then, is indirect support for the idea that speed of mental

°

. transformation is related }o spatial ability. The support is only indirect,
because no attempt was made to correlate-psychometrically measured ability

; Arith parameters of performance on the mental rotation task for thlS set of
subjects. ‘Néther the argument rests on the assumption that these subjects
would show the same sex dlfferences pn spatial ability that are characteristic
of other populatlons. In any event, the studies of Kail and h15 associates °
and éarller\studles of mental rotatior' prov1de compelllng evidence for individ-

{//’ ual and group dlfferences in the rate at which mental transformations on rep-

resentations of v1sual objects can be carried out. P

L]

Several recent programs of research have taken the further step of at-

tempting to relate measured spatial ability to paramgters of information-
. . \ i

" processing tasks. We comncentrate primarily on a seties of studies by‘Egan -
(1976, 1978, 1979,Wote 5) although Lohman’(1979b) has also reported an extensive
if not readily interpretgble study along these same lines. "Egan's baszc ap-

proach has been to recast items on,tests of visualization and orlentatlon

.

ab111t1es into an information- proce551ng/1atescy framework. He then examines

- N

the relationship between bverall accuracy on the psychometric tests and lateney

on the modified information- -processing tasks. He goes on to develop process

.

* B
models of the’operatlons underlying perfonnance on the information-processing

’
.
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tasks, and ke seeks to establish relatlonshlps between parameters of the

process models and psychometric measures of spatlal ability. | a

-
N Kl
v

In a11 his studies, thls subJects have been Aviation Officer Candidates
and \Javal Flight Officer Candldates An example of a psychometric test of
] orlentatlon ability that Egan has used is the\U S Navy's Spatlal Appercep-
tion 'I‘est In the standard version, the testee~is shown a partlcular aerial |
view of a landscape, and he must select from among five ai;:‘)lanes the one
oriented aPpropriatel)' so that a'pilot 41 the cockpit would see that particular

aerial viety In the ihformation-processing/latency version of this task, one .

-

landscape paired with one airplane orientation is presented on each trial,, and

the subject must determine as rapidly as possible whether they are or are not

°

, correctly matched An' example of a psychometrlc test of Vlsuallzatlon ab111ty

that he has used is the ‘Guilford- ..nmneman Aptltude Survey's Spatial Vlsuallza-

tien subtest. In the standalcd version, the testee ‘must mentally rotate an

alam clock in a specified sequence, and then select which of five depicted .

:

clocks matches tge final p051t10n in the sequence of transformatlons In the ¢
latency version of this task, only one of the five alternative clocks is shown
-- paired with another clock a_nd the‘?peci’fied’ sequence of transformations--

B »
and the subject must determine as rapi;ily as possible whether the test clock
~ .

&

accurately depicts the result of the set of mentd1 rotgtions.
!‘

\' . e

. ' )
In some initial studies, Egan (1976, 1978) found the following pattern of

-~

, ationships amonf the Lagcuracy and latency,measures on the psychometric tests
* - ’ )

: . .o .
) .



- and the modified information‘processing versions: Correlations among ac-

b4 -

.
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First, the two measures‘could be indices of separate aspect$ of spatial

curacy scores both across tests and between:the psychometric and 1nformatipn-
pro?3551ng versions of a given test were generally high and positive. Also,
latency scores'correlated positively dcross informations: zprocessing tasks.
However, the correlations hetween accuracy and’ latency measures were geher-
ally low and néﬁatlve > Th1s fa11ure to {ind a.correlat1on between the
accuracy and the reactich-time measures is not due to an unreliability in
the feaction times; for, rellapilitx of the latency measures was generally
Further evidence for the independence

.

of the accuracy and the rBaction-time indices.derives from a factor analysis
L}

.
as high as for the accuracy measures.

of the matrix of  intercorrelations, in which the latency tasks and the ac--

curacy measures clearly loaded on separate Tac:grs‘(Egan, 1978). " O

A .
t »

This pattern of results is puzzling, because the psychometric tests--<
\‘ -
on which overall accuracy is measured---are nonetheless taken under speeded

or thne-lunited conditions, us, the speed with which the mental operatlons

querlvxng complet10n of individud, item can be performed should presumably

s .
Therg are several possible

——

be reflected in the overall .accutacy scores.
~ "

" reasons for this lack of relationship between reaction time and dccuracy.

Second, the latency measure could have nothing to do w1th spatial

-

ability.

ability, as measured on psvchometrlc tesEs, but could rather reflect nothing
°

more than some ”general" speed factor. (he will consider this 'second possi-

bility in some detail in a later section of this paper.) The third and most

. » .
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interesting possibility is that while accuracy and overall latency are
not correlated, it still could blthat measured spatial ab;iity correlates

with one or more components of t reaction-time measure which reflect the
N ~

time re(iuired for differefit mental operafions. r

’
.

. .
To evaluate this third possibility, Lgan (1978, 1979, Note 5) developed pro-

. cess medels of the mental operations in the reaction-timfe tasks and agtemp-

ted to find relationships between spatial ability measures and different
parameters of the models. We consider first his process model of the re-
*
iftion—time «version of the orientation task. Briefly, the model proposes
. N .

that the subject first encodes the orientation shown in the aerial-iew agd
A '

-

the orientation of the observer in the cockpit of the airplane in ferms of

a number of different spatial dimensions (in the case of items on tdis task,

. . . .

the dimensions would be extent of rotation about three different axes in -

spate). The values of the two encoded representations; on thesa spatial
e ' ¢

dimensijons dare then compared 'sequentially.c As soon as a mismatch‘is fo;md,
the resporlée "no" can be exZCi)(:ed, and the ''yes' résponse can be executed -
only after all three dimer’x:ions jl.lave been compared and féund to match. This
model clearly predicts ;h%t the time taken to resi)ond will increase as the »
number of dimensigns.on which the two pictures match increases. The slope of

a

. the reaction-time function should provide an estimate of the time for a single)
- - . o

dimensional comparison, and the intercept should refiect) the, time needed t:or

¢

entoding °and response selection and execution. .
° . . . ' \
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Egan (Note 5) found that the group data generally fit’ the'model well, in that

.. latency scores increased linegrly with the number of matching spatial di-, ¢’
mensions. But ‘to what extent might accu acy scores, or measures. of Spatlal N
ability be related to either the rate of comparing spatial dlmenslons or to

speed of encoding and response processes® Correlations of intercepts,

?

[

sdopes, and-degree of linearity o{ the reaction-time functions with spatial
ability measures revealed only two sigﬁificént relatjonships. First, tﬁe
. degree to which the latency functiens wgfé linear was bositlvely correlated

with measured spatlal ability. Second, for a subset of the sub)ects the ¢
: JAntertept paraméigr showed a significant negative correlation w1th ability

measures. What these results suggest is that the basic information-proces-

s

sing skill contributing to high scores on spatial ability tests is eéfficiency
. . o

or speed of encoding and response processes, rather than the efficienqy

>

gWith which spatial dimensions can be compared! ‘The degree of linearjty of
“
v L)
d : the reaction-time functions may reflect the extent to which subjects were
¢
. . L8t . .- : . -
. conslsté;& in using the dimensional comparison strategy, and this, too, was

. » . >
positively related to measured spatial ability. e
+ . -
A\
‘A similar and somewhat dlsappOJntlnn plcture emerges from an analysis of

. ’

the relationship between hvpothé51-ed information-processing parane;argfgn

the Visualization task and psychometric measures of spatial ability. Egan's

«
(1976, 1978, 1979 information-processing/latency version of the Visualization
- -9

. - test is basically thed mental rotation task discussed above. The intercept of
‘the reaction-time function can b thought of as the time required to encode
’['.r \ . ‘ ./' - 9 5. -

s
. ’ -
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the two visual objects in the pair, L%>compare them following the mental '

rotation, and to select and execute, the appropriate response. The slope
3
provides an estimate of the .speed of the actual process,of mental trgns-

[

formation. (The model that Egan, 1976, 1978, 1979, propvses for this task

is siightly different “from the above account of the component processes in
- *
mental rotation. It derives from Just and Carpenter's, 1976, analysis of . -

patterns of eye fixations while subjects perfo‘rm a mental rotation task.)

v -
. 7’,:

As in hlS analym‘f the Orientation task, Egan (Note % found support froti the

group data for his 1nfomat10n processing. analysis of the Visualization task, *
- .

in that react1on ‘time increased approximately linearly with the angular dif-
ference between the portrayed orientations of the two visual objects to be

compared. However, correlations between the slopes of the functions for -

“ K

individual subjects and measures of spatial ability were generally quite

low,’ wh11e the correlation between mtercept and accuraw (the ab111t3 s

- 4 4
measure)- was a st'yclstlc}ﬂly 51gn1f1..ant - 30 Ome agam St appears that

efficiency of ef\codi ‘d@c‘mpamson pro;esses--not r%é gf mental t;;ans-
1Y

formation--1is a4 asm‘mfomatlo,n prdCessng skill underlymg S&Ual ablllty a

kd
k4

‘One further aspect of Egan's data deserveS‘ mentron . Igwaddltlor? to %he lat- ., -

qw 4 A & v

: ! 4
ency versions of the psychometric tests, -he ;m;:luded a two-‘chmq:b reauqn; -

t1me task. Latency scores on this task had generally Jow correlanons Wlt'fld,

accuracy measures s suggests that the 51gn1f1Lant cormlatlon between - ( . -
. 4 L
intercept and ability in the mental rotatiorr task really dges yéflect effi- -

ciency of visual coding and comparison operations, rather than response® R

. . . e .
[a) N " 0 - ¢ . . . [y
,‘1 <
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prqcesses'or a.general speed factor, both of which are measured in t;e
choice reacgion-timé task. y bt
. - ‘

In summary, tﬁ! Egan studies provide little suppo;t for the appealing
notion that the speed with which mental transformations such as rotation
Eg/comparison of spatial dimensions can be carried out underlies measures
of spatial ability. Rather, speed of encoding operations is weakly though
statistically significantly félated to the ability measures. A similar con-
clusion can be drawn from the work of Pellegrino, Glaser and their associates
on the operations involved in the solytion of geometric analogies (see Glaser
& Pellegrino, 1978 - 1979; Mulholland, Pelllegrino, § Glaser, 1980; Peflegrino
& Glaser, 1080). In these studies, latencies for solv1ng geometric_analo-
gies varying in d1ff1cu1ty---both in terms of the number of spatlalitransform-
ations required and the number of vleual elements that must be transformed--

"have been examlned and components of the latency measures have been corre«
lated with psychqmetr'c measures of ability. A full cons%deration of this
impressive body-of work\is beyond the scope of the present paper. ‘TWO of
their findings, however, ard reélevant to the present discussion. First,

" measures’of the rate of transformational processing were pot significantly cor-

related with ability measures. Second, there was a significant negative re-

-

lationship (r = -.44) betWeen al\ility scores and 1ntercepts of the reaction-

time functions (see, alse, Sternberg, 1977).

-

: ’ w T
Our tentative conclusion that basic processes of visual coding, represen-

"
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tation, and comparison may contribute more to spatial ability than seemingly more

complex operations such as efficiency of mental transformation does not
‘

.80 uﬁchallenged. One obyious problem with ;Pis analysis comes from the
studies of developmental and sex differences in rate of mental rotation
that weré discussed earlier (Kail et al., 1979; Kail et al., 1980).
Recall that in those studies both older subjects and, within an adulE

sample, male subjects were found to have shallower reaction-time function

o

: /. |
(fdster rates of mental rotation) than younger subjects or females. These
findings suggest that sﬁaiial ability and transformation rate are related,

e in that adults are generally more able than children and females tend to

.

