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Go.

'ffprocess1ng (1n wh1ch -a qua51 spat1a1 grouping is’ formed), and through

“ "ABS'TR‘ACT‘, -~

‘An a]ternatﬁve mode] of cognitive abilities has been proposed by :

",c11n1ca1 and neurophy51olog1ca] work of Lur1a Accordjng to this model,v

)

successive processing (in which a tempora1 grouping or series 1Srformed)r

A battery of cogn1t1ve tests has been evolved that norma]]y y1e1ds f”",

l' a th1rd, speed factor The present study was deswgned‘to re1ate th1s

Vmode] of cogn1t1ve ab111t1es with three other cogn1tive models: ﬁihe .'«

"jsuccess1ve tests, and the resu]tant factor structure rep11cated

s of tests The tests of both batter#es were submitted to one pr1ncipa1

'htrad1t1ona1 Primary Mental Ab111t1es (PMA) mode] Pa1vio s mode] of .. L

i

’:'ﬁlanguage proceSS1ng "', .

¥ v"b

- 531- A tota] of 104 grade 4 boys ‘from regular- c]assrooms were tested

A prnnc1pa] components ana]ysxs was performed on the s1mu1taneousf

prev10us results The PMA battery was aTSo factor analyzed produc1ng

‘ Reason1ng,,$pat1al and Memory factors

A var1ety of methods ‘was emp18?ed to re1ate these two batter1es ,.

: comgonents anaTySTS, both batter1es‘&ere re]ated through Tucksr S - X

. \!

1nterbattery factor ana]ys1s, and factor scores for each battery were’
eorre]ated with the -factor scores for the other battery ": S |
- A number of patterns was seen to rECUr in the ana]ys1s While

3

W

©Das and his' colTeagues (Das, Kirby &“Jarman 1975) based upon the - 1
'i&1nformat10n is 1ntegrated in the bra1n in tw01ways through 51muﬂtaneous”
N

-,_factors 1dent1f1ab1e as s1mu1taneous and success1ve proce351ng, andéa R

”'fimagery and verbal procesSes. and that of syntagmat1c and paradigmat1c 'v

-



g related to in;bctive reasoning than to memory Again whiie o I

R

P

:successive processing was re]ated to memory, this re]ationship was no :“

stronger than that between simu]taneous and memory Successfui

&
-

’
‘o

. QQ,Simuitaneous processing,_successful paradigmatic and syntagmatic
_ performance was similariy related to SUCcessive processing Sk
The resuits rndicated that simuitaneous brocessing, in addition
to’ being important in spatiai tasks, played a roie dn the coding or
R chunking that occurred in the various memory tasks Coding was important
| in forming links between esSentialiy unre]ated yords (the concrete and
abstract paired assoc1ates) and when subjects were al]owed a good deai
@ of time to study the iists (the PMA- memory tasks) The resu]ts t.;
'associations between items this was manifested in successive
_proceSSing s role in the remembering offpairs of words that had high

s associative frequenc:es (syntagmatic ‘and paradigmatic paired assotiates)
! I

r

Q"terms the ways. in which individua] difference variab]es (e.qg., abiiities)

arise. This cognitive model was intended as a composite of Luria s’ 4

;modei of brain function, recent experimentai work in cognition. and n
‘recent attempts to describe the cognitive systems that produce

indiVidual differences in inteiiectuai tasks. Nhile oniy in outiine

~ form, this model stresses the many detenninants of individual |

differences, the tmportance of processes and p]ans, and the prob]ems ;

that are assoc1ated w1th process oriented mode]s

Do v

“”_confirmed that succeSSive proceSSing was invo]ved in temporai _\v:‘f .

A genera] model ‘was. presented to. describe in information processiqg X

~perf0rmance on both concrete and abstract paired associates was reiated ffﬁ
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: attempted to construct 1aws for the effects of env1ronmenta1

two dlsc1pl1nes

CHAPTER 1
| v',INTRODUCTION :

— Sc1entif1c psychology has evolved two methodolog1es for the study
- of human behavior (Cronbach"]951) Exper1menta] psycho]ogy has |

\

_ man1pu1at1ons upon persons 1n genera]', while corre]at1ona1 or L
‘ 1nd1v1dua1 differences psychology ‘has descr1bed the structure of

. 1nd1v1dua1 variat1on in 1so]ation from env1ronmenta1 effects The~

_maJor result of‘h;7n§%ch s (1957) p]ea for the uniflcat1on of these
s been the study of Apt1tude x Treatment 1nteract1ons,
‘where1n the ‘effects of env1ronmenta1 man1pu1at1ons are modu]ated by

‘1nd1v1dua1 d1fference var1ab1es Th1s methodo]og1ca] hybrid has _

»generated extens1ve research and though s1gn1f1cant 1nteract1ons

~ have “been elus1ve (Go]dberg, 1972), the new d1sc1p11ne is flour1sh1ng

(Cronbach, 1975) e e »"

R

More recently . (Estes;,J974 Carro]l ]974), a second form of

;1ntegrat10n, 1og1ca11y der1ved from Cronbach 'S statement has begun in.

the cognft1geﬁdoma1n “The goal of th1s 1ntegrat1on is the descr1pt1on

‘»of 1nd1v1dua1 d1fference var1ab1es (ab111t1es, 1nte111gence) in terms

of constructs now employed in experimenta] psycholapy Brlefly, it

»is hoped that the use of the cogn1t1ve, process or1ented constructs

wv'w1]1 aid inan understahd1ng of the nature of 1nte11ectua1 ab111ty

Th1s cogn1t1ve approach to 1nd1v1dua1 d1fferences, or psychometr1c

Var1ab1es, wh1ch seeks to understand the nature of covert processes

" that under11e behav1or,k1n_add1t10n to predicting future behav1or, is

,

1

?



not novel The h1story of psychometr1cs 1s rep]ete w1th efforts to |
def1ne the nature of,’ for 1nstance inte11igence (e g ;. Thornd1ke _t; i“p
‘_ﬁ’f\lg§1) These efforts have not been Judged successfu] A]though menta]
tests orig1nate in some conceptton of what menta] ab111ty must be, the
trend 1n psychometr1cs has been away fr0m a theory of 1nte111gence and
toward’a sc1ence of predict1on ‘As McCle]]and (1973) and others have
noted howevér, successfu1 predlction even at 1ts present asymptot1ca11y
h1gh 1evels, does 11tt1e to d1agnose the causes of poor performance or
B _ to SUQQest means of 1mprov1ng that performance | V |
why has a\theory of 1nte]]1gence been so d1ff1cu1t to construct7 ‘
If one v1ews a theory as- a mode] wh1ch s1mu1ates some observed phenomena,
the d1ff1cu]t1es can be seen to have been not only 1n'construct1ng the
:Q mode] wh1ch s1mu1ates, but 1n def1n1ng the phenomena to be s1mu1ated as
well. Because the concept of 1nte111gence is so- globa] def1nnt10ns _
avoid vagueness ( 1nte]11gence is- adapt1ve funct1on1ng ) with difficulty.
A]ternat1ve1y, def1n1t1ons wh1ch stress pred1ct1ve va11d1ty ( 1nte1]1gence
s measured by whatever corre]ates w1th success in school’ ) do ltttle to
- unearth the mechan1sms by which such corre]at1ons come about
| Rather than a broad cons;ruct of 1nte111gence, current models of_’Y
human ab1]1ty stress a multifactor1a1 concept1on of cognit1ve ab111ty,fd
As Jensen (]970) and Vandenberg (1968 1973) have recognized a maJorr'
value of such a c0ncept10n is in the rich provision for Aptitude x .
Treatment 1nteract1ons The practica] importance of a mu1t1factoria1 .
' model of human ab111ty w111 depend upon what these factors can pred1ct

and whether quantitat1ve and qual1tat1ve d1fferences in ab111t1es and

_ab111ty patterns,can.be re]ated to performance fo]10w1ng certa1n ‘



‘fé;eatmeig (e. g y educat1ona1 programs) and 1n certa1n rea] ]1fe E

's1tuations (e g , job performance) . _f ﬁ'f

‘describe 1earn1ng and performance, exper1menta1 psychology has g1ven ’

“1tradit1ona1 menta1 abil1t1es (the Prwmary Mental Ab111t1es) and some

al

This fract1onat10n of globa] 1nte111gence also a1ds 1n theory
construct1on. By categor1z1ng the various kxnds of 1nte11ectua1 : Y‘ S
performances, the mult1factor1a1 model of abil1t1es a]lows the phenomena

that .are to be simulated to be seen in better deta11 In th1s sense,A

" the mu1t1factor1a1 model of 1nte]11gent behav1or acts not SO much as a.
' theory of 1nte]11gence (1 vy that whlth exp]a1ns or simu]ates the

phenomena) but rather as a def1n1t1on of 1ntelligence (1 e S de11neat1ngh-

that wh1ch is- to be s1mu1ated)

At 1east three sources can be found for a theory of human cogn1t1ve _

»ab111ty The first and most obv10us 1s the f1e]d of psychometr1cs, which
i :has trad1tiona11y stud1ed human ab111ty A second source for a theory

yof 1nte111gence is cogn1t1ve exper1menta] psycho]ogy In attempt1ng to

S

. birth to a large number of covert processes and structures (e g.,

-rehearsa1, short- term memory, assoc1at1ons) which are inferred tounderlie

behav1or - These processes and structures are to be the components of

't-thevmoder that is to simulate the phenonena defined by" the psycho-

_uetricians7‘ The third source, physiologica1'psychology, acts as a

caut1onary agent What knowTedge we do haue of the neurophysiology

. of the brain can suggest tentat1ve psycho]og1ca1 hypotheses but. a]so

- serves to render others improbable P

/

The present study should be seen as the beg1nn1ng of the construct1on

' of a theory of human cognit1ve ab1]1ty It will attempt this by relat1ng

&



' }hiconcepts that emerge frdm experimental psycho]ogy (imagery and verban.
i processes parad1gmat1c and syntagmatlc language processxng) with a ,
;”,'4 model of cogntt1on recently developed by Das and hms col]eagues (Das,
“"_'1972 1973, 1973b; Das, K1rby&Jarman 1975) “This mode] that of
. s1mu1taneous and success1ve process1ng, has 1ts roots in, the neuro- -;'.
psychological work of Lur1a (1966a, 1966b 1973a) w1th‘the bra1n damaged ’
s "vf!‘In 1ts use of process concepts s1m11ar to those of exper1menta1 psychology,ptl
| s typ1ca1 of recent attempts (Carro]l, 1974, Esteg, 1974 Mess1ck
1972, 1973) to so descr1be cogn1t1ve ab111ty . ‘ )
- _The present study employs a number of concept1ons of cogn1t1ve ;:'

. ab1 aty, and a compar1son of these w111 form a bas1s for the 1ntegration ]

. the many mode]s of cognttion tﬁat exist The use of cogn1t1ve

ﬂ

'constructs that have proved he]pful 1n exper1nenta1 psycho]ogy shou]d ‘.;

suggest d1rect10ns for future theory to take Furthermore, 1n that the-'
J51mu1taneous success1ve mode] 1s re]at1ve1y new, the nature of its €. |
i:relat1onsh1ps with other mode]s w111 help to clar1fy the nature of

T

this mode] 1tse1f



e ‘df_h,:{';‘i . CHAPTER II R ‘
e o REVIEN OF LITERATURE e

Three sources have been 1dentif1ed for a theory of inte1]1gence
'ﬁ"psychometr1c theories of ab111t1és cognit1ve mode]s 1n eXper1menta1 .
“.Psychology, and physwological psychologyu Each of these areas w111 be »?dd f
v;.>rev1ewed and the simu]taneous Success1ve proce551ng model w111 be\\\_w.-"‘t
"':descr1bed S R o \‘ o \\\
'd The f]rst sect1on w1]Tﬂpresent a br1ef h1story of the chang1ng \\ h.v
.f mode]s of psychometr1c ab111t1es \@h1s rev1ew w111 attempt to deve]op

a current picture of the maJOr ab111t1es which wi]] ]ater be re1ated .«f

' to nnformation process1ng constructs._ Subsequent sect1ons w11] 1dent1fy

- f]“those 1nformat1on process1ng constructs and w111 summar1ze what

“ffcontr1but1ons phys1o]og1cal psycho]ogy can make to an 1nformat1on

: ?‘process1ng mode] of ab111t1es
”PSychometric'Ihébriesfof Abilities ’
The study of psychometr1cs can be traced back to S1r Franc1s Galton

\F"

in the late 19th Century ‘His efforts to study menta] ab1l1ty in an
evo]ut1onary perspect1ve and to develop tests of general\mental ab1]1ty

were a. st1mu1us for the testing movements in Br1ta1n~and in the Uthed
B \ \

T

~

‘States CAt” var1ous t1nes Charles. Spearman Cyr11 Burt and J M Co N

N

l Cattell (who was to have E L. Thornd]ke as.a pupl]) worked under Galton
B Ga]ton favored the 1dea of a s1ng]e, genera1 1nte11ectua1 ab111ty
that was based upon the f1neness w1th whlch the 1nd1v1dua1 cbu]d make
sensory-discr1m1nat1on§ Galton s 1mmed1ate successor was Spearman ‘ _
(1904, 19?3;:192?),dwho supported.the concept.oflgeneral ab111ty and .
- R S T

‘ 5
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. deve]gped‘thedtheory of Two Factdrs*~ any cognitive operation ds served'
by the general factor (g) wh1ch al] cognitive operat1ons have in common,
@gand by a spec1f1c factor (s) wh1ch is pecu]iar to that cogn1t1ve |
' ; operation The genera] factor was concedved of as an’ energy or power -
‘ wh1ch served the who]e nervous system, and which could be concentrated E
upon a spec1f1c group of neurons, the specif1c factor wh1ch was the ¥
L eng1ne that actua]]y accomp11shed the cogn1t1ve operat1on Cogntt;ve B
'operat1ons (noesis) were. of three k1nds ’ apprehension of exper1ence,, |
‘,eduction of re]at1ons and educt1on of correlates ? | _
-~ In France, B1net accepted the 1dea of~a genera1 abi]1ty, but saw
"i:f§;t1t rather as the resu]t of a number of operatlons (at f1rst attent1on,
| . memor"and Judgment but*1ater goa] sett1ng, comprehens1on, so]ut1on e
! finding andgse]f cr1t1clsm) ‘ These 1nd1v1dual operat1ons would- have to
"}'be samp]ed to obta1n an 1ndex of genera] ab111ty o
In America, Terman adopted Binet S tests, but mis1nterpreted him
,.(according to Gu11ford 1973) to- mean ‘that there was one genera] ability
that'operéted ina number of ways.. That one~genera1 ability was .
‘h 1nte111gence » to wh1ch a s1ngle"‘ﬁta1 age score could be g1ven
| Though they dlsagreed about the ‘nature of that one genera] ab111ty,
h’~f Galton, Spearman B1netjand Terman agreed ‘that one genera] factor could
_hVaccount for the pos1t1ve corre]ations that exlsted among cognitive testsL
Gaﬁton 's one-time assistant J M. Catte]1 d1d not obta1n such high _
corre!at1ons ‘and his stuﬂent ThNInd1ke began to develop a rad1ca1]y -
d1fferent view. To Thornd1ke, 1nte111gence was the aggregat1on.of a -

set of 1ndependent spec1f1c hab1t5 or sk11ls whenhteSts did'cqrrelate,

it was on]y because the sk11]s samp]ed overlapped. Simiiar views’were.-
. : - . @?.. B . ’
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“held by Thomson and by Thurstone 3‘ . ‘
" In 1927, Spearman ‘classified the one- factor heories of Terman and
Binet as monarchic, Thorndike S independent abilities as" anarchic , .
old faculty psychology as oligarchic , and his ow Two Factor theory
‘a eclectic because it salvaged all that was of Vi lue in the other

-

theories Another psychologist who had worked with lton, Cyril Burt, .

was a maJor proponent of a. class of models of intelle t which could be L
called hierarchical ﬁHe and Vernon accepted Spearman s general factor,

'but gave great importance to group factors which were nntermediate in
spec1fic1ty between the general and speCific factors Vernon S (l950)
_'hierarchical structure of human abilities gained rapid prominence as

X the successor to Spearman S5 under g_it proposed two maJor group |

/.factors one verbal educational (v ed) and one practical spatial-

- mechanical (k m) Further analySis of vied tests would result in verbal,’

'numerical and other school related factors whjle further analySis of
“kem tests would produce more speCific factors in the domain of spatial
ability, psychomotor skills and mechanical knowledge |

o Vernon s maJor competitor was Thurstone and his anarchic Primary v
~rMental Abilities (Thurstone, 1938) However, structure “could be applied.
“to these ‘independent' abilities through hierarchical ﬁzctor analySis
'ithe primary factors were allowed to correlate and thus could be
analyZed to produce higher—order factors These higher-order factors ;
fwere interpreted as being very similar to those found by Vernon, in': |
"; spite of totally different factor analytic techniques ~1In this way, -
lthe monarchic anarchic and eclectic models that Spearman described -

could be united into an hierarchical model of abilities
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suggest a more comprehen51ve 1ist of psychometric higher-order factors

: 1nteliigence v' L oL - '-l. o

- The most recent versions of Thurstone S primary menta] abiiities

| mode] are ‘those of French, Ekstrom and Price (]963), and of R 'B. Catteii
and Horn (Cattell 11963, 1971; Horn & Catte]] 1966) and are hierarchicai._“
' J,Although there were great theoretica1 differences between the mode] of

5<Vernon and that of Catte]l and Horn, a consensus was enqrging ‘That

consensus supported an h1erarchica1 mode] of abi]ities with two maJor

‘,groupings Qf factors one verbal and educationa1 and- the other nonverbal'\'
A spatia] and 1ess re]ated to schooling The remainder of th1S section b

| 'w111 examine that hierarchy of abi]ities, and fo]]owing Horn (1975),

v . . R L. |

N rVerba] and nonverbal 1nte1119ence ” vf‘f‘y}’ o ,.lh f”ti,’jv L,

The factors which Catte]] and Horn see at the top of the hierarchy, '

"-1n p]ace of Vernon S.v: ed and k:m, are fluid and crysta]lized 1ntelligence, \
h which play 1mportant roies 1n Cattel] S complex theory of ab11it1es
| '7;(Catte1] 1971) General fiuid 1ntelligence (Gf) 1s hypothe51zed to. N
'f~;be an 1nnate, biologically determined potential, and can on]y be measured

’pm;fif the effects of experience, and espec1a11y schoo1 are minimized . The

1arge]y nonverbal tests of Gf which require adaptation to new 51tuations'

“in. which earlier 1earn\ng has little 1mpact, are thus proposed as cu]ture— -

"free while different in definition from Vernon 'S k m, Gf shares with

k: m ‘a number of 1ower order spatial and perceptual ab111t1es In fact,:“

1t w111 be shown that Catte]] s Gf is more 51m11ar to Vernon s recent]y

| proposed i (1nduction) factor As w111 be discussed be]ow, Jensen (1973)

sees both Gf and Gc as aspects of his Level I1 abi]ity, or genera]

N : S .

