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-s1ve syntheses, and a. further set of specla]ly de51gned moda]1ty

ABSTRACT"

The present study examlned some relatlonshlps betweep intel-

‘~ 11qence moda11ty matchlng. and- types . of 1nformation process1no
. in Grade 4 bO)’g Th Prlmary purpose of the 1nvest1gat1on was
'to answer two questlons The flrst of these deatt ‘with the types

of 1nformatlon process1ng that are characterlst1c of d1fferent ’

C

A .

1ntel]1gence groups and the sesond quest1on re]ated these types

of 1nformat1on process1ng to moda]ity matchlng tasks
- -

A set of tests representlng Lur1a 's 51mu]taneous and succes- -

37

match1ng tests was given to all part1c1pat1ng subjects Theﬁe.ﬂs"'
-resu]ts were ana]yzed by mult1var1ate ana1y51s of varlance and

ffactor analyt1c techn1ques to revea] both the leve]s of per- .

o

1st1c of the groups

N

' formance and types of 1nformat1on proce531ng that‘Were character- 1j*'

It was found that 51mu1taneous and successive syntheses are

relat1ve1y 1nvar1ant types_o{ 1nformation processing aeross a

1arge part of the standard1zed range of 1nte111gence Slmu1ta- L

7-the 1nte1]1gence groups d1ffered marked]& in moda11ty match1ng

¥ tests dependent upon the moda11t1es 1nvo]ved These d1fferences

f't1on proee551ng chosen by the groups and the demands of each of

account for these resu]ts ‘7.~,fj""'
SRRV M

s T U

}.neous synthes1s tended to be s]1ght1y more stab]e than succe%s1ve T

| SYnthes1s It was a]so found that the leve]s of- performance of e

_-.Ewere attr1buted to the 1nteract1ons between the types of informa- };f«jy:¥f

=5 the tasks A model of 1nformat1on representat1on was proposed to a;:{.:*;~i7h”
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‘on human 1nte1119fnce shou]d explore the c0gn1t1ve processes

Ygen N : . X

[

.- The major implitafion of the study is that future-research

.

“

;\1ead1ng to performance measures on- cogn1t1ve tests, in order to

assess “the efflcacy of these processes for schoo] re]ated taSks |
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' :generally taken the form of the 1ntercorre1at1on of tests to form

o (R ‘.zip }td va’stz“'

CHAPTER 1

o INTRODUCTION -

5 T4

s

. 0f the many areas of inquiry that are currentty in eVidEnce in’

psychology, few areas have a.more lengthy and active history than -

“the study of human inte]]igence. As a topic of reSearch‘uhich

increased strongly in activity around the turn of the century, the

question of the nature of man's mental abilities has estab11shed

~itself since as an endur1ng ISSUe 1n psychology Research on

:‘1nte]11gence has been cont1nued throughout the course of severa]

major movementskan the hlstory of psycho]ogy (Hebb 1960) most

notab]y»the br1sk increase of 1nterest in Behav10r1sm (e g ,'watSOn,

1913, 1920 1930) and the recent upsurge of - cogn1t1ve psycho]ogy

v w
//' .)

(Moroz, ]972)

~In the course of the deve]opment of current concept1ons of human

)

.1nte111gence, there has been ‘some dlsagreement on the usefu]ness and

1nformat1ve va]ue of the type of research that has been conducted i

<

appears from the recent T1terature that cr1t1c1sms of stud1es of

1nte111gence are now becom1ng more exp11c1t 1n terms of 1dent1fy1ng past i
-1nadequac1es and future goa]s for research Statements by Qu1nn McNemar
- (1964) for 1nstance, in h1s pres1dent1a1 address to the Amer1can o

Psycho]og1ca1 Assoc1at1on, are examp1es of these cr1t1c1sms McNemar : |

‘As_'of 1nqu1ry a1med athexp1a1n1ng 1nd1v1dua] dlfferences in 1nte111gence

The f1rst var1ety 1s the study of the structure of 1nte11ect and has

;notes that theory and research 1n the past has concentrated on two typesf, e

e
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o ' \ '
taxonomies of abilities. § The second t¥pe is. the study of the nontest

AN

correlates of test performance. Both of these techniques have generated

a formidable collection of research results, but neither techniqu: has
been successfu].in its efforts to explain individual differences in
cognitive abilities. This fact has its basis in a single shortcoming:
of the past endeavors: B | - EEE

. . . these studies of individual differences never come

to gr1ps with the process or operat1on by which a given

organrsﬁ achieves an intellectual reSponse Indeed, it

is difficult to see how the available individual

difference data can be used even as a start1ng point

for generating a theory as to the process‘nature of generat

intelligence or any other spetified ab111ty (McNemar,
1964, P 88]) ‘ :

McNemar 5 ca]] for an emphaSis on the precess nature of cbgn{tive
funct1on1ng has been echoed 1ncrea51ngly by other psycho]og}sfs\(e g,
Bouchard, 1968, Ferguson,‘]965;,Green, 1966). In ‘the: 1ast several yearJ)
some df?eetionS'haVe begun to abpean whieh ref]ect an orientation towarg
proeess models of cOgnitfon and inté]]igence ]Mm——e» | - .

‘One of iﬂe most s1gn1f1cant contr1but1ons in estab11sh1ng future
directions for research has been made by Messick (1972 cf. ]973).

The Behspective adbpted by_hessiek is thedretf¢a11y very"broad and"
'multivariate 1n mexhodology Messick empHa}1zes the 1nteract1ons |
between spec1f1c ab111t1e;,~more genera] cogn1t1ve stg;:eg1es,and ~;
. beyond these the re]at1onsh1ps between cogn1t1ve sty and persona11tyi"
traits. He argues that psycho]og1sts must move beyond e;écept1ons of
ab1]1t1es ina s1mp11st1c and absolute sense, and recogn1ze the .

\ Al

mu]t1tude of processes that may(contr1bute to a single ”ab111ty“ measure}

, He cxtes recent evadence (Freder1ksen, 1969) that 1nd1cates that under

d1fferent 1nstfuct1ona1 cond1t1ons d1fferent strateg1es are used by



subjects to perform the same task; thus, as a result of the effects of

'cogn1t1ve strateg1es funct1on1ng as h1gher order. responses to the

~ characteristics of-a learning task, a mechanism is prov1ded for transfer

from abi]ities to learning performance. In the'case of Frederiksen's -

study spec1f1ca11y, it w%ﬂ\:ound that under different instrqctiona1 ’

“conditions spec1f1c ab111t1 S were re]ated to components of 1earn1ng in.

different ways for each condition. Furthermore it was-found that
sub!ects employed severa] d1st1nct1y dlfferent strategle51n the course of

learning. Messick notes that much of tn1s 1nformat1on wou]d ord1nar11y

not be recorded or’ would be 1ost under traditional. methodo]og1es of the

study of the structure of menta] ab111t1es

Freder1ksen s (1969) study/pnderscores the fut111ty of
attempts to relate ab111ty measures to overall or average

»indices of learning mance. It also highlights the :
need to open up'conczg lizations of complex learning -
processes\tb include ot only components of-information
process1ng abilities, but also.higher. order information
proc9351ng heuristics such as plans and strategies which:
in turn may implicate variables of personality and

~ cognitive style . . . It seems clear at this point that
the functional models .of complex. mental processes that
we seek must themselves be very comp]ex and be cast in
process terms (p 369) . _

By virtue of the breadth of his d1scuss1on, however, Mess1ck

~. does not supp]y spec1f1c Suggest1ons for research in the future.'

A s]1qht1y more focussed dlscuss1on has - been supp11ed

subsequent]y, a]be1t comp]ete]y 1ndependent1y, by Estes (1974)

,uThrough a ser1es of. examp]es drawn from we]] known tests and research

: parad1gms, Estes argues that the mu1t1p1e processes in any task

performance may- be understood 1f ana]yzed in the ]1ght of current '

A

know]edge=1n 1earn1ng theory. o . "e . 'f<{



AU 4
. in every type of 1nte1]ectual task any given level
of performance can arise in many different ways . . .
The desired goal may be achieved if we can interpret the
processes 1nvo]ve in test behavior-in terms of concepts
drawn from learping theory_and utilize these interpreta-
tions-as a basfs for deve]opﬁng techniques to localize ?
the sources ofi deficits in performance revealed by test:
scores {p. 749). .

'Estes suggests that many apparent]y s1mp]e tasks current]y in use
in omnlbus 1nte111gence tests may actually samp]e much more comp]ex :
processes than are readily apparent and the fact that these tasks Q‘\
d1scr1m1nate 1nte1]1gence groups effect1ve]y shou]d warrant an “in-depth
study df their nature. In th1s respect therefore Estes suggestionsy
for future research are morevspec1f1c than the overview glven by Messick
‘(1972)._ In most other»respects, however,gEstes'is:nonSpecific. He
~ does not recommend the adoption of/a particu]ar model in 1earning-the0ry |

~ .
' and, perhaps most 1mportant1y, wh11e he appears to favor a task ana]ys1s
'approach to the study of performance, 6& g1ves no gu1de11nds or conceptua1 :
framework for this approach | | 4 |

; These 1atter prob]gm; in the orientation: adopted by Estes (]97 )
.-appear to have been ant1c1pated by Carro]] (1974) The d1rect1on Af
suggested by Carro]1 shares some common features w1th Mess1ck (1972) with'h
regard to prob]em def1n1t1on and use of mu1t1var1ate methodo]ogy,
}espec1a11y factor ana]ys1s
_'what still: seems needed is a genera] methodo]ogy and theory/

for 1nterpret1ng psychometr1c tests as cogn1t1ve tasks, and ' .
- for characterizing (but not necessarily classifying factor

' ‘,'g‘ “analytic factors according. to.a model. of cogn1t1ve

- processes .- the cognitive tasks used .in factor ana]yt1c
studies. are necessar1]y complex’ from an information-
processing point- of view and factors. simply tend to
feature or h1gh11ght certain aspects of. 1nformat1on
processing in which there are prom1nent 1nd1v1dua1

‘ d1fferences (p 6) ‘ C Sy



Carro]]’s approach to the problems inherent in Estes’ (1974)
suggest}ons is to adopt a modeT of 1nformat1on proceSSTng proposed by
" Hunt (1971), and analyze tasks on the basis of this model (cf. Hunt,
Frost & Lunneborg, 1973). Us1ng the components of the modeT CarroTT
" has developed a cod1ng scheme for tests, using categor1es such as memory
type strateg1es andqmode of response requ1red and then appTled ‘this .
" scheme to thegFrench (T963) cogn1t1ve test k1t The second phase of
Larro]] S development of a process conceptua]1zat1on of. cogntttve tasks
is the use of factor anaTysts to conf1rm the cod1ng categor1es Thus,
the d1rect1on adopted by CarroTT as the reverse of the cTass1c cognltlve :
.ab1T1t1es research, it 15 compr1sed of task anaTys1s on the basis of a
‘mode] of cognition, and then vaTTdatton of th1s analysis by.factor
ana]yt1c methodo]ogy |

CarroTT s use of factor anaTys1s in 1ts conf1rmatory roTe 1s ."'

part1cu1arTy 1nterest1ng and forms a para]TeT to recent work on cogn1t1ve

-

: processes by Das, Kirby and Jarman (1975) The approach taken by Das and -

aj
h1s coTTeagues 1s to factor anaTyt1caTTy conf1rm and extend 1nformat10n

- on processes ln cogn1t1ve tests that has been proposed f1rst 0n the bas1s_;' ‘

R of c]1n1cal research The theory of cogn1t1ge prbcesses adopted by Das

et al: was developed by Lur1a (T966a,}T966b) Th1s theory ma1nta1ns thé?f"'

2o

N cogn1t1ve content 1s processed 1n one of two ways | It may be processed

-as. a s1mu1taneous synthes1s, in wh1ch case the 1nformat1on 1s arranged

~in some. type of un1tary comp051te wh1ch 1s ma1n1y spattal 1n character

E [aTternat1veTy, 1nformat1on may be processed 1n the form of a successiye ak‘"‘

f synthests, 1n wh1ch case the 1nformat1on 1s arranged 1n a sequent1a1 and

.ma1nTy temporal order

~5 N\ . L . L . - . s
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The rat1onaTe for the ‘development of Luria's theoryg1nvolves the:

’ effects of d1fferent types of brain Tes1ons on cogn1t1ve tests He has_”

found that Tes1ons in the occ1p1ta1 -parietal area Teads to d1sturbances.

‘~of the s1mu1taneous organ1zat1on of st1muT1, and Tes1ons in the fronto-

- temporal, area d1sturb success1ve proce551ng These two forms of

e -~

‘ 1nformatTon process1ng, then have deveToped from exam1nat10n of the

common aspects of var1ous tasks that are assoc1ated w1th Tes1ons of‘y
. : o . .

v

spec1f1c var1et1es
, The. vaT1dat1on and exten51on of Lur1a S cT1n1caT research through :

stat1st1ca] methodoTogy has suppT1ed some- 1nformat1on on cogn1t1ve

'processes in mentaTTy retarded ch1Tdren (Das, T972), cuTturaTTy d1verse

popuTattons (Das, T973a, 1973b 1973c,_Krywan1uk T974)t and dlfferent

l'age and soc1oeconom1c groups (Das & MoTToy, 1975) A quest1on of
' ipart1cuTar 1nterest wh1ch has not as yet been answered in the research
}on s1muTtaneous and suosess1ve syntheses, is: how these styTes of S

; 1nformat1on process1ng may vary in the1r employment by groups of

L,

'subJects at d1fferent 1nteT]1gence TeveTs as operat15ha11y def1ned by R
-1nteTT1gence tests Das (1972) has found d1fferences 1n th1s respect
'.-between retarded and normal ch1Tdren, and notes that these d1fferences

©omay aTTow new 1nterpretat1ons of some of the qauses of d1screpanc1es 1n :'

& .