. i
score lower on tests of spatial ability than do males. The argument is
not conclusive, however, because no psychometric measures of spatjal apil-
ity were available for the subjects in these studies, so d direct cotrela-

tional analysis of mental rotation rate and abplity score could not be per-

formed.
>

VT :

A much more problematic finding comes.{rom d recent study by Lansman (Note 1}).

ot P |
In the portion of this study that is felevant to the present discussion,

Lansman found a strong correlation between scores on a Visualization fac-

.

tor and slopes of reaction-time functions, from a mental rotation task.
(The correlatioh was -.50, with faster rotaters scoring higher on the abil-

1ty measure than slower rotaters.) Furthé&more” no significant correlations
N S .

. a

were obtained between this Slope parameter and other ability factors, thus .
strongly implicating efficiency of menfal transformation as a component of

speCifically spatial ability. Lansman also reported a significant correla-

.
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tion (-.25) between the spatial ability measure and'the intercept para-
me‘t&. Finally, in marked contrast to Egan's (1976, 1978) resuits, a -
high negative correlation eﬁerged between overall latency on the rotation

s
task and accuracy on the sp%tlél ab1litv measure. It 1s difficult to in-
terpret Lansman’s results as reflecting an overall speed ‘component in ability,
because the reaction-time measures on the mental }otatlon task correlated

almost exclusjvely with the Visualization factor, and not with other ability
. v X

¢ -

factors. We cpnclude, then, that there is reasonable evidence for a relation-
$ : ;.

ship between visual encoding processes and measured spatial ability, in that

.
’

R, | L . . - .
the correlation between ability and intercept is ublqu1tous.J ¢ Any evidence

w

for a relationship between mental manipulation speed and spatial ability

needs to be established more firmly, however. \

°

¥ . '

f

fn concluding this section on spatial abilit?ff:; would like to point

I3 Q ~ : .
briefly to two potentially frurtful directiogs for research on basi¢ infor-

mation-processing skills underlying spatial ability measures. One research

-

avenue, might involve assessing the relationship, between spatial ability and

#

components of information-processing tasks not specifically derived from

items on psvchemetric tests. In most of the studies reviewed above, the in-

" formation-nroceesing tasks have Been adaptations 1n a reaction-time framework

of individual items on psychometric tests of .spatial ability. Our.understand-
£ g

ing of the component pracesses underlying spatial ability might benefit from |,
research in which other kinds of tasks that provide more general measures of

visual encoding and comparison operations (e.g. "same-different" visual match-
P g,

.

Q .

MC . . . .

.
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. 1ng) are examined 1n’terms of the relationships of the processes in these

tasks to measures of spatial.ability. (See Lansman, Note 1, however, for am un-

.

.. successful attempt to relate parameters of a model &‘ the\s\entence-plctu're
» N

verification task to spatial ability.) ~ ’
¢ < . ':3 ‘
A
A second research direction might involve exploring the relationship y

between the cognitive processes underlying more "ecologically valid” spatial
°

Y

informatidn-proc®ssing tasks and psychometric measures of spatial ability. A

‘e .

topic of con§iderab1e current interest in cognitive psychologv concerns the ¢
.+ way 1n which information about the relationships mong objects and locations
v"f‘ g\ an envirenment 1s acquired, represented internally, hnd accéssed for pur-
poses of making jUdgments about that enviroriment or for purDose% ofctual
loswomotlon through the environment from one place to another (see, for example,
B‘a"mn & Jonmides, 1979; Loftus, 1976; Kosslyn, Pick, § Fariello, 1974; Stevens §

Coupe, 1978, to mention but a few recent studies).

N N

This research effort to understand the nature of the mental operations
rand representations underlying ''cognitive mappmg" has proceeded by and large
without a concern for detérmining possible relatipnships between the processes
involved ingenerating and using cognitive maps and the processes contlributing'
to measures of spatial ability. There are s’everal exceptions to this general\
statement. For example, Kozlowskl and Bryant (19"") ‘have successfully cor- 4
, related self reports of "sense of direction” with performance om\@ task re- ,
) 'lated to' leaming to locomote through an actual environment. Even qre

'
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relevant for our purposes is a preliminary set of studies by Thorndyke and .
5 Stasz (1980) These 1nves£igators-have béen examining the factors that
make partxcular individuals more Or less adept at learning to read paps of

f1ct1tou< env1ronments On the basis of an initial studv, thev identified

a varxqgv 6f proCGSSlng sﬁ%&tegle% that appeared to underlle effective map

learning. 1In a subsequent experiment, Thorndvke and Stasz demonstrated /

(a) that Lertaln of the learnlng strategies were tralnable and (b) that
v both hap-learning perfonnance and syccess in the use of learning strateg1es

- wWere positively related to a psychometric measure of spatial ab111tv These

. initial results dre suggestive, and they underscore the potential utility of
ex;mlng the relationShip between the operatiors involved in learning and using
represénggglons of the environment and ﬁsvchometric measures of spggial abilaty.
. | ~

Summary and Evaluation . . .

.
” « .

’

Thusfar we have considered* in some detail a number of studies designed
to uncover relationships between information-processing skills and measures of
ability. The goal of this- approach to studying individual differences is to

provide a theoretical framework for the analysis qf human intelligence. That

is, rather than ﬂiewing ability as some "thing" or trait that is reflected in
a global test score, the effort has been to 1solate basic perceptual and cog- -
nitwe processes that distinguish higher from lqwer ability persons To the

extent that thlS effort 1s successful, we should be able to provide an account
of the nature of the mental operations .that make individuals intelligent. But
. * M v

) -
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how sucessful has this effort actually been” Below we briefh re';'lew the

. . . .
central findings from experiments on individual Jifferences in verbal ability,

.

reading ability, and spatial’ability. MWe then point to problems in the in-
.

terpretation of the results of these experiments, as well as to more general

problems with the' information-processing appr'éach to an analysis ot abilit.

Detailed and subtle n;ethodologlcal criticisms are bevond.the scope of our

discussion. Howevér, several excellent methodological papers have recently

appeared (see, for example, Ba_rén & Tz"elmaq, 1980; Carrc;ll, 1978, tunt §

.
L4 .

. oot
Macleod, 1978; McClelland § Jackson, 19781.

~ ' R

Despite the 're’le;tivel_v large axg;ountt of experil:nental work, few consistent
findings have emerged from studies of the relationship between information-
processing tasks flnd'vernt)al. ability. The one clear result, obtained by
virtually all investigdtors, s that high verbal subjects show a smaller

" difference than do low verbal subjects between the time needed td Jetermine

that two letters of different cases share the ‘same name and the time needed

- -

' to determine that two physigally identical letters are the same (the NI-PI
difference). The general interpret}&i&r} of this result is that high verbal °

.
subjects enjov faster access to overlearmed codes in memory(letter names)

than do low'verbal subjecis. High verbal subjects may also have more rapid

-

and efficient memory scanning and comparison operations, particularly when .
< oa

the reference group is verv low ability subjects (Hunt, 1978) or children

(Keating and Bobbitt, 1978). = ¢ .
. "‘;)’ | |
Related"to the NI-PI-difference between high and low verbal subjects,

. ~
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studies of reading ability have consistently found that good readers can more
h)

quickly access the name of a letter code in memory (the Posner tash). This - =
ability; which accounts }or about 10% of the variance in reading ability, is not
restricted‘to letter cédes. Better readers can more efficiently access the
namelgf:;p{ meaningful visual pattern, even(when practice with the %attern 15
héld constant (Jackson, Note 2).T;. g'\ many investigations have indicated that
modality—lndep;ndent language comprehenionbskillglhccount for the bulkof the
variance in reading ability, iﬁgderiksén (1978) has offered a component process
model of ‘reading iﬁd devised simple réaction—time tasks for isolating those
processes which in one stqu accounted for nearly all the varjiance in reading

ability in a sample of high school students. |

In the area of spatial ability, the picture is complicatéa Ey conflict-
ing findings. However, one result that tends to emerge quite consistently is
that the interciept of the function relating reaction time to extent of sﬁ&gial
transformation 1s significantly negatively correlated with spatial abilit¥. An
interpretation of this negative correlation 1s that high spatial subjects are

.
'f&ster at visual enco@ing and comparison operations than are low spatial sub-

jects. It may also be that high spatial subjects are faster at performing
A

mental transformations (measured by the slope of the reaction-time function),

but the ev&dence is mixed (see: 1n particular, Egan, 1978, and Laﬁsman, Note 1).

s
-

Even for the few iggormation—processihg differences that have been found
to reléte to individual differences in ability, there are problems of theoreti-

cal nterpretation. We divide these problems into two general categories--

¢ .
¥
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riving from the adequacy of the heoretical analysis of the information-proces-

sing tasks. With regard to the possibility of a general speed fagtor, we
should note that in virtually all of the information- -processing tasks &wcus-

sed above response time has been the chief dgpendent variable of interest.

.

And, correlations between reaction time and ability ldvel or the magmtude of }
- reaction“time differences that relate to ability have constituted the evidence

for basic information-processing factors in intelligence. But, coulld.it not

be the case that the effic'iency of cdmnponent p;ocess_ing operat1lons- -presum- *

ably'measured by the cognitive;tasks--have little or nothing to do with

°

measured ability” Rather, more able individuals could simply be faster at

hitting response buttons than less able individuals, and hence the correl_ations

between performance on reaction-time tasks and ability level could emerge.

’
;

It ig very difficult to eliminate this pos;ibility of a general speed !

~
difference between high and low ability subjects in the case Jof many of the ’
experiments' that we have d&scu;sed. }1ow°ever, in some of the’ s‘udi;:'s, there
is at least indirect evidence tha‘t overali speed ‘is nét.the sole determinant } s
of the relationship between performance on’inf'omation-processimg tasks and -

ability. For example, Jackson and McClelland (1979) failed to fand a statis-

tically significant reaction-time\diffeﬁence between fast and ave’rage readers

in either a dot-pattern matching task o; 'g physical-identity letter matching
“task, but ‘the times for the two groups did differ reliably on a name-identity .
ietter matchi.ng task. Presw.rnablv, if the chief difference between the fast

[
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and average reéﬁers 1s one of general speed, thén the time required for

visual pattern matching (measured by the dot pattern and the physital-

identity letter pattern tasks)--as well as the time needed for name-1iden- !
:7Ly letter matchlng--ghoﬁld have been less for the high than for the

lower ability subjects. Another example of a finding that argues against a
general speed factor comes from Egap (1978). Recall that- he obtained very ¢

low correlations between choice reéztion time and‘spatigl ability while ob-

°

'taining considerably higher correlations betweén ability and cther reaction-
time parameters from his inf?rmaiion-processing tasgs. Similarlv, Keating
. sand Bobbit (1978) found higher correlations among reaction-time parameters -
which were theoretically related’ than among paramdters that were not hypoth-
- esized to be related. Agamn, if overall response speed--rather than the
efficiency of particular proce551ng operations- - 1es glfferences in
ability, then alk of thgse.correratlons between I:?fjf;\hnd reaction-time °
. .