~Through the course of experience and mental deverpment Catte11
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sees the fluid inte]]igence being 1nvested or crysta]]ized in specific
1earn1ng experiences which gives rise to a general crystaliized ability

(Gc) 'This factor is more similar to Vernon s v ed, being in our

1

—cuiture largeiy the result of sch001 experiences It can be measured

w1th schooi- or achievement oriented tests _ ;& E

The two mode]s can- be 1oose]y said to propose an h1erarch1ca1

structure of abi]ities with two maJOr groupings of factors one verba]
‘_ and the other spatiai perceptual, or nonverba] This bipartite division
, of abiiities is 1arge1y respon51bie for thev verba] performance or

verbai nonverbal' separation seen in popuiar IQ tests such as the

?wechsler Inte]]igence Scale for Chi]dren, or the Lorge Thorndike In

more recent pub]ications, Horn and Catteil (1966) and Vernon (1969) have -

. suggested the existence of other higher order factors such as genera]

visuaiization, generai memory, genera] verba] fluency, and general
¢ speed1ness

"0

SpatlaA/fieid independence

Further research some of 1t 1n areas far removed from traditionai
aﬁﬁiities surveys, has resu]ted in a greater complexity of higher—order _~h
factors N1tk1n (1967 witkin & Berry, 1975) has presented a theory
of psycho]ogicai differentiation, which re]ies upon the concept of f1e1d
independence As the organism deve]ops, its psycho]ogical systems become
more differentiated or separate, and the organism becomes more able. to '
perceive units as articulated or, separate In the perceptual cognitive '
domain this’ differentiation is manifested in the increased abiiity to
separate parts of a perceptua] field from the field as a who]e, that 1s,tf

R .field-independence. Fieid independence ‘is conceived of asva~cognit1ve‘
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' converse]y that tests such as Bloc

! R

sty]e and is measured by tests such as the Ti]ting -Room- and Chair, the
Rod-and- Frame, and the Embedded Figures Tests

‘While witkin and Berry (1975 PP. 74 75) protest the identification
of fieid independence with other cognitive dimensions, Horn (1975) and -
MacArthur (1975) have presented evidence suggesting that it is related
to what has traditionally been caiied spatial abiiity MacArthur (1973,
1975) has shown the Embedded Figures Test to 1oad high]y on a factor“
also defined by the WISC Block Design and the Human Figure Drawing tests
in a variety of groups. Vernon (1972) finds the Embedded Figures Test
ioading w1th tests of Fiexibility of Ciosure Nhiie Witkin argues "

,Sign and Human Figure Drawing are

measures of field 1ndependence, ernon (1972) and Horn (1975).suggest N

-

that the Embedded Figuref Test n particular can be subsumed under a

broad factor which Horn calls g nerai visuaiization (Gv) This factor, .

which also embraces the Spatia1,>F1ex1b111ty of‘CIosure, Speed of :

C]osure, and Visuaiization primaries, is essentia]]y higher—order

"‘ spatia] ability. It is separate from both of the prev1ous genera1

. factors, Gf and, Gc (Vernon,~1972; MacArthur, 1973, 1975). Vernon also -

suggeSts that the'other'measures oflfie1d independence (Rod-and—Frame;

Tilting Room-and Chair) invoive a separate, v1suok1net1c function.

At this p01nt then, prev1ous work suggests the ex1stence of three

1

genera] cognitive factors The first 1s ca]]ed Gf by Horn and Catte]],

'1 (for 1nduction) by Vernon, and inductive reasoning from nonverba]-

stimu]i by MacArthur The: second is ca]led Ge by Horn and Catte]l and
v:ed (or verba] educationai) by Vernon and MacArthur ~The third is

ca]]ed Gv by Horn, k:m (for spat1a1 perceptuai practical) by Vernon,

A



N
f1e1d 1ndependence by Witkin, and spatial/fie]d independence by
MacArthur

“Memory

-In the context of an exten51ve theory of mental abi]ities and

' soctal class d1fferences in ach1evement, Jensen (1969 1970 1973, 1974)

»

_ethn1c groups (Jensen, 1973).

has stressed the: importance of memory as an abi]ity His theory proposes
two categories of ab1]it1es, Leve] I (assoc1ative memory) and Level 11
(conceptua] 1earn1ng and prob1em so]ving), which dtffer n the amount df.
abstractness or comp]ex1ty 1nvo]ved. The comp]ex1ty of a task is 1nd1cated
by the amount of stlmulus transformat1on and man1pu1at1on required

o Jensen perce1ves his Level I-Level II distinction as complement1ng

rather than COmpet1ng with Catte11 s Gf Gc distinct1on In theory, he

| states (1970 pp. 157- ]58), the two d1st1nct1ons are orthogonal Inv

practlce however, he has found a Level [ Memory factor to emerge -

separate from Leve] I1 Gf and Leve] IT Gc factors, in three different -
- hf.

Horn (1975) and Hakstian and Cattell 74) suggest that a broad\ x

(genera]) Memory factor can be found, separate from Gf Gc and Gv, when

_ enough dtfferent memory var1ab1es .are considered. ' The tests which

combine to def1ne this broad memory factor share the characteristic of

' Jensen's Leve] I abiTities' m1n1ma] transformat1on of st1mu1us 1nput

is requ1red for a correct response . . v ,

The 1nc]us1on of a Memory factor 1n the roster of broad ab111ty
factors is a]so ind1cated by ‘the 1mportance that Jensen attaches to it
in descr1b1ng group d1fferences Apt1tude X Treatment 1nteract1ons and :

poss1b1e remedial strategles ~ He_believes that, 1n‘certain tasks,
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‘groups or 1nd1v1duals who have low Level IT ability can be instructed
to employ strategies which -rely upon Level I rather than LeveT Il

'abmty.

\ Verbal productive thinkingﬁand genera] speediness »
 Two more genera] cogn1t1ve factors can be added to the four s
vlldent1f1ed above, though with less certainty Review1ng the Titerature .
on creat1v1ty or divergent thinking, Horn (1975) concTudes that there
is a relat1ve1y weT] defined c]uster of tests which he labeTs Verba]
'Product1ve Th1nk1ng. These tests require a facility 1n listing multip]e
uses orrsim1]ar1ties of obJects, or in wr1t1ng multiple 1nterpretat1ons
~of what simp]e;]jne figures mean, Nhile th1s factor has been shown to
“stand apart from;:though‘correTated w1th, measures'of 1nte1]1gence, -
there is as yet.no compelling evidence that it repreSents creativity.

It is best thought of as a verbal fluency factor _- _

A s1xth general factor was referred to as general speed1ness (Gs) -

by Horn and Cagtel] (1966) though it is omitted in Horn s later reV1ew o
(1975) It is deflned by tests which themse]ves are very s1mp1e (wr1t1ng,

'pr1nting, add1ng, cance111ng) but are t1med and require rap1d respond1ng, \

e

‘ The growth of ab111t1es ' e »

3

A f1na] issue with regard to psychometric theor1es of ab111t1es
which should be mentioned, but which cannot be covered in depth, conCerns
'the development of those ab1T1t1es Aga1n a consensus is emerg1ng from ’
a variety of sources, and 1t 1s 1mportant because 1t relates to the . |

,questlon/of what ab111ties actualTy are.

The foundat1ons for th1s consensus were Taid by Thornd1ke in the _
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earinZOth Century with his proposa]s that 1earning came about.through‘ |
the estabiishment'of neuronal connections between stimuli and responses
in the brain, and that intelligence was indexed by the number of those.

connections - Hebb (1949), Piaget (e.g9., 1950) and Gagne (e g., 1968)

‘_>haVe suggested deve]opmentai models in which these lower-order units (be.

they thought of as S-R. connections or as more complex representations of . -

. the’ externai worid) are integrated into higher-order cell assemblies or

W ).

schemata as a resuit of the organism S interaction with the environment.
These higher-order cognitive structures are equivaient to abiiities,
their generality is a function of the. variety of performances in which
they are invoived. Thus, abiiitiegﬁare seen to deveXOp as a cumuiative
integration of cognitive schemata. . | - a
The pattern of abiiities ‘that deveiops is a- function of innate k
‘predispositions within the organiSm, but also dependent upon the pattern.
of cognitive experience Thus, as Ferguson (1954, 1956) stated, groups
| which value different performances pr ‘which 1earn different tasks, or
v which are t;ught to perform the sane task in different ways can be
expected. to deveiop dhfferent abiiities and different patterns of
abiiities Ferguson aiso added the concept of transfer existing
. cognitive structures (abiiities) are appiied to new 1earnrng situations,
~ their success being a function of the qua]ity of those structures and |
, the similarity of’ the new situation to those from which that structure :
B developed. - Such a mode] is gaining increasing support (Buss, 1973a,
. 1973b) and is particuiariy re]evant ig,cross Cuitura4 studies of abi]ity
.patterns (Cole, Gay, Glick & Sharp,‘197i, Scribner & Coie, 1973,

,MacArthur, 1973 1975) It is also important as a 1imit upon the
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generality of the factor patterns described above, most of which were
~derived from studies of white ‘English or North American individuals; L
Different factors might well emerge in different groups, and cognitive

performances might be differently valued

Summanv , | ‘
~ Some prominent psychometric apprOaches to identifying the:abilities

'of man have been reviewed in the preceding sections Two ‘essentially |
insoluble problems exist with the factor analytic approach to abilities.
These are the number (and type) of variables to include, and the level .
at which the. analysis is to stop‘v The careful factor analyst can design
his variable set in such a way as to insure that certain factors will *

:emerge, or that they'will:not.'_For example, if one includes‘relatively
'5ffew‘memory tests (e.g., Thurstone, 1938), a first order memory factor
may well emerge, but this will likely disappear in higher order analyses;.
_On the other hand by including a number of, memory tests (e.g. ) Kelley,
1964), a number of primary memory factors will surface, and they can be fl

“predicted to cluster as a higher-order factor From ‘this it can be seenf-A

v*r that the preSence or absence of higher-order factors (e g.» Verbal

v'f-'Production Thinking, general visualization), as well as lower order y

ifactors, is more a function of test selection than psychological reality
Nhile the nature of the factors extracted is a function of the nature _

'of the variables input the number of faetors depends upon how long the

| '_'analysis continues If one samples cognitive behavior well and is

content to Stop with first order factors a relatively large - number of e
f'relatively specific factors will be obtained Conversely, engaging in

higher order analyses will produce fewer and broader factors as a

@
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. Within these llm1tat1ons, howeve;s some regular1t1es can be observed

“inc psychometrlc theor1es of ab1l1t1es These theor1es taken as a group

- suggest the exf nce of s1x broad cogn1t1ve factors Gf, Gc;,Gv,»

Memory, Verbal roduct]ve_Thjnk1ng,'and Gs..

,Informatioanrocessing'and Humanvailitles

¥

'ACronbaCh {1957) descr1bed sc1ent1f1c psychology as be1ng separated

:into two disciplines experzmental psychology and the psychology of

1nd1v1dual d1fferences That separat1on has 1nsulated the study of =
human ab1l1t1es'(1nd1v1dual d1fference var1ables) from»advances made :
1n exper1mental psychology, and vice versa Extensive‘theorles'(as .
evidenced by the preced1ng sect1on) of human behav1or were developed B

upon the basis of 1nd1v1dual d1fferences and m1n1mal man1pulat1on of

"1ndependent var1ables wh1le perhaps even more mass1ve theorles of human~ :

behav1or were constructed from the man1pulat1on of laboratory variables
and the treatment of 1nd1v1dual dlfferences as error -

It is now apparent that a rapprochement is under way Cronbach
(l975) reports that the study of Apt1tude X Treatment 1nteract1ons is

flour1sh1ng Even as d1st1ngu1shed an exper1mentallst as Underwood (l975)

' 7 has cone to the real1zat1on that not only are 1nd1v1dual d1fferences -

@

exper1mental psycholbg1st (e.g., short term’ memory, Chunk1ng, retr1eval)

: relevant to exper1mental psychology, but also that they may provide a

cruc1ble _for’theory,construct1on a cr1t1cal test for the.accuracy

of . theories Carrol] (1974) and Estes. (1974). have both attempted

o
s,
PR

1nterpretat10ns of psychometrlc tests in terms more fam1l1ar to the ,l

-

Q
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The 1nd1cat1ons are numerous that the spl1t 1s end1ng
| Before the spl1t can be effect1vely closed however a fuller
.understand1ng_of its nature is necessary. There are other fundamental.
differences‘between the two disciplines besides'thedr treatment of
v 1nd1v1dual var1at1on and their desire to manlpulate 1ndependent ‘
‘var1ables The deVelopment of concepts. and theor1es has followed a
dlfferent h1stor1cal course 1n the two d1sc1pl1nes -

After Watson s (1913) Behav1or1st man1festo, exper1mental psychology S

. - development was overwhelm1ngly behav1oral and’ emp1r1cal Emphas1s was

bplaced upon observables, not on what was actually happen1ng inside the
 head‘ Theor1es deal1ng w1th mental 1ma\es were branded as non-
' sc1ent1f1c and discarded Part1cularly in North America, the study of
| ;cogn1t1on and the construct1on of theor1es which used cognitive terms,
were left to the psychometr1c1ans or. d1fferent1al psycholog1sts Thus,’-
s Carroll (l974) po1nts out early leading figures 1n psychometrlcs
such as Spearman (1923, 1927) and Thurstone (1938) were. concerned with -
the ngturg_of-1nteﬂllgence They 1nterpreted their factors as ultra-
spect1ve concepts (Coan, l964), hypothet1cal constructs hav1ng real1ty
f: beyond the, data- from wh1ch they were 1nferred |
| Theoretlcal development occurred d1fferently in e1ther field in
subsequent years In d1fferent1al psychology, the.trend was.away'from
the cogn1t1ve toward the emp1r1cal Intelligence teStsvwere'said to
measure what intelligence tests measure' »Nriters'such as Anastasi
(1938) and Burt (1940, l949) accused Thurstone and others of resurrectlng
19th Century faculty psychology, and preferred the des1gnat1on of factors

as pr1nc1ples of classification'. Unt1l recently, psychometrlcs had
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,prJh become 1ncreas1ng]y emp1r1ca1, in proport1on to the 1ncreas1ng d1stasteA
‘vfor psycho]og1ca] ent1t1es , 'facu1t1es s and menta] engines’
: Exper1mentaT psycho]ogy in the -same period has pursued a para]le]
v7;jfbut oppos1te course. After.many attempts at purely associative, empirical
r_theorLes (Hu]l 1943; Spence, 1956),jcognitive constructs returned to
r;exper1menta1 psycho]ogy 'Theoreticians-(Hebb 1960; MiT]er, Ga]anter & .
Pr1bram, 1960) saw. that psycho]ogy had deve]pped a selective 1nattent1on ‘;
to prob]ems either mgahil or comp]ex Exper1menters, some of whom shunned ‘
hfthe construct1on of broad comprehens1ve theor1es and concentrated on the
. narrower aspects of cond1t10n1ng or memory, were unab]e to prevent the
~intrusion of’ cogn1t1ve constructs such as cogn1t1ve maps ’ '1mages and 1
covert rehearsa]' in the1r mode]s (e g., Tolman, 1948; Ne1sser, 1967). |
'_Part1cu1ar]y\in the area of memory (denk1ns, 1974) exper1menta1 ‘
psychology has embraced cogn1t1ve constructs and to. a- large extent
. has become the Study of human 1nformat1on process1ng (Estes, 1975, p 2),
‘f‘wh1ch by def1n1t1on concentrates‘on;what happens 1ns1de the head'
between 1nput and output | | | |

p
If the two disciplines of sc1ent1f1c psycho]ogy are to be un1ted

ot

they must at 1east 1nterpret the1r mode]s in’ the terms of each other S
metatheory In effect, that requ1res a -common metatheory The str1ct1y
behav1ora1 or emp1r1ca1 model has been found to be 1nadequate to descr1be ’
the phenomena (e.g., Ne1sser, ]967 Miller, Galanter & Pr1bram, 1960) and
~can even be accused of ignoring the true subJect matter of psycho]ogy
_(Hebb 1974) The’ metatheoret1ca] v1ewpo1nt that has been adopted as-
the basis of/the reun1f1cat10n/has\been the cogn1t1ve The resu]tant y}

models have been ones wh1chrdescr1be 1nformat1on process1ng
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: Informat1on process1ng in a psychometr1c context

Mess1ck (1972 1973) has been’ a maJor 1nst1gator of attempts to
go beyond the structura] or taxonom1c c]ass1f1cat1on of factors towards
a funct1ona1 model of psychological process Ech01ng ‘Royce. (1963), he
notes that factor analysis can establish 1mportant var1ab1es or. concepts,
but cannot easily link them in funct1ona1 re]at1onsh1ps Accord1ng -to
-Mess1ck, comp]ex cogn1t1ve behavior: (1earn1ng, problem so]v1ng, and t
’ creat1v1ty) must be understood as a result of a sequence of - component
processes, whose nature and‘1nterre1at1onsh1ps facton ana1y51s is. unl1ke1y
to reveal. ,l ‘

Those component processes'have long been studied 1n exper1menta1
psycho]ogy, to whose methods they are more amenab]e They are parts
of the trad1t10na1 memory models (e G- Atk1nson & Sch1ffr1n, 1968,
"Hunt, 1971) and include. short term memory (STM), intermediate- term
i‘memory (ITM), Iong term memory (LTM), and various execut1ve or contro]
processes whether these components, espec1a11y the various memor1es
Ior stores s sh0u1d be cons1dered as structures or processes, is a
quest1on 1eft to future research and thought The point is that they
are. cognltlve terms which can be funct1ona]1y.11nked

Hunt (Hunt Frost & Lunneborg, 1973, Hunt, Lunneborg & Lewis, 1975
_Hunt & Lansman,y1975) has 1nvestigated the character1st1cs of 1nd1v1duals
who are h1gh and Tow 1n verbal (VA) and&quant1tat1ve ability (QA) in
terms of h1s D1str1buted Memory Mode] (Hunt 1971, 1973) He finds
cons1stent re]at1onsh1ps b tween.the psychometr1c (VAvand,QA) variables
-~ and performance 1n a var1ety of exper1menta1 tasks: 'high VA is relgted

' to rap1d1;y of STM processes while h1gh QA is re]ated to res1stence to
' o - N ~



 executive processes For , examp

1nterference Carro]] (1974) has subJectiveiy ana]yzed 48 of the R
French, Ekstrom and Price (1963) tests, with regard to wh1Ch components
"of Hunt S nnde] wou]d produce indiVidua] differences in the tests Ofi
the 24 cognitive factors measured by these tests, he found eight to be
| re]ated to STM one. tO’ITM, and 15 to LTM - He a]so found the factors f_j,‘-
'to differ in-terms of three*types of operations | attent10na1 processes

addre551ng sensorytbuffers processes addressing ITM or LTM and

~~he characterizes the tests of
}Spatial abiiity as requ1r1ng entai rotation (executiVe process):of |
'dSTMvcontents; assoc1at1 Memory involves the addressing of ITM contents
and 5TM rehe‘vsai; and Inductive Reasoning requ1res the addre551ng of

. LTM contents for re]evant ]oglca] hypotheses _ ' | »

| Estes’(1974) anaiyzed severa] wAIS and Stanford Binet subtests 1n |
ta manner simiiar to Carro]] s. Like Carro]] he conc]udes that 1nd1v1dua1

S

. differences Ain tests as 51mp1e as - Digit Span or Vocahulary could arise X
P ‘

for a variety of reaSOns reiated to cognitive proce551ng For exampie,
failure to define a word correctly ‘could be due to the lack of the
4vnecessary memory structure, the 1ack of retrieval cues, the Tow |
availability of words- tp use in the definition or a faiiure toﬁg
understand what . 1s required in. the task 5, _ |

These attempts to describe psychometric abiiities as a sequence ’
of cggnltive processes are not necessariﬂy d1rected toward developing
'new tests of ' 1ntelligence " A% McClelland (1973) has said, 1nte111gence

and aptitude tests were de51gned to predict spec1f1cvperformances.(e.g.,

- school grades) and they do this wel] Predictive validity, these '

'theoristS'feel; is'not'enough; Efforts should be made to understand
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the nature of intelligence; the nature of the cognitive processes wh{ch

are reguired,for‘adaptiVe functioning. In this way, with somes L

.underStanding of_QWhat-bringstabout specific kinds.of‘competence,and

o ;incompetencetin'inteTTectual actiyity ‘ “the pr1mary purpose of -

.

antel]igence test1ng [w111] become that f.. of 1nd1cat1ng and gu1ding

. 2
B

¥

.neasures that can be taken to 1mprove 1nteJTectua1 performance (Estes,’ i;

1974 p. 749)" Benef1ts shOuld accrue rot. on]y for the educatlon of .ft

ch1Tdren but also for a theory of inte111gence e

-ﬁ,

A ¢

' Imagery and verbal processes

Pa1v1o (1971 1975) has recent]y elaborated his dua] coding mode]
of assoc1at1ve memory (1969) to encompass &ogn1t1on in genera] 'He

d1st1nguishes between two modes of thought or 1nformat1on process1ng, :

| the 1maglna1 and the verbal The 1magery system is-specialized for

the proce551ng of nonverbal 1nfbrmat1on stored 1n thg form of 1mages 'h&

‘ or analog representat1ons of concrete thlngs ‘ The 1magery system is -

also spec1a11zed for "synchronous organlzat1on and para]TeT process1ng

* (Paivio, 1975, p . 188). | B | |

The verba1 system is spec1a11zed for the process1ng of abstract

11ngu1st1c un1ts which are d1screte and sequent1a11y arranged these
unlts are’ on]y arbitrarily related to things, accordlng to ‘the _
convent1ons of some ]anguage In contrast to the 1magery system, the
verba] system engages in sequent1a1 organ1zat1on and serial process1ng

‘ Paiv1o S modeT has been cr1t1cized for the nature of the constructs
(1magery and verba] systems) that he posits (Pylyshyn. 1973 Kirby & Das,.
1976), and for the manner in which he ass1gns modeS/oT process1ng’for

these systems (Nelson Brooks & Borden, 1973 Snodgrass & Antone, 1974,_

'S . S 'T' o o . : I},:'

N



Bugelski, 1974; Kirby & Das, 1976). Constructs such as imagery and
verbal systems, 'and'the»image}itself are of questionab]e'exptanatoryv
use (Py]yshyn f§73), and are difficult to see as having any neuro- »
:phys1ologica] rea]ity As Ry]yshyn suggests, they are 1n need of further
freduct1on However Paiv1o S assignment of processing modes (para]lel -
"e~and ser1a1) to these mediat1on systems is not an adequate so]ut1on-' L
‘ 1n addition to being post hoc, 1t s incorrect (Nelson Brooks & Borden,
1973, Snodgrass & Antone 1974 Bugelsk1 ]974) o
. An add1tiona1 d1ff1cu1ty 1s in relat1ng Paiv1o S. two cogn1t1ve o
systems to the psychometric researchtd1scussed previpusly In annumder
ﬂ of stud1es he and’ Ernest (Paiv1o & Ernest, 1971 Ernest & Pa1v1o, 1969,
”1971a, 1971b) have equated 1magery ab111ty w1th performance on spat1a1
: tests If such is the case, ana 1f Paivio - (19}1) is correct that 1atency
to form an 1mage is an 1ndex of imaging, “then 1t 1s not easily. under-

standable why spat1a1 abi]ity 1s equa11y corre]ated with Iatency of

-evoking an image or a‘ verbal assoc1ate for either concrete or abstract j

words (Ernest & Pa1v1o, 1971a) In the same way it 1s d1ff1cu1t to relate 5 8

\

his verba]' system to an ab111ty factor 1t is corre]ated with spatial
'ab111ty, 1n definition 1t reSenb]es verbal or crystal]ized abi]ity, and

the tests which Paivio uses to measure it (abstract palred associates)

'should be expected to 1oad on a memory factor ’
\.\ '
Paivio's attempts at building a theory of cogn1t1on have not been _

© as comprehens1ve and thorough as those of others but they have been -

‘:j‘exten51ve in the doma1ns of percept1on and memory In that 1t represents

a concerted effort towards an 1nformation processing mode] Pa1v1o S
=)

theory mer1ts comparison with other models of cogn1t1on

o .