:mentaT ab111ty TeveTs among 1nteTT1gence groups The two forms of

6

'.gsynthes1s are seen as maJor sty}es of process1ng 1nformat1on or "h1gher Ttk'
-order 1g§ormat1on process1ng heur1st1cs" 1n Mess1ck s, (1972) term1noTogy; -
aand thus the1r appropr1ate empToyment 1n tnsk s1tuat1ons can be seen as
.-a determ1nant in part of a g1ven measured TeveT bf ab1l1ty Different:e

”"'VTeveTs of 1nteT]1gence, therefore may be character1zed by d1fferent



uses of simultaneous and successive syntheses fOr_particular tasks.
Thus;-onetpurpose'of the'propOSed study is to‘identify the'similarities f
and d1fferences, if any, 1n the emp]oyment of s1mu]taneous and suoce551ve

syntheses by d1fferent 1nte]11gence groups -‘tse - h . é. B Lo
A second and maJor purpose of th1s study 15 to exam1ne 1n depth a i .

partlcu]ar task that has been. used 1n many . contexts, ]nc]udlng Das (19730) g

J factor ana]yt1c work Th1s task 1s known under var1ous t1t1es as will

be d1scussed but is. best des1gnated as. moda11ty match1ng ‘It cons1sts

‘ of the Judgement of equa11ty or” 1nequa11ty of two stimu11 each offwh1ch :

>1s presented 1n a sense moda11ty Moda11ty matchtng may be. cross-moda]

an example of wh1ch wou]d be match1ng v1sua1 st1mu11 w1th subsequent

e "aud1tory st1mu]1, or 1t may be - 1ntra moda], such as match1ng v1sua1

. st1mu11 w1th subsequent v1sua] st1mu11 f_h,l‘_ “_>'; i,; h“,yf:”? fti _iSj
It w:]] be noted 1n the rev1ew of 11terature to fo]]ow that moda11ty
o matgh1ng has . been 1dent1f1ed by several researchers as’ an extreme]y . ;.’*’
W B

1mportant task 1n reflectlng ba51c processes in 1nte11ectua] deveIopment £ :

-The ev1dence wh1ch Just1f1es ascr1b1ng th]S 1mportance to the task

"~,however, 1s surpr1s1ng1y d1verse 1n 1nterpretat1on and lack1ng 1n '

'i-emp1r1ca1 support In fact, 1t appears that a proper]y des1gned study

T wh1ch would test many of the current cla1ms made about th1s task has 4}fr4"

' ‘:yet to be performed

ey N
Th1s study WLII examlne the moda11ty match1ng task 1n two ways

"revF1rst the levels of performance of‘d1fferent 1ntelligence groups w111

e;’be estab11sﬁed for both 1ntra moda] and cross-modal audﬁtory and v1sua1
"”.matchnng Second the strateg1es wh1ch d1fferent 1ntelligence groups

r:f'use 1n perfonn1ng thESG tasks w111 be determ1ned Jn the context of
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simultaneous and successive syntheses. -
‘in summary; this‘study has'two purooses' The f1rst 15 to determ}ne

N N *.A

how d1fferent 1nte]]1gence groups use s1mu]taneous and -successive.
syntheses The second is to determ1ne the 1eve]s of performance and B

~ the types of strateg1es that may character1ze modallty matchlng by
: v

-d1fferent 1nte111gence groups : Thus, th1s study will shed some 11ght

[}

upon the strateg1es that are characterlst1c of d1fferent 1nte]11gence

vigroups and the s1gn1f1cance of moda11ty matchwng as_ an ',d1cator of

1nte11ectua1 deve]opment The rev1ew of f]terature

*

6w to foldow W111

["deve]op the context of the study ',re.exp11c1t]y.



CHAPTER 11
' REVI'EWMOF LITERATURE

In the present chapter, se]ect1ve rev1ews W111 be: found

under three head1ng§/ 1ntelltgence, oda]1ty match1ng and 1nformat1on

LK

'sprocess1ng
Inte]11gence is a W1de area of research even when 1t s operatton-

la]]y def1ned as the score on an 1nte111gence test. There w111 be no

-

'fe‘attempt made 1n th1s rev1ew to deal exhaust1ve1y w1th the ava11ab1e

'fresearch n th1s area. Instead the rev1ew will restr1ct 1tse1f to .
br1ef remarks w1th respect to concept1ons of 1nte]]1gence as they are
'relevant to the present study

Moda11ty match1ng research wh1ch 1s somet1mes known under other

\

°,t1t1es has a 1engthy h1story of deve1opment Most of the 1nterest in fp[i‘

. th1s area, however, has been w1th1n the last decade w1th a cons1derab1e .

o 1ncrease 1n 1nterest 1n the ]ast severa] years Th1s rev1ew w111 be

W-"-sﬁ.»,t S

.“complete for the research wh1ch 1s germane to‘th1s study

/ r

Informat1on process1ng 1s a re]at1ve1y new top1c 1n psycho]ogy, f;f_y‘

r;htconsequent]y, the concept 1acks clear def1n1t1on Th1s d1scuss1on w111 L

-~

'"be restr1cted to an overv1ew of one model of process1ng 1nformat10n, .

"ﬁ‘followed by a rev1ew of some factor ana]ytlc studtes whlch support th1s ?t

.“‘ A summary of these three seCt1ons 1s prov1ded

b
<
L RmE L



"'»-;hlreason1ng ab111ties Jensen has argued that 1ntelllgence tests are ifgil“'t':~

'Laird (1968) and WIseman (1967)

uf.?,}ma1n1y measures of Level II ab11it1es

.
P

10
.Inte]tigentehl'

5? Metaphor1ca1]y, the ma1n focus of research on human

1nte111gence has been the chartlng or mapp1ng of the doma1n of -

“man's menta] ab111t1es The htstory of th1s endeavoéi w1th»1ts, :

vpr1mary movements, is well encompassed by Butcher (1970)‘IDocgere]1

//

-(]970) Jenkins and Paterson (1961), Tyler (19§9),1Wason.ahd Johnson- o

. ,*‘\; ,

The measurement of 1nte111gence by omn1bus 1nte111gence tests may

be seen in. the context of research on menta] ab111t1es as an attempt )

to sample those componentsoflnental ab111t1es that have been 1dent1f1ed

: as. broad, soc1a1]y 1mportant Cvlter1a One way 1n wh1ch 1nte111gence

has been def1ned over the years, then,1s as’ some var1at1on upon the

ab111ty to carry on abstract th1nk1ng" (Terman 192]) or a1ternat1ve1y,,f" '
.},s1mp1y as “genera] cogn1t1ve ab111ty" (Burt ]972) In operat1ona]

‘{ terms, these def1n1t10ns descr1be some of the character1st1cs of tests
: of . 1nte]11gence As Jensen (]969) has po1nted out these tests utiI1ze {}ytii
"%,some 1tems of a non conceptua] nature, su?h as rote memory, but for the |

- 5’rmost part the tests are d1rected at’determ1n1ng the level of cbmpetence }1_>f.

Q.-

.”_;3f the - 1nd1v1dua] 1n conceptuai problem so]v1ng In Jensen s (1969
'f-?;;'1970as 1970b) term1nology, menta] ab111t1es ma\:be rough]y d1v1ded
‘3511nto two var1et1es Level 1 ab111t1es, wh1ch are predom1nant1y memory

"«,_ab111t1es and Leve] II ab111t1es wh1ch are. predominantly abstract ;_"hfh*,wfh



SO N S
!Concept1ons of 1nte]11gence tests as exemp]1f1ed by densen S

g statements are not often’ d1sputed among psycholog1sts There has beenr
a h1story of protest over the use of 1nte111gence tests in various *
1nst1tut10ns, most notably educat1on but these protests have been
d1rected ma1n1y at the. 1nappropr1ateness of the use of" the tests w1th
:var1ous subgroups and some poss1b1e soc1a1 1mp11cat1ons of their usage .
_1;(Brtm, 1965 Cronbach ]975 Gu111ksen, 1974 Hoffman, 1962; McCle]]and '
‘\b1973) When emp}oyed w1th groups similar to those in whlch the tests

were normed somewhat less d1spute has arisen over the techn1ca1

v_efftcacy of- the tests as 1nd1cators of approxtmate 1evels of general

iy

1nte11ectua] fdhct1on1ng - o ;LL_?-' o | *~?f ;' :ﬁ¥?~' =

Unfortunate]y, however as part of . the acceptance of 1nte11lgence
p tests on: th1s ba51s mlsconceptlons of the mean1ng of 1ntelltgence
'_scores have deve]oped (Lyman ]963 Nechs]er, 1975 Wesman,_1968)

/

~:‘These m1s1nterpretat1ons have been ]abel]ed “conceptual ghosts” by

o Humphreys (]962a, cf 1962b)»ewho 11sts f1ve maJor m1sconcept10ns that :'t.fi

"?fafhave contr1buted to the "mystery" of 1nte111gence test scores

| The ftrst m1sconcept1on is: that of capaC1ty Inte]ltgence tests

: adt'ﬁare often 1nterpreted as 1nd1cat1ng an 1nd1y1dua1 s capac1ty to performdtf;'h

oo 1 e‘

' ‘:,vartous 1nte11ectua1 tasks AS noted by Humphreys, we ﬁaye no a ;:;””‘

: “f
operatlonal techniques for mak1ng these 1nferencés Infbl]1genbe@

BN iCores g1ve a samp11ng of current performanee at a spec1f1eqapo1nt ln |

. lfl'

".*,_t1me The fact that they may have some predicttve va11d1ty for‘éome 0

(Q"

]' 't::ftasks in the future 1s based upon probabil1t1es w1th respect‘to an

liﬁ»;1nd1vidua] s Placement ina QFOUP over t1me Th1s, 1nnand Of 1tSE1f

;;‘-fdoes not- va11date 1nferences w1th respect to the 1nd1v1dua1 s “capac1ty" ?f



¢

.to perform tasks in the future. A . '
The second m1sconcept1on is that of f1xed 1nte111gence Humphrevs
notes-that~many 1mportant var1ab1es play 1mp}1c1t'ro1es in the predfction_”
~of 1nte111gence scores at 1ater ages'v Among these are‘the age . of the |
~exam1nee at the t1me of adm1n1strat1on of the pred1ctor test and the
amount of~t1me between test and retest. Thus, the breadth of experlencelf o
of the exam1nee between tests the age of exper1ence and a]so the breadth
| of the tests themse]ves all contr1bute to chang1ng re]at1onsh1ps between “.
tes and retest scores The stab111ty of-these re]at1onsh1ps in some N
c1§iumstances does not a]low inferences regardlng f1xed 1nte111gence

The third conceptua] "ghost" that Humphreys has 1dent1f1ed 1s the sg'

‘not1on of apt1tude He notes that because a pred1ctor test corre]ates

n-to 'some degree w1th a cr1ter1on test thas s1mp1y 1nd1cates that for any ;_;--

g,

”'of a mu]tltude of reasons 1nd1v1duals have reta1ned some. relat1ve

: -p051t1on w1th respect to a group over t1me 1t does not 1nd1cate apt1tude{-f’.

_”A para]]e] examp]e of th1s type of fa]lacy 1s phy51ca] growth we do'notf{

o c1a1m that ch11dren have vary1ng degrees of apt1tude for grow1ng, because~'i-l

"'we can pred1ct to some extent the he1ght to wh1ch they w111 grow

The fourth m1sconcept10n in the 1nterpretat1on of 1nte111gence

| bffg‘scores 1s the d1fference between non emp1r1ca1 def1n1t10ns of 1nte111-: S

S R A
*_gence and what 1nte111gence tests actua]]y measure Humphreys notes that;gv:;

oy wh11e 1nte111gence is. often spoken of 1n terms of "f1ex1b111ty of

"f'gadJustment” or genera] 1earn1ng ab111ty ,_a s1mp1e analys1s of tests

x‘-?;reveals that the extent to whlch these concepttons of 1nte111gence are

-wref1ected in test content is severely 11m1ted d *“:'f:lVVJ?,:’fhfff

F1nal1y, the flfth m1sconcept1on that 1s preva]ent w1th regard to s
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, . . . _
_intelligenoe tests is that they represent\a:pure-measurelof a central
| "force"'whjchvhas often been'caTTed g 1n\§pearman's:(1904} 1927)
'4‘terminology ‘”Hu phreys notes that the CTass}caT problems in charting
mentaT ab1]1t1es, which eventuaTTy Ted to Thur;tone S (1938) formulation
of seven or: nine d1fferent aptltudes, and then Tater to Gu11ford S (1959
1967) more numerous var1et1es, are man1fest 1n concepttons of 1nteTT1-
_-gence tests as measures of a un1tary inner fdrce The resolutTOn of -
the d1ff1cu1t1es in determ1n1ng the extent to wh1ch these mode]s of
_mental ab111t1es are appropr1ate is not 1n s1ght at the present fﬁme’“\b

| and hence ascr1b1ng any s1ng]e theory to 1nte1]1gence tests is '\'

|4 . .
~ \

unwarranted | | |
The quest1on of what a score on an 1nte111gence test actua]]y
.represents then accord1ng to Humphreys, shoqu be approaehed by a path e
ifnot pTagued by. the f1ve m1sconcept1ons that have been noted Th re-are ',i'
B some weIT estab11shed emp1r1ca] facts about 1nte1119ence tests that »’,.-

8

shoqu be taken 1nto account It 15 generaTTy accepted that 1nte]]1gence

B scores are. fa1r1y reT1ab1e These scores are aTso qu1te stab]e over

't1me w1th T1ttTe change in rank order1ng of 1nd1v1dﬁals over. per1ods

k - as Tong as severa] years It 1s generaTTy found that 1nte111gence test .

/[ S
'resuTts are good pred1ctors of academ1c grades and s1m1]ar schoo] or1ented_¢:;

B fttasks F1na11y, wh11e 1t 1s not un1que1y determxned where 1n a funct1ona15tfh

‘s:;hlerarchy of menta] ab111t1es an 1nte111gence test may be pTaced, 1t 1s i[ff.

_-,clear that most IQ tests are a broader measure than s1mp1y a compos1te
“f#;of severa] spec1f1c ab111ty teSts R pl,_;_.u R

V1ewed 1nethese terms, 1t becomej apparent how the m1sconcept1ons

;;f5quoted by Humphreys, such as capac1ty and flxed 1nte]11gence have 'i:~fjff17f



| - 14
eyo1ved Inte1]1gence test scores appear to behave so 1awfu1]y as to
" beg an explanation in terms of re]at1vely 1mmutab1e and generic R :
“character1st1cs. But as Humphreys_has 1nt1mated, this factwor1ginates b
V not only from the characteristics of indtviduais,.but.also'frOm the |
composition’ot the teSts ‘The'contentlof tnte]]ioence'tests 12 Uroader,
_both in. terms of areas sampled and i terms of time per1ods samp]ed
'than any other var1ety of .test. These d1fferences take three sps§1f1c
v_forms when 1ntelltgence tests are compared w1th other schoo1 tests
Flrst, 1nte}11gence tests contaln items that requ1re ut111zat1on
of broad domains of know]edge - The . 1nterna1 cons1stency of IQ tests 1s
. genera]ly on]y moderate espec1a11y in the case -of some- of the omn1bus
| tests such as the Stanford B1net and the wechsler Inte111gence Sca]e for
Ch11dren |
| ' As second p01nt of d1fference wh1ch is somewhat spec1f1c to the
\firSt, 1Aie111gence tests tap wader'range oﬁ exper1ence-than do other
var1et1es of tests, such as ach1evement tests fQ‘tests.are not '

developed as. evaluatton cr1ter1a for courses of study that may be '

’spec1f1c to partlcu]ar %choo] systems, nor are the 1tems constructed 1n'
L e

' | the usual school test1ng formats

F1na11y, and perhaps mqst 1mportant1y, 1nte111gence tests requare
7 S

” -.svthe 1nd1v1dua1 to draw upon o]d knowledge or sk1lls that may be

tu transferred to a new- S1tuat1on In contrast, sch001 tests tap kn0w1edgepf5f7'
| hv‘wh1ch may be spec1f1c to a shorter perlod of t1me for example one yearfdi,'i?
| When rev1ewed 1n the T1ght of these character1st1cs, 1t is hard]y o
T; surpr1s1ng that 1ﬁ!e111gence tests d1sp1ay the‘character1st1cs of

t re]1ab111ty, stab111ty, va]1d1ty and factor1a1 connect1ons to severa] d;f~fﬁ

N :