. parameters and between the reaction-time parameters themselves should have
\ . . ‘ “ - B
been roughly equal. .

i There is evidence,'though, that strongly suggests that a general speed
factor may contrlbute substantiallv to the relatlonshlp between performance .
on information- -processing tasks and abllltv Jensen (Note 6) hais amassed consider-
able ev1dence for correlatlons betwe?p various parameters from reaction-time tasks
and general measures of ability. Indeed; by -combining certain paramegers in

* a mltiple regre551on equatlon Jensen shows that about 503 of the variance in .

measured ability can be accounted for. Perhaps -more relevant to the issue of
a general speed factor are Jensen's (Note 6; Jensen € Munro, 1979) own studié; on ,

.
’
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the relationship of reaction time and movement time to\&ntelligence. In

. this paradigm, the subject must l1ift a finger from a home key when 1,2,4,

or 8 lights, arranged 1n a semicircle around the home kev, go(es) on. The

.

subject must then turn off the light, by touching ainicroswitch directly

4 v
below it. The time taken to lift the finger off the home key, once the

-

. A4 - - s . . .
light has appeared, is defined as the subject's reaction time. The time

taken actuqlly to turn off the light, once the finger has been raised, is
1)

the subject's movement time. Jensen and Munro (1979) have reported a -.39
L]

corréiation between reacéion time and scores on the Raven'Standard Progres—\
sive Matrices d%aven, 1960) and a correlation of -.43 between movegqﬁt~xime
and Raven scores. Note that these correlations are as high as thase obtained
lbetween abi1l1ty measures and reaction-time parameters from information-proces-
sing tasks. Furthemmore, 1t 1s difficult to argue that the same operatiqns
that theoretically.underlie performance on the information-processing tasks
(encoding, memory access, etc.) are involved in the simple task that Jensen
1s studying® Jensen and Munro's (1979) data strongly suggest a relationship
bet&eén overall sbeed and ability scores. ngeve;, the ,theoretical interpre-
- zation of this relationship between speed and irntelligence is not clear. )
From these data, Jensen concludes only that intelligence fests "'tap funda-
mental processes involved in individuad differences in intellectual ability
and not merely differepces in specific kidwledge, acquired skills, or Eultural
backgroﬁid” Y(Note 6, ¢. 1).

«

’
If one accepts the notion that velationships between processing parameters
, L
. 4 . .
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- In cogmitive tasks and ability measures reflect more than a general spéed

f

factdr, then problems with the interpretation of these relationships still

remain. This second set of problems concerns the theoretical adequacy of

the analvsis of the component processes required bv the information-proces-

. .
sing. tasks. Stated stmplv, am Interpretation of a reaction-time difference

hetween groups 1n an informatron-processing task or a correlation of reaction
-
tiume w1th=a§;§1tv will onlv be as good as the theory of the component operations

underlving performance on the information-processing task. \This is vhy,

throughout, we have praised studies in which an attempt has been made to es~

.
tablish’constrwct validitv for processing operations in various cognitive tasks.
[} — - ———

- .

is.an exnmpl:{pf the relationship between theorv in cognitive psychology

.
ton of sources of individual differences, consider the »
&

sentence-pacture yerzfzcatlgn task (Clark & Chase, 1972), thot et al. (1975

*

and the interpret:

‘found that high verbal suhrects had a smaller effect of"negation thah did low
ﬁ:“ . -

verbal ﬁubjecgfwnn reaction tires for ?oth encoding an fnitiallx presented
sentence and for romparing the sentence with a subsequently presehted picture.
Their interpretation of this Jifference was tied to then-current theory of

the nature of the mental operaiions and representations involved in the sehtence-
picture verification situation. In subsequent work, Lansman (Note o) has explored
further possible relationships hetween ab1lity factors and performance on this
task. She found that both the informatien-processing model proposed by Clark

and Chase (19°2) and a modification of this model intfoduced by Carpenter and

= Just (1975) accounted for about 97% of the variance -in the group mean reaction-

time data. She went on to perform an invididual differences analysis of the




sort suggesied by Underwood (1975) as a test of the adequacy of the infor-
mation-processing models. This was accomplished by deriving parameters from
the reaction-time data that, according to the two models, provided measures

of essentially the same underlying mental processes, and then correlatihg these
- - .

two parameters across individual subjects. The results of this analvsis and
’

the derivation of the model parameters are too complex to be cgp‘ﬁfered n

2

detail here. What Lansman (Note 1) found, essentially, was that two of thé para-
- Ll
o' meters which theoretically provided measures of the same mental process, .
according to both of the models, correlated only .03 across individuals. And,
1Y

1f the cognitlveJmodels of the sentence-picture verification task were 'indeed .

accurate, then these measures should have been highly correlated across in-
» 14
dividual subjects.

”
By

What L;insmagl\'§ analysis suggests is that ne;;’er th; ClArk and Chase .
(1972) nor the Carpente'r‘and Just (1975) model gives an adequate account of
the processes underlying performance in the sentence-picture verification
task. In the absence of an adequate theory of'an infor’mtion'processing ’ R
task, any interpretation of individual differences in performahce on the task
becomes virtually impossible. (In Lan: "srgﬁd)', onlylwea]; relationships .
betwe;n abdlity factors'%nd reagtion-time parameiters were found.) It should
be noted that the; sentence-picture \ferific:;tion paradigmmis particularly vul-
nerable to this criticism. In addition to the Lansman (Note 1) study, MacLeod ‘
Hunt and Mathews (1978} have repﬁrted subsl;anl;ial individual differences in

strategies used to compare sentences with pictures. Glushko and Cooper (1978)

-
b ’

\

» - “
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hdve also demonstrated that seemingly minor variations in temporal parametﬁrs

of the task can lead to gross changes in sﬁﬁg%egies within individual subjects.
- * N

The general peint, however, which extends beyond the sentence-picture verifi-

. . . - - -
cation task, is that Interpretation of information-processing differences and
® .

their relation to differences .in ability is only as powerful and adequate as

>
current theory in cognitive psvchology.

. There are several issues in the interpretation of processing differences
that are related to the general point of the adequacy of models of cognitive .

tasks.i One of these 1ssues concerns the spec1f1LL{\ of the processés that

distinguish higher from lower ability persons. . That is, when we find that _

-a par®icular parameter of performance on a‘reaction-time task d15t1nzu15he§,

high from low’ Jblllt\ subjects, are we to attribute the underlwlng progess1ng

d1fference to somé aspect of the takh or té the efficiency of some more basic,
gener;l mental operation® Often, this is a difficult question to resolve.
Consider, for example, lackson and McClelland™s (1979) finding that good and
poor readers differed more, in terms of reaction-time performance, on a
homonym match;ng task than on the standard” Posner name-identityﬂletter match-
ing task, At first blush, this result syggests that phonolo&ical processes---
presumably tapped by the homonym tash---contribute more to differences in * .
reading ability than does a general factor of access to overlearned codes in .
memory. lowever, when Jackson and McClelland partlallééfout the contribution

of name-identity matching to effective reading speed, the relationship be-

i tween the homonyn task and ability became negligible: So, the more genéral .

.
-
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operation of memory access, rather than phonglogical processing per‘se,
was responsiblé for the differences in reading ab:llty. Another ;)bviousu
example of this issue of gemeral versus specific ;nfomatlon—processing
skills comes from the work of Jachson (Note 2) showing that retrieval of general
conceptu.al categories, rather than specific access to letters names, medi-
ates the difference between good and poor readers on performance in the

Posner letter-matching task situation.. . -
A second isslie 1n 1nterpreting the relationship between reaction-timg
and ability ‘d1fferences concerns the p;ease location of the source of in- -

dividual variation 1n the infom’at?n—p.rocessing sequence. To the extent

that we adt;pt the view that component informatjion processes are interactive ~
and mterdependent“-ra’ther than strictly s.érml or parallell, and independent--
then it will Be difficult to determine just which processes égr}tribut.e, to
individual differences in abjlity. For, differences in lower-level proces-
ses, such as accessing learned information from memory, will influence the
eff\i\c1;ncy. of operation of higher-level processes as well. Mc(lelland and

Jackson (1978) elaborate this point, with fespect to the particular example

of information-processing determinants of reading ability. Quoting them,
2

)
It is also worth noting that accessing information in memory .
] < v

may well influence other }mportant components of the reading
process as well. Within the conte)Zt of models in wjich ail
components of the process are s{:rongly iﬁterdependént (e.g.,
Rumelhart, 1977) it is clear that accessing syntacti

semantic, and lexical information in memory must 'be
. |

s .

-t
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irnportan€ determinant not only of comprehenson 1tself,
but of the actual process of picking up 1nformation from
the printed page. Faster access to the semantic and syn- ¢
tactic properties of words picked up 1n one reading fixat‘on
will leave the faster reader in a better position to use
contextual 1nformatipn to inter letters and’words he has
not fully processed from the page, and to guide the move-
. 1
ments of the eye to an advantageous position for picking
up infomg'gion on the next fixation. Indeed, 1f we adopt
an mtelra:tig model of reading, there is hardly any aspect
of the reading pnpcess which will not be facilitated by

more efficient access to information in memory, (pp. 200-201)

The final 155ue that we mention concerning mtelpretuti‘on af mfor/ .
Jnation-professing skills underlying individual differences in ability 1s
the tempomlj St.’lbl]lt) of the demonstra?ed or hypothesized processing
differences. The studleb reviewed ahove are essentially silent on this
matter. While Lertam reaction-time differences (e g., the difference
between the tunes for name-1dentity and physical- 1dent1ty letter matching)

have been shoWn to be stable correlates of \erbal and reading ability

-

acorss different variations of ,the matching task, dlfferent groups of
aglult subjects, and different developmental lé:/els, there ‘has been vir- _
tually no atter;rpt to show that glven\groups of subjects that differ in
ability also continue to differ in the magnitude of an information-proces-
sing (hfferen;e over tume. The demonstration of such temporal stability

- of processing dlfferemes—-alleged to constitute sources of 1ndividual

differences in ability--would seem important to estahlish.

. | 63
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In concluding this section, we‘must qpt; that, despite the initial
promise of the attempt to combine psychometric and information-processing
approaches to the study of individual differences, the magnitude of the
relationships between ability measures and basic processing parameters
appears* to bg small. Correlations between psychombtric measures of
ability and information-processing operations have hovered aromii .50.
Why migpt it be thai component 1nfonnat1on-proée551ng skills fail to

;aﬁcpunt for much of éie variance 1in ability scores? There ;re se;eral
possibilitieﬁ;Jall of which could be contr1but¥ng to the weakness of
these relationships. .

.

I iy . 3 :
One possibility is that the ability measures that have peen correlated
with performance differences on 1nfonnat1on—pr6cessing tasks are sumply
v 1]

too global and that higher correlations could be obtained Between processing

parameters and more refined subscales of ability. Another possibility is
that the information-processing tasks that have been studied are not sensi-
tive enough to reveal sources of .individual differences. A related idea

(discussed 1n more Jetail above) 1s that models of these cognitive tasks
. ’ N '

are inadequate, leading to the selection of inappropriate processing par-
ameters .for correlational analyses with.ability differences. Still a

third possibility is that basic information-processing skills in fact are

)
weak determinants of ind1vidual dafferences in ability. In the case of
verbal aQi]i{y, in particular, 1t 1s quite conceivable that general knowl-

¢
edge faetors influence test scores more heavily than do component content
?ree perceptual and cognitive factdrs. At a more general level, it could

be that while differences in basic information-processing skills provide

o E6
ERIC
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a‘reliable (1f small) contribution to individual differences 1n ability,

.

strategies for selictlng compenent perceptual and cognitiwe operations
[
and flexibility in attentional factors provide an even greater contribu- -

tion. e consider this tinal possibility 1n more detail 1n the following
- section.

The Role of Strategies and.Attention -

m Individual Differences Ability,

”
e

The generally low Lorrelatlons between basic 1nfonnat10n -processing
parameters and individual differences in ability have led to the suspicion

that other, more flexitde aspects of cognitive functionjng may make more
-

substantial contrlbutlons to intelligence than‘do low-level processing .