R _ SRR . o Ll
[ . el . : PR . . . . [ . :
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“Syntagmatic and paradigmatfc language processlng

Anotheir approach to a model of. cognition was begun when Jenkins

',(1954) 1ntroduced a distinction between two types of word association,

o syntagmat1c and paradigmat1c A syntagmatic association is one between--

&

"'.'words whlch have some k1nd of sequential relatignsmp to each other and
are generally members of different grammatical classes form1ng a
syntactlcally organ1zed phrase, sentence or sentence fragment Thus

pthrow and ball are syntagmatically related A paradigmat1c association,

» on the other hand, 1s one between words of the same grammatical word ,

fclass and which are semant1cally subst1tutable (can replace each other

~in sentences) Thus throw and toss, and cold and warm are related

"_parad1gmat1cally

o It has been shown s1nce that the syntagmatic paradlgmat1c distinction
ﬁlls related ontolog1cally to development which takes place dur1ng child-
_hood, In free asso%1atwon (Brown & Berko, 1960 Erv1n, l96l McNeill,

»"1963 Routh & Tweney, 1972), and in free recall cluster1ng (Denney, '\
‘-l974a Denney & Ziobrowski 1972), a tendency to categor1ze syntagmatically
-changes to a tendency to categorize paradigmat1cally The sh1ft.takes

place between the ages of 6 and 9 (Denney, 1974a) The paradigmatic l

categorizatlon tendency continues through college and middle age (Denney

& Z1obrowsk1, 1972), to. old age, when a shift" bach towards a syntagmatlc‘ ,

tendency takes place (Denney, l974b 1974c) g In her research Denney

prefers the terms 1milarity and complementary for paradigmat1c and o

fsyntagmatic, respect1vely, and has found ev1dence for the Shlft in
o categorizat1on in studies of free classif1cat1on, word def1n1t1on, and

f,conceptual styles as well (Denney, 1974a)

) -



| 23
Nhile theretis still no satisfactory explanation of the syntagmatic;‘
| 'paradigmatic shift (Routh & TWeney, 1972, Denney, 1974a), there is-
,evidence that increased paradigmatic clustering or cla551fying can be |
trained (Denney & Acito, 1974, see also, however Routh & Tweney, 1922).
: Furthermore, it has been shown cross-culturally that increased Western

'schooling results in more paradigmatic categorization behav1or (Cole,_

o Gay, Glick & Sharp, 197l Cole & Bruner, 197l,,Scr1bner & Cole, 1973,

Denney, 1974a)
The terms syntagnmtic and paradigmatic have also been used as a l,'

. classification scheme for various kinds of apha91c disorders. (Jakobson
l964) Furthermore, Pribram (1971 pp 357 360) and Luria (1973b) have
expanded upon Jakobson s Scheme, and related it to Luria 3 (1966a, 1966b-r ‘
| l973a) model of simultaneouS\and successive proce551ng, which will be
_described in a later section ' |

B The syntagmatic paradigmatic developmental shift model was not
1ntended as a theory of cognition, but relations can be seen between b
‘ 1t and those theories discussed previously Paradigmatic tasks require

a degree of abstraction and relating that may be similar to that required'-

~for Inductive Reasoning To the extent that the paradigmatic relations

are of a Visual nature, they may also involve the general Visualization
or spatial ability Syntagmatic tasks are more difficult to classtfy,
rin that they require the maintenance of temporal order they may require |
memory ability, but to. the extent that they tap functional relationships -

they defy classification L | (?/F“\

hY
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Summar | » N

"Information process1ng' is at best a vague‘term‘ fn and'of 1tse1f,
it does not represent a so]ution to, or ‘an adequate representation of,

‘_ anything Information processing theories are best thought of as a
subclass of cogn1t1ve theories, all of wh1ch share a concern for
postu]at1ng unobservab]e constructs whose"‘ﬁteraction produces observab]e
behav1or - Ca111ng the theory 1nformat1on processing rather than cogn1t1ve
1nd1cates the choice of a metaphor, a metaphor which is 1ncreas1ng]y |
common . in cogn1t1ve theorieS’ R ‘y ’

The 1nformat1on process1ng metaphor is a conven1ent 1anguage for
'd1scuss1ng 1nput, storage,_retr1eva1 and output.of 1nformat1on Theor1es L
"that adopt this netaphor according]y_tend_to postulate‘constructs-which
refer tobtheseiprocesses, which could be 1oose1y c]assified:as_memory
processes o .’ § - B | o

Three k1nds of 1nformat10n process1ng approaches, ne1ther exc]us1ve
-nor exhaustive, were cons1dered Each represents in some way an attempt
to character1ze human. cognit1ve behavior. Carro]],'Estes,.Hunt and |
Messick have begun the-descr1pt1on of psychometricddimensions in
cogn1t1ve terms, and the breadth of - the psychonetr1c varlab]es makes
- ~theijr task, if not their so]utlons, comprehens1ve  Paivio has attempted
to construct a theory of cognit1ve funct1on1ng on the bas1s of per?ormance
“in re]ative]y s1mp1e tasks, h1s 1magery theory has become w1despread even
A;1f 1naccurate Smne recent research has concentrated on two d1fferent

types of re]at1ons between words or concepts (syntagmatic and parad1gmat1c,

" which can also be thought of as modes of process1n9), and Denney has’

begun the task of re]at1ng th1s distinction to other cogn1t1ve variables.
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Information Processing and the Brain

.'Simonr(1972) has suggested that_whi]e'cognitive psychology is not
capable of thé detaf]ed neuroanatomica] hypotheses of physiofogica]
psychology, it should at least attempt to produce hypotheses which are
consistent with the know]edge that exists of the nervous. system. Th1$
| task- is becoming easier because the physio]ogists themselves are talking
_1n informat1on process1ng te’ms (Pribram; ]971) ~In this sect1on,
Lur1a s model of SImultaneous and successive syntheses will be
presented along w1th some extrapo]ations that have been made into the
l1ngu1st1c field by Luria and Pr1bram Fina]ly, some paradoxical
~resu1ts from the study of latera]ity d1fferences in the bra1n w111 ‘be

br1ef1y mentioned

.‘S1multaneous and success1ve syntheses
| Lur1a Q1966a, 1966b 1969 1973a) has proposed a model wh1ch ‘
'd1v1des{the human bra1n 1nto three funct1ona1 systems or blocks Iheti
'ftfirst b]ock cons1sts of the upper bra1n stem, the reticu1ar format1on :
‘and the oldest parts of the Timbic cortex ‘and the hippocampus. - It is’
"respon51b1e for mainta1ning wakefu]ness and arousa] The second b]ock
of the bra1n inc]udes the posterior cortex (parletal occ1p1ta1 and
‘fronto- tempora] lobes) and the underlying structures CItis résPO"S‘b]e
~ for the input, recodlng -and storage of 1nformat1on and 1s organlzed '
‘hlerarch1ca11y Deeper tertiary @or over]app1ng) zones syntheSIZe
1nformat1on from pr1mary®(moda{1ty spec1ffc) zones The two modes of a
proce551ng in which this b]ock engages, s1mu1taneous and Success1ve
process1ng, will be exam1ned be]ow . The th1rdvb]ock of the'bna1nv

N~
Iz
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'c0nsists of the anterior portions of the brain, the prefrontal Tobes,
which are eV°]“t1°"a"1]¥ the newest parts of man's brain This block is
'responsible for the constryction and execution of p]ans or programs.
. Through extensive connections with the other two blocks it regulates
| and controls purposefu] cOnscious action. ’ | v |
Luria s CO"C‘US‘ON that the second black of the brain mtegrates
er processes information by means of s1mu1taneous and successivé
syntheses is based upon the examinaton of "eur01091ca1 patiefts -
suffering from gross braijp damage to various parts of the left
hemisphere. " These S5”‘thﬁses can take place at the Perceptual memory
“and complex. 1"tEIIECt”a] 1EVels of functionfng ‘
Simu]taneous p""‘3‘*55fng 1nvo]ves the Synth9515 of separate elements
‘1nto groups that generally have spatia]\overtones, an ‘Portions of the
.synthesis being Surveyab]e or accessible without dependence upon their .
p051t1on with1" the sy"th951s Th1s ‘type of processing is required,"
for 1nstance, in the fo"“‘aﬁon of any holistic QeStalt, or in the
'd1scovery of the PEIati°"Sh1ps among two or more ObJeCts “
S1mu1taneous process1ng 15 1mpa1red when the. parleta] occ1p1tal
reg1ons of the brain are dameged While the Patient generajyy rema1nS
consc1ous and aware and rEtaIns narrative speech, he does exp1b1t h
: ~def1c1ts in ce"ta"‘ Kinds of tasks. Dependmg upon the depth and
‘exact location of the lesion, the following may be 1mva1red under-
standing of 109ic°'9rammatlca] speech (e:g., who is yourffather s’

. brother?), spat'la] 0r1entat1°n (confus‘ing east -and wejt) and executing
Spatial instructions (when told to 'draw a square abo

€ a c1rc1e s the .

pat1ent draws 2 Square ang then a circle, in no particlar relatvonsh1p)l
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Su¢cessive processing invoives the integration of separate elements
into groups whose essentiaianqgure is temporal. Portions of this
synthesis are accessible. only in the temporai order of the series—-
each eiement leads to only one other, and access to any eiement is n

dependent upon the preceding elements Successive processing is .

necessary for the formation or production of any ordered series- of

-]

~events.
' Disturbancésjof successive prooessing‘resuit‘from damage to the |
fronto-temporal'regions of the brain. Again depending upon- the depth
and location of the gesion, the foiiowing may: be 1mpa1red. smooth serial
actionsv(either perseveration'takes‘piace‘or order of actions 1Svdisrupted), -
retention and reproduction of rhythm and melody, and seriai recali (though
as many as 10 items can be reca]led the patient cannot iearn to correct]y
_’order them). The patient retains conscious awareness, -but finds- that he
' must make a vo]untary effort to perform 51mpie serial movements, these ‘
movements have become de- automatized ' ; 4 _ |
Luria S eVidence for these proce551ng factors comes’from a technique

which he ca]ls sxndrome analysis (Luria; 1973a), and which in function

dIS remarkab]y 51milar to severa] mu]tivariate ana1y51s techniques
Brain damaged patients are presented with a- variety of tasks and
meaningfui re]ationships are sought between the location of the damage :
and the nature of the deficiency exhibited These reiationships are

. interpreted much as factors, discriminant functions, and canohica]
variates are. ~‘fk |

- . / S . »
Pribram (1971) has extended Jakobson S (1964 1971) claSSification

of apha51as (disturbances of receptive or expre551ve speech) and |
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~..related it to Luria s work. Briefly, while aphasias can be classified
as either expressive (Broca s) or receptive (Nernicke s), they can .
also be classified as disturbances of either simultaneous or successive |
processing These classifications overlap, but are not isomorphic '

. Several points should be made with reference to Luria's model
‘hLuria S, ‘work has been ‘with brain damaged patients, and in most cases
that damage has. been to the Teft hemisphere. Accordingly,’ there may

be difficulties in generalizing his model to normal, intact persons.

The role of the right hemisphere in cognition is. also left in doubt
However, since he has concentrated on yverbal disorders, it is difficult ”T
to characterize the two sorts of disturbances he notices as other than |
nprocessing disturbances

One fihal source of confusion should be noted The succe551ve

' proce551ng areas of the brain (fronto temporal regions) are adJacent
to the third- block of the brain, where p]ans are constructed and

controlled By their nature plans are sequential: they are de51gns )

4

- -for series of actions It is possible, therefore, as. Luria (e. g s 1973b)

~ sometimes does, to cla551fy the cortex not as block two and block three,
but as posterior (temporal parietal and occ1pital lobes) and anterior
(premotor, prefrontal and frontal areas) The difference 1s in the

:'group in which the succe551ve areas of block two are located Nhile

»either distinction is feasible. the former (simultaneous and succe551ve,;r i-’

”7'both in block two) will be used here ’ The third block 1s separate from

)the two modes of processing and dependent upon both of them

[ by »

LN
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| Laterallty d1ff rences _ v
| The fssue as further confused when one cons1ders work done on the
':fd1fferences between cerebra1 hem1spheres Whereas Lur1a and the Sov1ets

'have concentrated on the left hem1sphere, a éer1es of western 1nvest1gators
1ed by Sperry and M\Tner have concentrated on the d1fference between
:heszpheres ‘ |

Ever since- the ear]y observat1ons of Broca (1888)‘there has béeﬁf‘

evidence. accumu]at1ng that the two hemispheres in man do not perform '
equ1va1ent functlons as they . do in Tower animals. Ev1dence has been
"gathered from three types of subJects those w1th 1oca]1zed brain
damage, those who have had the connect1ons between hem1spheres seVered
(split bra1n), and norma]s This research is genera]]y based upon
observat1ons of r1ght handed subJects{°1n whom 1atera1 asymmetry is
" most c]ear]y ev1denced iM11ner, Branch & Rasmussen, 1964 ). '
h The c]earest hem1spher1c asymmetr1es of funct1on are demonstrated
hw1th pat1ents who have had a substant1a1 port1on of. e1ther cerebra]
hem1sphere, or the: entire hemisphere, damaged or removed ‘ Damage to
or removal of the 1eft hemisphere 1mpa1rs the ]earn1ng and retent1on

of verba] mater1a], regard]ess of input modality or response type

(reca]l or recogn1t10n)~&ﬂ}1ner, 1971; Mountcast]e, 1962) Ab111ty to

-

‘ 1earn and retaln auditory and visuospatial patterns wh1ch are not eas11y
o;;verba11zab1e (e.g., faces or me]odles) is not affected Converse]y,
damage to or removal of ‘the r1ght hemisphere 1mpairs those functions h
; descr1bed above as not 1mpaired by left hemispher1c damage (K1mura, 1963 o
'M1lner, 197], Mountcast1e, 962) Aga1n the def1c1ency s 1ndependent

of sensory modality or whether ‘the response is by recal] or recogn1t1on

f

.



tearn1ng and retent1on of verbad material 1s not affected | |
Ep11ept1c pat1ents who have had the corpus ca]losum, wh1ch 1s the
“major merve bund]e connect1ng the two cerebral hem1spheres, surg1ca1]y
: .severed are a: second source of ev1dence regard1ng hem1spher1c asymmetr1es:_
: of funct1on -The data from these sp]it bra1n pat1ents a]so descr1be the o
left hemisphere (' by 1tse1f ) as belng more adept at essent1a]1y verba] |
., : tasks and the r1ght at nonverba] -tasks (Sperry ,A968 Sperry & Gazzan1ga,t f
"'f,'1967 Milner, 1971 Nebes, 1974; Gazzamga & Sperry, 1967). |
Much of the same pattern of resu]ts is found w1th norma] SubJeCtSv
ff(wh1te ]969) Sangle letters outllne draw1ngs of easzly named obJects,;
:,and d1g1ts are a11 1dent1f1ed or reacted to more accurate]yﬁor more ;
i:quick]y when presented to the 1eft hem1sphere (K1mura, 1966 Nyke &
A,Ett11nger, 1961 Geffen, Bradshaw & wallace 1971) On the other hand ‘
it has been shown that dot ennumerat1on dot loca]1zat10n, d1scr1m1natton71_
of 11ne s]opes, and recogn1t1on of faces are performed more eff1c1ent]y
by the right hem1sphere (Klmura, 1966,-]969, Durnfordia,Klmura?,1971{;:v‘
.Geffen et al., 1971) | : - e BRI ‘f S
While ear]y 1nvest1gators 1nterpreted these resu1ts as mean1ng
that the 1eft hem1sphere processed verbal 1nput and the r1ght hem1sphere
nonverbal., more recent researchers (Cohen, ]973, Nebes, 1974; Semmes,ﬁ» :
1968) have 1nstead begun to propose what can best be . termed a process1ng"
_d1st1nct1on Nebes' conc]us1ons-are thatv "the type of 1nformat1on

proceSSIng required to solve the prob]em" determ1nes whlch hem1sphere is

dominant for a part1cular task that the 1eft hem1sphere "sequentlally

o ana]yzes 1nput abstract1ng out the relevant deta1ls to wh1ch it

‘assoc1ates verbal symbo]s", and.that the r1ght'hem1sphere "js seen to

Towe



’organ1ze and treat data in terms of comp]ex wholes, being in effect a
synthes1zer w1th a pred1spos1t1on for v1ew1ng the total rather than the
~parts (Nebes, - ]974 PP.. 12 -13). In other words, then, the d1fference
'llbetween hem1spheres is not 1n the nature of the stimuli which they
process, but rather in the way 1n wh1ch they process (encode) those
st1mu]1 o f ' a
Nebes reference,to”seouenfiaf'and,who]istic;processing, and‘Cohenfs
(]973) exp11ctt.use Of_the terms seria1 and-parallel processing are
;,reminiscent'of'buria's[successive‘and simu]taneous processing,
, respect1ve1y while at one level of ana]ysis it can be‘seen thatvther-
..essence of simultaneous process1ng 1s para]]e] process1ng°~etc , the
,_re]atlonsh1p between the two ‘models s much more comp]ex Nhlle the.
1eft hem1sphere may engage pr1mar1]y in sequent1a1 process1ng, 1t is
1mp11c1t1y verba] (as success1ve processing is- not) because the spéech
fmuscu]ature is controlled 1n the left hem1sphere. S1m11ar]y, s1mu1taneous
)(para11e1) process1ng hEE been demonstrated 1n the 1eft hem1sphere by
| '2Lur1a, and some speech funct1ons are dependent upon it.
The paradox cannot be reso]ved here, and must await: future research

wh1ch 1nvo1ves exten51ve testing of the brain- damaged A poss1b1e though

+

g

‘ comp]ex so1ut1on is that nature of p ess1ng varies w1th1n and between
‘hemmspheres Thus, the fronto—tempo::?zreg1ons of the Teft hem1sphere»'
are ‘more' successive or sequential than those of the right and the
par1eta1-occ1p1ta1‘reg1ons of .the r1ght are 'more’ slmultaneous or

Zparalle] thahlthbse of the Teft. Such an arrangement, if genetically
determined to some extent;:mtght account&for the deve]opment of language

by the 1eft'hemiSphere,‘andgthe different'néd%%gnatomical arrangements

i
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of the two hemispheres (Semmes, 1968). Such solutions also tend’to beg

the question..u

| Summar . A
| " Two informationprocess%ng:analyses of brain function, both of_nhich
involve distinctions between types‘offprocessing:4and Luria's “three. bl ock
| structural.model’ot the'brain were discussed ‘-Because the relations

' between Luria's work and that on laterality d1fferences are st111
unclear, no resolut1on was presented Aspects of Luria's mode]
part1cu]ar1y s1mu]taneous and success1ve process1ng, wf]] be further :

|

exam1ned, 1n a d1fferent context, 1n the next section. S

Factor Analytic Studies-k_
of Simu]taneous and Successive Processing-

“In an attempt to demonstrate the existence factor-ana]yt1ca11y of

-
Das {1972) found. two factors wh1ch could more pars1mon1ous]y be descr1bed

Jensen § Level I and Level II abilities in norma] and retarded ch11dren, -

+

as Lurf%'s s1mu1taneous and sucCess1ve syntheses ~In 2 ser1es of

subsequent stud1es (Das, 1973a, 1973b Das & Molloy, 197‘3,_”F

1974; Leong, 1974; Jarman, 19753 w1111an5 1975) tests ha a;ﬁ;'"'
to and taken away from the battery or1g1na11y used and the battery has
been used w1th samp]es from dlfferent age, ethnic, soc1oeconom1c status
and ability groups (see Das, Kirby & Jarman, 1975, for a rev1ew).