L¥]

“i | C , - | _ 15 o
‘theories‘of mental abilities. Their breadth“‘both temporal]y and Yin
terms of content, contr1butes s1gn1f1cant1y to these psychometrlc
qua11t1e§ In Ferguson S (1954 1956) terms "hiiman ab111t1es become f
d1fferent1ated in the course of deve]opment with transfer of ]earn1ng )
fac111tat1ng this d1fferent1a%&;n Inte111gence tests genera11y~span
these abilities to a greater degree than other tests dependent upon the

age of the 1nd1v1dua1 and the particular test concerned The mean1ng of \
‘ 1nte1]1gence scores, then must necessar11y be 1nterpreted in the

pen;pect1ve of the opportunity that the individual has haddto develop

the ab111ty to comp]ete,the tasks in the test that 1s, the opportun1ty

to transfer prlor 1earn1ng and dlfferent1ate skills. cumu]at1ve]y

V1ewed 1n®these terms 1nte111§ence tests become complex emp1r1ca11y,
and430551b1y even 1nappropr1ate in m&ze cases ‘than not “but the concept
of 1nte111gence 1tse]f should at 1east be free of somebof its nebulous :

not1ons amd myster1ous ent1t1es It is establlshed that on the bas1s of

¥ these psychometric charactervst1cs Jnte111gence test scoves reflect the i

ding of an 1nd1v1dua1 relat1ve to a group on 3 number of cr1terta
wh1ch have been found emp1r1ca11y to be" 1mportant for schoo] and {'{ o )//
occupat1ona1 success The term shou]d be(restr1cted to th1s pure]y : |
/descr1pt1ve as’ opposed to exp]anatory funct1on (L1verant 1960) and / |
' 1nferences regard1ng the mean]hg of the scores beyond th1s 1nterpret/t1on . B

are 1nva11d S ‘.ﬂ' f'«.lﬁ L _,'.‘_.I
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> ' C ModaTjty Matching

It has been noted by severa] authors among them Jensen (1971)
that the nature of cross-modal transfer is not well understood
Undoubtedly one of the principal rgasons.for this lack of understand}ng

is the- rar1ty of common term1no]ogy use among the studies which have

ig{ ~ been performed in th1siarea, as we]] as confus1on with respect to the

¥e.. various types of tasks under cons1derat1on These prob]ems, in

e
Lt

',7fk con3unct1on with the fact that most of the studies on this top1c have
been loosely designed and evaTuated, have 1ed to a d1spar1ty 1n opinion
as to the et1o]ogy and psycho\og1ca1J;do;hf1cance of cross modal

| processes (Bryant 1968) The f1rst 0bJ€Ct1V€ of th1s d1scuss1on,
therefore w111 ‘be to clarify the term1nology presentiy in. use, and t0

ish the term1no]ogy that is td “be employed in th1s study

establ,
FoT]om\ng th1s, several other mﬁjor problems 1nherent in present

xt for an exam1nat1on of that portnon of the 11terature ‘which

s spec1f1ca11y relevant to. the present study ‘The d1scuss1on w111

researcw¥on cross -modal prbcesses will be noted Th?s w11} estab11sh

a conte

begin 1n a cross -modal context w1th 1ntra -modal cons1derat1ons as

1og1ca1 consequences : , o ; $;'- A f. - /<~'

Th1s ev1ew w111 1ntroduce f1rst the term, "cress moda] cod1ng (CMC)-

as gener1c}term1no]ogy for,the complete spe of tasks under

consideraﬂ1on.] The po§51b1e modalltles in thch these tasks may be

A 3 . ‘ . o ) .
. . . )

_‘H‘:‘ ]Jensen (1971) appears to -be us1ng "cross moda] transfer“ in th1s

sense, as is the case-with several gther . psycho]og1sts but the .-
inconsistency of ‘the. term's usage 1s’profound elsewhere. The 1ntroduct10n

of the te inology used here is ugigue to this study, with’ "transfer .
- used in 1ts usual 1earn1ng sense, rather than as a broad cateqory '
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presented are visua]; auditory and haptic. Across these three ‘
moda]ities,vthree principal varieties of tasks appear to have been
utilized: cross—modgtitransfen (CMT), cross—moda1‘discriminatjony(tMD)

AN

Hand’cross—modal matChlng (CMM).~ The distﬁngmioﬁ\between CMT .and CMD is
s]fdht, whereas CMM tasks form a clear demarcation with respect to the
other twor |
.Cross-mOdaI transfer involves the‘1earning and'utitizatiOn of a
principle‘in one modaiity, and-then the emp}oyment of that principte:to
aid in thellearning of a task in a setond modality;hthe tasks may or may
_not be 1dent1ca1 for both moda11t1es The main d1st1nct1on in CMT,wbtch
' sets it apart from CMD ,and CMM tasks qt the pr1nc1p1e to be Iearned L
‘Often the pr1nc1p1e 1s a st1mu1us d1mens1on -~ An example of thws type of
‘ research is 2 study by Senmes We1nste1n Ghent and Teuber (1954) _ Bra1n
damaged adu1ts were requested to. choose an ObJECt v1sua11y from a g1ven .
set (e. g , powder puff, rubber ba]], sponge, co1n penc11 and na11) with
the c0rrectness of the1r response 1nd1cated after each se]ect1on The.t
-pr1nc1p]es to be d1scovered were st1mu1us d1men51ons, such as softness,
length or meta]]1c content It was hypothes1zed that the 1earn1ng of
these d1mens1ons wou]d transfer to the same task performed hapt1ca1]y
severa] months 1ater Th1s hypothes1s was - supported, a]though the
effects were scattered and weak |
Cross modal d1scr1m1nat1on, in contrast to CMT, 1s a more c]ear]y
'fdef1ned type of cross moda1 coding from the v1ewpo1nt of the subJect, f‘ff
' and 1n some . respects 1t may be seenﬂas a degenerate case of CMT. -
‘CMD tasks ‘a st1mu1us d1men51on is general]y made expllclt to the’
' - ¢

K f’Subqect The task is to d1st1ngulsh dEQrees of th1s d1mens1on in onef~3~

K .

g,
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moda¥ity and to uti]iie this discrimination 1earning to perform the same
~task in a'secondbmodaltty.i Smith and Tunjék (1969),'tor examp]ei'used-‘
p]astic'forms of equal volume (cone,'sphere; pyramid; cube, rectangu1arr
solid and cy11nder) covered with four textured materials (smooth, foam -
rubber, buckshot and rough sandpaper) in a study of v1suaT(tactua1 CMD
in young retarded ch11dren SubJects were 1nf0rmed of the re]evant |
, stimutus dimenéipn before each set of tasks was presented and were i;
reinforced for correct’ d1scr1m1nat1on responses "~ The CMD effects were
found to be s1gn1f1cant for both d1mens1ons Gardner and Judisch (1965)
: conducted a study wh1ch 1s exemp]ary of th1s type of des1qn for aud1tory
and v1sua] moda11t1es ' |
The maJor d1st1nct1ons tovbe drawn:in:this-dtscussion are the'
) dlfferences between cross moda] matchlng tasks and -CMT and CMD tasks for -
it s the/former to wh1ch th1s study is addressed From the po1nt of |
. view. of the subJect Cross- moda] match1ng is the most exp11c1t task of .
the ‘three types under d1§cuss1on. CMM 1nvo]ves the presentatlon of a yb
| st1mu1us ine one moda11ty and then 1mmed1ate 1dent1f1cat1on of a L,p;"fjk n
. correspond1ng st1mu1us pattern 1n a’ second moda11ty Summar11y, CMM L
: d1ffers from CMT and CMD tasks 1n at 1east three ways (Ett]lnger,‘1967
0 Connor & Herme11n, 1971) ,(1) In a CMM task the subJect 1s aware of
the re1at1onsh1ps between the st1mu11 in the two moda11t1es and that ‘
the expectat1on of the exper1menter is for the SUbJECt to match the
| st1mu1us in the f1rst modal1ty w1th that of the second modal1ty In CMT
| v.and CMD tasks, 1t 1s not ‘made expl1c1t to the subgect at any po1nt in ‘qu
| t1me that thére 1s some re]at10nsh1p between the task performed in: one
.i -‘ moda]ity and the 1ater task performed 1n a second moda11ty (2) 1n;CMTk‘:'~
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and CMD‘tasks, Jearn{hg takes p]ace.in.the courseVof‘trials in,the first
“modality; the obgect1ve is to d1scover whether or-not th1s ]earn1ng 1s
“transferred to the later task in the second moda11ty In CMM tasks,_ |

1earn1ng takes p]ace to a ]esser extent -and 1ts transference 1$}
'therefore of lesser concern (3) CMT. and CMD tasks may uttllze a t1me :
1nterva1 of days, weeks or even months between the tr1als 1n the f1rst
moda11ty and those in the second moda11ty In CMM exper1ments, the t1me‘
1nterva] is very brlef the subgect 1s presented with a st1mu1us 1n the
first moda11ty and then 19 ‘asked 1mmed1ate1y to match 1t w1th a stlmu]us-.
;v1n the second mooa11tv o 1 R B | :d - 4‘ EE |
It is ev1dent even from the br1ef forego1ng d1scuss1dh that a f1rst'

‘ cons1derat1on in the’ de51gn of a cross moda] cod1ng study shou]d be ‘the”

. c]ar1f1cat1on of the cod1ng type that ls of 1nterest The d1st1nct1ons ih:
‘between CMT CMD and CMM are of - maJor 1mportance w1th the demands made ;_:

' upon short and 1ong term memory, for 1nstance, ary1ng cons1derablyxacross

- the three types Desp1te these d1fferences stud1es have been conducted_}p_

'ut111z1ng one type of task w1th the dlscuss1on of the results done 1n i

* the context of another type Rude] and Teuber (1964), for 1nstance,

.used a v1sua1 tactual CMM des1gn to draw 1nferences about CMD ab111t1es
" in young ch11dren e | ' ‘A | h ‘ : "'_ | .' | '. |
. A second comP11cat1ng faCtor 1n many of the stud1es of cross moda]if'”ﬁ
| 1_cod1ng that are currently ava11ab]e 1s the 1ack of 1ntra moda] contro]s;”‘a

',f'(Bryant 1968 Jones & Rob1nson, 1973 Rub1nste1n & Gruenberg, 197]

,w,:.trvon erght 1970) Nearly a]] of the stud1es of crOss moda] cod1ng ioﬁttl

thpresently 1n the T1terature do not ut1l1ze a des1gn which supp]wes

: 1nformat1on on 1ntra modal performance as wel] as Cross- modal performanceéf‘
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This.shorbcoming-is eSPeCially crttica1-when theistudtes:areIVtewed ; .
'developmenta11y, for there is strong evtdence’that as;chitdren grow'
older the1r ab111ty to dlscr1m1nate aud1tory, v1sua1 and tactua1 cues |
1ncreases stead11y (G1bson & G1bson, 1955 G1bson, G]bson, P1ck & Osser{t
1962) and cue preferences w1th1n moda]1t1es becbme more synonymous w1thj‘3
_those in other moda11t1es (P1ck P1ck & G]1ner, 1967) Thus, when

deve]opmental changes in cross modal . cod1ng scores are repOrted w1Lhout :

. intra- moda! data, the effects of these 1ncreases 1n d1scr1m1nat1on

-ab111t1es are confounded w1th any actual deve]opmenta] changes 1n cross—:p
_'Amoda] codlng ab111ty, | | ' | -
oA th1rd and f1na1 source of confuspon 1n the 11terature on cross-»'i..
h_ modal cod1ng is. the cho1ce of modalttles wh1ch have been employed in"
re]at1on to the obJect1ves of the research stud1es Most of the research
,present]y ava11ab]e 1nv01ves the v1sua1 and hapt1c moda11t1es (for .'fr?’5;
 exanples, and rev1ews see Balter & Fogarty, 1971 B1rch & Lefford 1963, - -
[1;1967 Hermel1n & 0 Connor, 1964 Krauthamer, 1959 0 Connor & Herme11n,::@*

'1965 Rude] & Teuber, 1964) wh11e some of these stud1es have been

' 'd7concerned w1th spec1f1c aspects of psxchomotor ab111t1es others have

been concerned w1th more general aspects of 1ntersensory development asf~¥:

‘rlt re]ates to menta] ab111t1es In th1s 1atter respect v1sua] and ‘o
T laud1tory tasks wou]d have been more appropr1até (Bart]ett 1947)
_' A probable cause of these three prob]ems 1n the cross moda] codlng;_Ln
Afj 11terature as we]] as lesser prob]ems wh1ch have not been noted here,;j{ji
'“}f1s the pauc1ty of thorough rev1eWs of the comp]ete area of moda]tay

-?1;cod1ng If ana]yses of the area were ava11ab1e, 1t 1s un11ke1y that

'\'lif»;thls confus1on wou]d be present Early rev1ews of Amer1cah research on)gll



.‘sensory processes have been supp11ed by G11bert (1941) and Ryan (1940)
'and on Sov1et research. by London (1954) : More recent]y .part1a1 rev1ews

' cuttlng across some of the maJor prob]em areas that have been noted o
}'héve begun to appear (Abravanel 1968, ]97] Bryant 1968 Cha]fant &
_Scheffe11n 1969; G1bson,v1969 G1bson ]966 chk Ple & K]eln, ]967

. von Wright, 1970 see -also McGrady & Olson 1970 WOh1w111 1971) A df:

‘recent dTSCUSSIOn by Fre1des (1974) appears to be one of the more

VS

- soph1st1cated rev1ews ava11able ‘ Honethe]ess a systemat1c d1scu551on of

’ ‘the present concepts and 5esearch methodo]ogy 1n the area 1n terms of

_future needs and d1rect1ons stﬁl&_rema1ns to" be done

(S

One of the best rev1ews w1th reSpect to approx1mat1ng a comp]ete

-fdeScuss1on of these 1ssues is: supp11ed by Cha]fant and Scheffe11n (1969)

‘»'These authors denote the baS1c hUman 1ntegrat1ve systems as deplcted 1n ;,t

'F1gure 1 e'
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| ‘Chalfant and SchéffeTin (1969) supp]y a useful tabu]at1on of ‘the,
var1ab1es that should be taken 1nto considerat1on 1n the des1gn of |
B ~research stud1é§tﬂn cross moda1 cod1ng or, more genera]]y, moda]1ty SRR
codtng These var1ab1es are 11sted din Table 1 ' o | ) .

H1th severa] m1nor adgustments, the vartab]es supp11ed by Cha]fant
' ﬂand Scheffe]:n appear to be complete Soc1oeconom1c status (SES) of the )

-

"g.SubJects IS ‘one poss1b1e further var1ab1e that shou]d be 1nc1uded for,

~

gtven the well estab11shed relat1onsh1p between SES and IQ, to the extent '
o

L that Cross- moda] codtng ab1]:ty 1s a. pred1ctor of IQ (Hunt 1969 Jensen, '

' 1‘1969) and hence poSS1b1y corre]ated w1th SES dtfferences 1n cross—moda]

codtng ab1l1ty cou]d be expected to ex1st across SES groups fA“].