-

skills. . These additional aspects may include strateg1es--the methods -

that one selects for approaching a task or solving a probtem--and general

¢
attentional factors. This point is certainly not a novel one. Hunt

L4 - !
(1974), for example, has«d;siinguished between two quite different strate-

gies for completing i1tems on the,Raven Progressive Matrix Test of general

1f%elligence. Ore stritegy 1s based.on an algorithm that relies on

» - . * . - '.
Gestalt-like perceptual factors, and the other strategy is more analytic

in nature. Sternberg (1977}, .too, has-emphasized the umportance of

strategies, or the ordgr 1n which component processing operations are
\d

”
combined, in the solution of analogy items. _ ..

©

Recently, bath Baron (1978) and tunt (1978, 1980) have pointed to
. ¢ N . ¢

several sources of individual differences in intelligence, The basic

.

distinction that Barén makes 1s between capacities, or unmodifiable ’,aﬂ" °
- g
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information-processing limitations, and strategies, or modifiable pro-

’

e’ r

cedures for organiz 1ng, cognitive pro«.esses in dacqulring }mo“ledgé and
solving pro%f Hunt's dist mctxon 1s basically the s‘ime, but to the
Al

l1st of sources of individual differences in competence he adis general

-

cognitive energv. "
~~

vigorously for the importance of strategies 1n ability diffevences, and

-
attentipnal resourdes or Baron (1978} argues

he marshalls considerable empirical.evidence--primarily from de\elop-\\ *
mental studies and ,work) on human memom --1n support of his argument:.S
He concludes this progocafwe paper by spec.ulatmg about the nature of
central strategies (thc%e which transfer to bothhno\\}r'nm familiar
situations) that might make some people appear more intelligent than
P
others. The central strategies that Baron considers most unportant 1n-
clude. relatedness search, the strategy of searehmg memory for jtems
related in some way to an item that is presented; st1mulu<, analysis, the

‘

strategy of sprocessing a stimulus 1n terms of 1ts component parts of

.

dimensions; and checking, the strategy of suppressing n n1tial response
in order to evaluate other possibilities. In the section belou,zﬁe too

Lo
emphasize the contribution of strategies to individual~differences in
»

performance. Our discussion has two parts. In the first, we provide

-

evidence for a relationship between strategies and differences in measured
‘ »

v
ability. In the second, we s€1ect1ve1> review evidence for qualitative

individual differences in strategies whose relationship to intelligence

- , .
is less clear. ke conclude this section with a brief consideration of ,
L

individual differences 1n attentional resources and mechanisms.
* (
.
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Strategies
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B v
L

One reason why 1t 1s difficult to study stIategles experimentally
1s that we rarely have a clear notion of what Sorts of'strategies are
avallable for performing cognitive tasks until we observe compelling
indivadudl o: group ditferences in-patterns of data. Once we have

isolated different strategies in this fashion, we can ask farther ques-

7 tions concerning their trainability or man1pulab111ty by performing
experxments i which dxf}erent groups of subJects are 1nstructed to use
ORne-strategy or another A very nice set of studies following essentially
this line of reasonang and‘~further providing evidence about the rela-’
tionship of strategies to ability, has recently been reported by bbcLeod
Hunt, and Mathews (19/8) and by Hug} (1980) In the 1q1t1al experlment,

“MacLeod et al. had two aims. They were interested both i testing al-

terhative models of the sentence-“picture verification tas¥ and in relating

performance.on the task to psychometrxg measures of verbal, reading,
and spatial abilities. Both of the models, one proposed’bybCIark and
Chase(197°)and the other propoéed by Carpenter and Juse¢ (1975), assume

, that sub)ects use a llngu15t1c strategy in performing ‘the task, in that
\

thev encode both the initially- presented sentence and the subsequently-
xpresented pxc;ure 1into propos1t1onal representatlons for purposes of
compar1ng the two The models dlffer pr1mar11y-1n the nature of the

matching operatlon but both models predict that the variables of nega-

-

tion and linguiggic markedness should increase the time taken to perform

the veri'fication operation.
E
* -~

A

o
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In Maclexd et al&g préceaure, the time faken to encode oy compre-
., -
hend the 1nitial sentence and the time taken to perform the subsequent

. . . N
verification were measured 5epardte) The fit ot the Carpénter .nd Just
. , .

model to the group mean verification-time data for Jdifferent %entence
: types was 1mpressive. The model accounted for 39.4% of the'variance 1n

»reaction times. However, correlatrons for individual subjgets” between
’

‘ e [

i ~ '
model pre_dﬁ‘l’ﬁon§ and verificatzon times were quite variable, ranging

from .998 t4'.877. In order to investigate these individual differ-
. ; .

enées in more detaif, they divided their subjects into groups that were
“"well f1t' and "'poorly fit" by the model. The data from the "well fit"
group showed strong effects of the linguistic variables (captured 1n

sthe difference sentence types)‘ while the data from the ''‘poorly fit"

~
o

group showed virtually no effect of the linguistic variables.

.
.

- The failure to find linguistic effects in the "poorly fit" group
? .
\
suggests that they may use a fundamentally different strategy i1n compar-
ing sentencgs and pictures. One such strategy--primarily spatial in

nature--would, 1volve generating a visual image of the relationship between
-

b .
the elements described in the sentencg during the comprehension interval

¥ *
and then directly comParing this generated visual image against the

picture during the verification interval. Contrast this with the "lin-
A -

~
guistic” strategy of comverting the picture thto a propositional repre-

. . A
sentation for purposes of comparison with the Iinguistically-encoded
vepresent@tion of the sentence. The use of these different strategies

siggests several hypotheses concerning group differences in the pattern

of reaction-time results. Specifically‘, the spatial strategy should

N

* A
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o .
require considerable prmessmg, t1me durmg, comprehensxon--when a visual.

image of the elements related n the 5entence is bemg g,enerated--and
little processing time during verification”-when the generated image 1s
bewng directly compared with the picture.  The linguistic strategy should
yield just the opposite patt‘em. During comprehens%on, the sentence 1s
bemg linguistically encoded, and this encoding should be relatively
rapid. During verxfﬁ:ation, however, the picture must be converted into
a linguistic representation, and 1t mt;st be compare:i with the interal . !
representation of the sentence. The MacLeod \et al. détai confirm these
o "bredic.tionSv nicely. The "poorly fit" group had longer compreﬁension
‘times than did 'the "well fit" group, as they should were they using a
-spat1a1/1magma1 strategy. And, the "poorly f1t'" gfoup also had shorter
verification times than did the "well fit" groups which is again consis- -

) . .

tent with the proposed differences in their strategles.
40 e . '
- Even more intriguing are the relationships that Macleod et al.
found between 'strategy use and psychometric measyres of ability. Partial .
; b

correlations be.tween verbal ability (with spatial ability held constant) .'

and ver1f1c;1tion time were -.44 for the "well fit” group and -.05 for .the
\"poorly fie” group. Similar correlations with spatial ability were .07
for the "well fit' and -.64 for the "poorly fit" groups. Tperevwas a
significant correlation (.35) between sex and verificatign time for the_
7 "'poorly"'fxt group, but not for the 'well fit" group. Thit provides o
: additional’ evidence that the "poorly f.it" sulwects were using a'spatial

strategy, 1n light of the Telationship between sex and spat1a1 ability,

hnaily, inspection of the actual test scores of the two groups of.

ERIC
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subjects revealed, that they did not differ with respect to verbal ability,

but the "poorly fit" group had cons'lderably higher spatial ablllty scores.

In conclusion, this study presents a \arwt) of converging evidence
concermng the use of altematue strategies in a "sumple' information- -

processing situation. If strategy choice can alter performance so .

.0 . AY .
markedly on this sentence-pictuge verification task, then the potential
/

wmpact of strategy selection on the solution of more complex ‘problems,
undoubtedly’ 1ncluding items on tests{of iﬁt.elllgence may be great in-
deed. The relationships between strategy use and psychometric measures
of ab111t§pare some of the most mtr1gumg of the Macleod et al. results,
particularly the finding that subjecfs with high spatial ability tended
to rely on a visual strategy. Does this mean that_ strategy ''selection"
is in some sense automatic--dictated by one's relative abilllty and not
.under conscious control? The results of a recent study by Mathews, Hunt,

and Macleod (cited in Hunt, 1980) suggest qu1te the opposite. These

investigators replicated the patterr of data from the original MacLeod

et al. experiment, this time predicting {correctly) in adgance on the

basis of psychometric scores which subjects should adopt spatial and
which should adopt linguistic strategies. In later phases of the experi-
ment, the same subjects were instructed concerning use' 8T the two

strategies, and it was found that they could behave in jacc‘ord with e1ther

s . . v L. .~ -
of the strategies when instructed appropriately. Thus, while an individ-

.

ual's.choice of the type of strategy to apply--when optional--gay be’
M N ° ]

“related to relative ability, there nonetheless appears to be considerable

flexibility and trainability in-strategy selection.

“er
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This conjecture ;s supported‘by recent studles'by Sternberg and

Weil (1980). 'These 1ﬁvest1gators presented subjects w1tn linear
syllogisms of the form, "'X 15 taller than Y, Y 1s taller than I, who
v 1s.tallest™. They hvpothesized.that the serategies used by subjects

to solve rhese problems would be related to their levels of verbal

and spatial abilities. [he hvpothesis was confimed, with response '
tumes of subj8¢ts who used a Linguistic Strategy being COrrelated W1th
, verbal ability, but not with spatial ability scores. The reverse
cof?%laﬁlonal pattern was obtalned‘for subjects identified as using
a spatial strategy for solving the syllogisms. Of additional 1nterest
«In this studv 15 the flndlhg that 1nstruction as to which of severil

— . alternative strategies to adopt led to clear differences 1n the nature

of the models that best fit the data.
i~
There are other sources of evidence for qualitative individual dif-
* - ferences 1n the perceptual and cognitive operations that are used to
, per;orm a given task. One of these sources cdme@ from the literature
on 'cognitive styles." Detalled COns1deratxon of this large and complex
llteratuxe 1s beyond the scope of our di1s®lssion (but, see"Messick, 1976,
for'a recent review). e mention th}s l1terature only because there
«
are sliggestions that certain Cognitive styles may reflect strategy dif- .
ferences, and that these differences §3e related to 1nteiligence. Witkin
- {1964) presents evidence that the "f1eld independence-field depepdence' o’
axmension of cognitive style correlates with intelligence, with more *
. d

intel ligent <NJ ects being more field indepeﬁaent. Jelniker and’ jeffrey

(in press) suggest that the "impulsive-reflective” dimension of"

A}

o # ’ .

fRIC 5 ‘.
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cognitive style in children derives frop strategies for attending to
global versus detailed aspects of visual stimuli. And there 15 sope .

evidence, though conflicting, that reflective children (those who -

. process stimulus details) score higher on nomerbal intelligence tests J
(Messer, "1976). - .

‘Another source of evidence for individual differences 1in per-
ceptual and cognitive strategies comes from recent experiments 1n the
information-processing tradition. In these experiments, strategy dif-

, .
ferences have typically not been related to psychometric measures of
mntelligence, We consider these expeqrimer{t‘s hnpo;tant, though, because
they purport to demor'xstrate qualitative processing difference} between
individuals 1n relatively simple p;:rceptual and cognitive'tasks“tasks
often sumilar to those used 1n the search for basic information-process-

4 ing correlates of ability.: To the extent that individual differences
’ )

1n Strategies are apparent in even basic information-processing situa-

tions, we have reason to believe that they must operate as well in more -
complex forms of intellectual behavior. Below, we review some of these
-’ . ] . -

experimen?®s in more detail. : \

(.)ne set of studies on 1‘p'd1vidua‘1 d1fferer71ces in modes of perceputal
processing comes from the wo‘{"k m;S\e:r and her collaborators on visual

) "saxne-differe;xt" patéem matching (see, in particular, Cooper, 576,
1980a, 1980b; Coopﬁ?r and Podgorny, 1976). In thg basic paradigxrl in 7 : '
a

which the processing dJdifferences were first discovered, subjects were \/

required to determine 4s rapidly as possible whether two successively

ERIC . . . ~
L4 .