~ The actual tests used w111 bé described more fu]iy fn‘a 1ater |
chapter, but a representat1ve factor ana]ys1s can be seen 1n Table I
: The four factors which emerged (Das, 1973a P 47) were 1dent1f1ed as,

'respect1ve1y, success1ve process1ng, school achievement, s1mu1taneous
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processing, and spged. v

The first factorj(successtve) is reiated'to Serfa] and'Free'Reea11,
which are alternate scorings'of the sane auditory short;term'memory test
for words, and Visual Short- Term Memory for numbers | It is therefore net
a modallty spec1f1c factor However, norjls jt-fu]]y a general memory
factor. Memory for_Designs, a short-tern'memory test for oeometric.
ojcture§: doeskpot']oad highly on this factor. Nhat the three ¢ests
that load on this faotor do have in ‘common isha Sequential Or'successive
‘ordering of e]ements In other studies (e g., Das & Molloy, 1975) D1g1t |
Span has also been found to Toad on ‘this factor :

‘Schoo1 record 1IQ (Verba]), read1ng ach1evement and mathemat1cs
ach1evement 1oad h1gh]y-on the second factor, whwch can thus be best"
1dent1f1ed as a school 1nte]11gence or school ach1evement factor, '

Were it not . for IQ 1oad1ng high]y on -the second factor, the th1rd
factor m1ght be 1nterpreted as reason1ng s because ofgthe h1gh Toading -
of Raven's . Progress1ve Matrlces Since Memory for Des1gns-a]so 1oads -
hlgh]y on this factor, however, it cannot be’ str1ct]y reason1ng, but must

2

‘rather be something common to both reason1ng and memory tests what the
‘\tests do sharet1s a need for process1ng whole patterns at once, rather
"than‘asva series of deta1ls, in other words, smmu]taneous processing.
“The fourth factar is:essentially a"singieton;wbéfng refated mainly
to~word:reading Z;i:;;) It has been tentatlve1y 1nterpreted as a speed
_.factor' This has'been‘conflrmed in other stud1es (e. g ,. Das & Mo]]oy,
1975) where color nam1ng Speed also loads on this factor ”
When replicated with low ability ch11dren (Das, ]972 Jarman, 1975),

disabled readers (Leong, 1974), Oriya children from India (Das, 1973a),
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uCanadian Ind1ans (Krywan1uk 1974) and Canadian b]acks (Das, 1973a), -
the same factors were identified, but 1mportant d1fferences in factor
loadings for.the 51mu1taneous and success1ve “factors were 1dent1f1ed'
These d1fferences edcouraged.krywan1uk (1974) to 1nst1tute a remed1a1
program des1gned to a]ter the factor loadings of the success1ve tests, :

in order to bring them closer to the 1oadings for wh1te ch11dren .Not
' only was he successfu] in altering the loadlngs, but absolute performance
‘1n these tasks a]so 1mproved s1gn1f1cant]y The refu]ts of this
'remed1ation program support the 1nterpretation of the two factors ‘
A(s1mu1taneous and successive) as cogn1t1ve‘process1ng strategy factors

; Two more factor ana]yt1c studies should be ment1oned, in which
similar factors can.be 1nferred even though the tests were different.v
"Cumm1ns (1973) factor analyzed a. battery of ent1re1y different tests .
(pa1red aspocﬁate 1earn1ng tasks for concrete and abstract words, '
.imemory span for digits, concrete and abstract wgrds, log1ca1 sy]]oglsms, .
..s1m1lar1t1es, paper fo1d1ng, and three d1vergent th1nk1ng tests) g1ven |
to high school students. He found f1rst a d1vergence factor, second1y
-a s1mu1taneous, and th1rd1y a success1ve process1ng factor S1mu1taneous .
»process1ng was re)ated to so]ving log1ca1 sy]]og1sms (Hutten]ocher [1968]
~ has 1nd1cated that spat1a1 processing is- 1nvolved in th1s task), f1nd1ng

S1m11ar1t1es between d1fferent obJects, vasual1z1ng the results of fold1ng

-} ~

paper, and remember1ng 11sts of pa1red assoc1ate concrete words
Success1ve proce551ng was related to the memory span tests for d1g1ts,
concrete words and abstract words and for rememberlng lists of pa1red

associate abstract words

- One final element‘of supporting eVidence is a study of memory by
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Bergan Z1nnerman and Ferg (1971). They presented subjects with lists

-of numbers, words or s1mp1e figures which. were to be reca]]ed in correct

order. Stimu114were presented either one or two or three at a t1me

“1n a”Subsequent factor ana]ysis (w here1n 1nte111gence test data were .

1nc1uded) three factors were found: memory for mu]t1p1e un1ts memory

'for 51ng1e un1ts and intelligence. The first two. factors are clearly

.gnelated respect1ve1y to s1mu1taneous (two or more st1mu11, chunked'

togéther) and success1ve (one. by one) process1ng. -Again, 1Q defined a -
separate factor

Nh11e none of the 1nd1v1dua1 stud1es is w1thout fault, similar

A

: factors have been found often enough to agree with ‘Leong (1971, p. 335)

that "there are stat1st1ca1 and psycholog1ca1 rea11t1es to the

”s1mu1taneous success1ve d1mens1ons " Much of the ex1st1ng evidence

co 'has been rev1ewed by Das, K1rby and Jarman (1975) Their mode], uh1ch

'“,:represents other stud1es of percept1on and memory as we11 1s 111ustrated'

,1n F1gure 1 Br1ef1y, 1nformat1on of any moda11ty is rece1ved and

- temporar11y stored in a sensory register (cf Sperling, 1960) where it

. _decays qu1ck1y if not further processed ‘The central process1ng un1t,

models of 1nfonnat1on process1ng (e 9., Atk1nson & Sch1ffr1n, 1968),

~ short- and 1ong term memory are stonage structures w1th1n block two,

’equ1va1ent to the human cortex, cons1sts of Luria's second and th1rd

b]ocks of he bra1n Input is processed (encoded, recoded stored) in
the‘second ‘block accord1ng to p1ans and dec1s1ons made by the third:

bTock. That processing 1s s1mu1taneous or success1ve, and takes place .

~at the perceptua], memory and conceptua] 1eve1s N1th reference to other.

v

' h11e execut1ve or contro] processes are regulated in block three.



"_Fig. 1. Thé simultaneous and successive ‘processing model v
of information integration (from Das, Kirby & Jarman, 1975, p. 90)
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The- form of output is theoret1ca11y 1ndependent of mode of . process1ng,

and can be either s1mu1taneous or success1ve

Relations'with Pajvio and Denney
This‘processing model can also be related to Paivio's (1975)

imagery theory (Das, Kirby & Jarman, 1975 p. 99; Kirby & Das, 1976)
and to the paradigmat1c syntagmat1c research reviewed by ‘Denney (1974a)
Paivid (1975@ 1976) states that 1magery 1nvo]ves synchronous (51mu1taneous)
'.process1ng,‘wh1ch is supported factor-ana]yt1ca11y by Cummins (1973).
while'the Das et al. mode suggests a re]at1onsh1p between 1magery and
verba] tasks on the one hand and mode of process1ng on the other, it _
‘adm1ts the p0551b111ty of e1ther mode - of process1ng be1ng 1nvo]ved 1n
elther kind of task.. | | _ v

‘;;The mode]_has also been'related tovthe“paradfgmatic¥syntagmatic
”ﬁdistinction‘(Luria‘ 1973b) In an unpub]1shed study (K1rby, Jarman &

Das, 1975) two free recal] c]usterlng taSks were adm1n1stered toa group
~of high IQ chlldren a]ong with six of the s1mu1taneous success1ve tests
The ]1sts for the c]uster1ng task ‘were composed of the word 11sts of o
Denney and Z1obrowsk1 (1972), one “had parad1gmat1c pa1rs 1n random order
and one syntagmat1c SubJects were asked to recall as many words as
‘hposs1b1e, in any order, responses were scored for number of c]usters
(3. e., number of re]ated pairs that occurtred adJacent]y) Results can
» be seen in Table 2.v | ‘

The’three.factors can be identified as simu1taneous and successive

processing, and speed. Paradigmatic clustering 1oads as expeqted on ‘j_‘
simultane6us‘processing' Syntagmat1c c]uster1ng does. not load as |

expected, i.e., pos1t1ve1y on success1ve Instead, 1t 1oads positively

2



39

.. 34095 JOUJD

L

50 °bS 9651 10°8L 80z eouzruea (303 4o %
95€ " Lzt et ,wmm._ ., . soueiue
26¢€ ote- e :‘ | nomm mcpxmpmzpu upmempvmgmm‘
€05 68 0s-  sm m:.gopms_u JELTEIS
92 968- 951~ ) 050 ;,.w S mzﬁvmmm Puo
509 120~ 89L LLu- - »Losmz Wwia) - 140U _osmr>.
.mmo, 69¢ L0L o &= ipedsy LJRER
255 s61 gat- 901- “ Apmrm_mma 104 Aowsy
56€ LLE= mkﬁ- LS - B burAdo) ~eunby 4
805 otl T g9 SEaLuIey S ,usARy

M .nmmmm ,w>_mmmuu=m m:omcmu_zmwm _ - u—amw;m> )

111 11 N

(0£L-011 :9bued ou Fmogm>
UBJPLLYD plO-Jedk-auiu 26 = N)
(G¢61) seq B uewaep “Aquiy wou4
Acopumuom Xeulaep) mpmx_m=< mucwcoasou _mapocpgm

N
,

zalqe



‘ | a0
on speed, and negatively on successive. The results. uhile strongly |
suggestive of a meaningful relationship between the CIustering task and:
the Das battery. defy definitive explanation One possible explanation
of the negative loading on successive is that the other succe551ve tests
require the maintenance of input order, while syntagnatic clustering

requires that that ‘order be broken which is. at best pos hoc 'f§

_Relations with abilities

I

Although the first incidence of simultaneOus and'SUCCeSSive i

‘ proce551ng factor-analytically (Das, 1972) happened in the context of

©an attempt to replicate Jensen s Level I and Level II abilities, relations

‘:between simultaneous and successive processing and traditional abilities
‘models have not been pursued systematically Das, Kirby and Jarman (1975)

suggested that abilities underlay processes, that they were structures .

- which prov1ded a lower boundary for the processes Evidence presented

above demonstrates that they (the processes) are independent of school
,achievement.' The nature of the tests which define the pr0ce551ng |
__ifactors,.however, also Suggests_that_these proce551ng factors ‘may be

relatetho’the psychometriclfactors-discussed previously.

"Summar | _ _ A

An elaboration of‘Luria‘s model.uas‘presented' based upon factor -
analytic work with a variety of samples (Das, Kirby . & Jarman, 1975)
Possible relationships were indicated between ‘this model and those of f
fPaiv10 and’ Denney It was also suggested that simultaneous and succe551ve
vprocessing may- be related to the psychometric variables presented earlier'
The exploration of these relationships provides the rationale for the

,study which is. given in the next chapter



. CHPTER 1II
A RATIONALE FOR THE STUDY

A number of alternate conceptions of mental’ ability were reViewed
in the preceding chapter The rationale behind the present study s an
attempt to compare and re]ate these different conceptions and 'to discover
'the re]ations-which exist between the COﬂStPUCtS‘pOSIted by the diffenent
theories Throughout the emphaSis will be. upon the Sinuitaneous-
‘succeSSive processing mode], and in genera] on. attempts to develop an _'
infonmation proceSSing mode] of human COgnitive variability

| The first section of the last chapter reviewed traditional theories
of abilities and conc]uded with a six factor, higher order summary of
cognitive abilities The/ﬁﬁggmatics of testing a large number of schoo]
age. chi]dren, however, dictate that ly sma]] number of tests can be
>se]ected Accepting a subJects to-test vatio of, say, seven, and a
_ftests to proposed factors ratio of two (figures which are common but

' arbitrary), an adequate coverage of ‘ e six factors would require a

'isample of severa] hundred before he additiona] variables were added

'.Because severai of the abilities factorslwere not . of centra] concern,

‘it was deCided to construct a PMA battery (as this battery'will henceforth .
- be'calied) that wOu]d”tap Gf (through'Inductive ReaSOning),,Gv (through
{Spatial Abi]ity), and M (through Memory) An indication of Gc could be
~obtained from schoo] records (verbal IQ, reading tests) VPT and_Gs
were not included, ‘ | _
‘The simu]taneous-successive battery‘wasleasierrto choose. Three )

tests of simultaneous.processing, three tests of syccessive processing,

a1
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and two tests of speed were:selected. To examine the.relationship of
this battery~to Paivio's and Denney‘s constructs, tests of Concrete and -
Abstract Paradigmatic and Syntagmatic paired associates were added.

Hhi]e no exp]icit hypotheses will be offered, the Reason1ng Spatial-
Memory (or Gf~Gv M) structure is. expected to emerge from the PMA battery,
. and the simultaneous, successive and speed factors from. the Das battery

‘In re]ating these batteries, several poss1b111t1es arise the processing‘
factors could be essent1a11y uncorrelated with the ab111t1es factors,
‘suggestIng that in some fundamental sense they under11ethe ab111t1es
A second possibi11ty would be, as Jensen might suggest that the
'ﬂs1mu1taneous and successwve factprs are the same as two of the PMA

k'factors, Reasonwng and Memory, this would produce a re]ative]y high

h. corre]ation between those factors The' th1rd poss1b111ty is that there .

4) among the various factors,i,g':;

' fsuggest1ng that they areire1ated buﬁ' X means 1somorph1c . »:° f[f
~ The Concrete, Abstract,,Paradi nd Syntagmat1c tests are ][ﬂf(“

1nc1uded for the purposes of exp]oration Ex1st1ng 11terature suggests_f

’3w111 be moderate corre]at1ons (be]ow

poss1b1e relat:§h5h1ps with the s1mu1tapeous success1ve, but these havefu
_ not yet been conv1nc1ng]y demonstrated— : - | v h : y

- The PMA battery, the s1mu1taneous success1ve ‘battery, the Concreten
' Abstract tests and the Paradigmatic Syntagmat1c tests represent four 'y
d1fferent conceptions of cogn1t1ve ab111ty or variab111ty It s hoped R -
“"that the present study w11] uncover the re]at1onsh1ps ex1st1ng among o
:f7these d1fferent models, and will a1low ‘some conceptual theoret1ca]

'1ntegrat1on tobegin hf’i‘rlfs;,”' 8 [ B

-

v



 CHAPTER IV, . -
METHOD

", jf, o d L - Subjétts-»I

The pr1nc1pals and teachers of f1ve urban elementary schoo]s

: consented to part1c1pate 1n the study As four of the schoo]s had two‘--

'classes ‘each, a total of n1ne regu]ar Grade 4. c]assrooms was ava1]ab1e

for test1ng Even though the ma]es were the ma1n obJect of the study,_;f;

all tests were also adm1nlstered to the fema]es - A sna]] number of -
ch11dren (9 males, 13 fema]es) d1d not comp]ete a]l tests and were
nat 1nc]uded in the samples;./As aAresult,_a;total.oft104;ma1es and_. ,
| 98 females were tested ‘ o | "( : e
The sehools’ represented a good cross sect1on of the clty, rang1nc
_from rather low m1dd]e c]ass ‘to relatlvely'upper class schoo]s Age
. and IQ data for each schoo] and for the tota1 samp]e can- be seen 1n

‘Table 3.

-

| Tests. and Procedure

Test mater1a1s

The fo]]ow1ng tests were adm1n1stered to all subgects A]] testsdle
except D1g1t Span, word Read1ng and Co]or Nam1ng, wh1ch were - g1ven
t1nd1v1dua11y. were g1ven to classroom-s1zed groups Except where o

' otherwise 1nd1cated tests were scored for number of 1tems correct

Raven s Co]oured Progress1ve Matr1cesALBR_)f A trad1t1ona] test
of genera],\nonverbal rea50n1ng (Raven,_1938 1965) or of f1u1d '
intet]igencet(Cattell,>]971); it has'been found by Das (e.g., 1972)

. . G : A
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to be a marker for simultaneous processing. The subject is required
to 1nd1cate which of six alternatives correctly completes a g1ven

'nonverbal pattern

Figure Copying (FC). Developed by the Gesell Institute (I1g & Ames,

1964), th1s test requ1res tH” subJect to 51mp1y copy geometric f1gures
while they are in y1ew. Each of 10 draw1ngs is scored as 0, 1, or 2
iaccbrding to the degree of correctness of reproduction. Scoringvcrfteria
(auailable'in Leong, ]974)"emphasize the maintenance-of geometric
re]ations and proportions rather than exact reproduCtion. This test
‘normally loads on simu1taneous‘proceSSing. B . | |

Memory for Designs (MFD). This test was originally devided by

Graham and Kendall (1960) to detect minimal Brafn damage Subjects
v1nspect simple geometr1c f1gures for 5. seconds, and after the f1gure

has been removed are requ1red to draw each from memory . Each of 15
figures is presented separate]y by means of a Kodak Carousel PrOJector,
and scored 0, 1, 2, or 3’acc6rding to the correctness of the reproduction,
"As in F1gure Copylng, draw1ngs are scored for the ma1ntenance of relations

‘and proport1ons rather than for the presence and accuracy of deta1ls

It norma]]y loads on s1mu1taneous processwng

Serial Recall (SR) Twenty -four 11sts of four words arevp]ayed v
‘over a tape recorder After each llst the subJect is 1mmed1ate%y ’
required to write in the correct order as many of the words that he can,
reca]] Twe]ve of the 11sts are composed of unre]ated words and 12 of
_words wh1ch are acoust1ca]1y 51m11ar (e d., tap, cap) This test is
\norma11y adm1nlstered 1nd]v1dua11y w1th oral responses It'is a test
of success1ve processuag

¢ : A (':
WL

ki
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Visual Short-Term Memory (VSTM). Subjects view a five-digit grid‘

projected by a Kodak Carouse] Projector for 5 seconds. Upon removal

of the slide, the class js required to read an indicated item.from a .
'list of co1ors'(ff11er task). They are then permitted to recall as

lmany of the d1g1ts as/possible in an empty grid, in the correct positions.