L exam1nat1on of the: SES var1ab]e may shed 1ight upon the processes in'

':~;moda11ty matchtng (Jorgenson & Hyde, 1974) B1rch and Be]mont (1965b)

'and Walker and B1rch (1970), among others, have reported SES 1nformat10n,a

*but have not conducted stattsttcal ana]yses u51ng th1s var1ab1e ;;Es:ﬁ.yff;

- »iwou]d 1n all probab111ty be more sign1f1cant as an 1ndependent var1ab]e T

~1',-f1" moda11ty match1ng Studles than wou]d vartables such as sex, for example,;

"7'ftfor wh1ch the resu]ts have been hazy (Jorgenson & Hyde, ]974 Kllng, 1968 .

*:_._Muem & Kremenak 1966 Remy, 1971)

The Cha1fant and Scheffelln (1969) e]aboration of cr1t1ca1 vartables

j .serves the purpose at thws po1nt 1n this discuss1on of narrowing the

b.

”'”f5;focus of the rema1nder of this review and of placing the present study

5 'v_;f§1n conteﬁt The concern of this study 1s-w1th aud1t+ry and visua] fif;ifﬁff

":'modaltty matchtng, both cross-moda1 and intra-moda] Variables which

A *vfare sallent to the study w111 now be considered separately 1n the

"‘-f%ffollow1ng sect1ons or d1scussed wlthin the research design j?{f;;gﬁsf;f”ff

‘ -I”ﬂw*'fgn%ﬁ_&.‘f SR
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'Spatlal tempora] d1men51on

As is the case w1th v1sua1 hapt1c cross modal research and its
-reference to psychomotor ab111t1es, stud1es 1n the spec1f1c area of
| hmoda11ty match1ng for v1sua1 and aud1tory st1mu11 haVe rece1ved the1r R
“jlmpetus in 1arge part from a theoret1ca1 11nk to a speC1f1c ‘problem
‘ffarea : readJng ach1evement Indeed many of the studles present]y 1n'
.rthe 11terature are not addressed to the quest1on of v1sua1 and aud1toryi
- match1ng processes p__.be but 1nstead are d1rected at the relat10nsh1p<
between read1ng ach1evement and aud1tory v1sua1 moda11ty match1ng (Beery,.
' 1967 B]rch & Be1mont 1964b 1965b B]ank & Brldger, 1966b 1967 B]ank

‘FWe1der & Br1dger, 1968 Butters & Brody, ]968 F5rd ]967 Jorgenson & 'n

'”‘.Hyde ]974 Kahn & B1rch 1968 Kuh]man & wolk1ng, 1972 Muehl &

"thremenak 1966 Re1]Ty, 1971 Rudnxck Sterr1tt & F1ax, 1967 S11verston

fj& De1chmann, 19]5, Sterr1tt & Ru?nick* 1966) It has been hypothes1zed

that the 51gn1f1cance of audltOry v1sua1 cross-moda] matchlng to read1ng

':-tach1evement 11es 1n the pr1m fac1e para]le] demands of the two tasks,

';51that is, ”preparatory to readlng, the ch11d must relate auditory patterns fﬁ

“1n speech wh1ch are tempora]ly ordered to the spat1:é%y ordered v1sua]

' ":Tpatterns 1n prlnt To actua11y readg.he must reverse the process by

f:t.;respond1ng to the pr1nted v1sua1 patterns w1th appropr1ate sound

’f;fsequences (Mueh] & Kremenak, 1966 p 230) "‘1Th1s hypothes1s appears

"]‘?to have been cons1stent1y supported V1rtua11y all of the present stud1es

S have found that auditory~v1sua1 match1ng ab1lity s1gn1f1cant1y pred1cts ff#i

’Jﬁ~read1ng ach1evement A]so, as wou]d be expected Tf this hypothe515 were

'rr?cjrcorrect, 1ntra moda] matchlng of the same tasks does not predict read1ng o

ﬂjachlevement Thus, 1t 1s apparently the 1ntersensory 1ntegrat1on aspect ti

RN Vi



of modatity matchind that~corre1 tesfhioh]y,with'theHCOmponents.of

- reading. | | | o o | .
Unfortunately, not a]] 0 her aspects of: moda11ty match1ng stud1es

* have been as consastent as the re]at10nsh1p between read1ng and CMM R
~(Goodnow, 1971b cf. ]9713). One would expect, for 1nstance that

because cross- moda] 1ntegr t1on apparéntiy emp]oys dlscr1m1nat1on sktlls

in two moda11t1es, as we]] as. some form of 1ntegrat1ve mechan1sm, it -
: wou]d be more d1ff1cu]t than an equ1va1ent 1ntra modal task T 1s hasl
"",not been found to be true in general, cross moda] m*hmg has been L
”:found to be more d1ff1cu]t than 1ntra moda] match1ng (Cav1ness, 1964
‘:c1ted 1n Goodnow, 197]b) but. other stud1es 1nd1cate that 1t 1s eas1errﬁf ;
than 1ntra moda{ match1ng (Mueh] & Kremenak 1966), and f1na11y, some }~?
:studtes have found no d1fferences between cross moda1 and 1ntra moda] :‘}h_[
‘,dmatch1ng (Herme11n & 0 Connor, 1961) It 1s ev1dent from a close | |
. 1nspect1on of the aVa11ab1e stud1es that th1s 1ack of agreement in CMMh_jf?z
| -fresearch resu]ts could be due to subt]e var1at1ons 1n stimu]us type,- 5;?hu;
:?response a]ternat1ves,'1nstruct1ona1 sets and a host of other varlabtehf;i‘i
ff{bfcond1tlons More exoﬂ1c1t1y and more 1mportant1y, however these _fA';tt,;i
':"';1ncons1stenc1es cou]d be the result of 1nteract1ons between the -

'r],f;;pr1nc1pa1 mechanisms under]y1ng the moda11ty match1ng process and the :Lfff

o ;s1tuat1ona1 var1ab]es Because these mechan1sms are as yet only

?fatentatwe,L the morpho]ogy of the process of moda11ty matchang rema1ns
‘t]f 1somewhat prob]emat1c 7' "‘. | - _‘ “' | : o }"__"
ConJectures, of course have been draWn as to the nature of” modaI1tyf¢{3
t]!;match1ng processes S1mp11st1ca11y, these conJectures have fa]]en S

‘ﬂ}ﬁr'roughly 1nto two vartet1es and have become 1dent1fied w1th two research



-teams.presently studying thts problem. One theory proposed s that of
Herbert Birch and Lillian: Be]mont atd co- -workers, wh1ch hypothes1zes
that a process of 1ntegrat1on at the‘perceptual 1eve1 is respons1b]e for
L moda]1ty match1ng skll] In br1ef ‘these authors argue that percept1on
 /1$ a deve]opmenta] product (wohlwrll 1960) and that ch1ldren are.
character1zed by the deve]opment of 1ncrea51ng correspondence between yt
st1mu1us cue “and: d1mens1on usage across modal1t1es Based in part a]so:
on d1scuss1ons by Sherr1ngton (]951)'and Munn (1965) who argue that '
- 1ntrasensory systems deve]op before 1ntersensory systems due to the 1ater H
estab11shment of an 1ntersensory 11a1son Birch and Be]mont have pursued V
Z thlS theoret1ca1 stance energet1ca11y, extend1ng thelr research over a 'f
1 cons1derab1e span of t1me and over var1ous groups (Be]mont B1rch & |
Be]mont 1968 Belmont Btrch & Karp, 1965 Berh 1954 B1rch & Belmont
1964a, 1964b 1965a, ]965b B1rch & Bltterman, ]949 1951 B1rch & 'A:ﬂi.
| 'befford 1963, 1967 Kahn & B1rch 1968 K]apper & B1rch 1971 Walker &
: Birch ]970) | : ..v_ | , | 1 .7.. - .‘:,.. R
| The second po1nt of v1ew 1n accounttng f0r the mechan1sms 1nvo]ved |
in moda11ty match1ng IS exempl1f1ed by Mar1an B]ank and Wagner Bridger "M;
'{ B]ank and Br1dger reJect the perceptua] hypotheses of B1rch Be]mont | v
et. _1_, and propose that a med1at1ona1 process-—ma1nly verba] but not }
N .necessar11y 50 for al] tasks—-1s resp ns1b1e for the 11nks between
:be st1mu]1 presented 1n two moda11t1es (B1ank 1970 B]ank & Br1dger, 1964
| ]966a, 1966b 1967 Blank we1der & Br1dger, 1968) Thus, B1ank and
) ‘;Ptﬂi Br1dger appear to favor the use of hlgher order~processes rather than

perceptua1 processes as exp]anatory constructs for the moda11ty matchtng

phenomenon (see Boernste1n 1970 Jensen ]970b)
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Untf1 very recently, evidence that‘wou]d-shed light upon the
-reTative tenability of‘either of these points of view, or of any
rcombfnations thereof , was unavailable.. Due to a;further major shortcoming
of the design-of‘visuat-auditory CMM studies;<a confounding efféct has
been present cons1stent1y in. near]y all studles to date, th1s effect 1s :.
the resu]t of the usua1‘11nk between v1sua1 st1mu11 and spat1a1
:tv'd1str1but10n of the stimuli. as opposed to aud1tory st1mu11 and tempora]
 distribution of the st1mu11.' That ‘is, 1n v1rtua11y a]] of ‘the stud1es |
avaitable\ with the"exceptiOn.ofwtwo now to be discussed, v15ua1'st1mu11.
'effects have. been confounded w1th spat1a1 effects and’ aud1tory st1mu11 |
‘*effects haye been confounded w1th tempora] effects Research by Rudn1ck |
V'Mart1n and Sterritt (1972) and Sterrqtt Mart1n and Rudn1ck (]971)
';represents the first attempt to separate these factors and study the1r
t 1nd1v1dua] re]at1onsh1ps to moda11ty match1ng processes

»H;Sterr1,vﬁaﬁart1n and’ Rudn1ck (197]) generated a11 possxble |

;_t1mu11 and response patterns by ut¥1121n9 aud1tory-
;1sua1 tempora] (VT) and v1sua1 spat1a1 (VS) types Of
'stiniui ‘fry spat1a1 [AS] w0u1d be a s1mu1taneous sound pattern":
_fron'si ify.d1st1nct sources ‘and wou]d be non—d1scr1%:nab19)' These

k ;1es generate n1ne p0551b]e comb1nat1ons of st1mu1us response';f7
E fsé#$;fw} ;were created by the use of headphones, lamps and pr1nted | j.‘
teriafll AT-VS, VS- AT AT VT vr AT, VT is, vs- VT AT AT, VT-VT, Vs- vs_",-.
: l‘}%1n the study were 72 b]ack ch]]dren who had attended k1ndergarte"

fand were 11w;ng 1n an 1mpover1shed nelghborhood ResuIts 1nd1cated that _'

i3tine1ther Av 1ntegrat10n nor TS 1ntegrat1on was more d1ff1cu1t than the

'~.drespect1ve 1ntra moda] 1ntegrat10ns In ascend1ng order of dvff1cu1ty,.% f
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the patterns were visual-spatial, visual- spat1a1 with tempora] (audltory/
or v1sua]) patterns and then types involving on]y tempora] patterns

| Thus the temporal- spat1a] d1mens10n emerged as the s1gn1f1cant

' A1nd1v1dua1 differences var1ab1e, w1th the role of- aud1tory and v1sua]
modalities seen as re]at1ve1y 1ns1gn1f1cant A]so, the factor’ of
1ntegrat1on" was found to be of low importance, i.e., the difficulty

‘level of -tasks ut111z1ng a match between tempora1 and spat1a1 st1mu11

N
N

| was equa1 to those matches. ut1]1z1ng just one or the other dimension.

The later study by Rudntck, Martln and Sterrltta&[972), utilizing 270
““black ffrst grade.children,Asupported this set of results. d
Thesevstudiesvby Rudnick, Marttn_and“Sterritt‘do not, of course,
";,strictlyvinvatidate the research to'date}in the‘area'of moda]tty matching.
| vThe1r research does open up many quest1ons w;th respect to. the processes
'p1nvolved in th1s type of task It is poss1b1e to conJecture for
1nstance that the spatial- tempora] d1mens1on is the 1nd1v1dua]~
-'d1fferences var1ab1e 0perat1ng 1n the maJor1ty of the prev1ous stud1es,.
, and not the v1sua1 aud1tory aspects as common]y be11eved leferences -

1n results w1th respect to the relat1ve d1ff1cu1ty of 1ntra moda] 'p - .7:.1

'match1ng as opposed to cross moda] match1ng could concelvany have been

. due to d1fferences 1n demands made up0n Spat1a1 tempOral 1ntegrat1on

B ab111t1es among somggof these studées w1th the poss1b111ty masked by
s the prev1ous emphas1s upon v1sual audxtory processes o -
But there are st111 many quest1ons to be answered The Rudnick

Mart1n and Sterr1tt stud1es 1nvolved the use of young chi]dren from a

o d1sadvantaged ne1ghborhoods wOuld the 1ntegrat1ve aspects of these

;

d1men51ons emerge as the most 1mportant var1ab1e 1n o]der ch1ldren7

T
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What'is the role of short;term memory in.this probtem? what are the
~ mediattng variables, if any, in the various varieties of spatia] and
temporal tasks, and specifjea]]y,-what is'the role offlanguage?' What
\\\;\js*the relattonship between modality matching'ahd 1nte11igenee?’ The

remainder of this review on modality matching will concern_itsetf-with, '

these questi)ns,,insofar as there are data available that wi]]‘shed.
1ight ubon‘them Unfdrtunate]y, only conjectures«can be made'as to‘the

re]at1ve contr1but1ons of spat1a] and tempora] factors in some of the
¢ . ) .

stud1es now to be c1ted

Fe)
e
(W8

Deve]bpmenta]}trehds;

.There.has been_a'sma1] amount of researeh_done.inffhe area ofv'i- =,. v
developmenta] trends 1n v1sua] and aud1tory moda11ty match1ng Theréfore;_'
‘ rather than attempt to genera11ze across stud1e§ wh1ch have used d1fferent _
| techn1ques as appl1ed to homogeneous age groups, this d1scuss1on will be
restr1cted to those stud1es dea11ng spec1f1ca11y w1th a span-of- |
, chronolog1ca1 age 3 L

V : : .
The f1rst exten51ve deve]opmenta] study of visual and aud1tory

o

- cross moda] match1ng was done by B1rch and Be]mont (1965b cf 1965a,

e

see - a]so Walker & B1rch ]970) Th1s study ut1112ed a0 1tem, aud1tory- '}

v1sua1 match1ng @st w1th three s1mu1taneous]y presented alternat1ves :

per 1tem The subJects were 220 ch1]dren drawn from k1nderg ten
through grade 6 w1th ages rang1ng from 5 years 3 months to *%fyears
1 month. The data that were collected 1n the study are summar1zed 1n |

As 1s ev1dent from the trend 1n the mean number of 1tems correct :

RN
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: Ci Table 2

Number of Correct Equivalent Judgements
of Audltory Visual Pattern by Grade

Mean Age No. of Correct

_.Grade N | (YrsMo) B “Equivalence Judgements
' ' " Mo 8D Range

K .30 5-8 £ 3.1 41 1.4 1-7
1 30 e6t3sm 56 2219

2 300 »7?7.ii3.4 mo h 7.9 16 5410
3 30 86+4.3m0 85 1.9 310

4 3B e7t3sm 7{ 1.2 610

s 3 10-7¢38m0 - 9.6 0.8 v 7{10

N 30 16¢38m 7 <95 0.8 810 |
A T o

there is a steady 1ncrease by grade 1n~the ab111ty of ch1]dren to~perfonn
_this task. However, wh11e th1s 1nformat1on is usefu] for the 1ower grade .