- presented random polygons were the same or different 1n shape. The
s¢cond (test) polygon presented was either 1dent1cal to the first
{standard) or it dlffered by a random perturbation in shape. Further,

the "different'” probes varied in their rated simtlarity to the standards.

0:

Inspection of the data of individual subjects revealed two dis-
tinctly different patterns. For the larger subset of subjects, "dif-
ferent” reaction time descreased moqgtonlcally as dissimilarity between
the standard and the test shape increased. ''Same" reaction time was
1ntermedipte in speed-faster than the slowest {most high}y similar)
"different" response, but slower than the fastest (most dissimilar)

"'different” response. . For the smaller subsgt of subjects, "different”
reaction time was unaffected by similarity®of the test shape to the
'standard, and average "same;'react}on time was faster than any average
'different' time. This second group of subjects was also considerably
+
faster overall than the first group. Furthermore, despite the marked
- differences 1n their reaction-time performance,‘the two groups of sub-
Jects did not differ in either the magnitude or the pattern of the:r
errors. For both groups, error r;te decreased ﬁonotonically with in-
creasing dissxmilap{ty between the standard and the test shape.

. 3 .
The constellation of differences in pdtterns of performance--1involy-

ing overall response time, sensitivity of reaction time tO-SimilaTitYThgb
L4 i
relative speed of the "same" and the "different" responses; and the
>
relationship between reaction time and error rate--led Cooper (1976,

1980a; Cooper § Podgorny, 1976) to argue that the twmo types of subjects

Aruitoxt provided by Eic:




used quite different meﬂfal operations in comparing a memory represen-
tation of a visual shape with another, externally-presented visual
test shape. The subjects who were affected by siﬁ11arity could be ~
using an analytic comparison strategy, comparing the‘memory represen-
 tation of the standard and the visual test shape feature by feature.
This xggéd exa’dln the decrease 1n reaction time with increasing dis-
sunilarity, becauselthe more features that distinguish the memory
representation from the test stimulus, the earlier will the comparrsoﬁg
process succeed in finding one or more of those differences. The sub-

« Jects who were unaffected by similarity could be using a more holistic
comparison strategy, performing a parallel, template-1like «<omparison,
in an attempt to verify that the memory representation and the test
shape are the same. This holistic "sameness" comparison would explan
both why the "same' responses of these subjects are faster than their

-"different” responses and why the '"different" responses are not affected
by similarity. For, the "different” response could be made by default
if the "same" comparison fails,,requiring no further stimulus analysis. '
{For more details concerning the nature of these hypothesized comparison

#trategles, see Coop;r, 1976, 1980a.)
« B

. Having isolated these performance differences in a number of in-

dependent experiments, Geqﬁg} (1980a; 1980b) went on to consider the

related questions of (a) wyhether additional pvidehce for the nature of

underlying comparison zérategies could be obtained, and (b) whether a

given individual's comparison strategy could be changed by various

stimulus and judgmental manipulations. ' Unlike.the Mathews et al. results,

FRIC ‘ ‘ -
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sults consistent with an analytic mode of processing. Presumably this 1s

b

informal observation suggested that in. the visual comparison task sub-
\
Jeécts could not modify their natural strategies by mere instruction as

to the nature of the alternative strategy.

{
*

On the other hand, Cooper was successful 1n a s€ries of experiments

1N causlng some subjects to change to an alternative strategy by creat-
.

ing information-processing démanzs that naturally drew upon one’strategy
type or the'other.' Some of thé central findings gan'be summarized as
follows: When the “same-difféerent” task is modified to inco}porate the
explicit detection of differences between the standard and she test
shapes (by requiring subjecfs to determine the approximat& location of
a differing feature), some "holistic" subjects will switch to an "analytic"
strategy. Presumably, this 1s because the detection of differing features
is a natural part of the analytic strategy, bd@pthis information is not
available to the holistic comparison operation. When the visual materials
used 1n the compav1§9n‘task are mu1t1dimgésional stumuli (two alternative

shapes of two alternative colors and sizes), then all subjects show re-

because stimuli composed of such separable dimensions (c.f., Garner, § *
1974) cannot be 1integrated into a holistic internal representation and
used as a basis fgzbvisual comparison. On the other hand, when the visual
. N
materials used in the comparison task are photographs of human faces 4

»
varying in their rated similarity, almost all subjects give results con-
- @

sistent with a holistic mode of processing. This finding is suggestive

in liggg of thg current belief that configural prbperties offaces make

them difficult to amalyze in tems of their component parts or.features

. . )
’ . Y




N . «
(see, e.g., Carey § Diamond, 1977). So, these and other findings
(Cooper, 1980a, 1980b) indicate that individual subjects approach
even this very sumple visual information-processing task with dif-
ferent preferred stra'tegu;s which are, to some extent; manipulable

4
with changes i1n judgmental requirements and variables of stimulus

3

strycture.
To what extent might there be a relationship between ability and .

choice or use of a holistic or analytic comparison strategy? It is

very difficult to evaluate this~Question, becalise 1n Cooper's studies
the sample sizes were quite small, and no psychometric measures‘ of
absility were avilable for th'ese subjects. It is worth noting, how-
ever, that the subjects were drawn from a population which most likely
is relatively honogeneous with respect to ability scores. Many (in
some studies, the majority) of the sub_]e:x:ts were graduate students
and faculty at universities. It is also the case that the two types
of processors did net differ in their overall mangitude or pattern
of error rates, so neither strategy type produced more axccess at *
the fask as indexed by the error rate measure. It could be :;xégued
L -~ EEEEEN
that in terms of optimizing all aspécts of performance, the holistic
- strategy is gpiperior to the analytic strategy. For, the holistic
subjects have; fast'er responsé times than the analytic subjectss they
fail to show effects ity, and they do this with no detect- -

able cost in errors. The holistic subjects also seem‘more flexible

ERIC . ‘ , .
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going beyond the data. While amy relationship between these processing
strategies and ab111t) remains elusue the existence of marked individ-
ual differences in preferred modes of pro;ebsms, visugl information

. 6 . -~ v
seems relatively clear.” -

. Hock and his associates (Hock, 1973, Hock, Gordon, §*MaTcus, 1974; T .
'

Hock, Cordom, § Gold, 1975; Hock § Ross, 1975) have proposed an infor-

mation-processing dichotomy in "same-different” visudl pattern matching

" tasks which, superficially, seems related to the "holistle"-“anal)'tic"
dist_inc 1on proposed by Cooper (1976, 1980a,.1980b; Cooper § Podgorny,
1976). Basically, Hoc!;'s ”search strategy consists of manipulating some
+  aspects of stimlus'structure in a "same-different" comparison task. N
For example, Hock (1‘_373) presented pairs of'dot pattemskor "'same -
cli‘fferen:’.” comparisor;‘, and those dot patterns ¢ould be either symmetrical
or\ aS)mune'tric':al an.d familiar or unfamiliar (manipulated by both pre-
. training and by rotating pretrained patterns 180- Jegrees f.rovm their
familiar orientation). Mean ''same" reaction-time dMrences attributable
to the stimulus manipulations are then computed for each subject: In the
' case of the Hock (1973) study, this consisted of determining, for individ-
ual subjects, the d1fference bgtween reaction t1;ne, to asymmetrical and l
symmetyical péttems and the difference between reaction time to familiar
: 1
~z}nd unfamiliar (rotated) patterns. These reaction-time.differences are
then’ eorrela.ted, and when a statistically significunt positive correlation .

ned, 1t is argued that there are individual differences ainétr'ate—

g1es for processing visual information. (Additignal Stimulus factors

FR Y
lock and his associates have investjgated in essentially the “saze .

‘ 79. -

Aruitoxt provided by Eic:




3 ;

. way'include physically-1dentical versus name-identical letter pairs,
Hock et al., 1975, and intactness versus embeddedness of familiar
visual figures, Hock et al., 1974.) -

Hogk characterizes these putative individual differences as
emphases on,''structural” versus ”analyt;c” modes of processing visual
stimuli. The "structural” subjects are those who are affected by the
.

stumulus manipulations, and they are thought to process visual material
-on the basis of configural information. The "analytic" subje;ts are
relatively unaffected by the stimulus manipulations, and they are claimed
to process visual material on the basis of éomponent parts or feagyres.

N
There are two central questions that can be raised/concerning Hock's

classification of individuals as "structural" versus ”aﬁ>§yt1c” processors

of visual information. First, is there any reason to believe that this

5

"structural"/"analytic" distinction corresponds to the ™wlistic'/

"gﬂgiytic” distinetion proposed by Cooper? Second, and more important,
ompelling are Hock's evidence and arguments for individual

differefites in modes of perceptual processing?

With respect to the first issue, there are several reasons for

quest1oning a possible relationShip between the processiﬂé differences

proposed by'Hock and those‘ﬁropés?d;py Cooper. First, the differences

that Hock reports are quantitative--inferred from correlationa] evidence--
- and are found for "same" response times only. The differences tiat

Cooper reports are more qualitative--baSed on patterns of performance--

»

and are obtained for both "same" and ‘ﬁi;fferent” response types. Second,

ERIC 80 . -
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N

the "'structural” subjects n Hock's experiments (presumably c&rrespond-
1ng to the "hol1st1c” subjects 1n Coober"s experiments) are generally
.slower overall than the "analytic” syplects, Cooper fl;ds Jjust the
opposite, wxéh "holistic" subjects considerdbly faster than "analytic!!
ones. Thard, and perhaps most conclusively, Cooper (unpublished data)
pcrfbrmed Jnexperiment d51ng groups of "holistic' and ”analytlc"j
subjects in which the same stimulus factors manipulated by Hock et al..
- .

K ’j1975)—°0r10ntat10n of letter pairs and physical versus name ident1al
matches--were used. There was no systematic difference 1n\the sensi-
tivity of the reaction-time performance of the twd groups of subjects

—
to these stimlus factors.

.With respect to the second 1ssue, 1nspection of the data from
~ Hock's experumgnts reveals that the evidefice for group differences n
performance 1s surprisingly weak. Arguments for the "structural'/
"analytic" processing dichotomy derive from correlational evidence,
and these correldtlsns are generally based on a small number of subjects
and frequently achieve only marginal levels of statistical signiflcapge
(e.g., 1n Hock, LQZS, r=.60, p<.05, \-24; 1n ﬂock, Gordon, §& Marcus,'
1974, r=.73, p<.001, N=32 for [xpgrlpe%x 1, but r=.40, p<.05, N=32
for Experiment 2; 1in Hock § Ross, 1975, r=.41, p<.05, N=24). Even
. N
more disturbing, in some cases these correlations appear to be the -
result of the presence of a small number of gftreme observations
(see, in particular, Carroll's (1978) reanalysis of the Hock, 1973,
data after elimination of these extreme cases). There 4s another

quite different, reason for questioning Hock's division of subjects
.
A

3
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into "structural" and "analytic” groups. This 1s the lack of a theo-
retical basis for predicting which type of information processor should

be relatively more affected by which sorts of £t imulus mdnlpulaflons.

That 1s, the performance difference that Hock and his associates report

is betweeh subjeets who are relatively more or less affected bv-stimulus

manipulations. But they provide no independent reason for predicting

that lack of sensitivity. to stimulus variables should necessarily

<

mply "analytic'' as opposed to "'structural' processing. We conclude,
then, that the ev1dendﬂ"and°arguqments fog, the "structural'/"analytic"

processing difference are inconclusive, and that even 1f valid, this
: N

difference bears little relation to the 1ndividual differences 1in modes

of visual comparison reported by Cooper.