‘There are 20 grids. This is a, test of success1ve process1ng

'ngit Span (DS) SubJecEs are read lists of d1g1ts of 1ncreas1ng
1engths. They are given two opportun1t1es to successfully recall 1n
: correct order at each list ]ength Their score 1s the maximum Tist
U length recalled. This test has been used 1nfrequent1y in the Das

» battery (Mol]oy, 1973 Cumm1ns,t§_ 2 xg‘should ]oad on successive

'vprocess1ng

'._ Word Reading (WR). Subjects ‘are requ1red to read the names of

four co]ors presented 10 times- each in random order (40 words in a]]) on
a s]1de projected by-a Kodak Carouse] PrOJector. The proJected 1mage

was approx1mate]y 55 cm x- 35 cm. _ Subjects were instructéd to lv'read a11

M%words, as qu1ck1y as posslble, without mak1ng any m1stakes", and
ere timed w1th a stopwatch ‘The test (Stroop, 1935) 1oads'on‘the
speed factor. | -

ﬁ‘ -+ Color Naming (CN). This test (Stroop, 1935) is similar to WOrd

Read1ng w1th the except1on that the co]ors on the 511de are str1ps of
color, not words. - The score is the number of seconds taken to read a]l
40 str1ps, and th1s ‘test usually 1oads on speed

- F;gyre Grouping (FG). This is a test of reasoning from the Science

Research Associates (SRA) Primany;MentaT:AbiJities Kit (Thurstone &

Thurstone, 1962). The subject is required -to select which of‘nyr
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~figures is unlike the others and indjcate his answer on an IBM answer

sheet. v *,.

Word Grouping (WG). Another3reasoning‘test:from the SRA kit, this

’ test requ1res the subject to se]ect which of four words 1s un11ke the

others and 1nd1cate his answer on an IBM answer sheet.

Spat1a1_Re]at10ns (SpR). This test of spat1a1 ab1]1ty is from
the SRA kit.and requires the'ch11d to se]ect wh1ch of four shapes, when
' added to a g1ven shape, will form a square Answers are placed on an

IBM answer sheet

First and Last'Names'(FLN) This test was se]ected from the French,

Ekstrom and Pr1ce (1963) K1t of Reference Tests for Cogn1t1ve Factors.
It is a test of assoc1at1ve memory wh1ch requ1res the subject to study
a list of 15 f1rst names paired with Jast namesofor three m1nutes
Subjects then have two m1nutes to wr1te as many of the f1rst names ;
beside the appropr1ate Jast names wh1ch appear on a second sheet of
paper 1nwscramb1edlorderﬂ' |

WordQNumber (WN). This test is ‘another testbof associative memory :

T

" from the French (1963) hit ' SubJects study a list of 15 numbers paired

‘with words for ‘three m1nutes and then have two m1nutes to wr1te as many.
)
of the numbers beside the appropr1ate words: wh1ch appear on a second

- sheet of paper in scrambled order

F1gure Test LFT) Th1s test of 1nduct1ve reason1ng from the French

k1t requ1res subjects to c]ass1fy figures in terms. of groups presented

to them They indicate their responses (group A or group B) on an IBM

answer sheet

“Card Rotations (CR). This test of spatial ability is‘takeh from
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the FrenCh kit. Subjecté are'required to indicate whetherggiven figures |
have been rotated within the same plane, or f11pped over Anewers are
p]aced on an 1BM answer sheet. |

. A .
Concrete Paired Assoc1atesv(CPA) .Sixteen concrete nouns were

se]ected from the norms assembled by Paivio, Yuille and Mad1gan (1968)

and random]y assigned to pairs. Each word had an average frequency of

at least 1:10,000 (so that each would be f5h111ar to the subJects) and
the 1ist as a whole had an average concreteness value of 6.68 (range'
5.50-7. 00 on afSeven point scale). The list was tape recorded with

a one-second interval between words and a four-second interval between
-pa1rs SubJects were 1nstructed to. 11sten to the pa1rs of words because
they would have to recall whlch word went with each first word immediately
,afterwards. - The stimulus members of the pa1rs Were then presented to
theisn%jects in scramb]ed'order'bn a response sheet. They.had one
cnenute to write asfmany as they could remenber} The concretebword
’:1ist:can be seen in‘Table‘4.- ~ |

Abstract Paired Associates (APA). S1xteen abstract nouns were

'§e1ected'from the Pai&io_gt;gl_ (1963) 11sts and random]y ass1gned to

_'pairs; :As in-the CPA;ieach word had an averagé}frequency of at’ 1east_ _
1:j0,000 "The average concreteness of the list was 2.27 (range 1.18-3.41
on'a;seven po1nt scale). The task was presented in-a s1m1]ar manner to
the CPA task. Word 11sts can be.seen in Tab]e 4.

Parad1gmat1c Pa1red Associates (PPA). The parad1gmat1c

-

(s1m11ar1ty) lists of Denney and Z1obrowsk1 11972) were used . to~f
' .COnstruct'eight.pairs of/words.thCh were parad1gmat1ca1]y related.

" The Tfst-was\eqnated ?or frequency and;associatiye freqUency_wjth_the
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. . <
‘_syntagnntic paired associate task. The task was presented in a manner

similar to the CPA task. Word 11sts can be seen in Table 4.

Syntagmatic.Paired Associates (SPA) The syntagmat1c(ComplementaRY)
"]ists of Denney and Ziobrowski (19725 were‘used to construct eight pairs
of words which were syntagmatica11y related. Frequency and associative
frequency averages‘were simi]ar tolthose of the PPA 1ist.7~The'task was
‘ presented in'a'manner‘sintlar to the.CPAhtask.' Word 1ists may be seen

in Table 4.

Procedure
| A]lAtesting was done in the schools. - C]assroom testing took‘place
in either the c]ass regular classroom or, 1n the case of open-area
schoo]s, in.an ava11able enc]osed c]assroom w1th which the students
were fam1'l1arT Individual test1ng took_p]ace in any available quiet ;
roon“ Each child receiyed all of the‘tésts within no more than.a one-
month ‘period. - . l'

| The actual order or sequence of testlng was constrained by the .
“school personne] involved. Because schools 1in genera] wanted comp]ete
~_'c1ass per1ods (wh1ch var1ed in length both between échools and at
d1fferent times of the day) rather than part1a] class periods to be o
occup1ed, test sequences were arranged dlfferently for each school,
Schoo]s also d1ffered with regard to the ava11ab1l1ty of t1ne inrsome
_'SChools test1ng was comp]eted within one week, wh11e in others on]y one
hour of testing was ava11ab1e per ‘week. Therefore wh11e total 1nd1v1dua1
testing t1me (approx1mate1y four m1nutes per ch11d) and total group

testlng t1me (dpprox1mate]y three and,one-ha]f hours.per c]ass) were



51
constant for all classes, each class received a different order of

tests which had.not been randomized in any systematic manner;

1 )
'



I ! CHAPTER V
| , N RESULTS

The resu]ts of this study will be presented in four sections.
> The first two sect1ons will deal with. the s1mu]taneous -successive

battery and the PMA battasy separate]y The data for males w1]1 be

analyzed for each battery, some a]ternat1ves concern1ng scoring of. tests, B

inclusion of tests, and rotation of factors wiltl be presented, and
factors and factbr scores for each battery w111 be generated Section
three will dea] with the relations between these two batter1es and
among the1r factors .The fourth sect1on will examlne the relationships
:of the rema1n1ng var1ab]es (concrete, abstract, paradigmatic and
syntagmatic paired associates) with'the factors of the-simuitaneous—'
successiveAbattery._ In analyzing‘the batteries separately, the aim
will be tovdemOnStratelthe existence of the factors that have been shown
by prev1ous research to emerge from those batter1es Because of" the
‘ comp]ex1ty of re]ationsh1ps that w111 emerge from the data, in relating
- the various tests and factors no s1ng]e pattern w11] be demonstrated
‘Instead, a var1ety of re]at1onsh1ps will be demonstrated by a var1ety

of methods.
‘_The.Simultaneous—Successive Battery

The means and standard dev1at1ons for the e1ght 51mu1taneous--
successive tests can be seen in Tab]e 5 and the1r 1ntercorre1at1ons o
) 1n Tab]e 6. These corre]ations were. subm1tted to a pr1nc1pa] components
analysis, and the three factors whose elgenvalues were greater than 1. 0
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Table 5 -

Means and Standard Beviations of Eight.
Simultaneous-Successive Tests

(N = 104)

N ‘Variable ,' " Mean - SD.
Raven's Matrices 28.55 4.39
Figure Copying 13.60 2.92
" Memory for Designs 42.23 2.63
' Serial Recall 54. 42 12.98°
Visual Short-Term Memory - 77.09 15.63

' Digit Span | 5.3 0.94
Word Reading 21.87 . 4.09
Color Naming 33.36 6.77

53
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were rotated according to a Varimax criterion.: Previous research (Das , .
AKirby & Jarman, 1975) a]so‘diotated.the extraction of three factors.
The analysis can be seen in Table 7. o |

With the exception of the loading of Serial Recallvupon the factor
identified as simultaneous processing, Table 7 conforms c]osely to the
pattern established in previous research. Simultaneous process1ng is
vdeflned by Raven's Matrices, F1gure Copy1ng and Memory for Des1gns,
succe551ve process1ng by Serial Recall, V1sua1 Short- Term Memory and

DlgIt Span, and speed by word Reading and Co]or Nam1ng The anomalous

"'loading of Serial Recall upon 51mu1taneous process1ng is expla1ned by the

_1fact that recall of the Ser1a1 Recall ]1st in the present study was in
: »

wr1t1ngq in past research the test was g1ven 1nd1v1dua]]y and responses

g

were given ora]]y By requ1r1ng written responses, the task allowed
subJects to th1nk in terms of four 'slots' or co]umns on’ the1r answer
page, wh1ch _were to be f111ed with appropr1ate items. Casua] exam1nat1on
of the response sheets 1nd1cated that a large number of subjects d1d %

_ organ1ze the1r answers in this way, often ]eav1ng blanks for m1ss1ng
words. Th1s ass1gn1ng of words to s]ots would be more: d1ff1cu1t w1th

a verbal response, and probably contr1butes a spat1a1 character1st1c to

the task Ihe maJor load1ng, however, remained on sutcess1ve process1ng"

Becauséﬁlhe speed factor was not a cruc1a1 component of the mode]
a further analysis was performed on the s1mu1taneous success1ve battEry,"j
--exc]ud1ng the Word Read1ng and Co]or Nam1ng tests (Tab]e 8) : Prev¥ous'
research suggested the extract1on of two factors, and th1s was conflrmed .&;;_

by the number of e1genva]ues greater than 1. 0 These two faq}ors&are

successive process1ng
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| J | | Tabv'le.8 |
Principal Components Analysis of Simultaneous-Successive
Battery (excluding WR and CN) with Varimax Rotation
\\ . . . ) .

(N =104) '
- : Factor
Variable __SimU]tAaneous - Successive p?
Raveh's Matrices : | 772 - 106 608
Figure Copying = | 715 - 218 559
Memory for Designs 793 052 . 632
Serial Recall 392 678 614
. ' N , : o
Visual Short-Term Memory - 189 828 - 722
Digit Span . S -045 816 . 668
Vavr‘i‘ance" - » _1.928 1,‘8"/;"4 .3.802
% of total variance S N2 633
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The PMA Battery

The means and standard deviations for:the seven PMA tests can be
seen in Table‘9 and their intercorre]ations in'TabTe 10. 'As will be
exp]a1ned be]ow a]ternate scor1ng procedures were Tater emp]oyed for |

the Figure Test (FTc) and the Card Rotat1ons test (QRc),‘kﬂ‘s

variables also appear 1n TabTes 9 and 10.

The seven or1g1na1 var1ab1es (1 e., 1ncTud1ng FT ani CR' but not

" FTc and CRc) were entered 1nto a prtnc1pa] components anaTys1s While
| onTy two e1genva1ues were greater than T 0, prev1ous research suggested
the extraction of “three factors, A]so, prev1ous research had_empToyed
obTiquel}dtations.‘ Tt was decided to attempt both‘qrthogbnal and
ob]ique rotatibns of -both two and three Factorsv(TabTes'TT and 12).
In the -two-factor soTut1on, ‘the first factor in éither the
orthogonaT or oblique case can be seen to be deftned by the tests that'-
were. hypothes1zed to def1ne the Reason1ng and Spat1a1 fadtors. The
second factor is loaded upon highly by the two Memory ‘tests, but to a
Tesser extent also by the Figure Test (supposed]y a test of Reason1ng)
and, in the orthogona] rotation, Card Rotat1ons (a test of Spat1a]
ability): The oblique two factor soTut1on 1s “to be preferred to the
orthogonal because its structure 1s more s1mp1e but even it is less
than- sat1sfactory. The Toad1ng df ‘the F1gure Test on Memory Js anomaTods,
and the Reasoning and spatidl.dinensions have coTTapsed into one.
"Both'three—faetor soTutionsfare preferab]e'to the two-factor. More

‘Vyariance is of course-accountedjfor, and_the,structure iS-tar simp]er.

There are no important differences between the orthogonal and oblique



Table 9

Means and Standard Dev1at1ons of Seven PMA Tests

"V ﬁ'!ﬂ \(3’

" with Alternate Scoring of Two Tests

(FTc and CRc)

B -

Card_Rotations (corrected)

KVariab]e ] Mean 3D
Figure Grouping - 17.15 2.76
Nord Grouping 15.86 4,11,
Spat1al Re]at1ons | 17.51 4.36
First-Last Names ( 5.88 2.87
Word-Number 4.18 2.87
'Figure Test 27.42 11.75
tard Rotatjons. 25.65 12.07
Figure. Test (corrected) | 21.67 . 11.51
. 20.25 13.

29
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rotations. Ident1f1cat1on of factors, however, becomes a problem. The

o ftrst factor is deflned by two tests of Reasoning (FG and NG) and one

test of Spat1a] (SpR) The second factor is def1ned by . one test of
Reason1ng (FT) and one test -of Spat1a] (CR) If the Iabels Reasoning
and Spatial are to be used, then the factor Ioaded upon h]gh]y by word

Grouping (a verbal test) shou]d be cal]ed Reason1ng and mhe other

,Spat1a1 Th1s, howevﬁr,‘1s far from satisfactory.

'

As descr1bedv1nvChapter III both the FT and CR tests were'adapted o
from the -~ench et al. (1963) k1t, and were in their orlg1na] form
suitable for those in grade 8 and above. As adapted they were

certainly within the ability of the grade 4 students, the time limits,

‘ however, did impose Iimitations Subjects' responses tended to be of

*

'two kindS'« either they did re]at]ve]y few (in the order of 20 to 30)

=

¥
quest1ons and were correct most of the t1me ‘or they d1d all of the

questtons, seem1neg in a random fashion after the»f1rst 20 orb30

questions. Older subjects might not haye_resorted to ‘a; guessing

_ strategy, but the»subjects‘of the present study evidentIy had. This

guess1ng behav1or was not shown in the other PMA mu]t1p1e~cho1qe tests
(FG WG and SpR).

" The FT and CR. scores were subsequent]y corrected for guess1ng
The number of 1ncorrect answers was subtracted from the ‘number of correct
answers, produc1ng two new test scores, FTc and "CRe. The means and
standard dev1atlons of these new scores are lncluded in Table 9, and
their-correlations with the other PMA scores in TabTe'IO. Again, whiIe

only two e1genva]ues were greater than I 0, previous research sugges ted

a three factor so]utnon Two- factor orthogona] and ob11que squt1ons

2

) YR
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were attempted but suffered from the same fault as those described _
| above.: The Reasoning and Spatial dlmensions were/col]apsed and the
'new FTc contmued t0o spread its 1oad1ng ‘uomalobs]y Three- factor
-’orthogonal and ob]1que solutions were performed and are reported in
Table 13. |
wh11e Tab]e 13 is aga1n an 1mprovement FTc cont1nUes to present
" problems, In the oblique so]ut1on, th1s‘supposed_test of Reason1ng '
10ad$-negative1y'on-the factor ‘identified as ReaSOning Furthermore,
the Spat1a1 Re]at1ons and Card Rotations tests have 1oad1ngs h1gher
“than expected on the Reasonlng factor In an attempt.to clarify the
situation, 1t was decided to eliminate the tést that;seemed to be. ‘
‘caus1ng the greatest d1ff1cu]ty, FTc. Th1s test, it w111 be remembered
was a Reasonlng test adopted from a version su1tab1e for older children.
The test involved the classification of f1gures into groups accord1ng::
to rules that the subJect had to 1nfer from examp]es whi]e older :
“children of h1gher mental ability may very well fo]]ow th1s procedure N
in solving the test items, the test in the present sample seemed to :
involve much less inductive’reasoning and more spatia1 abi1fty' One
exp]anat1on m1ght be that subJects were mentally. rotat1ng or arrang1ng
the f1gures to be classified, and answer1ng on the basis of how closely
' they resemb]ed given examples, At any rate, the test by by no
means as factorially simple as the French et al. (1963) kit indicated
-f1t was for older subjects. FTc was dropped from the battery, and a
princigal’components analysis performed upon the remaining six tests.
| whi]e only two eigenvalues were greater than 1.0, three factors

vwere extracted on the basis of previous research. 0rthogona1 and

€
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oblique analyses are'reported~in_Tab1e 14. Differences between the.
‘ orthogona]land ob11que rotations are small, but the latter is breferred
for s1mp1er structure and for hav1ng been * typ1ca1 of previous' research
| This analyé1s, the ob11que rotation of the six PMA tests, is the one
to be refemred to in subsequent sections.

Re]ationS'Betweén Batteries

o

A variety of procedures wi11 be used to demonstrate the ré]ations s
wh1ch ex1st between the s1mu1taneous —successive and PMA batteries:
a factor ana1ys1s of the comb1ned batteries, Tucker's 1nterbattery

factor ana]ys1s, and a corre]at1on of the factor scores. of each battery.

Factor anaiysis

The - corre]at1ons among the simultaneous- succeSS1ve battery tests
have been shown in Tab]e 6 and those among the PMA battery tests in
Tab]e»]Oi Table 15 conta1ns the 1nterbattery corre]at1ons A1l of'
these COrrelat1ons were subjected to a nr1nc1pa1 components analysis /
‘and a Var1max rotat1on (Table 16). |

| It can be seen in Table 16 that success1ve process1ng (factor 1II)
and speéd (factor IV) emerge much as they do in the s1mu]taneous~
successgve battery Factor I.is defined by at least six tests and can
be ca1]bd s1mu1taneous reason1ng spat1a1 The 1oad1ng of reason1ng
and spat1a1 tests on the same factor cou]d be expected, as the
corre1§t1on between the reason1ng and spatial factors (Table 14) ‘was

.560. 'Raven s Matrices, Memory for Designs and Serial Recall load on

this fbctdr,as they had on s1mu1taneous process1ng,(Tab1e 7). Figure
i - .

i
i
|
|
J
!
i
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Table 16

Principal Components Analysis of Eight Simultaneous-Successive. Tests =~ =
and Six PMA Tests (Varimax Rotation) and First . Cow
Unrotated Principal Component (N = 104) L

Factor _ First.
‘ e Unrotated -
o Principal
- Component

Variéb]e o I - 11 LI IV h

-

Raven's Matrices 680 103 237 055 532 - 620
" Figure Copying . 2M 41 698 157 606 550
Memory for Designs 535 -033 517 026 555 599

~

-Serial Recall . 3% 635 259 -124 602 - i687{A

_ Visual Short-Term Memory 106 809 248 041 '728'- 577 .
dﬁgit'spén _A4ff‘*,_- 036 ° 767 . 070 -049‘- 5957‘_.,;425 _."

| ‘NOrd_Réading ' R N'[sz9';':393x_;Q042,:.‘721“ 676 414
Color Naming 174 102 -l08 881  828.. -31 |

‘Figure Growing 689 021 081 -027-,:f483;.,  *536' ;f_ff'l
Word Grouping s  335--l¥1g8”75f299'f-‘s78i:;ﬂ';550‘“'
Spatial Relations 740 089 238 065 617 688
First-Last Names ) li'fss_. ;s96 | ;21i}‘* 512;55 "622‘1";’
Word-Number -066 283 728 195 Cesy 487

Card Rotations (corrected) 718 135 095 =195 580 659

Variance | 2.969 2.087 1.931 1.557 8.545 4501
% of total variance  21.2 14.9 13.8 111 6o 1

ca
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{Lftiang, Ehich had loaded highly upon simuitaneous processing. does not
]oag\m}ghiy upon factor I in 'Table 16. n that it is a iess complex task
’than the others (requiring 51mple copying, ‘but no memory or“abstract
| reasoning), factor I wou]d seem to indicate a relationship between the
reasoning and spatial tasks of tﬂe PMA, and theMMOre compiex Simultaneoush.
jfproceSSing tasks | | _ |
Factor III is defiﬂﬁd by the 1ess comp]ex 51mu1taneous tests (Figure”
Copying and Memory for Designs; the latter is more compiex than FC, but
less comp]ex than Raven S Matrices)'and by the PMA memory tests, a |

'relationship which is unexpected and at finst hard to explain. A strong

A=)

’.’re]atidnship between the PMA memory tests and succeSSive proces51ng

fwou]d have been ea51er to understand but did not emerge from th1S ‘
ana]ySisl One p0551b1e expianation wou}d invoive ‘the nature of the
paired associate tests They require-the formation of réiationships .
;(associations) between pairs of 1tems To the extent that this can
invo]ve chunking. and tg the extent that mhunking 1s an index of
51mu1taneous processing (cf the discuSSion of Bergan, Zinmerman and
.Ferg s [1971] paper in Chapter I1), a relationship 'such as that
demonstrated by factor 111 cou]d be understood This exp]anation;'
admittedly Qgst_hoc will arise in further diSCUSSions of the reiation-- .
‘ShlpS between the batteries and those between the 51mu1taneous successive
fbattery and the concrete, abstract paradigmatic and syntagmatic paired

i'assoc1ate tests .
The resuits of the 14-test ana1y51s 1ndicate a broad 51muitaneous-,
1-rea50n1ng-spatia1 factor and a 51mu1taneous -memory factor, “in addition

: to the succe551ve proceSSing and speed factors which normai]y emerge

1



_ n
from‘the simu]taneous-successive battery' It will be of particu]ar .
1nterest that the simultaheous tests were related to the PMA memory
tests and the‘success1ve‘tests were -not. Factor anaTys1s, however, is

just one way of eliciting re]attonShips:betWeen batteries.