1evels, its 1nformat1ve va]ue decreases sharp]y in the h1gher grades

: Th1s is due to a strong ce111ng effect in. the data resu1t1ng from the f ERE

10 1tem test By grades 5 and 6 near]y all of the subgects atta1ned a-

near perfect score, and hence 1nd1v1dua] dtfferences in the task v1rtual]y

o d1sappeared Surpr1s1ng]y, B1rch and Belmont (1965b) conc]ude that th1s

convergence of scores at these grade 1evels 1nd1c9tes that §§111ty to |
perform th1s “task reaches an asymptote at these 1evels '

Growth 1n aud1tory V1sua] 1ntegrat1on was most rap1d in- the
_interval encompassed. between, k1ndergarten and second grade
By the second grade mean accuracy. in performance. had - :
reached an 80% level. .In succeeding years improvement in.
auditory-visual integrative performance was slow and ’
- steady, with an average annual increase. in- accuracy of 5%
until the: fifth grade at which age the asymptote was’

3';“§§:‘ reached (pp 298 299) . 5 ¥

ok
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In later research some of the 1nadequac1es of th1s first study were}n
Arect1f1ed Kahn and Birch (1968) used a 20 1tem test .of the same destgn
as noted prev1ous]y to study the aud1tory vwsua] 1ntegrat1ve abilities.
l of 350 children from grades 2 through 6. The data that they obtained is
_-summar1zed in Table 3 | - | -
Tahle 3 ;
. Distribution OffAuditory—Visual.Intégratton'Scores :
~ and Age (Yr - Mo) by Grade (N = 70 per Grade)‘ '

o o Auditory-Visuaj Integration - = . T Age
. Grade = — - —— —, - — —
M 2SO - Range - M ©SD " Range
2 96 40 - 217 g4 5lmo  7-7to 9-5
3135 3.8 . 520 983 4lmo 87 to 10-4
c4 151 2.9 720 161 5.7mo 9-5to 11-6
5. 158 - 3.5 62 - 11-2  6.0m  9-10 to 12-5

6 170 27 - 7-20 122 46m  11-5+to 133 -

18

The most s1gn1f1cant p01nt to be made about th1s data is that the_'ji'
asymptot1c effect that Herbert B1rch had found 1n the - ear]1er study '

‘ .'(B1rch & Be]mont 1965b) 1s @bsent Rather, the ab111ty to match

aud1tory st1mu11 with v1sua1 st1mu11i as" determ1ned by the type of testﬂ_ :V':t'f:

1_'used in th1s study at. ]east appears to contlnue to deve]op throughoutrjf“l:'

v‘:,tthe grade 1eve1s 1nvolved

B

Recent research by Re111y (1971) supports the f1nd1ngs of Kahn and c‘ '

‘\:;B1rch (1968) in. fu]] w1th add1t10nal 1nformat1on supp11ed on sex '

Vs

d1fferences Re111y a]so used a 29 1tem test, and adm1n1stered 1t to |

R AR A '_-g o R I



225'subjects from grades .1 to 4, The mean.scores for:boysdin grades 1
"2, 3 and % were 8.90, 12.65, 16.17 and 18.13, respectively. For girls,
the grade level scores were 9.52, 13.39, 17.14 and 18.00. Statistical -
| Iests‘jnqicated that.there‘were no significant difterencesfdue to‘sex
-at any gradetleve1 -but differences betueen~grades were significant_fon )
'-a11 Teve]s Unfortunate]y, Re11]y drew 51m11ar conc1u51ons about .
.Aasymptot1c effects in moda]1ty match1ng ab111ty These conc1u51ons
are, once aga1n not va11d due to not1ceab]e ce1]1ng effects in the |
jnstrument _ . | |
The 1nformat1on that may be drawn from these studles 15 re]at1ve1y_‘{

. f1rm w1th respect to the deve]opmenta] rate of cross moda] match1ng
fab111ty in the ear]y schoo]-grades ' AS'a'funct1on of the 1nstruments
that are present]y be1ng used to measure performance on thts task the
LAab111ty of children to match aud1tory st1mu11 w1th v1sua1 st1mu11 ;f
1ncreases stead11y from k1ndergarten to grade 4. Beyond the fourth»'
grade the ut111ty of the 1nstruments to span a]] grade 1evels beg1ns 1
to decrease w1th 11tt1e 1nformat1on supp11ed on. the developmental :
_ course of Cross- moda] matchlng ab111ty . | - . R |
| The same quest1ons may be asked of 1ntra moda] matchlng perfonmance. o
"Y’Does 1t 1ncrease at a steady rate'also and for wh1ch grades are there

l;data present]y ava11ab1e? A s1ngle study has been conducted on th1s

prob]em 1nvo]v1ng 196 ch11dren from k1ndergarten through to grade 6

'h(Klapper & B1rch 197t) Unfortunate]y, the methodo]og1ca1 1nadequac1es df;':

'%that had been present and ]ater been corrected 1n some of Herbert B1rch s

5ear]1er work are once aga1n n ev1dence 1n th1s study A ]0 1tem test ,:_‘”fp"ﬁ
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with a "same-different" formatz‘was.used, resulting in fairly iow
reliability estimates. The data which are of tnterest‘to:this discussion,

are'repqrted in Table 4.

Tab]e 4

Competence Leve]s in. Judg1ng Tempora] Sequences
' at Different Ages .

, Age .7.' L : Aud1tory Patterns =~ 7 Visual Patterns o
A W) T Hes)

2;34!7-

T .,

s agzs22 2.8

Co+,

1+

2,200

(&}
R
¢ e— v
1+

’1394, ‘-'. L :‘-..'AV4'7

(a2}
~J
N

I+

I+

205 - 56235 ¢

TE . 68 2.]e"':

e

~Jd
[0
w

I+

O
o o™
o+

i+

S0 esrox L 9508

RIS

v esroe . gmsoss

080 -*8.7'- 1. a0

The data for audltory and v1sua1 matching are character1zed by a ;ftfiﬂ‘»'

'--steady 1ncrease as a funct1on of grade 1eve1 with v1sua1 pattern
match1ng more d1ff1cu1t than aud1tory pattern match1ng at al] but the

h;f1na1 grades.; Thus, the deve]opment of the ab1]1ty to 1ntra moda]]y

| ?fmatch temporal sequences appears to fol]ow a s1m11ar monoton1ca11y

.1ncreas1ng path as 1s true for cross moda] matches Th1s d1scuss1on

\

o 2See next sectlon,v"Memory effects ). for afdiscussjon'of“thé‘; :
,;3structure of "same d1fferent" 1tems ‘ Sl ol



| _, Cu
will return at a~1ater'point_jn this'study in order to ekamine the N
'discrepancy‘bétweenithe'auditory7and”visuat intra-modalvmatching
| performances noted in Table 4, | | | "
In summary, the deve]opmenta] course of cross moda] and intra- moda]
" matchlng performance in ch11dren appears to bé fa1r1y well establ1shed

Goodnow (1971a, 1971b) has noted that these trends are rep11cab]e when T

| some var1at1ons on the usual tasks are . used The next prob]em, therefore, o

is to exam1ne some of the poss1b1e mechan1sms that may be respons1b1e ;1,-"

for these trends

Memoéy effects "‘_, .' , l. : w3: - a"}j | },:pyigjff.: 'f'
CIn order to assess the effects of 1nd1v1dua1 differences in’

o

,?-,:; memory abt]ity upon moda11ty match1ng processes, 1t 1s poss1b1e to use
that are employed 1n modaftty match1ng tests and any re]ationsh1p

y' var1at1ons that may occur concom1tant1y thh those structures as a
funct1on of wh1ch moda11t1es are 1nvo]ved .i} .1:,5*ﬁ | |

Moda11ty match1ng 1tems genera11y have been constructed 1n two ;73;ﬁ:

1nformat10n from two 1nterre1ated sources—-the structure of the 1tems L}»*: o

d1fferent ways One type of 1tem uses a "same dtfferent" format, 4:,ffﬂ:'A

st1mu1us 1s presented 1n the f1rst modal1ty and then removed, after

::'f wh1ch a s1ngle st1mu1us 1s presented 1n the second modaltty The subJect;h;"Qg;;

. s, asked 1f the two st1mu11 are the "same" or 1f they are "dffferent“ff5'fr}'T.1;

The other type of 1tem uses a mu1t1p1e cho1ce format A st1mu1us 1s
presented 1n the f1rst moda11ty and then removed after wh1ch a set of
cho1ces 1s presented to the subJect wfth 1nstruct1ons to "f1nd the one

\-

that 1s the same“ as the f1rst st1mu]us &he ch01ces may be presented

ST -".';. :



s1mu1taneous]y, as when visual pattern alternat1ves are 11sted on a :
51ngle card, or success1vely, as when tone pattern a]ternat1ves are

. pTayed ane after another or v1sua1 pattern a]ternat1ves are exposed _*di'u}_
.consecut1ve1y to the subJect on/separate cards It 1s c]ear that memory

' ,requ1rements vary across these item types f The prob]em 1s to determtne 7“
if this var1at1on w1TT 1nd1cate the roTe of memory 1n moda]1ty matchlng |

| There is a sma]] amount of data ava11ab1e whtch may answer th1s ;lgh{ff'
“'h'quest1on B1rch and Be]mdnt (1964) for 1nstance emp]oyed an aud1tory-

' -A:vtsual (AV) cross moda] task wh1ch 1nvo]ved the use of three s1mu1taneous] S

f[[_response alternatlves, to div1de ch11dren (ages 9 4 to 10 4 years) 1nto

:t h1gh and Tow AV performers The data 1nd1cates that these ch11dren dld

'-inot dtffer s1gn1f1cant1y'on the d1glt span subtest of the weChsler ‘_
;v'ifInteTT1gence ScaTe for Ch11dren (NISC) Kahn and B1rch (1968) corre]ated ;}tdfd
|‘5 the d1g1t span subtest of the WISC w1th the same AV moda11ty match1ng S

J_task for ch1]dren of grades 2 to 6 The Pearson productrmoment

\

~""'correlatmn coeff1c1ents var1ed from 21 1n the sécond grade to 14 1n

""r:the s1xth grade Sabat1no (1968) reports corre]atlon data for the

'same tasks g1ven to learnwng d1sabled ch11dren--WISC dTg1t span and AV ;_;ﬁ};f

'thmode11ty match1ng-—wh1ch approxlmates zero

In the case of an audvtory sttmu]us pattern, W1th three response

*‘i;alternatives presented v1sua11y and 51mu1taneously then it 1s suggeStEd
e

':f'that memory is: not a s1gn1f1cant factor 1n modaTvty match1ng performance

8 1{?wh1ch extends th1s f1nd1ng to four v1sua1 response cho1ces presented

"iFord (1967) has Supplled some data from_a study of 121 fourth grade boys o

{»;isuccess1ve1y As 1n the previous]y noted stud1es the WISC digit span

'"'7‘,' subtest was correlated w1th AV moda11ty matchlng results Despite the



36
apparent 1ncrease 1n memory use in thlS form of match1ng, the Pearson1an
r was 1ns1gn1f1capt at 03 i‘fiy‘ '.” B Q"--ﬂ ;; i }y.,-”_'-* o
| A]though there is no spec1fic data ava11ab1e for same= d1fferent :
1tem types, 1t 1s ev1dent that 1n th1s case the s1gn1f1cance of memory
as. a pred1ctor of moda]1ty match1ng performance woqu be even Tess than - H“
1s the case for. the 1tem types 1n the stud1es that have been c1ted L
Ford 's (1967) study used an 1tem format whlch sh0u1d max1m1ze relfahce
on memory, and yet memory has not emerged as a s1gn1f1cant var1ab1e 1n jgfiﬂr
.iv account1ng for 1nd1v1dua1 dlfferences 1n moda11ty matchtng performance
Thus, 1t 15 1nt1mated from.th1s correTat1onal ev1dence mapped over 1tem ’Tf"hw
types, that for v1sua1 and aud1tory moda11ty match1ng, audvtory short-ﬂ;- 5f?:’
| term memory 1s not a pred1ctor varlable of 1nd1v1dua1 d1fferences 1n S
1i match1ng performance Jorgenson and Hyde (1974) support th1s f1nd1ng
B and extend 1t to v1sua1 short term memory _; ek 1 ;
The nons1gn1f1cant role of short term memory noted here 1s supported ;"”3'
further by non corre]at1ona1 ev1dence supplled by Goodnow (197Ta 1971b),_?g.£¥fif
who studued both memory and attent1Veness 1n moda11ty match1ng 1n 30j‘tffyi;4.1fj’

k1ndergartners The subJects were asked to reproduce a

"tapped out"ftm;?7f5:afﬁil

}'Léhtf ser1es 1n order to determ1ne 1f’the1r recaTT of the 1n1t1a1 stimu1u51i375étdtuvirﬁ

‘”ﬂ;t, .\accounted for the 1nd1v1dua1 var1at1on 1n thelr moda11ty match1ng

performancF., A]most w1thout except1on the ch1]drin were ab]e to

| reproduce the ser1es, 1ead1ng Goodhow (1971a)'to'conc$ude that "w1despread;;;Q33};

”_ d1ff1culty 1n match1ng pannot be acc0unted for by (a) 1nab111ty to
remember the or1g1na1 serles 1mmed1ately after presentation or (b) by"f
fa11ure to attend to the presence of segments or 1ntervéﬁs 1g‘the series

o Ee



The seCond related p0551b111ty w1th respect to 1nvest1gat1ng ‘the

role that memory may play in Cross- modaT matchtng ab1T1ty is: to study |

»__‘d1fferences 1n match1ng performance as. a functlon of modaT1t1es That
,‘;,13‘ ane asks the quest1on of whether or ot memory pTays a. ro]e in moda]1ty

',b_match1ng to d1ffer1ng degrees dependent upon the moda}tttes cOncerned

¢

. " Goodnow (1971b) has supp11ed some 1nterest1ng ev1dence 1n thTS respect

l

.:She synthes1zed a ser1es of studTes on the bas1s of- the number of 1tem fhﬁ o

'response aTternat1ves ut111zed 1n var1ous moda11t1es and reached the

ajflrm conc1u51on that when v1s1on 1s the second moda11ty 1nvolved the

:f'uvmean error rate does not lncrease asa funct10n of the number of a]terna—-

%

"f?;:?Muehl and Kremenak (1955) SUPP]Y some data that may'be used for this
V‘F;ke_'purposer These authors used a “same d1fferent" item format for rntra»")
| '7”;]m°da1 (AA and vv) and cross-modaT (AV and VA) tasks The1r data 1nd1catej5
'u:ﬁ°fm-trthat the VA match was of equa] dtff1culty to the AV match thus o