As a final candidate for possible qualitétive indiV}dual differences
in perceptual and cognitive professing--rather unlike the visual compari-
sgh differences discussed abovs--we consider the work of Day (1970,‘15;33,
1973b). Day (1570)\has reported that when presented with components of
words to the two earp at approximately the same tume (e.g., ”lanket”'to,*

. - -
one ear and 'banket'] to the other), people differ markedly in what they

me 1ndividuals report the two components as fused '

report hearing.

(i.e., they report hearing the word "blanket”), while other individuals

N

rep&rt the two gomponents separately.(1.e., they report hearing ''lanket"
and '"banket" 1Adividually). When number of individuals 1s plotted

against fusign rate, the distribution isfétroﬂgly blmodal‘;Dayfw1970),

suggesting the possiblity of qualitative individual difference in ﬁgr—

ceptual processing. Furthermore, individuals who tend to fuse items

.
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in this dichotic listéﬁlng task are also poor at detennin{ng which of
two items, presented separately to the two ears, arrived first (Dav,

‘ 19767.* They also have shorter digit spdn; thn do non-fusers (Dav,
1973a), and: they are less successful at learnin.cy a "secret language”
in wh1ch the "'r" sounds 1in kords mu%t be pronounced as "1 _sounds,,

and vice versa’ (Day, 1973b). * :

3

.. &

Day has attributed the source of 1nd1v1dual differences to the : g

way in hthh the twp types of sub}ects encode information from the

environment. The people who tend top tuse in the d1chot1c listening
~ ®

stask, or the"language -bound" subJects, are thought to enche infor-
mat;on througH a linguistic filter. That- is, they are unable to . o
dlsregard‘nules of the language in processing external stlmull , Henice, S i

N they tend to perceive separate 1nputs as form1ng hngl1sh words, and

+ -

they have’ dlfflcultu with: tasks such as the "rt . "1” revers&l, in )
v whlch the integrity of fam111ar 11wgu1s€1c materlal 1s destroyed. Thé

* individuals who report the two inputs sqparately are characterized as
. . p :
» - - . . .
"stumlus bound,” or "language optionaf«” They are able to encode

external stumuli quxte accurately, and thev are not affected by 1in- .

guxst1c constraints except in situgtions in which using those con-

Poat

straxnts will dctually merove thexr performance, . : c ‘ .

X}

. N v ' v o

" The “language-bound”/”langunge-opfional" distinction has received

consxderable attention because the 1nd1v1dual differences seem striking,

‘and théy may be arising from very bas1c dlfferences in strateg1es for

perceiving external 1nfqrmat1on,‘ But, how well has this dﬁchotomy held
» Q. .

. . -,
: . e




up under systematic replication and various pro::edural mod1f1cations?
Keele and Lyon (1973) undertogk a4 study designed both te replicate Day's \
individual differences and to determine to what eXtent various tasks
involving fusion were 1nterrelated. The threg tasks selected wege.
K (1) accuracy of judging which of two }&nputs to the individual ears, ,
separated by 80 millyseconds, ‘OCCL'xrre;I f'xr'st (temporal orde; Judgments), \
(2) accuracy with wh1ch‘ inpu‘ts to one ear could be reported while in

puts to the other ear were 'to be 1gnored, and (3) accuracy of discrumi-
nating whether the inputs to the two ears were the me/‘word, or two

4

word-component inputs, where the component 1inputs formed a word wf]en‘

hurt performance on all three tasks.-

Somewhat surprisingly, Keele and Lyon found that accuracies on Tt
N ,

-

the three tasks were only weakly related, with a-maximm &orrela;ion

of .38 between acCuracy on temporal order judgmenrts and accuraoy on o
jud\gin input; fromx one ear or{Iy: In addition, they found that the
three, tasks gave; very different estimates of the frequenw of subject§ .

fusing, with very little fusion (high accuracy) in the word-compdfients &

discrimination task. Finally, distributions of humber of individuals

against error scores for each of the three tasks showed no evidence of

t‘he.bimodalllty reporteéd by Day (1970). '

In an even more conclusive set of experiments, Poltrock and Hunt

|
1
|
\
|
|
|
J
fused.i Presumably,:the tendency to fuse inputs to the two ears should '
|
(1977) attempted a systematic replication of Day"s findings using a’

large sample of subjects (in Expériment 1, N=60; in Experiment 2, N=100).

l N .
. .
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The1r results were « lear: . Nerther dichotic fusion rates nor temporal

order judgments showed ev xdence of bxmodalxt». However, these two

measurea were sxgmh;\mtl\ Lorrel\ited suggesting that 1nd1uc,<’ o

may Jiffer in their tendency to use linguistic r'ung in judging as-

pects of perceptual input., lhese findings lead us to conclude that

.

the "language bound"'/"*language-aptional' distinction driginally pro-

posed oy Day does not represent a aualifutive difference between

individuals 1n modes of pFocess ing perceptual 1nformation. Mos . '
likely, individuals do differ in the extent to which they>e1y on

linguistic rules 1in Interpreting sensory input; however, this individ-
. .

ual difference variabte appears to be continuous and quantitative
;

.
. v

rather than discrete and qualitative in mature. .

'
.

-
I3

In summary, the general argument for-a relationship between
strategies and intelixgence Seems promising, though there are as vet few . v
sources of relevant or conclusive é;sta.. Future, additional demonstra-

" tions of qualitative xr}?llvfdual differer:ces‘ 1n modes of perceptual and
;ogﬂiti»'é processing will be welcome, and it will be important to show
whether and/or how these str;"megy differences distinguish more from

less able people,

egard as particudarly significant the question

of: (a) the gtent to which relative differences in ability determine

|‘, ’ *

both strategy choice and gffectiveness in the usq of a particular strategy,

- and (b) the extent 'to which strategxes can be modified through nstruce

" tion or by changing information: rprocessing demands. This 1atter question .

has obvious 1mp11cat10ns for training individuals to perform more :

\

effectivelly. And, studying thys question will require research'techmq‘ues

N » 4 .
- “ . o
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rather different from those used to study basic information-processing ’ , v
contributions to ability differences.
w
Attention

Yet another possible source of individual :’fferences in ability .
e

might 1nvolve general attentional factors. The intliitively appealing .

notion that brighter pecgle pay attention more effectively'hag been . ‘:-"
alive in psychology for a considerable period of time. - Indeed, o
V\’.

William James (1890) speculated at length about the relationship

a.

between attention and 1nte111gem,e taking the position that "what

" 1s called sustaimed attention is the easier, the richer in acquisitions
+  and the fresher and more origihal the mmd" (p 423).7 Surprlsingl);, Lo Ty s

however, very little emplrn.al work has been done on individual dif- a
ferences in attention and their possible relationshi;; to ability. ) " )
When we consider this relatior}ship, fwo’ posmbilities.ségest them: Lq ) .l
selves. One is that more able people can more effectively dir&:t'

sustain attention where required. Such people could be sa1d to havc, e

. ‘o e
greater "attentional flexibility." The other possﬁ'nl:t\ <1s {han moTes - :

»-' . -

able people sxmpl» have more attentional résourcei cepacxtv for pro-

cessing 1nfomat10n, or gpgnitive energy (see Kahneman, 19"3) ‘\Te ;»

‘e

briefly consider some empirical work directed toward each of these ... ' -

' .-

possibilities below. : R SO

- . . 4 - .
. . .
. . - . ..
~ . : . -'.' v ‘ . -

Kahneman and his colleagues (GQpher &oKahMan, 9"1 Kahnemarg., .

Ben- Isha1 § Lotan, 19 3)‘ haVé reporteﬁ m provocatxve studles on -, .

. ot v e d .. -9 . < .
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individual differences 1n attentional flexability and thelr relation-

- a
ship to various measures of abxllt\ The1r strategy was first to
“ .
deyise a test of subjects’ abilitv 1o sustain or Jdirect attention 1in

-

Pesponse to @ cue, and then to relate perfornance on the test to

.

measures of complex psychomotor shills in the natural emxro’ment--

pilotiny alrpljags and driving buses. The test, wHich involved

dichotic 11st¥ning, consisted of two parts.” In the first, méssages

2

- A
were presented to both eérs, and.subjects had to report target items

- “only ‘when ‘they occurred ‘on the cued ear. °Imedmtelv following and

contmuous with part org, sub_]ect< e;re cuod as to which ear as

relevant for part two. Effectnel\ , the cue 1nstructed the subject

whether to maintains attention on the same eam, or sk).tch to the other

ear. The<sk again was o* report Jarsget ‘items which occurred on the

. . -
cued ear on % Correlat 10?}5 were computed between each of three test

. ) :
scores*-omissions in part one {failure to Leport a target on the

) a'ttended_ ear!, 1ntrusions I par; one (reportmg a target on the 1r-

relevant eat), andtotal <rrors In part two--and the fly ing ability
'
of pilots tn the Israel: _-\n' Force (Gopher § Kahneman, 1971) as well

’ : .
as accident ratings of Israeli bus drivers (Kahneman, Ben-Ishai §

, Lotan,® 1573). :Total‘.éﬁors on-part two correlated most highly '

The -
> <t “that this relationship 'reflects individual dlffer-
en'ces nean abiiity c;mon tgboth the recuirements of the attent)on
uskom part wwe and those of nomal dr1v1ng or airplane prloting. —
This' is the z'ﬂnllty rapidly "toJshift or maintain alreadv directed

&tentxon in respome to an external signal.




e -

* There are some problems with this interpretation of the dé}a,
however. We mention two. 'T"lrst, measures of both intelligence-and
erro;s on part one were ngmflcint.ly (thou‘gh more modestlv) asso-
clated with the criterion variables and with errors on part two.

And, there was no attempt to establish (1 1d- partial correlation or

¢ other statistical techniques) \t\w\}tiependen't cont;qxbutlon of part' .
v . W0 errors to the behavioral criteria. Thus, the relatlonshxp he- ‘

.- tween part two errors and the criterion variables could reflect some
(perhaps motivational) factor much more general than attentional
flexibrlity. Second the argment that part p«o errop(provxde a
measure of attentlonal flexib1lity is based on1) on a logical ana1\51s
of, the task, with no "add1t10nal converging evidence. The idea of,
. S

+ meaningful individual differences in attentienal flexsbility gajns
credence, howeve?:‘_ from the re;ults of a recent study.b‘y Keele, \e1ll
and de Lemos (1978). These mvesr.l.gatclars dew'l/s‘ed three tests of at-
tentibpal flexibrlity Ein. addition to using a version of the Kahneman
part two test). 'I“he pattern of intercorrelations amogg 'perfomance

.

on the various tests was somewhat complex, bdt there were suggest1ons

of significgnt relatjonships among most of them. Thus, while further

A
work is needed, it may bt that there is a general-trait of attentional

.
.

flexibility on which individuals varying in ability differ. 2

- L
Finally, we turn to the 1dea that imdividuals differ in the ex-

tent of their attentional capacity or resources. Bpth Baron and

Treiman {1980) and thint (1980) have sugg;:sted that resource duffer-

ences, may be strongly relatéd to intelligence. Indeed’ Humt (1980)
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has 'prgposed that d1ffere;nces In attentional resources may make at
least as large a contribution to differences 1n abilitv as does the‘
efficiency of basic,information-processing shills. He also suggests
that a general factor of.attentional capacity could account for the
reasonab Iy high correlataons among \arious measures of intellectualng
‘
. ab‘lhtyt The concept ittennonal reseurces 1s similar to
Spearman’s (1927) not#lon of "mental epergy." Aclc_:ording to Norman -
and Bobrow' (1975}, ''resources are such things as processing effort,
the various’ foms "of memory :zapacity, and commmication channels.
Resources are :;lwa)'s limited" (p. 45). The basic idea is that more

able people have more resouyrces, and thus wxll perfomm more compet-

ently w’nen multiple demands placed on t}'xose resources. N

. -

) . . .
¥ what empirical evidence 1s there for individual differences in

attent;enal resqurcés? In mve;ugatmg'thls question, the "dual
task” method is most frequently used. (See, for example Posner,
1.23"8 and Norman & Bobrow, 1975, for deta]%s ) In thls method mul- .
.tiple demands are placed on the .information-processing system, and
_the extent amd nature of performance breakdowns are observed. T‘he
multiple demands are in the form of two tasks that must be performed
simul taneouslyt or nearly: so. The relationship between performance

on the two tz!sks as“one of them is made more difficult 1s frequently 1
the dependent v‘1r1able of Interest. The appli 1lcatxon of the methdd

to the question of 1ndividual differe:,nces 1n attentional resources

.- is illustrated b}' two studkes reported in Hunt (1980).