Interbattery -factor ana]ys1s .

Another method for compar1ng test batter1es 1s Tucker S (T958)
1nterbattery factor\anaTys1s which, ‘instead of anaTyz1ng the correTations
among the tests of both batter1es, makes use of the. 1ntercorre1at1ons of
the two batter1es (i.e., /the correlat1ons of the tests of battery A w1th
the tests of battery B) ) Tucker also. suggests a s1gn1f1cance test for
the number of factors wh1ch g%mpares the variance accounted for by the .
factors extracted with the totaT variance of th1s 1ntercorre1ation matr1x

Tucker s 1nterbattery method was used to anaTyze the 1ntercorreTa—
tion matrlx of the eight s1muTtaneous success1ve tests and six PMA tests
Because the second e1genva1ue is smaTT (. 386), though s1gn1f1cant |
according to Tucker s test, both one- and two- factor soTut1ons are
reported in TabTe T7. Tucker' s chi- square s1gn1f1cance test is

’ presented in Table 18." Both one- and two- factor soTut1ons are presented
because the.status of Tucker S s1gn1f1cance test is not clear, the
samp11ng d1str1but1on of that stat1st1c being unknown.

The one=factor soTut1on represents a general factor wh1ch is

reTated ‘to all or most of the tests of-both batteries. Like the first‘

v

unrotated prTncipaT componentvof‘the T4-test anaTysts, this would seem to
1nd1cate that the batter1es share a general’ cogn1t1ve d1mens1on, but 1t
is otherw1se un1nterest1ng for the purpose of draw1ng out reTat1onsh1ps
between the batteries. The,two-facbor solution is more,successfuT in

thi§ ragard.



Tab]e 17

Interbattery Factor: Ana]ys1s (One- and Two- Factor«So]ut1ons)

/
/

of Eight Simultaneous-Successive Tests

72

ég _ ~-and Six PMA Tests
~ One-Factor Tw6~Factor'Solution
Lo So]ut10n {Promax)
Variable 1 h2 I 11 h2
Raven's Matrices 593 352 ‘988 .-374 554 -
Figure Copying ‘ 463 215 278 215 215
Memory fdr'Designs s . 598 - 357 508 124 369
. Serial Recall . - 609 371 131 524 396
Visual Short-Term Memory - 443 196 -123 605 268 -
Digit Span . | 321 - 103 <149 L5010 159 Y
Word Reading =297 - 088 022 -384" *i#io7 :&
~ Color Naming -~ -365 133 -203  -186 1337
Variange e 1816 1.816  1.181 1.020 2.202
% of total variance =~ 64.70 64.70 42.07 ' 36.34 - 78.45
. \ - : . ) . A *
‘Figure Grouping i 182 530  -054 251
Word Grouping.. | 540 291 166 447 311
Spat1a1 Re]at1ons 640 410 656 062 48]
First-last Names . - . 597 357 250 427 365
~ Word-Number v1o v 483 ,'.‘é 233 -202 756 43
" Card Rotations (correﬁ&eﬁ} &53£ ”T§a2 462 # 196 355
kCVar1ance : 1.816 © 1.816 1.130 1.072° 2.202
% of total variance 64.70 64.70 '40.26  38.19 -78.45
,Cofrelations‘of factors: I 1.000
o ' I1 .568  1.000
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Table 18
Tucker s Chi-square Test of Significance
/ of Interbattery Factors
| - Factor .
| I T 111
o : . 1
- Eigenvalue : 1.815 .386 31
iDegree of . freedom 48 35 24
Chi-square = 371.90  56.74  32.46
Probability RS :
~of chi-square - <0001 <.01 ?.05

//
/

r

The - f1rst 1nterbattery factor in the two- factor so]ut1on is 7éf1ned
, essent1a]1y by the s1mu1taneous process1ng tests, and the nonverba] (FG,
.SpRAand CRc) tests of the .PMA battery; TheAsecond-factor is def1nedAby
the successive processing tests, and by the verbal (WG FLN'and wN)tests
of the PMA battery The first’factor conf1rms the re]at1onsh1p between

simultaneous process1ng and visuospatial tasks that was found in the
~

N

factor analysis of the 14 tests (Table 16). The second factor:

demoggérates the re]at1onsh1p between success1ve process1ng and the

o memory tasks, which had been expected but was not found in the 1arge

‘factor ana]ys1s.n Wh11e the factor analysis had underllned the chunktng

" nature of the PMAvmemoryﬁtasks, theAinterbattéry'facto;>ana1ysis seems'
tovstress anotherfaspect'of'the,memory:tasks, their sequentia1,
associative nature. J; "kA, - R :”“ | - /
A - The secbnd 1nterbattery factor demonstrates a re]at1onsh1p‘nh1ch

P

)
N

is surpr151ng, though pred1cted by Lar1a s mode] Th1s is the relation-
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ship between successive processing and the word'Group?ng test. WG had
been  selected as a test of inductive reasoning, one which required'the
tnspection of a’set”qf (verbal) stimuli and the noting bf”irregu]arittes.,
As such, it shou]d‘ihvolve simultaneous processing, and this.was”demon-
.strated-in the factor analysis of the 14 tests:combined (Table 16).
waever; in that it involves language or the verbal system; Luria would
suggeSt that it?also involves:successive processing - The second inter-
battery factor shows that, while successive process1ng is related to the
memory tasks, it is a]so re]ated to a complex verbal inductive reasoning
task. |

-The interbattery factor analysis of the simuTtahéoastuccessive

and PMA batterfes/;emo-strates the robustness of the'simu]taneous and

successive processing féC\OrS, and’ further de11neates the compiex

‘ reTationships which exist b_.weeﬁu gese two batter1es . Yet more

relationships»Will.beldemonst atdd
generated for each battery. :{;w;;/,;i»

R
e

Factor score correlations : o ' - _ Aﬁi

As Gorsuch'(1974) SUggeSts,/the re]ating of factors derived'from': $y

e

'd1fferent batter1es adm1n1stered to the same 1nd1v1dua]s is perhaps

best served by the ca]cu]at1on of - factor scores. for each of the batter1es |

\\

Jndependently, and the calculation of the corre]at1ons‘between the
. factors of the twovbatteries. In "addition, factor scores of each f

battery may be corre]ated with the tests of the other battery N

.Tab]es 19 and 20 conta1n, respect1ve]y, the corre]at1ons of the
simu]taneous—successive-battery factors with the PMA tests, and the
correlations of the”PMA‘factors with the simh1taneoUs—successive tests.

g
gt
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, | Table 19
Correlations of Three S1mu1taneous Success1ve Factors
with PMA Tests*\

- Factor
kel X _ o
Test Simultaneous  Successive  Speed
higdre Grouping ‘A L ?75 o 065 uﬂﬁ>;09l
Word Grouping w8 ¢ -263
Spatial Relations 523 154  -158
" First-last Names 397 4. 238 4]50__‘
_Word-Number " 222 345 _};1¢4.~
' Card Rotations (corrected) 408 16abed . -219
*r (i tvo-wailed) = .54
s o o+

v g ‘

Tab]e 21 shows ‘the 1ntercorreﬂat§ons of the two sets of factor scores. Y

¢

A conservat1ve probab111ty Tevel (. 01? is recommended for 1nspect1ng

M

these correlat1ons, as error is assoc1ated not only wtth the corre]at1ons,

w?

but a]so with the factor scores. “'..," ’ o J ,@U;:
In Tab]e 19, s1mu1taneous process1ng is related to a]l of the ;MA3 -

tests w1th the except1on of NN Only wN,as re1ated to success1ve ¥

; process1ng - Speed (1 e s 1atency) is re]ated to poor performance onf |

we, suggesting thaﬂ*faster respond1ng resu]ts 1n better performance on

that test. In Table. 20, the spat1a1 factor 1s re]ated to the tests ofhn

s1mu1taneous process1ng, the memory factor is related to the success1ve ;

 tests and_two of the s1mu]taneous (FC and MFD) tests, and reason1ng ﬁo

.“_\ \
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Table 20

Correlations of Three PMA Factors
with Simu]taneous-§uccessive Tests*

A

- e FactOf 3 i
Test _ - ‘Spatial = Memory Reasoning .-
Réyen's_Matrices ‘ g | 525 o 187:
. Figure Copying o363 366
Memory¢for-Designs | mv '43§‘v _ '3i6 A
| Serial Reciig o _,: ‘*;33$,f\;. . 4?3l1_-‘ ,k:‘
[~ Visual Short- Term»Memory g 834
5“ " Digit Span - | n268 ‘%h-, 193 7
Word Reading 4 01 :]97f
* $8K Color Naming. 91 -267

*r (.01, two-tailed) = .254 . |

‘,{ﬁ

RPM, MFD SR and fast performance (i.e:, Tow 1atency) on CN Réfdtionj
23 '
_between success1ve and WG, and spat1a] and VSTM are of border11ne §

51gn1f1cance

'*u("
‘LJ«

In Tab]e é], a far more stra1ghtforward picture of the" re1at1onsh1ps

\ between the two batter1es 1s presented These factor score corre]at1on N
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Table 21 v
Correlations of Three S1mu1taneous Success1ve
- Battery Factors (Varimax Rotation)

with, Three PMA Battery Factors . "
: (Promax Rotat1on)* .‘ -

‘Simultaneous—”“ - PMA Battery Factors
- Successive L :
Battery B : N -
W‘Factors Spatial Memory_, Reasoning
' simuJtaneous 541 385 376
Successive 165 " 350 215
Speed 97 Y -244

oy (;01,'two}taiTed) ='.254

results can be summarized‘in-three statements’ 51mu1taneous process:ng '

~is primarily involved in spat1a1 ab111ty, s1mu1tanedus proce551ng is
@ - -g‘ N e '1

' % _
 equally- 1nvo]ved in memory and in reasoning; and s1mu1t9neous and

- Vsuccess1ve process1ng are equa]ly involved. 1n memory. Table .21, - 1n

effect, presents 1n sunmary form all of the resu]ts found by the !ar1ous
methods employed above. Qi& a summary, 1t concec]s the. f1ne.deta1 f.
'v'some of thfire]at1onsh1ps, for 1nstance “the relationship demonstrated
1n Table 17 between success1ve proce551ng and the verbal reason:ng test.

'It 1s 1mportant for present1ng conc1se]y the maJor results of the stud&

-»Summarxv *._ o ~;

Nh11e thf re]at1ons between “the batter1es were by no means s1mp1e, k

a number of maJor trehds ‘have re@urred. F1rst of a]] . the f1rst;- a
. unrotated. factor of the 14- test ana]ys1s (Table 16) and the,first’

unrotated 1nterbattery factor (Table ]7) suggest the existence'of
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a conmon«genera] cognitive'factora vThis result does 1itt1e"to clarify
the re]ations'which exist between the batteries.
Second]y, the tests of s1mu1taneous processing are reﬁated to the
PMA spat1a] tests and to the PMA reasoning tests, primarily the one that.
is nonverba] - This" is shown by factor I of the 14-test analysis (Table 16),
the f1rst rotated 1nterbattery factor (Table 17), and the corre]at1ons

between factor scores (Tab]e 21) This’ resu]t conf1rms the spatial

.1nvolvement of s1mu1taneous processing. The weakness of the SImultaneous—

reasoning link argues against any un1f1cat10n of these two constructs
A third trend.is the relation between success1ve process1ng and
a verba]-memory d1mens1on Ev1dence for this 1s found in the second

‘N‘"

rotated 1nterbattery factor (Table 17), and the correlation between the

"success1ve and memory factors'(Tab]e 21). It is also suggested by the

corre]at1on between Success1ve processfng and WG, wh1ch is. nearly

s1gn1f1cant (Table 19). Aga1n, the weaﬁness of the success1ve memory

. .,relat1onsh1p disallows an 1dent1f1cat10n of e1ther construct w1th the

kY

o The fourth f1nd1ng is that s1mu1taneous processing is re]ated to
the two pa1red assoc1ate tests, perhaps through the mechan1sm of chunk1ng
or cod1ng This is demonstrated,by factc . of the 14-test analysis

(Table 16), the corre]at1on between the sim i taneous and memory factors"

.(TabIe 21), the correlat1on between s1mu1taneous process1ng and at least

one of the two paTred assoc1ated tests (Table 19), and the corre]at1ons
between the memory factor and at 1east two of the s1multaneous tests_ o
‘(Tab]e 20). Th1s last f1nd1ng 1mp]1cates some we]] known constructs in.

exper1menta? psycho]ogy, and clarifies the nature of s1mu1taneous process1ng<
. e
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as a coding process.  All of these results will be discussed more fully
in the following chapter.

Re]at1ons Between Simultaneous-Successive Battery

and Concrete, Abstract, Paradigmatic
and Syntagmatic Pa1red Assoc1ates

S1mu1taneous process1ng has been related to successfu] performance

h on the PMA pa1red assocuate tésts.’ On the bas1s of theory and previous

-'data, it m1ght have been pred1cted that s1mu1taneous processing would

1

_ be 1nvo]ved in concrete and parad1gmat1c paired associates, and successive

in the abstract and syntagmatic. Such did not prove to be the case

The means ahd standard dev1at1ons of the four add1tiona] tests are |

ie

in Table 22 and the1r corre]at1ons with the ‘simultaneous- success1ve

)‘

.;battery factors are in Tab]e 23. What is 1nned1ate]y apparent from

" Table 23 is that the pred1cted re]at1onsh1ps are not present "In an

_ attempt to c]ar1 fy gWa]’t re]at1onsh1ps did appear two separate pr1nc1pa1

Table 22-

Means and Standard Deviations
of Concrete, Abstract, Parad%gmatic
and Syntagmatic Paired Associate Tests

Variable L{\ Mean ‘ V-SD ;
B —
e ~Concrete 4.79 2.28
Abstract 1.2 \v.Jp. f.éG.
Paradigmatic i4r 77 g

T

_Syntagmatic  6.06 214

b1

*®
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1
; Table 23

Correlations  of Three Simultaneous- Successlve Factors

| v - with Concrete, Abstract, Paradigmatic and
Syntagmatic Paired Assoc1ate Tests*

vFactor

Test. ' Simu]téneoqs o Successive‘ Speed

_ Concrete 452 ) 166 - -214
"?%ﬁbstract »1, 1264 : 196 213,

- Paradigmatic 225 354 | -313

Syntagmatic ~ 312 366 . -063

*r (.01, two-tailed) = .254

components analyses were performed. Theifirst included the concrete (CPA)*
.andtabstractt(APA) a1red assoc1ates with the _simultaneous- success1ve
rv_battery, and the second 1ncTuded the parad1gmat1t (PPA)-and syntagmat1c
(S A) pa1red assoc1ate tests w1th the s1mu1taneous -successive battery
Th se analyses are reported in Tab]es 24 and 25

; /In Table 24, it can beiseen that-factors 1dentifiab]e as. .
sfmuitaneous, successiye.and speed emerge.” CPA 1oadsimain1y>onﬂ
Asimultaneous, but"also on speed. ,APA ]oads eooally'upon”simu]taneods
end speed. This demonstrates that performance dn concrete and abstract
~ paired assoc1ate tests does not necessar11y 1nvo1ve, respectlvely,,
simultaneous and successive proceSSIng In the I1ght of the reJataon—
ships found in the preced1ng section between s1mu1taneous proce551ng

and the PMA pa1red assoc1ate tests, it seems best to 1nvoke a s1m11ar

explanation for ‘the CPA and APA resu]ts. Because the words in each pair
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k were. essent1al]y unre]ated, success in remember1ng the pa1r was dependent-

"1!

Upon formwng the palr into some sort of chunk ~which woqu requ1re

's1mu1taneous process1ng The re]atlonsh1p w1th speed particularly for

'APA, is probab]y a funct1on of the d1ff1cu1ty of the task: - the faster

one is at respond1ng, the more words can be recalled. In CPA, where

-the chunks are eaSTer to fonn, speed is ]ess 1mportant

The pr1nc1pa1 components anaTys1s of the s1mu1taneous -successive

'”_battery w1th PPA and SPA (Table 25) is also unc]ear Both PPA’ and SPA

‘are most reTated to success1ve process1ng, PPA be1ng also re]ated to

speed and SPA a]so to s1muTtaneous Aga1n, the~resu1ts are not as’

expected and onTy pos t hoc explanat1ons can be offered

S

The re]at1on of speed to PPA. but not to SPA is probabe~a'fﬁnEt;on

'_of task d1ff1cu]ty, the more d1ff1cu1t task be1ng more dependent upon
B speed of response ' The Toad1ng of SPA on s1mu1taneous wou]d seem to be

'»allke the Toad1ngs of all prev1ous pa1red assoc1ate tests, ‘perhaps’

.1nvoTV1ng chunk1n9 | The load1ngs of both PPA and SPA on success1ve,

- however, suggest that someth1ng more is operat1ve

A more reasonabTe expTanat1on»of these f1nd1ngs coqu be based

upon the nature of the word pa1rs CPA and APA were composed of

°

frequenc1es WhTCh ranged from f1ve to 48 per cent (Denney & Z1obrowsk1 1

1972). The loadIngs of these tests upon succe551ve process1ng cou]d
therefore be a function of their average associative frequenc1es, |

higher assoc1at1ve frequenc1es~1mp]1cat1ng success1ve processing.

.. When assoc1at1ve frequenc1es are low, success in the task is a funct1on

}of how well the stimulus pa1rs can be coded. together (chunked), and is -

essent1a11y unrelated words, wh1Te PPA and SPA word pa1rs had assoc1at1ve

|-
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_thus a funetion of simu]taneous prooessing. when‘associative frequeneies:
':are h1gh succéssful performance is a function of .the recall of an over-'
learned association (success1ve processing) ,In either case, the moreby
difficult the task, the more a speed factor becomes fmportant. It is
| not c]ear from the resu]ts how speed affects n&rformance it could be
that the speed of encod1ng (chunk1ng) or’ of process1ng of 1n9ut is
"1mportant A]ternat1ve1y, s1mp1e response speed (who was qu1ckest to
“p1ck up the1r penci] and write) could be the operative factor qu1ck
respond1ng wou]d a]]ow a read out' from short term memory (recency effect)
1ndependent of any recod1ng or establ1shed assoc1at1ve bonds

The re]at1onships observed between ‘the var1ous pa1red assoc1ate

_ ,memory tests and the s1mu1taneous succe551ve batteryJFre more comp]ex

L 7.than those that m1ght have been pred1cted from theory, and prev1ous data.