'."tn1nd1vidua1 differences 1n short term memory plays,no s1gn1ficantﬁﬁole
2 f-hf;a1n determ1n1ng d1fferences 1n auditory-v1sua1 match1ng processes :

| *“{?_Apparently the ro]e of memory tn these processes s to act as. éltjs35h°‘d

““[i,ftmoda]1ty match1ng ab111ty, therefore, are more ]1ke1y to Tae 1n theﬁi'"

’;Q;;ffftentatlvely SuggestTng that for thTS 1tem type, at Teast memory plays

‘ *1"no further ro]e when the second modaTTty 1s aud1tory

':wh1ch most, 1f not all, subJects are abTe to meet The determ1nants oﬁ

t1ves i’ the 1tem Thus for auditory-v1sua1 (AV) and V1sua1 v1sua1 (VV}g
modal1ty matches memory does not affect performance i

Goodnow (1971a, 197Tb) does not d1scuss the role of memory 1n the

:Ajcase of the audttory mode be1ng used as the second moda11ty (AA and VA)

e
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CoTTect1ve]y, the evrdence c1ted here 1nd1catés that the fa
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strateg1es wh1ch subgects use in comp]et1ng “the task Language use and
':other med1atory techn1ques are a potentlal source of exp]anat1on for

“‘

_ moda11ty match1ng performance o

‘.Verba] and nonverbal med1atlon

. The ro]e of ]anguage 1n 1ntra moda] and cross modal cod1ng is one L
of the most en1gma ic po1nts of 1nterest 1n th1s area of research ‘I f'
h'terms of the d1st1nct1ons that- were drawn ear]1er 1n th1S dwscu531on ‘;:f
- between modathy transfer modal1ty d1scr1m1nat1on and moda11ty match1ng,i :Qtff
| the ro]e of verba]1zat1on appears to be controvers1al, and therefore thlS 'ﬁf,?’f~‘
jfd1scuss1on w111 return br1ef1y to these d1st1nct1ons - ;";g;,;“r‘
| For cross modal transfer and d1scr1m1nat1on, 1t has been prop(sed

oy :that ]anguage is, a def1n1te a1d to 1mbec1Tes in terms of serv1ng as a

:f, ;'mechan1sm for he1ghten1ng the sa11ency of some aspects of the task

, -~i_;'(0 Connor & Hermelfn, 1963) In thls sense language 1s seen as act1ng }51" o

"“brldge" between moda11t1es (Burton & Ettl1nger 1960) The role of

"flfj;]anguage may vary from task to task cons1derab1y, hbwever, for 1t has "«”,.;e}:;j

8 ufbeen shown that 1n some cross modal transfer tasks, deaf subJects are

: ?ifno more.. hand1capped than normal ch1]dren (O Connor & Herme11n ]971)

: ;}jtthttlinger (1967) has noted that 1n these cod1ng processes--moda11ty

tii“{’transfer and moda11ty d1scr1m1nat10n--the necess1ty for verba] med1at1on :;;ff?ﬁ'

- e1s unclear and on]y conJectures can be drawn

'1fharea to~wh1ch th1s study 1s addresSed~-moda11ty match1ng

TO 2, lesser extent the same °°“tr°V9rSy appears to ex1st fnethe .Pfiifff??ﬁi

fffﬁand Goldman (1967) arjue that the ab1]1ty to match stimu11 acros;~moda11t1es 'it{?
'”fi1s fac111tated by verba11zat10n Obllque]y, Rodda (1968) appe & a-“j@[** :

40 ,“ R -} B
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i'al agree by not1ng that ch1ldren w1th language d1ff1cult1es perform at
lower levels than average ch1ldren on aud1tory v1sual match1ng tasks
Conversely, Blank and Br1dger (1964) ma1nta1n that language is not an
essentlal med1ator for cross -moda] . match1ng GeschW1nd (1965) also i>'
| supports the latter v1ew ‘ ;} T .
vl ' Part of th15 apparent d1sagreement 1s caused by.the manner in whlchnf
the problem 1s formulated the quest1on of the role of language 1n i*f -
modal1ty match1ng must be asked correctly It 15 clear that language n'ff:"‘f
- can "be’ used 1n these tasks and dependent upon the eff1c1ency and ‘_“
1ngenu1ty fh the manner 1n wh1ch 1t 1s used (Goodnow, l97la 197lb), 1t.f

_ can fac1l1tate modallty match1ng performance To beg1n w1th however,a;“ﬁi”"
the quest1on is whether or not language 1s actually necessary for HE

ii competence 1n modal1ty match1ng (von Wr1ght 1970) Ind1cat1ons are that 35;;a

it 1s not (Ettltnger 1967 cf Cole, Chorover & Ettl1nger l961)

. The natural way of determ1n1ng the necess1ty of language to cross-:a

modal matchmg ab1l1ty is to‘tudy groups that vary in the1r access to
language codes Belmont B1rch and Belmont (1968) for 1n$tance, used
th1s techn1que by study1ng bra1n damaged pat1ents w1th and without

s1gn1f1cant language dlsturbance The subJects 1nvolved were 18 cerebrally

"A damaged pat1ents Nlth aphas1a, 18 cerebrally damaged pat1ents w1thout

’ aphas1a and 18 control subJects A 20 1tem aud1tory v1sual matching 2 vfk -
task w1th three s1multaneously presented alternat1ves per 1tem, was ;IJ;

adm1nwstered to all subJects The results 1nd1cated that although

"5; subJects 1n both of the bra1n damaged groups perfonned at a 10wer level

than the normal subJects, there were'no dlfferences between the aphasic %2{53;:
pat1ents and the nori- aphas1c pa{1ents The authors concluded that "the

L e
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f1nd1ngs of the present study prov1de no support for the v1ew that the

ab1]1ty to 1nteqrate 1nformat1on presented 1n one sense moda11ty with -

) equ1va1ent 1nformat1on in- another moda11ty 1s dependent upon verbal

_med1at1on (Be]mont B1rch & Belmont 1968, p 568)

t

If 1anguage 1s not a necessary component of moda]1ty match1ng, under

:;_what c1rcumstances can 1t be seen to play a ro]e 1n this task and how :
‘;mlght th1s ro]e be a funct1on of the age of the subJect and the type of
st1mu1us mater1a]s 1nvo]ved7 ArStUdy by Klapper and B]rch (1971) supp11e5,,‘
«some 1nterest1ng c]ues din- th1s~re§pect These°authors stud1ed deve]op-

' ‘mental changes 1n the ab111ty of ch11dren to Judge the 1ntra modal

"'equ1va1ence of - tempora]iy dlstrlbuted v#%ual and aud1tory st1mu11, the ,

o stimuli were a 1lght f]ashvd at a stat1onary po1nt 1n space and c11cks

’;femanat1ng from a stat1onary po1nt The subJects were 196 ch1]dren 'u'~:"
__d1str1buted over ages 3 to 11 The resu]ts of the study 1nd1cated } .

B ‘.fd1fferent deve]opggnt curves for match1ng ab111ty in the two moda11t1es,t_ ff“‘f
w1th 1ntra moda1 matchlng of aud1tory and v1sua1 st1mu11 merg1ng at a

.._po1nt of equa1 d1ff1cu1ty between the ages of 10 and IT and a“dltory ‘ﬂ¢}~’,.‘*

S éﬁof the data reveals that the convergence of the aud1tory andzxasual-curvesi
g

at’ these ages was due, 1n part at least to the severe ce111
-

dl"'fdithe K1apper and B1rch 1nstrument but neverthe]ess at 1ower ages the

"fﬁf;ffcurves wére conSIStent]y dlsparate K]apper and B1rch (]971) conclude : fjf,dV

-:dd?that

- -y

, .vgt;;v, had the Judgeme S, been under]avn by a’ common cod1ng
- mechanism, verba] orMbn-verbal, one might have. anticipated -

| - equivalence in age specific. 1eve1s of ability in the two jg R
- sense modes. In fact, children's-abilities to “judge - ~'y;”4315f S

E g[tempora] patterns when they‘were v1sua1 and aud1tory were

,“‘jf,match1ng scores h1gher for a]] ages 1ess than 10 years An 1nspect10n _ :ff.ffvf

effect in LT

Caal
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"-e;As noted pre%_
.‘ftif.placed on’ perceptual 1ntegrat1on But they have not he]d th1s po1nt of Ti‘htﬁtx
:.?ih ff:(1968) In th1s study 350 subgects from grades 2 through 6 were
ﬁff‘ht:’adm1nistered a 20 1tem aud1tory-v1sua] match1ng test *By se]f report

;hfnltechn1que the subJects were studved with respect to the strateg1es they

| “-adOpted in. the course of respondtng to the 1téms The strateg1es fe]]

| it
. mot equa]]y good with accuracy of Judgement c]ear1y more
~?d anced for aud1tory presentat1ons at a1most all ages ’

'"”hr1ous conc1u51on to reach for 1t is p0551b1e to

'hite po1nt of v1ew Verba11 at1on cou]d conce1vab1y
”)th tasks, but 1ts effects may have been d1ffer-
One wou]d suspect that verba] codes such as

h,m wou]d be more- 11ke1y to be spbntaneously created and

3 3 3 ; S
more ekn 3,}’ 4§ed for audwtory stfmu11 ‘than for a 11ght f]ash1ng in ﬁafff
space p ffor the aud1tory st1mu11, the actua] generat1on of a -
codjng S K{ay not be. necessary, but for &he v1sua1 st1mu]1 some
creatfvat i]d have to. be shown 1n cod1ng the tempora} patterns of |
| the aud1tory st1mu11 should be eas1er “to code for young |

: ]children, wi th1s effect ]essen1ng as 1anguage fac111ty and f]ex1b111ty . :h

"develop Thf“%*s prec1se1y the pattern of Klapper and B1rch s data

K]apper ang;B1rch s (1971) re3ect1on of the effects of language as f'}

';fgeheraifthéaf' or1entat1on taken by Herbert B1rch and h1s coﬂ]eagues?;lf1;"
us]y, they have tended to argue a nbn medtat1ona1 po1nt of&f’f"

r:5vaW w1th the emphas1s of exp]anat1on for moda11ty match1ng processes

'5f'v1ew cons1stent1y, as exemp]1f1ed by a: study conducted by Kahn and B1rch

| "I‘"to fOUV Cat890r1es '(1) variatlons 1n count1nq procedures-_these o

-’

R T s . 3 R O T b : R R . o
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a0

1nc]uded count1ng w1th appropr1ate pauses (eig., I counted the taps
like th1s . (pause in S s voice), 2, 3 (pause in S s vd1ce R

v etc.) and counting the number of taps that came together and thus cod1ng

the c]usters of taps (e. g , I counted the- taps, but I added up the ones ’

that came tog@ther and then put them ‘into groups, 11ke this . . . 1;-] +

1=2 and then 1, etc... . ) (2) attempts to: v1sua11ze the correct dot :

pattern (3) use of a sense of body part1C1pat10n (4) no know]edge of )

' techn1que Of spec1aT 1nterest here are the f1rst two techn1ques,

V~count1ng and v1sua11zat1on Kahn and B1rch found that a]most half of

;_'the subJects in each grade used a count1ng techn1que of some type -Onv . )

7

the average approx1mate1y 15% of the ch11dren used a v1sua112at10n
techn1que The s1gn1f1cant factor in th1s 1nformat1on 1s the d1fferent
~ scores obta1ned by these two groups The ”v uaT1zat10n group obta1ned

cons1stent1y h1gher scores than the “count1ng" group for every grade

0

Teve] An’ ana]ys1s of IQ revea]ed a]mdst 1dent1ca] IQ d1str1but1ons for _',3T

o fthe-two groups Thus, wh11e Kahn and B1rch (1968) do not propose that

4verba1 med1at1on is~a factor 1n modallnvanatch1ng, they do 1mp11c1t1y

o -support a med1at10na1 p01nt of V1ew WTth respect to 1magery and spat1a] E

%
chema processes, a po1nt of v1ew wh1ch has been\shown, of Tate, to

':'-q account potent1a11y for a good dea] of the%Jearn1ng processes in chlldren

'-‘ _(Jannan, 978 ;\\ et

Furthermore the f}nd1ng that spat1a1 schema prooesses a1d 1n ;J:«f't-;'

B ]bros§>m6 ‘1 matcthg much more than do COUnt1ng procedures, although

“'fKahn and B1 ”h do not appear to feeT that thTS 1S a sggn1f1cant fact

'1th the v1ews as tﬁ& Spat1a1 and tempora] aspects of the'@‘

EH task that have bken d1scussed ear11er (Rudnlck Mart1n & Sterr1tt 1972,3;If;<¢
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Sterritt, Martin & Rudnick, 1971). The children who visualized the
aud1tory patterns purpdsefully transferred tempora1 st1mu11 to spat1a]
stimuli, When shown the a]ternat1ves from wh1ch they were to choose the
correct match they had only to find ‘the v1sua1 representat1on of a
schema that they had already formed On the other hand the ch11dren
who ut1112ed counting procedures d1d not have a representat1on ava1]ab]e E
that cou]d be d1rect1y matched w1th the alternatlves on the cards They
had to perform add1t1ona] encod1ng and decod1ng 1n order to arr1ve at-a
dec1s1on and were more prone to error as’a. resu1t - Thus, the ch11dren

* who v1sua11zed the aud1tory series had 1n effect a]ready so1ved the
'i 1tem before the response alternat1ves were. presented to them.:

" Goodnow (1971a ]971b) has d1scussed some further aspects of verba]-.

- med1at1on processes in moda11ty matchlng and notes that a51de from

count1ng (Lehman & Goodnow, ]972), ch11dren a1so somet1mes use rhythm The - o

descr1pt1on g1ven by Goodnow is: that the ch11dren remember the, aud1tory =
i .

lt/ln the1r heads“ ; Goodnow al]udes to -

SN

ser1es "11ke a song" and é,\

“the p0551b1e use - of spat1a1 s hema agd 1magery, when she notes that this

port1on of the psycho]og1ca1 11terature has never been proper]y 1nte-_-'

grated with modality match1ng stud1es The Kahn and B]rch (1968) study St

demonstrates that verba] med1pt1on shou]d be accompanledqby 1maglna1 'ﬁf

E med1at11n in exp1a1n1ng moda11ty matchlng processes Indeed, 1t may be AT

that 1magery1s the most powerfu] technique for aud1tory v1sua] cross modalifa,f’}j

o -
' match1ng because it supp11es the mbst congruent system of representat1on

for compar1son w1th the v1sua1 pattern alternatlves VéFbal med1at1on, jfyff'

on the other hand, may be the best techn1que for visual aud1§l§y cross- o

moda] match1ng because of the tempora] sequence that wou]d be estab11shed‘_@3wif:!f

for compar1son to the auditory pattern a]ternat1ves Thus, 1t f§ not a-



point on]y,conJectures can be. drawn but a centnal theme in these ;

ltasks is that the order of st1mul1 c]usters can be
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question of wh1ch med1at1on is used or 1s most effect1ve for all tasks,

it 1s a que5t1on of us1ng the appropr1ate med1at1on system for the task'

at hand v

Hav1ng noted the use of verba] and 1mag1nal med1at1on, however, s

not‘to account ent1re1y for the dnff1cu1t1es that some groups of

“‘ch11dren apparent]y experlence in moda11ty match1ng tasks Why, for

instance, «are poor readers deficient 1n moda11ty match1ng (Muehl &

' hremenak 1966) Why do language de]ayed ch1]dfen a]so have thts

prob]em (Ho]loway, 1971) Ostens1b]y, poor readers ~could ut111ze these

" mediation dev1ces as we]] as norma] readers, and the language delayed

ch11dren should ¥till have some access to 1maq1na! processes At this

' quest1ons appears to be the prob]em of order of events (see E]llott &

Trah1ot1s, 1972 Ka]lan, 1972) An assumpt1on in the cross- moda] match1ng

“he]d" as the match1ng

takes p]ace The s1gn1f1cance of order in moda11ty. atch1ng a]ternat1ves

has been noted by Garner (1970), who supp11es ev1dence show1ng that f .