ERIC ° |
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in the first, subjects did a hard or easy memér‘y task while
sumyltaneously performing a simple probe reaction-time task. There
%as a significant correlation across individual subjects of -.40
between probe reaction time while pex:fomu;g the easv negery tash and

proportion correct on the hard memory task. The logic for mferpret-
. 1%
ing this correlation as due to individual differences 1n attentional

(
resources 1s as follows: The memorv task and the probe reaction-time

. -

task compete for ‘fixed resources. The more limited a subJect'.s re-
sources, the longey the probe reactlon tune will be even under the
relatlvelv undemandmg conditions of the easy memory task. When the
memory task be s hard,, more 1limited sub)eéts (identified by the
long reaction times in the easy memcgry cvondition) will have few re-
sources left to do this difficult taék, and their error rate will be

. . »
high. Hence the correlation. In a second study more directly re- -

!

A
lated to ability differences, subjects simult:i'neously .solved increas-
mgly dlfflcult problers on the Raven Progressive Matrices Test and ~
performed a simple ps»chomotor tas]\ * Bv the same logic applied above,

there should be a correlanon between performance on the psychomotor .

test while doing reIatxvel» easy Raven 1tems and the point at which
<.

the, sub)ect makes his first e€rror as the items become more difficult.’

L]
. /.\\ '
« The correlation was -.30. ¢ .
o . © . - é ) ¢ :
' , . : W

Both of the results from the Hunt "(1980) paper are consistent ',

with tHe posxtmn that people differ in general processing capacity,

.

. and.that this difference is related to ability.' But there are other

interpretations of the data as well. It is possible that there are
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multiple, separate, minimally-correlated pools of resources for per-.
forming different types of tasis. Demonstrating general capacitv

v
differences across individuals would®seem to require showing within-

[y o

s\?b)ect consistencies {and acro.<s-sub;ect’d1fferences) 1n. the point
of breakdown 1n perft{mance. Lf any two tashs are used that compete

fork%tent ion. Recently, Sverko (197) has attempted such a demon-

stration. He tested subjects on four quite dissimilar information-
. * <
processing tasks, adminisfered both singly and in all possible pair-

wise combinations. The four tasks involved rotarv pursuit, digit

classification, mental arithmetic, and an auditory discrimination.

. -

In order to assess whether the data provided evidence for the

notion of a general ‘capacitv (in Sverko'sterms, a "unitary time-

sharing abil1ty"), two analyses were donc, First, the perfommance
~ s ™ ’

of subjects in each experimental condition (individual tasks and task
pairings) was correlated with performance 1 all othet conditions.,

- o -

s s . el
This intercorrelatioh matrix was then subjected to a factor analysis.

. . i -

Sverko reasoned that if there was a general time-sharing or resource-

related ability, then five factors should emerge 1n the analysis.

Four of these-factors should correspom‘lvto the ’four specx.ﬁc tﬁs,

and. the fifth should represent the more general ab:lluy. Intead,

onlv four ta‘sk~specleis:‘ factors u'e;e folnd. Ina second ana‘lys 1s,
Sverko computed a 'total performance decrement score for each task'
‘ , .
pairing by adding the proportionate pérformance change for the tasks
’ -
when paired, relative to when. they were wndertaken mdlvidu:;lly. .‘

Correlations were computed betwedn the decrement-scores for the three
. ' -

.

57N
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task pairings ‘that did do&\contam overlapping t'asks (t.e., tasks 1

- A
and 2 versus tasks 3 and 4, tasks'l and 3 versus tasks 2 and 4, %t/j

~
- \

rasks 1 and 4, versus tasks 2 and 3). If the various tasks were
draw1ny on a common, limited resource pool, then the correlations

.
should have been*substantial. [In fact, all correlations we!‘e extreme -

"h

o]
ly low, ranging from .060 to .068. These results provide rather com- »

pélling evidence against the notion of & truly general,‘mxtary,

v

trapssituational time-sharing a lity or resource pool.
, g

. ‘ \
, . -
How, then, are we to account for the findings reported in Hunt <

.

(1980) cand those of others who have grgued for general agtentional
resources from expenments using the dual-task method° One p0551b11-
%' 1s that the notion of individual differences in attentjongl re*

sources, processfing capacity, or an abilxty like "tume-sharing' still

° a . ¢
makes sense, but Onﬁ 1f we view the idea of capacity in a less gen-
’ . . -

eral way. That 1s, there could exist multiple, separate pools of

L

resources each limited in capacity amd only minimally intercorrelated.
(See Hawkins, Church § de Lemos, 1978, for a clear statement of this

view as it relates to individual-differences research.) Capacity
. -~
lunitations, and hence perfommance decrements in the dual-task sit®
’

wati10., will only be observed when two tasks compefert:& the same

pool of resourcés. This 1s‘a difficult position to evaluate experi-
. @’
mentally, for we have little in the way of a priori notions as to @

»w

which tasks should tap common, as opposed to separate, sources of

f < . . [A . ~ ¢
capacity. At a minumm, this view is cansistent with research On gy’

4
w . % '* -

. \«)




"structural interference" te.g., Brooks, 1968} which suggests that

Iimited resogrces may be specii 1¢ to spatial and verbal processing.

\nother possibility 1s that the atte taonal eontrlbutlon to

abrlity 1s a skill, dependent On pruactice, /athcr than a limited-

Capacity resource. \ccording to this view, individuals could differ

mn their levels of perforgance on concurrent tashs priumarily because
9 - N

B

of the extent of their relative practice at doing two things at once.

Some frovocative findings of Damos and hxc}\ens (1977) suggqst that

at Ieast some portwn of differences in time- sharing performmance--

presimab s reflectmg capacity limitations--are indeed dependent on.
“‘;Tm'c"t‘fc'e'ﬁt combining any two activities. In tﬁ-lis—s;ud), thr%sgroups

of subJects were tested in a situation that 1nvolved combmmg WO

. e .
independent psychomotor tasks. Prior to the tésting, one group had
. , g
been trained on per?ormmg-a short-term memory task and a digit
classification task simultaneously, a second group had been trained
+

on performing the tasks sequentially, and a third group had received

no training at all. Somewhat surprisingly, the’ group that hael had

previous traming on the concurrent j:nfomntlon-processing tasks

showed superior performance on the concurrent psychomotor tasks.

This result suggests that practice at combining any two tasks will

trans fer to other multiple-task situations. Note that this does not

necessarily mmply that there are no skill- or practice- independent

indiv 1duaJ differences in résox/ces or proeessmg capacity. Rather

. ~these findmgs suggest that an individual's 1eve1 of practice at a _

,
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given peint 1n time may contribute to Just how'effectively limited-

@

resources may be utilized.

.
i

In conclusion, we find the 1dea of individual dlffe/rences 1n
* -

attentional factors as possible determinants of ability differences
. 4
* to be an intriguing possibility. As we have noted, however, the

relevant data base examining this relationship is meager indeed. -

.

- . - . .
Furthemore, intérpretation of the sources of individual Jdifferences--

- 4

partiﬁularly in the dual-task experiments--is problematic at best.

But this should not be.surprising. qute apart from any concern for

-

L understandmg attentional Lontrlbutlons to mdx\ldual differences in,

mtelligence, the question of the nature of capacity or Yesources is

1§

currently quite a controversial one in cognitive psychology more

, .generally. Some theorists argue that a general, limited-capacity

resource pool underlies attentional phenomena (see, for e)gample - N

" Norman § Bobrow, 1975), whxle others arghe for multiple, mﬂependent

sources of capacity {see, for exa.mple, Navcn & Gophér, 1979). Still /

others (see \exsser, 1976; S,Jelke Hikst § Neisser, 1976) have argued
= that the entire notion of capacity 1imitations is misguided, and they

have emphasxzed instead the role of practxce in developing skills“at s .

perfommg combmatxons of tasks. Perhaps the study of the relatlon-

ship between ability and attentional factors--as promising as it '

might appear to be-'-should await further theo;at',‘ical resolutjon wi‘thin .

cognitive psych91ogy Concerning the nature of attention and process-

N . N

ing resources . ,

-~
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. . Concluding Remarks’ . ~ .

Having reviewed 2 considerable body of liferatyre 6n relation-
- A
ships between attentional and perceptual processes and intelligence

or ab1l1ty, what can we contlude? OQur tentative ANSWeT 1S ''surpris-
ingly little," but there are some firmly OSt{lbllSth'f dings and

s '. r
some promisings research directions. Our gquest to relate these three

concepts 11 cognitive and in &ifferentlal psychology began with'a

-

cansideration of the extent to which quantitative differences among
ndividuais in basic information-processing skills correlated with

differences in ability. Some of the research in this area 1s. elejant
L 2

indeed (see, for example, the studies of Jackson, Note 2, and Jackson

§ McClelland, 1979). And, we distinguished among gpproaches that we

-

viewed as more or less-adequate. Jn particular, we found congenial .
q p .

those studies tﬁ‘at, 1n addition to showing eyidénce for a relationship

- U - - Id
~between wnformation-processmg, parameters and ability, alsp provided

construct’validity for the information-processing components that

were being correlated with the ability measures. -
i+

3

Nonetheless, the findings from this recent.and substantial re-

A - A
search effort have often been disappointing and sometimes conflicting.

.

In the areas of verbal and reading ability, it seems clear that-ef-

~h

f%gigncy of memery access (for any conceptual category) differenti-
e

ates more from less able people. In the area of spatial ability,

encoding speed is related to proficiency, but speed of” mental manip- .
- » ' -

ulation may or may not predict performance on psychometric measures.

4 - .
b,

»
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- In addition, the few differences in information-processing shills

that distinguish higher from lower ability subjects tend only to

account for a Small portion of the varance (tvpically about 10%) of

. -~ b
s performance on intelligence tests(though -thev discriminate more ef-

-

fect1ivelv between extreme Jroups onsnv 1ntelligence Jdimension).
»

Finally, interpretation of correlations between 1nformation-process¥ng
¥

° .

skills and ability 1s plagued with the problem of developinyg adequate
L

. > .
theoretical accounts of the cognitive tasks that are being related

14

as promising the 1dea that attentional and strategic

Ne v1

’ B L -
factors day 1bute substantially,.to ability differences, partic-

> L} L3
ularly 1n view of the low correlations between basic informagion-
- . ' .

progess1ng parameters and 'mdlvidual‘differencés. With re!;pect to
md1v1dua1 d1fferences in strateg;es-—or procedures for selecting,
combirfing, and executing mfor:matlon process ing aperat 1ons—-there

are several important questions that beg for more empirical research.
They include. At what‘ievels can qtiaht?tive differences in process-
ing modes or strategies 'b{‘,’ is;)\lated'? (Some of t'he work that we have

ferences can be found in rather

* reviewed suggests that strategv

°

low level mformatxon proces>mg atgns, as gvel‘( as m higher-

‘y

Jlevel proble'n solving situat 1ons To what extent do strategy dif-
. ]

feneng:es relate to ability or derwe from relative ability differ-

‘ences? To what extent are sStrategies trainable or maniputable.by
o L]

. .

varying task demands” Agan, with respect,to the relatiomrship be-

\. tween strategies and intelligence, to what extent 1s initial strategy
° s °

.8 » .
) e

\J AN -~ " 1
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[
selectlon--ds opposed to the eff1c1enc> 1n us1ing a stratem, once

selected- -correlated with ability?