They suggest. strong]y that pa1red assoc1ate memory cannot be 1dent1f1ed
w1th either s1mu1taneous or success1ve process1ng , Furthermore, the
man1pu1at1on-of concreteness*values for words (é?A«)APA) does“hot
inecessar11y determ1ne whethers1mu1taneous or’ succesL1ve process1ng Wwill

&«
be used nor does changing the type of assoc1at1on'between words Ain each

B

74pa1r (PPA' SPA) , The results reported here do not support the co]ﬂaps1ng
of the various models studied (PMA s1mu1taneous success1ve, 1ma%ery verba]
parad1gmat1c syntagmat1c) 1nto one Rather* they 1mp]1cate a re at1ve1y

/

and theoretical 1ntegrat1onrthat 1svtotfo11ow.

b




T CHAPTER VI
| ‘“‘--{‘;pIsc_US_SION
K R B ,
Faith in a s1mp1e un1verse might have suggested that the s1mu1taneousj

. processing dimension cou]d be. equated w1th the 1nduct1ve reason1ng factor

of the PMA w1th Pa1v1o S, imagery process1ng, and with parad1gmat1c
language3proce551ng S1m11ar1y, successive process1ng wou]d be 1dent1f1ed

:with PMA*menory, Paivio's verba]-processing, and syntagmatic,processinga .

‘;Such find1ngs would have been strong support for a- two- category, high

1eve1‘10w 1eve1 approach to cogn1t1on 1n the ‘same ve1n as Jensen s

'leve] I-Level II d15t1nct1on ’

_ A second qualit1at1ve1y d1fferent set of resu]ts %ould have shown

. the various conceptions of. cogn1t1on to be unrelated SUCh resu]ts' g1ven
lthe genera] re]atedness (posit1ve man1fo]d) of cogn1t1ve tests, would have \

dbeen surpr1sxng, but would- have demonstrated the 1ndependence of the o

’var1ous d1mensiona o " .‘,, v

Ne1ther 1dent1ty nor 1ndependence was found ThévresuTts'cou1d'

' best be characterized as demonstrat1ng\a comp1ex series of re]ationsh1ps‘
gbetween the simu]taneous Succassive battery and the other cognitwve 7
‘models The meaningfu]ness of these reTationshfps has 1mp11cat10ns for :
.hthe nature of the constructs in the simu]taneous success1ve process1ng

"nndel and for the theoretical 1ntegrat1on of the many mode]s of

B

'Hnenta1 abi]ity

o

The resu]ts of the present study w111 be d1scussed in two chapters

'fThis chapter will dea] w1th the spec1f1c 1mp11cations of the data

o



| "collected 4br the models studied Chapter VII will discuss the present t,i
‘ status of the simultaneous successive proce551ng model, and attempt to
;extrapolate from 1t and otheriresearch in cognition an outline for a df "
‘theory of cognition or of intelligence Finally, problems assoc1ated

-with process models in psychology will be examined POSSlbllltlestor

gfuture research Will be presented as they become rel{yanf’

Discu551on of Results | "3/f. S e
The maJor enpha51s of the study was a“ comparison of the factors ;
,emerging from the 51multaneous succe551ve battery and from the PMA o
"battery A necessary prerequ151te was the establishment of the two Q{ -

.batteries

The simultane0us successive battery

¢

The justification for the identification of the factors of this

’battery as simultaneous and successive proce551ng and speed has already

o been offered in the review of the literature AdditionaJ clues’ as to

e

. B

the nature of the constructs indicated by -these factors w1ll be found o
throughout the discussion of the results ‘A qeneral review of the
'current status of these constructs will be presented in Chapter VII
Previous ~principal components analyses of the simultaneous- .
. -successive . battery (Das, 1972; l973a, 1973b Krywanidk, 1974; Leong, )
"“l974 Das, Kirby & Jarman, l975 Das & Molloy, l975 Jarman 1975) »f#
have repeatedly shown the ‘same factors to emerge Hhile none of‘these :

prev1ous studies had large sample sizes, and factors were sometimes e

defined by onlg one test the consistency of the resulting factor



structures 1ends SUPPOY‘;Ifor the three factors of the model “The

: present study also suppotts the three factor model by replicating

previous results, with a larger sanple size and with a more complete

battery ;' ¥ f L . ,ﬂf’; ’

' ‘Furthermoreg the loading of Serial Recall on simultaneous
processing, as. well as on successive processing (see Table 7),\though '

different fnom previous‘results Jends support to the model by. being '

interpretable In previous studies, this test was given auditorally, v;";

Lo

d

- and the subject responded by saying out loud as. many words as he could .

remember,_ In the present study, although the test was given auditorally,,

each subject wrote‘his responses on a sheet of paper " The- four words

of each list wEre to be written on-a line, there being‘24 lines Nhile _,;"

vertical columns were not prov1ded sdme subjects seemed to ;orm foup , -

columns often leaving out a word‘they had forgotten This observation
¢
is probably indicative of a more general tendencysof‘subJects to think .

of each list as having ?our slots which were to be filled with words

A \The use of columns on a page indicates a partly Spatla1 strategy, the

more general (infetred) fbur- slot' strategy could be termed quasi-

spatial Both can be seen to involve what has been called simultaneous

| grocessing, the thmediate surveying of a set of itens Accordingly,
the loading*of Serial Recall ‘on simultaneous processing is meaningful =
A The loading of Se;ial Recall also empha51zes a maJor thene under-h?
lying the present resu]ts that certainusequential memory tasks“runder,5

k certain test conditions can elicit 51multaneous processing(’as well

T~

A

" as successive This theme is reminiscent of Miller 'S (1956) and o 1L_Q

'v Jo‘nson 's (l970) work on. chunking, coding and the organization of free

'v‘/.»'.-
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recall, and of Estes (1974) discussion of how such complex processes

could detérmine performanCe in a test as seemingly sihple as Digit Span‘~

\ The basis for the linking éf chunking or coding with simultaneous

L4

. :_ d g Hunt and Lansman (1975) have also discussed the impact of coding

processing is giVen by Johnson s (1970 p l73) definition of a ehunk

i

as "any response set or sequence which is represented in memory by a
single code" Clearly, what has been called simultaneous processing

Ay .
is invplved in the formation of such an entity. Success in. remembering

paired associates, or any other Sequence of arbitrary material, is “

o aided by coding or chunking (Estes. l974 Hunt & Lansman, 1975 Johnson,-

.

r\.{ 197o,<3973, Miller, l956) and by extension, 51multaneoas processing

This implication of simultaneous processing,in coding is seen most
clearly in the case of Serial Recall, but. Will also become evident in
the relations between the simufggneous successive battery and the PMA
\ memory tests. and the concrete, abstract, paradigmatic and.syntagmatic
paired associateﬁtests s ;,j“ _,[‘?"Q ': "e' f‘ ':”‘, S
: This process déscription of test performance enphasizes the
likelihood that differences in ouerail mental ability, age,/or ‘
familiarity with the task will léad different'subjects to %mpioy |
g di fferent strategies, giving rise to differeht leVels of performance
Such a statement is potentially circular.. it is possible, if not
f f‘, probabﬂe, that overall differences in, for instance, mental abilnty
e are a function of poor coding strategies (ElJis 1970 Spitz, 1966)

-

or chunking strategies upod“performance in what seem to be rote memory\

tasks Their data suggest that implementation of a coding strategy is V-:

o .

e

PR .- . . . . . N : o,
. ' i e L Lo 4 . L - ) . P .
. - . B . . . . . ¢ -
(N . bt T . ‘ . . .
FaN [N o L X . ‘

important but not as easy as Estes (1974) believes, particularly when L s

-



: The PNn battery

informatibn is input rapidly _‘ ' : ﬂ\‘ - ' : _‘~ .

In the light of preViods work b present results support a model

Y

Older'drjmbre able}Subjects an hierarchic;V coding strategy tﬁvolving
simultaneous processing might be employed in the Serial Recall task

_even when' responses were oral o ,_",f s[ . e jﬁl-'-'
_ B - . . .
b - B N \ S S

EE N

b The Primary MentaftAbilities factor structure was established with

~ more difficulty Inte\estingly. the difficulties could be related to |

i strategy differences tests that had been originally de51gned for older

L subJects,and adapted‘fbr ﬁhmnger ones, de not load as they had been .

° using other. less developed

o shown to in- the older subjéc?s. The ypunger subJects, it seemed ‘were

..

trategies such as guessing or spatial

rotation in a task that required reasoning (Here again one must be L

c aware of potential circularities Is the use of a different strategy

- and- cornecting another for §Uessing (CRc) This battery gave rise to -

J.'él

also a function of di fferent éevels of ability in the process not
AN

'; employed? Problems in the inﬁerence of strategtes or processes will

be discussed in a later section ) In spite of these difficulties a

a satisfactory PMA battery was established by»eliminating one test (FT), ._

L

three factors. reasoning, spatial and memory, the first two being ‘,-‘

relatively highly correlated (Table 14) SRR f'v.“-

4

13

»



For the purposes of comparison these three factors can be seen as :

the primary factors which they are, or as representative of the higher-r
| . order factors which Horn (l??S) distusses Thus, inductive reaSOning

would be an example of general fluid intelligence (Gf), spatial of

:;,H wegeneral visualization (Gv), ahd memory of a general memory ability (“) -

’,‘.,\

R 'This generalization to higher-order factors signifies the inference of '
more abstract'constructs an- inference which is lesskcertain than that s

- involved in identifying the primary factdrs

Relations between batteries f 5 _', ;

-

8 A variety of techniques was employed to illustrate essentially four -
kinds of relations between the two batteries The first and least '

| surprising was that a general factor (1ike Vernon s "g“) underlay both

batteries ) Since both batteiﬂes consisted entirely of cognitive tests,
this finding is not very informative " f |

A second relationship that Was found'was that between 51multaneous_.

Q’

processing on the one hand and spatial ability and inductive reasoning
o ‘ on the ‘other. Because simultaneous processing has been described by
‘ ‘iQ Luria (l966b p 74) and by Das and his colleagues (Das et al o 1975
pp 89 91) as the integration of ihformation into groups which have a
- spatial or quasirspatial nature, its involvemEnt in _spatial ability
\ vl confirms to some extent that aspept of simultaneous processing '
o SimultaneOus processing is also required in both 1nductive rérsoning i_
¢f tests a set of stimuli (words or figures) must be held and an , -
Krregularity note Th¥s relationship of simultaneous to reasoning

> o

is weaker ‘than that of simultaneous to spatial (e g , lable 2l)
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oy
o 'ﬁ

. reiationship is aiso strOnger for the nonverbai reasoning test - (FG)

’

. simu]taneous processing is reasoning or Level tIﬂ‘

than for’the verbai (NG) test (e g " ‘Tables 17 and 19) This difference

) N
stresses the spatiai nature of simuitadequs processing The lack of a \
strong reiationship between simui rocessing and the reasoning i’/,b

factor per se, (Table 21) makes very doubtfui any suggestion that o

The thind pattErn that was evident, \ oived successiVe

processing, the PMA memory factor. andgffabaﬁaﬁ ;

, the verbai

' reasoning test. Hhat ns most surprising about he re'ationship between i

memory and successive is its weakness when factor scores are correiated S

the correiation between these two was no higher than that between

simu]taneous ahd memory Furthermore, when both batteries were factor
N ,

' analyzed as one, the PMA'memory and the successive factors’ emerged

‘ separateiyi_the former being related to a simuitaneous processing or’

coding factor That the reiationship between the. successive and PMA

T memory tests is very weak when variance due to the - simuitaneous—coding

factor has in effect been partialied out, casts doubt upon- the correiation 3

by

between successive aod memory factor scores. It couid be that what

‘ correiation is*evident (Tabie 21) between the successive and memory

&

factors is due to a coding strategy/jnvoived particuiarﬂy in the PMA
memory tests and Seriai Reca11 The interbattery factor anaiysis aiso
indicated a reiationship between successive processing and the PMkm
memory tests, and extended it to. include the verbaisreasoning test (NG)

Though it may be weak this dinension appears to invoive whatever is in |

: common among tasks which require the temporai sequencing of stimuius

. items, those inv61ving paired,associateviearning.vand_one invo]ving

”

SN

K
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'verbal reasoning While Luria (1966b p 78) and Das et al (1975

fpp 89 9l) assign to suctessive processing an important role in human

speech and language c0mprehension,(it is surprising-that successive

-processing would manifest itself in such a task\as Nord Grouping This ,

task would seem to - requireklittle sequential processing, being more ”
: dependent upon the (simultaneous) surveying of aégﬁt of . stimuli for

irregularities while no: definitive explanation is available an
adequate one might be that, as Paivio (l97l l975) and others e g:s Q&,
‘ Nebes, l974) have suggest;\\\the verbal system is reliant upon sequential

. &
‘processes as such, even the semantic information”’guired in the WG

task. might be - represented to some extent, Sequentiaiiy 01&ida~y
L This- representation could take the fonm of a semantic network’-

| links would be searched sequentially This third trend in\the data is ~

o weak however It shows that successive processing. is involved to some

E Al~extent in the memory and the verbal reasoninegtests The weakness of

this relationship questions in particular the premise that the’ factor ‘/
_; defined by the PMA memory tests is the rote. sequential memory that |

4"\

N

it s supposed to be | , ? o o - - I

C o

-'The fourth relationship found in the data ‘was suggested by the .

: .ﬁactor analysis of both batteries as one, and py the factor score

correlations Simultaneous processing, especially that aspect of it
defined by Figure%ﬁﬁpying and Memory for Designs was shown to be’ _ -
related to performa ce in the PMA paired associate memory tasks This.
finding, which suggests that the PMA rote memory tasks are not entirely
tests of rote memoryL is best explained by the simultaneous processing

or coding hypothesis which has been presented previously ThlS

T~

L
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implication of simultaneous processing in coding will help explain ‘some
h‘of the results dealing with the: concrete and abstract paired associate |
.tasks, and will be an important element in the model to be presented R

/in the following chapter

- ' )

If the three PMA factors are thought of as representative of Horn s,

: higher order factors of.Gf (reasoning), Gv. (spatial) and M (memory), ,
3 then the results achieve 3 broader perspective General’ visualization-

- is seen as operating through simultaneous processing, in contrast to

fluid intelligence,,which is less reliant upon it The PMA memory tests,

however, - do not appear to repreSent well the construct of general

f(associative) memory, Their susceptibility, at least in the present

.
\x

‘i"sauple;'to codihg strategies seems to violate the baSic principle of \

simple association In fact the results of the present study w0uld

\

'suggest that, if a general factor relating to associations between items [«»

is sought, the factor identified as successive processing is a more __" .

'-vpromiSing candidate The concept -0of succeSsive proceSSing would seem O
,tp encompass the essence of assoeiation that is, the sequential ordering
of items. The generality of this factor as a higher order construct is '
: evidenced by its relation to the NG test, and is theoretically supported

by the important role it plays in speech and language comprehenSion

P other way op_f considering the results is in, the trs that Carroll

. (1978) X

" model postulated three levels of storage beyond the sensory buffers:

short-term memory (STM), which contains stimulus bound codes for a
-'matter of seconds; intermediate term memohy (ITM), which holds more .

meaningful codes for a number of minutes and long-term ‘memory (LTM),

B

cted from Hunt s (l97l l973) Distributed Memory Model " That .
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‘which is a permanent store of what is known about the world. It will 'i
- be remembered that in classifying the PMA tests subjective]y. Carroll
',i(1974) suggested that performance in- spatiai abdlity tests was dependent

the manipu]ation of STM contents that sdccess in the PMA memory

tasks was a function of ITM codes and that the tests of inductive
reasgning relied moreeupon the exiStence oflappropriate hypotheses in
LTM.

; reference to the present studyythe Spatial (or Gv) tests are

more deépendent upon form of processing (simu]tanebus), and the other ‘;'-; *o
tests are less. dependent up?n processingg\;The formation of temporary o
ITM codes as well as successive processing. piays an importapt roie in
Athe PMA memory tests and the reasoning (or Gf) tests are related to
}.-semething'pther than either form of proce551ng This extension of |
'n‘Hunt 3 memory model wili hel form\the basis of the integrated modei
to be suggested late'r / R '

"Relations with concrete and abstractgpaired associates

It wii% be remembered that when the concrete and abstract paired

‘i associate tests were factor analyzed with the simuitaneous suc' sive

'e[battery, these two tests ioaded on simultaneous proce551ng and spe
vThe prediction that CPA wouid load on the simul taneous factor stemned
~primarily. from3n hypothesis not\uniike that -advanced to explain the
results of the PMA memory tests. \As de5cribed by Paivio (e g., 1971). _

-I L.
FQ§‘c6hcrete paired associates are best learned by the formation of an . image i

N
' (a form of code) in which the objects represented by both words are \
' present According to imagery theecxgs abstract pairs cannot be iearned
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E this way, as they do not represent concepts of which dn image can easiiy
‘sbe formed Paivio would suggest that recail of an abstract paired
associate would have to rely upon a seguentiai, verbai association
- If such were. the case, APA should have ioaded upon successive prooessing
The resuits as they stand suggest that recall in both tests was a
‘i function of coding, of forming the words of each pair into some kind
:of unitary representation It is unlikely that that representation is an
’ image in the case of APA, therefore. the factor ioadings suggest that

" what these tests have in comon with simultaneous processing is not a

b" )

h

‘particular form.of unitary coding, but rather unitary: (or hierarchical)
s‘coding in generai In fact, because no imagery instructions were given, |
1it is not known that the subjects employed an. inegery strategy even 1n
‘,».vthech A |
v ' Ernest and Paivio (1971a) have shown spatiai abii?ty to be equaily '
7f‘-and highly co;;eiated with speed of evoking -an image or a verbai associate'.
'e.to ‘either concrete or abstract words Because no information was given
| about the nature of i;’particular, the verba] associates ‘any linking
of this result with the present data is. difficult. If _however, the' -
verba] associates were a form of coding (their coliege student subJects ’h‘_e
‘ were Iore likely to give abstract or paradigmatic associations, rather 7
than sequential or syntagmatic ones), then Ernest and Paivio s rESults '
Hcan be interpreted as are the present resuits, in terms of coding as
| a fonm of simuitaneous processing, which cou]d havetbeen indirect]y
'_measured by their tests of spatia] abiiity
The finding of an appropriate, that is effective, means of coding

' _is probably easier for the5concrete words Ih fact, because the APA

- .



- mean is low. the successful coding of relativelyrfew pairs might produce i‘
the observed relationship The loading of both tests upon ‘the speed

~ factor would indicate that less complex mechanisms (perhaps si:nplee
recency effects from STM) are also operative in these tasks '

| The significance of the present results is that, in contradiction
,to Paivio (l975. p lGl), abstract words can be integrated 1 mempry in

. a way that is not necessarily sequential The results su/gest. rather, ‘
that the word pairs of both APA and CPA are integrated by means of a |

form of coding that involves simultaneOus processing
. .

. Relations with paradigmgtic and syntagmatic paired associates ;;f

¢ The hypothesis that simultaneous processing is the mechanism by
,lwhich word pairs can be coded to facilitate paired associate recall is :
complicated by the factor analysis of. the PPA agd'SPA tests with the J
simultaneous-successive battery The loading of both PPA and SPA on
successive processihg (Table 25) is best explained by ‘the nature of the
‘word pairs that compose these Tists.. i - | :
' ‘ The PPA’ and SPA lists were assembled by Denney and - Ziobnpwski (l972)'
. to. consist of word pairs ‘that had high associative frequencies, J&like o

: the previous paired associate lists, whose words (or numbers) had been .

| "chosen at random, producing supposedly negligible association values C

7’If successive processing'is that which deals with sequential assoc ions,
the loading of PPA and SPA upon this factor would seem to reflect the
ilassociative nature of these word pair lists.v,‘z"" W' “sf (/4:/ Q
Hhile not testable in the present context, this hypothesis does R

";suggest some testable predictions In general, lists whose pairs_have
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“high association values.should load more on successive than simultaneous
,,processing.' As a torollary. lists of relatitely unassociated words “
“could be made tg load on successive. through repetition or ove:learning, .

as long as the learning trials did not encourage hierarchical coding

A second consequence of ‘this hypothesis would be. that when hierarchical

coding (even of lists with high association values) i5 encouraged,. "N

recall should load on simultaneous pnocessing Hierarchical coding

can’ be facilitated through instructions (as Paivio encourages imagery).g
©-oor through ldnger study periods of supraspan lists (as suggested by the

PMA memory test results) .