>

ymmetr}c patterns are cons1stent1y found to be easler to match than

‘asymmetr1c patterns. The re1at1ve ease of a symmetr1c pattern may be :
~ due to the. fact that only one half of the order of.. the pattern must be -

; 9 _
-_rgrasped the other half is s1mp]y a ref]ectJon of the f1rst The prob]em

of order then, could exp1a1n why 1anguage 1n poor readers does not appear

.to a1d them 1n moda11ty match1ng ' For 1anguage de]ayed ch11dren, thelr
\ “lower performance in modaI1ty match1ng tasks may be not so mucb a resu]t

'f'of poor language deve]opment as 1t isa result of bas1c cort1ca] problems ;

B .

: “in tempora] order1ng of events Th]s Is 2 c1ass1c prob1em of cause and
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effect in correlational dataw The‘possibi]ity noted here is that |
reading difficulty, 1an§uage‘d1fficu]ty and modaiity matching diffitu]ty;
for some particu]ar gYoups, may be'dde to a'eommon-cause Rather than
be1ng causes of others, a dysfunct1on in’ the ser1a1 order of behav1or
(Bryden 1967 Lashley, 1951) may be the central cause of each problem

In summary, this sect1on has determined that verbalvand 1mag1na1
. med1at1on, as’ twq part1cu1ar cogn1t1ve strateg1es, p1ay a s1gn1f1cant
dro1e in moda11ty match1ng perfonmance A f1na1 point to examine 1sthW~'.

this perfonnance re]ates to broad 1evels'of'inte1TectUa1 functioningkf-

Re]at1onsh_ps to 1nte11&gence

For purpOses of the present study, 1nte111gence has been(%“tlned
operat1ona11y as the“score obta1ned on a genera] 1nte111gence test
The only 1nd1cators present]y ava11ab1e of the re]at1onsh1p between
s1nte1lqgence as so defﬁned and: moda11ty matching ab1]1ty, are
‘corre1atlona1 data from a var1ety of subJect groups '

B1rch and Be]mont (1964), 1n the1r sem1na1 paper on audltory v1sua1 :
'1ntegrat1on as re]ated to read1ng ach1evement note that NISC scores |
1corre]ate s]1ght]y w1th aud1tory v1sua1 moda]1ty match1ng in the manner
~‘shown 1n Tab]e‘S ; SubJects were 150 low read1ng ach1evement ch1]dren, _h
' for whom- the mean IQ was 96 7 w1th a standard dev1at1on of ]O 3, and 50 |
i;}normal readers for whom the mean IQ was 116 8 w1th a~standard dev1atwon »f

_=of 11.6. The corre]at1ona1 data above are for the tota] group of 200

- ch11dren, the magn1tude of corre]at1ons for 2 norma] group wou]d be

somewhat lower due to the poo11ng effect of d1sparate means

B1rch and Be]mont stdd1ed these relat1onsh1ps aga1n 1n 1ater papers;-'

R ¢ . N
S, .

PN

.
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»Tab]e 5
"Product-Moment Coefficients of. Corre]at1on'Between,

Aud1tory Visual Score and WISC IQ for Normal
' and Retarded Readers '

i

—————— —

Tests | ‘ N o

A<V vs. Full Scalelg . -~ - 3
AV s VerbaifIQ . -~"} R o o .27
A-V'ysi Perfornance Q- 30

(B1rch &. Be]mont 1965b cf t965a) and obta1ned s11ght1y h1gher resu]ts :
‘for the OTIS qu1ck scor1ng test of 1nte]11gence and severa] other o
R 1nte111gence tests that they do not spec1fy ' A tota]-of 220Ach11dren :
were 1nvo]ved 1n the study, w1th samp]es from grades K 6 Their 10;iten
A—V moda11ty match1ng test was corre]ated w1th the IQ measure for each
grade Wi th the - resu1ts as noted 1n Tab]e 6 An 1nterest1ng pattern 1n
th]S set . of data s the relat1ve1y steady 1ncrease 1n the magn1tude of
.the correlat1on coeff1c1ents up to grade 3 The decrease after that
U'po1nt is-a result of Birch and Be]mont s fau]ty\design of the A V

f1nstrument at the h1gher grade 1eve15 there is a severe ce111ng effect
. ‘\

‘I“*‘.

i wh1ch reduced the var1ance by grade and thus loweged,the magn1tude of 7;]

' 'the corre]at1ons

As noted these stud1es by erch and Be]mont are methodo]og1ca11y

. ;sl1ght1y unsound A study by Ford (1967) has been conducted 1n order to

_ jcorrect some of these fauits Ford used 121 grade 4 boys w1th an IQ

L]

'1;_ran96 on the Henmon Ne1son 1nte111gence test of 60 to 141 mean = 306, 17

| 1standard dev1at1on = 14 6]) Ford also used a 20 1tem vers1on of B1rch
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: Table 6

Product -Moment Corre]at10n Coefflc1ents7
Between IQ and Auditory-Visual Pattern
‘ Test Score by Grade

. - Lo -
CGrade on e p
kK 30 ~a1 NS,
B 0 .86 . "<\ot .
2 agr ap”_.dzif'f’n <.os’f | )
B R A
-‘_4‘ . ,35r...7l5.f;41o e '<;b2e~' 0
6 o 2 T8 mS.
R a'".;;.fIQ'SCOPE Unarai1ab]eiforione;suhject:g’:l

.'and Belmont S test w1th four response a]ternat1ves per 1tem rather than
' three The correlat1on between IQ and A V perfonnance was found to be 34
Graham Sterr1tt and Mark Rudn1ck at the Un1ver51ty of Co]orado have
{also conducted severa] stud1es on: A v match1ng performance wh1ch 1mprove :*Eia
:on the methodo]og1ca1 1nadequac1es of Berh and Be]mont s research :H
.RudnJck and Sterr1tt (1966) dev1sed three tests a]] of wh1ch emp}oyed
the game three ch01ce v1sua1 pattern response format The f1rst test y
'4:.:wh1ch was the standard B1rch and Be]mont test was rhyt s tapped out by
'if a penc11 ( ) the second was tone patterhs played v1aageadphones (A)

“-and the th1rd was a 11ght sequence f]ashed by a single bulb (V) Subgects

' hiwere 36 boys 1n grade 4, al] of whom were adm1n1stered Form IIIA of the

| '5-1?}3 .Lorge:Thornd1kevInte111gence Scale The: verba] (V)~~nonuerba1.(Ny)_anda i;j;fﬁ
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_total (T) mental age seoree_interédrre1atedLWith'the three tests as
~shown in Table 7. e -
Tab]e 7 ,;" :

Intercorre]at1on of Mental Age o
oy and Perceptual Test Scores

Ry S

Rudn1ck Sterr1tt and F]ax (1967) repeated th1s de51gn for a group ffftff

aof 30 boys 1n grade 3 w1th somewhat 1ower resu]ts (srg Table 8) _5f,.ﬂ?f=

Tab]e 8

o R Intercorrelat1on of Menta] Age o
©o- o and Perceptqa}_Tes;_sggres

‘:It shou]d be noted that the h1gher correlat1ons obta1ned by Steﬁr1tt andn*;tgt

| ‘.Rudnlck as 11sted 1n Table 7 are a resuTt of u51ng menta] age as a

) tfiiitrends that have been dwscussed 1n a pnev1ous sect1on of this rev1ew e

'g}var1ab1e rather than IQ Th1s 1s a reflect1on of the developmenta1




”i match1ng

h";surpr1s1ng, for the same would probab]y ho]d true for any rather

, B1rch and. Be]mont (]965a) note'this”fact tnptheir data on'218rnorma15 N
“Ch”dre" Chronolog‘lca1 age and mental age correlated J3and 79 T

B respect1ve]y w1th A-V performance but IQ corre1ated on1y 29 w1th A V f it;

4’3';~..; .
AN A e e

o The conc]us1ons that may be'drawn from these stud1es must be

‘ tentat1ve at best It 1s 1nd1cated that audltory v1sua1 matchlng
.processes account for on]y a smal] portwon of the var1ance 1n omn1bus

-.1nte111gence tests (cf Jorgenson & Hyde, 1974) Th]S 1s hardly

-jhomogeneous test of a s1m1lar nature to the moda11ty match1ng task Cj“};;j }

i Yet Jensen (1969) states that moda11ty match1ng spec1f1ca11y ffﬁfifﬂ"

.ycross-modal match1ng--1s the key 1nd1cator of bas1c 1nte11ectua1

0

‘i;‘lt seems ev1dent that what we cal] gene|a1 1nte111gence L
" . can be manifested in. many ‘different forms and ‘thus perm1ts
~ measurement-by. a wide ‘variety of techniques. The common
- feature of all”such intercorrelated tests séems: ‘to be . el
~ - their requirement of some form of "reasoning” on the: part Sy
-, of the subject--some active, but usually:covert 'trans- -~ ;.;_xu.:;~
.~ formation or manipulatien of the."input" (the prob]em) 1n
o -.order to arrive at the output" (the answer)., The - .
”_“.;conceptually most pure ‘and.simple instance of th1s key R R
- aspect. of 1nte1]1gence is d1sp]ayed in the phenomenon & tix; LU
o= *.known- s cross-modal transfer. This occurs . when.a -person. '
- to whom some part1cu1ar stimulug’ is exposed in one sensory
. imodality can then recognize the same stimulus (or its
" -essential features) in a different sensory. modal1ty3
~How ‘does ‘the chi:ld.manage ‘to show the- .cross-modal- transfer?
: pSome central symbol1c or "cognitive" processing’ mechanism
i 1s 1nvo1veddﬂh1ch can -abstract.and cempare propertiés .of”
- “new" ‘experiences- ‘With Yold" exper1ences and -thereby. invest
Lo - the: "new" .with mean1ngs~and releyance. Inte111gence 15‘*33
';fjfessentially characterized by thws process (pp. 10—11) S

_,;.17“1}3Note JenSen $ confus1on of terminology By h1s description, '*73
S 1s cross-moda] match1ng, not cross modal transfer. “ P
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At th1s po1nt the magn1tude of the confus1on W1th respect to the -
':psycholog1ca1 51gn1f1cance of cross modal match1ng abi11ty is apparent

-gThere is yet to be a. study des1gned that exp11c1t1y exp]ores the ‘
'.‘relat1onsh1p between broad 1evels of 1nte]1ectua] competence and moda}1ty"'
’i matching ab111ty The research c1ted 1n th1s sect1on 1nc]udes some
“:'_1nformat1on as a rout1ne port1on of data ana]yses 1ntended to meet other

' ;object1ves Furthermore s1mp1e correlatlonal ana]ys1s has been used 1n
.”?Ta1l of these stud1es wh1ch has resu]ted 1n Very 11tt1e 1nf0rmat1on .}; f

1 A]most noth1ng 1s known about how dtfferent IQ groups may vany 1n i

. ~ithe1r fac111ty w1th moda11ty matchlng tasks or more 1mportant1y, how ;fft i

\:?the strategles ut111zed to so]ve moda11ty matchtng tasks may vary across

”'f‘fIQ grobps (See Lucas [1970] for a very brlef d1scussion of moda11ty

-;hﬁmatch1ng 1n menta? retardates ) The 1mportant quest1on 15" G1ven that

. IQ 1s an omn1bus asses$ment of the general 1eve1 of Q. SubJeCt s

"*&tﬂftasks7 A]ternatively, does the not10n Of IQ assessment mask 1mPOY‘ta"t
""imatch1ng and, 1f so what 1s the theoret1ca1 s1gn1f1cance of modal1ty

o matchlng tasks that 1s current]y lost 1n thetr nebulous re]at:onshlp to

G :respect to the fact that

V"7Il7statements supply some of the bas1c 1mpetus to exp]ore the 1ssuehfurther

"E1nte11ectua1 functlonlng, when subJects are grouped by IQ levels, do ;ffj;ff‘.W

‘5the groups use the same or d1fferent strateg1es to so]ve moda11ty match1ng’ff]-

’,ffd1fferences among 1nd1v1duals w1th respect to the1r approach to moda11ty

| ti;fIQ assessment tephn1ques? The studles c1ted here hard]y beg1ni:ofanswer :a,ifff

“ #;fthese Questlons JenSen i (]959) remarks as curious as they are:with

e musters no emp1r1ca1 support fbr his

As an overv1ew, the probIem to th1s point has been cast anon_qffi

W

??ffdeterm1n1ng the relat1onsh1ps and slgn1f1cance~of moda11¢Y"matc nng}lfﬁ~’
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‘ 3Stated another way, the problem appears to be one of cogn1t1ve style,
o for the strategles adopted by the subJects 1n approach1ng the task appear }:i

A 'tfto pred1ct the1r success better than any other known determinant

"fﬁd;space and t1me however, serve as. 11m1t1ng and dvrect1ona1 cues 1n

a ffgu1d1ng a search for‘a set of theoretical constructs in wh1ch/they may
fhtei*others present]y ava11ab1e Th1s theory 1s conterned wwth the manner 1n

"7;§iimoda11ty matching tasksro:fi~ =

: ab111ty to broad levels of 1nte11ectua1 funct10n1ng The eV1dence

1

;jappears to 1nd1cate that a s1gn1f1cant port1on of" these dlfferences may;_

lle more 1n the manner in wh1ch a. SubJECt copes w1th the pr1nc1pa1

'd1men51ons of space ‘and- t1me (that 1s, uses spat1a] schema and temporaljl;it}

-sequenc1ng in cogn1t1on) than 1n any spec1f1c ab1]1ty measures as such d’;.'

The study of cogn1t1ve sty]es 1n psychology has been, of course,:_?fﬁ

kif{uan ec]ect1c endeavor (hagan & Kogan, 1970) Indeed one may turn to

*x;th1s area w1th some conS1derab1e trep1dat1on The pr1nc1pa1 not1ons of .f’

"'-fthmbe, in turn embedded Thls rev1ew w1T] now turn to a part1cu1ar theory

‘l;:WhICh appears to sat1sfy these requwrements to a greater extent than

L

E wh1ch 1nformat10n may be represented and processed and as w111 be ,fiffii{;fﬁ'

- a.ffdemonstrated appears to be very closely l1nked w1th the et1o]ogy of

S g
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Information. Processing

S1mu1taneous and successive syntheses ""' ﬂi. - .