L}

Study1ng 1ndividual differences 1n strategies and their *

- Telationship to intelligence 1s difficult, and we mentioned earlier

that it may require research approaches somewhat different from those

)

& standardly used in cognitive psvghology This 1s b9cause h§3 rarely

know 1n advance what strhtegies mll be more ,or less effectwe in what

s1tuat10ns Rather we 1nfer strategu d1fferences from quantitative
¢

or qualitative differences between 1nd1V1dua1 subjects in patterns of

.

data. In two of the cases discussed earlier, ev1dence for strategies

emerged initi1ally from* ~post hoc individual- d1fferences analyses of

perfor'mance on .sunp!e cogmt;ve tasks. 1In the MacLeod et al. (1978)

study, strategy differences wére 1;1fen red from the wide range of ~
inllividual subjects' correlations between reaction-time performance o
the sentence-picture verification task and predictions of a partlcular
model of the cogpitive operafions réquired by the task. In the Cooper
(1976, 1980a) studies,. d1ffererl¢es in processmg modes were mferred
from quall}ative’d1fferenCes in mdwldu%bjects patterns of

reaction- t1me‘ and error perfong,noe In a visual comparisqn tszk

A >
2

4

‘l Bu't ‘isolatmg strate;%y differences via such-"tnal and error"
»

post hoc individual differences analyses is hardly likely to be an "¢’
effectl\)e fsearch strategy. We need, in addition, to provide an

analys1s of the Yiature of the alternative strategies and to determine

% in advance wh1c subjects are likely to use which strategies. in which

. * \

situations. Ip the case of both the Macleod et al. and thé Cooper B

stud1es, such a second step was taken. Mathews 6t al, (reported if

<
+

97




ot . -

Hun-t, 1980, and followmg up on the MacLeod et a.l experiment) were

Whl\Ch subgects would use which §trateg1es, and they were further able -

to manipulate stragegy use th_r;ough instruction. Cooper (.1980;1, 1980b)

was able to gamn 1ndependent evidence for qualitative strategy differ- '

\ences'by, first, prSviding an analysis of the nature of the hypothesized

strategies, and, next, by comstructing information-processing tasks

- whose demands naturally drew on onpe strategy typg or another. To the

extent that \the§e new tasks forced certain subjects to change their pat-
i

. i) .

. ° foy . . [ -
terns of performfance (and, by inference, their visual comparison opera-
A § b

tions), evidence for differential strategy use was obtdiped. 1In the

“case of studies like Cooper's, 1t remains to relate strategy selection

‘to irtelligence, ability, or some Criterion- measure.

.
- . . * o
. ~. -
v P ”~

o . AR
» : There \are othér ways *in ®hich strategies could bg studied, and they
depart somewhat from the standard information-processing tradition. Oge

method might mvolve 15’01at1ng groups of sabﬁcts that differ exten51ve1y

on some crlterlon measure of interest (e.g., peo’ple who leamsto get .

‘

afround n new environments easily versus people who habltually and con-

v tinually get lost). We-could then query these indlv1duals concernmg

their strategies for learming spatial layouts. From the verbal reports,

we could attempt to analyze the strategies in terms.of more basic infor-

mat1on-processmg skills. We could then perform laboratory expetiments
)
. in which subjects were ixkstructed to use alternative ‘strategies, and,
performance dlfferences could be assessed. , This appx’oach 1s similar,to

that of Thorndyke and Stasz (1980) based on protocol analys1s of a mdp

ERIC - | | -

g
. I Caw

¢ able tQ predlet-—on the b351s of verbal and ‘spatial ab111ty scores-- ,
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learmng task. The n{ethod has distinct potential, but it suffers from °

. o~
«two" rather obvious problems. The first, is*that some strategies that we

. might, wish to Study—»parnc'ularly thoke 1nvolving basic perceptual and :
o ~ e
cognitive processing--might not besavailable to Lonscxous -mtrospect1on

and hence verbal report Thé second * 1s the poss1b1e d1ff1cu1tv of trans-
Vs .
lat nc verbal reports of strategies 1nto erperlmentaal manipulations.’

$t1¥1 another method for studvmg strateg1es 1s essentlally the ene ad-
*vocated by” Baron (19"8). ThlS mvolves oeneratmg log1ca1 hypotheses : -

: ,concernmg the nature of strategres t’hat might - Wad to efflc1ent intgll-
- .- ¢ » .
gent behavior. he could then de51gn tasks t}g tap, these stra’cegfes, or_ ot

train subjects’_m the use of: th’ese s%ra\tégw& and obs,nge ré"lh‘tlve changes b -
Y il

in perfomance The suqcsss Uf this approacb depends of . co,urse on ’haVv

- 7
[ & e 44\.
-

1ng th;e p(oper ununtwns .concermng the. nawre of the strategles that: =~ . .

v

-
°

. b

- @ 3 - a L
: A \ e R : . r . . ~' . R Y.
gontr?ute K2 mtelhgence ‘ & - «, . ~ e
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-F-mallv s we wish. ;o comment on: the 1dea thar "attentmnal flex1b11\1tv o

- PR - -

and/or amourtt of processmg resources ¥nake 1mportant contributlons -to

' 1nd1v1dua1 dlfferences in ab11ty. ”IhTs is an intriguing poss1b11t.y, and
there already éusts some relemnt and suggestlve research Wé predl‘Ct ‘<.
: that the relatlonsh1p between ,at/ennonal factors gnd mtelllgence w111 .’ - T

be a very active ksearch.area for the next _several years--particularly‘

.

in light of the mixed success in.establishing correlat1ons between basic -

° Ve

mformaflon processing sl@lls and °’1b111ty As promlslng -as thls d1rect10n

. -
.o . e

mlght ‘seem, we nonethelegs have some mlsg1v'rngs. . ‘. ‘
. * s ’:p' . * o g . h ] , )
- v The approach to studymg this questlon‘appears to ln.yolve translat- ' -7
1ng a task curren‘tly fashl ble w1th1n cogmtlve psychology--m the case
L " : T
» LS ‘s . » s
v - v . . 7 93 ¢ L * .
Q . .- '

EMC "‘ - X . . ' ' C J .

. &
.
s e . o . .

Z .




. of atgezmtional' reeouro_cs; the dual-task method--1nto an 1nd§v1dga1-d f-
ferénces franiew0rk7 Th1s'épproach 1s reminiscent »of the effort, révidwed .
-~ H
r above, to establish correlatlons between basic information- proces‘smg
tasks and psvchometrlc measures of ab111t\ As we have seen, 1nterpre-
tations of these’ relat1onsh1ps have sometimes suffered from an inadequate s %
theorencal analysis of the Lognltl\’e operatlons under}ying the mforma -fﬁ

tlon processing tasks In the case of tasks measur ing demands on,atten-

¢ . -
* tional resources, Controxers1es over Interpret@tlon are even more apparent : xe
‘ ]
- at this point in t1mF (see, for eg?ample, Kantewitz § I\mght 19;6,_,Navon A
. ‘ . .\- Y - ) . . ' ’ .
.Y . & GCopper,- 1{\) . , . . )
- s . 2 . . .t Va .
. LN - an
- v Ve, - % :'.

. v

What e fear 1s that research on atten«tlo)la,l cohtrlbutldns to. intel-,

ligence could ‘experience a fate similar to, *that of some of. th/reseax;ch SN
> on basic information-procgssing determmants of ability: Namely, estab- T
Ilshmg that individual d1fference§ ex1st but not knowing what chose . o

. <
. individual dlfferences really mean. The’ general point that we make n

concludmg, is thamegress in research onﬂﬂdzvxduai—drffei‘“ences in

ab111ty mst parallel the “adequacy of theory and of understandmg o-f ex-

~

perimental paradlgms 1n cognitive psychology Any effect 1ve unity between‘

cpgmtlve and d1fferent1a1 axmoaches_nmsrhbeﬁgxoundeﬁrﬁz t}carurrder -
standing of the nature of general mental operations, and the expemmental »

tasks and situations sultab'le for 1solat1ng and 1nvest1gat1ng them. Cne
I3

. thrust of this papen has been that we do not.expect such umty to emerge

L 4 s

from 1nvest1gatlons og how people of varying ab111ty perform on tasks that
-
-+ are themselves madequately understood. What this implies is that meaning-

ful work an the contributions o\f attention and perceptmn to int/lhgenge .

i
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- . . ‘ .
must await a clearer conceptualization within cognitive psychology itself

of the nature &f those mecha'nx'émg.

\ .
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Footnotes -
1I>reparation o'f this chapter was supported in part by N‘SF grant
. B)/S 76-22079 to the first author. We wish to.thank Robert Vallone for
his.unstinting help in all phases of the preparation of t}.us chapter.
2} ohman (1979a) presents an impressive array of evidence for the »
existence of three maj.or spatial factors--Space Relations, Visualization,
and Orientation--as well as a host of minor factors. '\

* Smis finding. may puzzle cognitive psychologists who tonsistently

find relationships between speed and accuracy in infonnation-p)r\ocessmg
) . :

+ tasks. Indeed, even in Eganls (}976, 1978, 1979) data, re‘action\time

and error rate’ are positively correlated across experimental condibyons.
That is, fo; the groyw data frém, for*exz;mple, the mental rotation lt;k,
both reaction time and error rate increase monoionically with angul:ar \
differente in the orientatio;ls of the two visual objects being compared.
‘It is only in the individual-differences analysis of overall accurdcy

on tests of spat’igl ability and latency on the information-processing

versions of these tasks that virtually'no correlation is found.

-

'4There is one exception to this.generalization in the studies ne-
L . Y ‘ . N
viewed in this section. Kail et al. (1979) found slope differences

” between thé male and fe sL_tbjects, but they found no reliable inter-

N .

cept differences betwgen the .sexes.

i 5Beyond the scope of our discussion is the considerable %ody of
7 ! .

v
- ’

research on memory apd retrieval étrategies, some of which 1s i‘ev1ewe51
by Baron (1978). We will also not cons.idér some recent and intriguing
wo;‘k on develo tal changes in strategies for attentional and perceptual
processing (see, for example, Kemler § Smi'th, 1978; Smith & Kemler, 1977,

1978).
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6Recently, Agari (Note 7) has attempted to rep11ca£e Cooper's (1976)

°

individdgf differences in visual processing using a 1érger sample of
.s:Ljetts and a slightly\shorgened version of Cooper's task. While Agari
found that the processing parameters used to 1dentify the different sub-
ject types were highly correlated, eV1den;e for the sharp dichotomy
) reported by Cooper was not obta{ﬁed. The reasons for this d1iscrepancy
remain obscure. ,
,7Th1s quote does not }eally do justice to James' position on the
'relationship between attention and intelligence. To James, highly
intelligent people were able to attend more effecglvely because of their
supé}ior mental abilities. Quoting him, "Geniuses are commonly believed
- to exce} other men in their power of sustained attention--But it is
their ggnig§ making ‘them attentive, not their attention making geniuses
of thém" (James, 1980, p. 423). Contrast this with the ;;;w that we ‘are

« considering--viz., that individual differences in attentional factors may
i ’

constitute determinants of ability differences:
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