‘The present results do not clarify greatly those found when the ?\\___

\, syntagmatic and paradigmatic lists are. each presented in randbm order |

and clustering is sought in free recall (Kirby. ‘Jarman° & Das, l975) o
Those results: (Table 2) suggested that paradigmatic clustering was
related to simultaneous processing, and syntagmatic clustering

o

negatjvely to successive processing At this moment alP that can’be

-0 ¢t 0

said is that the changing of task characteristics can also change the
type of qgocessing associated with success in the task.

9
. ) o
. , ° - . :



CHAPTER VII .
. OUTCINE OF AN INFORMATION PROCESSING MODELOF ABILITIES

The "hopes that Cronbach expressed in 1957 for a Jo1n1ng of the two
discip11nes of sc1ent1f1c ps#chology represent the spirit of the present
study Br1ef1y, what " is needed is a psycholog1ca1 model wh1ch describes
cogn1t1ve processes (how the mind works) and 1nd1vidual d1fferences
 (what the m1nd accomplishes). _ ' ’
| The central focus of this study has been the modeT of s1mu1taneous
and successive procesJ%ng. operat1onalized by Das on the° bas1s of Lur1a s

»work with the bra1n -damaged. Th1s modeT is attract1ve because .it attempts‘
| to describe” test performance in termg of two ways of 1ntegrat1ng 1nforma-
t1on, gither as a un1tary, quas1-spat1a1 code ~or as an ordered, temporal
series ot.units; This is, the aspect of\the model that has been most
exploited in the presentgstudy The re]at1ons between the factors of
the s1muTtaneous success1ve battery and other tests and factors have
been discussed in processing’ tenms In fact,nno other suitable
description of the data was found. ’

Tt(ufs shownithat certain of the other teSts‘and factors could be
weTT-described as a function of these processes For 1nstance, the
‘1mp11cat1on that spat1a1 ability is rel1ant upon s1mu1taneous pnoce551ng
was confirmed. More surprising was the complex way in which’ the various
nennry tests (PMA, CPA APA, PPA and SPA) related to both successive’

and s1mu1taneous processing FlnaTTy,kthe reasoning factor (perhaps_-

representat1ve_of Gf) seemed to relate to the processing,tactors; mainly‘-
as a function of the task materia]s;(the nonverbal test to simultaneous,

98
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the verba] one to successiVe) This 1ast finding reca]ls Das' (1973a)'

-

results, which showed a verba] intei]igence or schdollachievement
factor to be orthogonal to. 51muFEaneous, successive ‘and speed factors
(this factor analysis is reported 1n Tab]e 1 of the present report) R
The present results show 1nductive reasoning to be the PMA factor ieast'
weli re)ated to the processing factors If as~w111 be‘suggested beTOW,

mdch of the active processing or transforming of 1nformation takes p]ace

'u from this processing indicates its . reiiance upon deeper factors This
‘would support Carro]] s (1974) suggestion ‘that 1nd1v1dua1 différences
in @n inductive reasoning task are not so much a function of short- or
1ntermediate term’ memory {where mich active coding takes place) as a
’function of the existence of appropriate hypotheses 1n long-term memory
| P The present study was described at the outset as a few steps toward )
a theory of 1ntelligence, a theory that wou]d describe the cognitive o
processes and structures by means of which 1nteliigent behavior 1s
produced Having compieted the study, what now éan be said pbout such
‘a theory? First of all, the mode] of 51mu1taneous and succe551ve .
| processing will be eva]u%ted in iight of the present results foilow1ng
"which an outline of a possibie theory w111 ‘be presented ‘and discussed

'Finally, the status of process theories and thejbroblems associated

with them KE;] be examined.

> ‘“~m

»

at the short- and intermediate term memory level, reasoning s 1ndependence:i
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'“*’ff' Status of the’Simuitaneous-Successive\QroCessing Mode]

.

The 51mu1taneous successive processing modei is attractive for a

/ number of reasons. Most importantly for the present study, it employs
1

,constructs which are easi]y relatable to. ‘those commoniy used in cognitiveti'

g

experimental psychoiogy 'In‘that the terms of the mode] .are cognitive

e and refer to processes which are inferred to actually be taking piace,‘

the model becomes a potential basis for a theory of‘inteliigence.; It
is'that theory of inteiiigence which is~the reai'goait:suCh a'theory‘
wouid begin to indicate how inteiiigent behavior is produced and
converseiy, how (and whether) unintei]igent behavior can be 1mproved
‘.YThIS theory wou]d aiso 1ntegrate much of cognitive psychoiogy

» "An additional advantage to the simu]taneous succe551ve model s its
, roots 1n Luria’ s neurophysioiogical research Whiie=thevconnections
between Luria S constructs and the battery developed by Das and his
cd]ieagues are yet to be " vaiidated the possibility of such connections
' adds credibiiity to the modei in contrast to the doubt usuai]y cast
'upon psychological constructs by neurophysio]ogy It must ‘be p01nted
vout-that this va]idation ‘would by no means be an easy task A Tests whichrl
discriminate weli among the brain danaged are frequentiy too Simpie to
discriminate among even normai children. Perhaps more importantiy, :
there is no simpie way of knowing'that the causes of a brain- damaged
_perSOn S faiiure to perform 3 task are the same as those which prevent
a -normal. person from compieting the same task. . Similariy, the aspects
of the performance of a task which,producefindividuai differences in~ .
' that’tasklin!one group may not be the onesvthatfprod0ce individuai

'
!
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*-differences in the same task in another ~group.. If the connections .
between Luria s constructs and Das operationalizations of those
. constructs are to be validated the research design may well have to .
| involve neuropsychological work with normal subjects, a possibility
;nny be the recording of EEG in the areas identified*by Luria during
B performance of the tasks in the simultaneous successivé battery
For the purposes of the present study, it must be emphasized that'
f>these connections are not crucial The invariance of this particular o
: factor structure has been dennnstrated/now on many occasions and the u
r;simultaneous and successive processing factors have been implicated in

.2 number of studies involving Tow ability (Das 1972 Jarman, l975) or -
| A
' '_learning disabled children (éeong, T974 Nilliams, 1976) In light of

rthe robustness that this factor structure has demonstrated i the present .
' study. it would seem that the factor structure has a reality of its own,’
_.even if that reality is not that of Luria s constructs At the same
time,_it must be added that any attempt to characterize the nature of
these factors produces constructs similar to Luria s, and this is -
strongly supported by the present study "
In comparing different models or different structures as this

'.‘study did, the most appealing goal at the outset is to, reduce the BET
"existing theoretical complexity, to show that the factors or’" tenns of
"-all models are really the same as those of one model As should be : ,'/_
fclear from the preceding research however, that is not appropriate fd//
;the models studied The present study stresses that the simultaneous ‘

| and successive processing factors are not global categories of cognitive'_;

ability (as Jensen s Levels I and II tan be seen to be), and. are not new

L e
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" " -‘
. & .

" names for~fiuidiinteliigence :etc‘ Rather. they”shouid'be interpreted :

. las'waysg\n which the cognitive system processes information, as’ .

o

A

processes which can be - invglved at different Teveis of-compiexity and

‘ r/to different degrees in different tasks Thus ‘what ‘the simultaneous- '

successive modei can offer is a way df interpreting other modeis not

-

a way of subsuming them The interpretation of existing indiVidual

difference modeis of abilities in process-oriented tenms (such as

simuitaneous and successive processing, but incTuding others) wili

: form the basis for a theory of’intéiiigence that will describe how

inteiiigeht actions are produced and how. individuais with cognitive

difficuities might best be heiped '"‘i-;,_f e

'Outiiné_of»a Theory'oijognition and-Inteiiigence~ _

E The theory or modei wiiT be presented in outiine form It is .

N

i deemed premature to compieteiy defend aii of 1ts propositions nor wiii

B it be. possib]e at present’ to describe the modei as exhaustiveiy as . is

desirabie Tbe modei is compatib]e with\those df for instance. Bower.l
(3975) Hunt (197]. 1973) or Atkinson and Shiffrin (1968) The primary
aim will be to demonstrate how the simuitaneous-successive modei

_ including those aspects presented by Luria (1966a, 1966b) but\\ot\
examined in the present study, can be integrated with nndeis of ¥ 'f\\‘
cognition from experimentai psychoiogy to describe inteiiigence or

human abiiities e

The model is described schematicaiiy in Figure 2 Structuraiiy, ‘;;“

the system has four components The first is ‘the’ Sensory buffer, which

' can be conceived of as a very temporary (about 1/4 of a second) store o



Wy

BLOCK 3

r.f....,.;.;;..—.,

-

PI.ANS e

_‘_BLQCK2_ o
- STORAGE, * ST
~ SEARCHES, .

RECODING.

| REHEARSAL -
STRATEGIES,,

—{SENSORY: BUFFERS|

INPUT N

—-—-» mrommon TRANSFER
— EXECUTIVE CONTROL PROCESSES

# —N—) AROUSAL PROCESSES

s -

e

- 103

e

ﬁig. 2. ‘S¢hemagicjout]§néfgf a model'pf»cognitiohvdhd intelTigenqé



?f; fwhose locations and functions hav% been. des
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the ‘organism (e -9-» Sperling.,'

for, sensory stimulation which impinges up
7:1960) The other three components are Lur a s three blocks of the brain.= )
ribed in Chapter 1. The

’ relationship of the sensory buffers to. Luria~s three blocks is not
| _certain the sensory buffer may in fact be a art of either block one .

or block two To understand the functioning o' the System, however, it
_Tis necessary to examine the more detailed struc ure of block two, as )
well as the wqys in which information is transfenred from unit to unit,

and the control processes that determine which idformation is to be
itransferred and how. - ‘w,‘ oo N - E : _

. Incoming information is briefly stored in the sensory buffers, over>1
which little cognitive control is. exercised Because of. the vast quantity

of information stored in thpse buffqrs and the slowness with which this ‘

' information can be transferred to a more lasting store. only a very

- small amount of the information is mainfained for processihg.zﬂBefore

' much of this information is lost, however, aspects of it are transferred

" to block one, where it is evaluated on a number of relatively primitive

AP

| "_,cri eria. These criteria do not involve meaning or complex characteristics‘

6

of the stimuli but rather relate to either simpée stimulus characteristicsf
'j(hotness loudness) or simple learned stimulus patterns (hearing one's

| ‘own name) The third block of the brain can in effect reiset’ ‘this,
5selective filtering mechanism for stimuli that are of importance to

the current plan.’ Hhen the criteria of block{one are met, arousal

= messages: are sent to the cortex (blocks two and three) to alert the

"cortex that something important is happening

More complete information from the sensory buffers is sent to ;
3
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"’t~block two. This block cohsists of the three stores that Hunt (l97l

v1973) listed--short term memory (STM). intermediate-term memory (ITM

. or working ‘memory), and long—term myémor‘y (LTM)--and the processes by

. which they are related These memories particularly STM: and LTM, are ~

»:;best thought of as different kinds of excitation (oF state) of the same.

. neural representatisn, rather than being physically distinct in location
Incoming information'is coded or chunked and LTM representations of
”these codes or chunks are excited and transferred to STM (or to an STM
n"state) STM, it is well known has a 1imited. capacity (five or six
a'Achunks), when incoming information exceeds that 1imit, .some is lost,
;Information stored in STM is available to ITM. which contains an
up- -to-date representation of the. current plan (given to it ‘by block'
~,7three) Through ITM and in aécord with the current plan, information,
in STM is either subjected to repetitive rehearsal (Craik 'S [1973] |
- maintenance rehearsal), or is recoded by ITM on the basis of information

| existent in LTM (Craik s [l973] elaborative or organizational rehearsal)

o ITM then is re5ponsible. with block‘;hree for comparing the input :

‘.with what is desired by the current plan ' If further actions are
required to fulfill a plan, ITM initiates a response (not shown) STM,V
'ffunctions largely\through succeSsive processing, which 1s also involved
ain maintenance rehearsal Recoding performed by 1TM generally makes

| use of simultaneous processing (hierarchical coding), but may also
»'produce a temporally ordered sequence of: hierarchical codes (successive o
processing) As Luria suggests, simultaneous and successive processing _

: are ways in which block two receives transforms and retains information h

- of all leve}s of complexity o e

/
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ITM can aiso in effect interrogate LTM for stored information,_
~this may require a search strategy. which would originate in b]ock

three. Through the processes of coding-and recoding, block two in ;
_generai and IT™ in particular, can have codes stored in LTM.

‘- Little is at present known of LTM but current theories (Anderson &
‘Bower, 1973 Bower, 1975) describe it as a conceptual netweni of propo- :
sitions (not necessariiy verbai) about the world. Knowledge and skiiis,
as we]] as 1ong-term goals and va]ues, are stored in LTM. "The presence
of these goals or values gives LTM an important role in the plannfng »
and motivation of behavior 'The nature of the representation of
information in LTM is also not known, information is probabiy not

| stored at. any one point, but rather is distributed throughout the

'vcortex. Because of the diverse information which is retained (spatial

psychbmptor, o]factory, iinguistic etc ), it.is unlikely that information' .

is stored in, for instance, a verbal mode Rather as Pyiyshyn (1973)
has suggested some abstract (perhaps propositional) form of cognitive
‘representation must under]ie the contents -of LTM Differences between -
| Teft and right cerebra] hemispheres may indicate that each is speciaiized
for. the processing or storing of different kinds of information

- Block three is the unit responsible for p]anning, contro] and
o decision making “On the basis of goais and values stored in LTM and
current information transferred to it by ITM, it constructs pians |
‘ 7(Miller, Gaianter & Pribram, 1960; Pribram, 1971) which are compared
}'in conjunction with ITM with current input On the baSlS of the o
discrepancy between pians and input and as a function of more primitive

arousa] messages from b]ock one . (concerning, for instance, hunger,
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temperature, loudness of‘stimuli.,etc.), block three“decides'upon a
A-course.of actiontiwhich is carried‘Out‘in conjunction with ITM.. Block .
three (the frontal lobes) is therefore involved in primary‘motiVation '
or reinforcement (from block one) and in secondary or.learned motiwation
or reinforcement-(from LTM). ﬁribram (1971, pp. 337-345) has documented
the complex interconnections"f the frontal lobes and the 1imbic system,
the latter consisting largely of subcortical'block one structures and
being important in motivation and learning ‘

How can this theory be related to intelligence? Three possible

areas of relationship will be consi .structures, processes, and -

motivation Implicit in cog tive models since Miller s (1956) “magical
number" paper has been the idea of an SIM capacity limit He and-others’
have shown this structure or altsrnatively. state. of excitation) to be
items. It would seem reasonable that other"
structures-in the system will have capacity Timits, either in terms of
how much they can. hold or in terms of how quickly information can be

read in or out. Hhile these structural limits are not. normally associated_
' with levels of intellectual performance. anything which acted to lower
these limits (e g-» brain damage, high arousal) would impair performance
Additionally, while individual differences in these limits may not be R
highly related to individual differences in complex behavior, they are
necessary stages in infbrmation processing It is not known whether |
capacity deficits could be renediated“ _" |

| _' The second area of relationships, processes has .been ‘the central '
_tfocus of- the present study The processing 1nitiated in block two, |

Lincluding the initial chunking or. coding and subsequent maintenance »



rehearsal and elaborative recoding. can be related to differences in k
intellectual performance.(e g., Belmont & Butterfield 197l, Das, l972
Ellis, 1970; Spitz, 1966) These processes can be seen to operate in -
eSSentially two ways they create temporal series (successive processing)“a
or hierarch;cal groupings (simultaneous processing) Two aspects of .
this ‘unit are of interest in intellectual performance ‘is the optimal

- ‘strategy (or process) being employed and how good is the individual in
employing this process? The first question relates to thre quality of
the’ information processing plan developed in black three If suboptinnl
plans are generated, performance may be Tower than that of which the
»_organism is capable " To remediate poor performance, correct strategies
: can'be taught (e,g., Krywaniuk, l924), but may not generalize to,new
problemsj The. second-question relates to quality of processing, in a
sense a capacity question If for whatever reason (age, ability. '
background) the individual is not very competent with a particular kind
of processing. then poor performance w l resdjt from using the optinal' '
"strategy (poorly).or from using a subimal strategy Little is known

~ of -the possibilities of improving quality of processing, as this has
fusually been confbunded with improving the. type of processing chosen.

Hhile many more relationships with intellectual performance could

i'.,be extracted from this model, the last to be considered concerns

motivation.. The third block of the brain lS important not only for

v‘designing the particular plan to be executed but also because it deals

- with plans goals and values in general In that it co- ordinates what

motivates and satisfies the organism, block three will determine what ,

. the organism will attempt, in what- directions its actions w1ll be



' N 109
chanelled The most competent processing will not produce intelligent
behavior if misdirected This impiication of motivation in intelligent‘
functioning supports the contention of some (e.g., Thorndike et al.,

l921) that intelligence is more than abstract reasoning ability, which

. after all is. Just high quality processing Block three also draws to

our attention the limitations of any definition of intelligence if one S
group or culture does not de fine your goals (or values) as good, or
intelligent. or. of interest. then the best planning, best processing )
and best responding will be judged unintelligent The model\outlined
briefly above does not define what intelligent action is~'more funda- -
nentally, it describes how. that action is produced Carroll s analysis
(l974) and the present study have described how certain kinds of
*intelligent actions (the primary mental abilities) could be produced |
by a model such as ‘that described above The same mode1 must be capable
of producing a host of other actions which could be labelled intelligent
(or desirable, etc.) by some other group
The Problem -of Proces.s Models '
1t is approgriate that this last section should deal uﬁth the
va problems that arise from process-oriented models The advantages of
such a model over those that are merely empirically predictive (e g s
| children who do well on verbal analogies tests also do better in school')
have been described previously Hhile those models can adequately /
describe a static condition within a given population that is assumed :
to be homogeneous, they do not suggest means for altering undesirable

states (poor pérfornance), nor do they deal well w1th groups that are 27
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“ different. Hany examples of this latter difficulty are provided by
'cross-cultural comparisons of predictors when the same. predictors do
not function equally well in different groups an empirical, predictive
.model can only search for new predictors in the new groups. Cognitive '
| ‘theories which seek to describe how behavior and predictions actually =
‘come about, are more attractive fpr remedial purposes and for under-
Ql'.standing how groups (and individuals) are different S
| | cOgnitive or process-oriented theories are not without their
- problems. Because they often tend to be more vague in what they say,
vvthey also tend to be less easily proven wrong hen ‘they are Essentially,
“ _‘ two distinct problems can be seen with process oriented theories ’Thek’-
| first is that the nature of the tenns used by these theories places -~
them clearly in the realm of hypothetical constructs (MacCorquodale &
Méehl, l948). and brings in the difficulties of construct validation
(Cronbach & Meehl, 1955) The second is that, through the judicious
- '“proliferation of processes, any results can be. seen to support any |
. particular theory Both of these problems are accentuated when the
/_ processes in quegtion are invoked pgg_ hoc | ‘_ ‘ ‘
\\glé;p.qﬁl’ Neither of these problems can ever be eliminated. they'pose N
- constant dangers which ‘must be . guarded against.; In the present study, ‘
S v.the processes to be enployed were described as fully as possible before‘
the data were exandned To raise the‘credibility of .the processes
"“inv/ked, all those enployed were also ones well Aescribed in other S
i~_'areas of thﬁ psychological literature (e g:, rehearsal, chunking,_;J
recoding) Finally, whe data give rise to process interpretations. =

N | those process interpretations should in turn give rise to further S

Lo
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hypotheses to be tested in future research. Such hypotheses have been

| 1nd1cated in the present study

In weighing the advantages and disadvantages of process interpreta-

'tions. their advantages predominate. Those who propose process-oriented

theories,: however. must be aﬁare of fheir potential for, vagueness and
1rrefutab1]1ty One must concuﬁ with Cronbach and Meeh] when they say:

While we agree that psychological processes are elusive. .
‘we are sympathetic to attempts to formulate and clarify
constructs which are evidenced by performance but
distinct from 1t (Cronbach & Meehl,-]955, p. 286).

\J

”

.
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