Any theory of menta] ab111t1es whfch concerns 1tse1f w1th the not1onf

: of 1nformat1on proce551ng must chessar1]y hypothes1ze constructs wh1ch

account for the arrangements and transformat1ons made upon cogn1t1ve

content It is the‘case, of course that these postu]ated mechan1sms d.'

must be ab]e to account equa]ly we1] for the proce551ng of content wh1ch fﬁ

Q1s of h1gh]y comp]ex forms as\w\ll as of e]ementary var1é¥§es ’
&
‘ Lur1a (]966a 1966b) proposes that the process1ng of the cogn1t1ve

| content of the . bra1n 1s accomp11shed v1a the emp]oyment of a ser1es of f;;f
B exteroceptlve, propr1ocept1ve and 1nterocept1ve analyzers wh1ch |

B collect1ve1y synthes1ze 1nput 1nto var1ous forms As organlsms of

1ncreas1ng order on the polygenetzc sca]e are con51dered, 1t is found
- F
that the cort1ca1 p]acement of these ana]yzers tends to become dlstinct

In the hUman bratn the ana]yzers are 1dent1f1ab1e in tenns of cort1ca1

]ocalnzatlon and work in’ conJunct1on w1th one another by way of "over-r~§55f7.

0! (\»<

1app1ng zones“" Through the funct1ons of these zones, 1ntegrat1on of
content 1s accomp11shed For purposes of thzs d1scusswon, 1t 1s the

forms that these 1ntegrat1on processes take that are of 1mportance Itﬂ7

s1mu1taneous and success1ve

S1mu1taneous 1ntegrat1on refers to the synthe51$ of separate e]ements

";‘;‘:: 1s: postu]ated that there are. two bas1c fOrms of 1nformat1on processing ST

1nto groups, these groups often tak1ng on spatlal overt nes It 1$ ffﬁu;i7f}pf

|
hypothes1zed by Lurwa that these syntheses are of three var1eties'”

(1) d1rect percept1on the process of percept1on 1s such that the

organlsm 1s select1ve1y attent1ve to the st1mu1us f1e1d Thus those

/“-.‘ . -




| {;the st1mu1us traces employed can né\egther short term or 10"9 term, and :

'"fff';ithe 1ntegrat1on of the traces 15 performed on the bas1s of cr1ter1a
‘”Q‘;grasp systems of re]at1pnsh1ps, 1t 1s necessary that the components of
?'.7{7the systems be presented s1mu1taneously In th1s fash1on, the re]ation-ifff[;

‘E’ifthat the use of spat1a] representat1on 1s an a1d 1n this process for

’ ‘ffwhen a un1tary representat1on of components 1s formed the system 1s

.53

parts of the fleld wh1ch are - sa11ent for the subJect are attended to |

| f1rst and with max1ma1 attent1on The result of;th1s:process 1srthé§:1';l
. format1on of a synthe51s of the st1muTus input in the brains"Accordtng:; -
.to‘Luria;.thfsltype.of:formationfis.primari1y spatial,leven“tn the case

~ of the acoust1c ana]yzer '

Our- hear1ng d1st1ngu1shes not on]y t1mbre and p1tch | s T '.‘ii

- relationships, rhythms. and accents, butalso S1mu1tane0us

associations of. sounds, or. chords, f1na11y, our hear1ng -
always relates a sound to a certain point.in space, or,in -
~other words, it incorporates.the sttmu]us into a scheme R
of spat1a1 relattonshlps (1966a P .

[In the case of s1mu1taneous st1mu]us 1nput 1n two or more moda11t1es,iﬁ' :

i

’;3the process is more comp]ex, but the pr1nc1p1e 15 sa1d to rema1n the :
“:. same.,»(é) mneSt1c processes the orgtn1zat1on of stlmulus traces from wilbf
}ear11er enper1ence can take place 1n a 51mu1taneous fash1on Examples -
V17.Jof th1s type of 1ntegrat10n are the construct1on of the gesta]t of a
’l;iv1sua1 1mage by the subJect when pOrt1ons of the'mage are shoWn =
B “.consecutive1y, and the organlzat1on of consecut1ve]y presented words |
l;i1nto a group on the bas1s of a cr1ter1on Further features dT th1s

’1fvar1ety of s1mu1taneous 1ntegrat1on whtchrare 1mp11ed by Lur1a are that fq”bl

.9

th’wh1ch may be spec1f1ed by e1ther the organlsm or an external source

~ f;fff(3) complex 1ntQ11ectua1 prooésses-' in. order for the human organism t° 7§fff

lv,:;}sh1ps between compOnents can be exp1ored and determlned Lur1a notes

. LA
SO ‘i . : S _ v
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read11y "surveyab]e" \\An examp1e of this process is the perception of '
) L

f]anguage As grammar is decoded by the organ1sm 1og1qal grammat1ca1
're]atwonsh1ps are estab11shed which 1nterre1ate syntact1ca1 events in

order to reach conc1us1ons : Flna]]y, from th1s examp]e it 1s ev1dent .
¢
that the three forms of synthe31s wh1ch have been dlscussed--perceptual,. '

mnest1c and comp]ex 1nte11ectua1--are not 1ndependent For the most

-

part the f1rst two forms of Synthes1s can be v1ewed as the foundat10ns
of the third. B N SR S |

Success1ve 1nformat1on process1ng is 1dent1f1ed by Lurﬂa pr1mar11y o

. in tenns of tempora11ty It can be construed heur1st1ca11y as. a "cha1n"' tf

‘;'wh1ch expresses the ser1a1 order of components and the “11nks* wh1ch

.?connect the components.} The 1mportant d1st1nct1on between th1s type of :

1nformat1on process1ng and s1mu]taneous proce551ng 1s that 1n thTs varlety :
. ST

'r\;'the system 1s not tota]]y surveyab]e at any po1nt 1n t1me Rather,

; system of cues consecut1ve1y actlvates the components S1m11ar to the i%(if:f*

- case of s1mu1taneous 1nformat1on process1ng, Lur1a 1dent1f1es three e

‘gfvar1et1es of success;@é process1ng (1) sensorimotor these are sequen-h{f';“

7t1a] acts wh1ch ﬁave become h1gh}y 1nterna112ed and are genera]]y known it;f-ff

-7t;as hab1ts or unconsc1ous act1ons Examp]es of th1s vartety of success1vea A

‘7'Qfsynthes1s are abundant two of whwch are wa1k1ng and writ1ng

'j;1(2) mnest1c thlS type 1s best repreSented by the examp]e of rhythm1c

I ”:or tona] me10d1es Each note acts as. a cue to 1dent1fy the next, thus

‘*f'evok1ng a comp]ete cha1n of’mnemonlc a1ds (3) comp1ex 1nte]1ectua1

: Iprocesses the most obv1ous examp]e of th1s var1ety of success1ve

7?d1nformat1on process1ng 1s human speech The structure of grammar ls

o fﬁﬁfglsuch that the process1ng of syntactlcal components 18 dependent upon j'"'



the]f;sequent1a1 reTat1onsh1ps w1th1n sentence structure Th1s examp]e
“of human Speech also serves: to po1nt out- the reTat1onsh1p between the
fl:} three vartet1es of success1ve 1nformatﬂgp processang--as in the case of

' ; i ”s1mu1taneous synthes1s ‘the f1rst two var1et1es pTay a maJor roTe in thé

,(J . %}'T ,th]rd T .

i '_»'Factor anaTytic research -

Ly Lur1a S theory of s1mu1taneous and success1ve syntheses appears to
. i; ¥ }have exlsted aTmost unnot1ced in North Amer1can PSYChO]OQY Recently,
Lk the theory has been extended through factor anaTytTC work bny P Das

fand hTS coTTeagues (Das 1972 1973a, 1973b 1973c, Das, K1rby & Uarman,; .

i Hx1975 Das & MoTToy, 1975) Some stud1es wh1ch are exempTary of th1s_4
'*g?;g.ggresearch w111 now be descr1bed P ‘ . "{T./g”f°" : _
Das (1973c) used a battery of e1ght tests 1n a study of 60 h1gh and ¢T

?':‘Tow SES grade 4. chlldren of normaT 1nte111gence range, 1n order to

:y;};?t T'Tfexamtne 1nformat1on process1ng These tests are descr1bed 1n the

A ""yévpresent d1scussxon 1n Chapter IV Das aTso 1nc1uded schooT record IQ

2 ‘:Tscores and ach1evement scores for mathemat1cs and readlng The data was

"TJ7"or1ntercorreTated and after prlnc1pa] components anaTys1s was rotated by ,A;;:j
Tf;{"iyar1max The. factor matr1x thCh was derlved is. 1n Table 9 ‘ ,__.(1 B

| SeveraT po1nts are of 1nterest w1th respect to these resuTts i Tt;dA-ﬁa.*

;f'iﬁfls ev1dent that Raven s Progre551ve Matrlces,_Flgure copylng and Memory |

:TTT‘?for Des1gns Toad on the factor whlch Das has des1gnated as 51mu1taneous

; e'synthes1s Vlsual Short term Memory, Ser1a1 recaTT and Free recaTT Toad

: *7ffdon the success1ve factor The speed factor is. deflned by the word

:";fhjiread1ng test and the schooT ach1evement factor 1s def1ned by the IQ and !

o ach1evement_mmwf;
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g'rr-uncorreTated w1th them

57
Con51der1ng the s1muTtaneous factor first,. an 1nterest1ng feature
. of the resuTts 1s that the Memory for DeS1gns test wh1ch is\a short-
term memory test, Toads together w1th Raven s Progress1ve Matr1ces, the
latter of which is often}regarded as the purest possthe test of abstract
; reasoning. The previous revjem of Luria's research.has intTmated that?
. samuTtaneous synthes1s could be present in both reason1ng and memory
-tasks, through the conceptuaT and mnestTc var1et1es of these syntheses
Th1s is, demonstrated emp1r1caTTy in th1s factor Desp1te the temptat1on
'to Tabel Factor III as a reason1ng factor, then as wou]d be trad1t1ona11y
: ldone in v1ew of the Raven s.test act1ng as-a marker test the 1nterpreta-
't1on of 51mu1taneous synthes1s is’ more congruent w1th the nature of the -
‘tests The factor descrlbes the format1on of SpatTa] schema w1th these
eschema be1ng used for both reasoﬁ%ng and memory tasks. |
The successive factor aTso demonstrates some \nterest1ng features.
’V1suaT Short tenn.Memory and aud1tory short term memory (Ser1a1 recall .
and Free recaTT) both def1ne a process thCh is apparentTy not moda11ty;
'spec1f1c ' The common' character1st1c 1n these three tests 1s sequent1al
'7-_order1ng of events The nature of the st1mu11 vary consmderab]y, but the
:-'strategy of proeess1ng is swm11ar for aTT tasks. TR
The speed factor, wh1ch 1s 1dent1f1ed by WOrd read1ng, appearg to
"1nd1cate that one s tempo of proce551ng 1nformat10n 1s not a necessary |
'g}deftnlng feature of e1ther s1muTtaneous or: success1ve synthe51s ThTS
. factor has emerged fa1r]y c%ear]y as separate/from these modes of

*'*process1ng and as a: consequence of the rotat1on procedure, 1s

o'

/
!

- Of spec1a1 1nterest is. the schooT ach1evement factor The“IQf§Cores7’;' ﬁ

o Ll



)

. B
‘which were 1nc1uded in the data ana]y51s.were from the Lorge Thorndtk/ .
‘test oﬁ 1ntelllgence and thus the total score 1nc1uded performance scores
and verbal scores. It might be expected from past faetor analy 4c work
( ethat the IQ test wou]d align itself with Factor IT11, 1n the eéeit of this

factor be1ng 1nterpreted as a reasonlng factor It was Tn‘1cated in the

S d1scuss1on of 1nte]11gence ear]y in the preced1ng review/of 11terature

T

"~ that IQ tests are.often thought te be tests of abstra

reason1ng or B ™~
conceptua] prob]em solving. And yet the IQ school aéh]evement factor
has emerged as clearly. def1ned and uncorre]ated w1th s1mu1taneous

. h 7 S
synthe51s Indeed the factor is. c]ear]y d1fferent1ated from success1ve

>

synthe51s as well. One poss1b1e interpretat1on of th1s 1s that
's1mu1taneous and success1ve syntheses are 1nformat1on process1ng
strategies which may be used by a]] 1nd1v1duals in a norma] 1nte111gence
group 1rrespect1ve of fhelr p]acement in that group Th]S 1s!on1y
tentat1ve1y 1nd1cated however for the range of IQ scores used in th1s R
d-study Was not w1be, and th1s concTus1on is ]1m1ted to this range,.

o A test that has not been ment1oned 1s cross-mgda] coding (cross-
,modal match1ng) In the stud&jreported by Das (1973c), the Btrch and
-'Be]mont (e q., 1965b) vers1on of this test . was used w1th the subJects
'_frequ1red to f1nd the correct v15ua1 pattern in a- set of three a]ternat1ves
fzf0}10w1ng the presentatlon of an audttory stlmulus The review of -

11terature on moda11ty match1ng 1nd1cated that the pr1nc1pa1 d1men51on

of- 1nd1y1dua] d1fferences 1n th1s type of task may be the spat1a] temporal

o sw1tch1ng that is necessary 1n the cross~moda1 case In Das study,

st1mu11 were presented tempora1}y and had to be matched with thelr spat1al

o SR
'acounterparts It has been stated that the gener1c feature of success1ve o



R N

. Synthesis is tempora] order]ng of- events -For'sjmultaneous synthesis, -

it s the organ1zat1on of spatial schema One midht expect then, that -

if these two constructs were val1d1y represented in the factor ana1y51s

reported by Das (1973c) and-converse]y, if the spat1a1-tempora1

. d1mens1on is thd dom1nant d1mens1on of 1nd1v1dua1 d;{ferences in cross-

modal matching, that the match1ng task wou?d 1oad a1most entTrely and

’equa]ly on these two factors That 1s because the test 1nvo]ves tempora]

c

order1ng of st1mu]1 followed by a sw1tch to spatial comp051t1on of the
G
stimuli for match1ng purposes, these two ‘aspects should e reflected :

-.equally in the re]at1onsh1ps of the test to the successxve and s1mu1taneous.

factors. Tab]e 9 revea]s that th1s 1s exact]y what has occurred

The constructs of s1mu1taneous ‘and. success1ve synthe51s as.

descr1bed in the study by . Das (1973c) have been ver1f1ed in Iater

o research (Das & Molloy, 1975) The Dag1t Span test from the wechsler -
"Inte111gence Sca]e for. Ch11dren was added to the set of tests uSed ‘
'prev1ously, to form a sllghtly expanded test battery for success1ve
_ synthe51s The subJects were grade 4 boys def1ned by Lorge Thorndlke

. verba] IQ'scores in the dul] norma] range

The factor matrlx from th1s study by - Das’ and Mo]loy (1975) is. 91venr5-"

| in Table 10. As noted an: the tab]e, the factors for 51mu1taneous and

/

"success1ve synthesesrand speed emerged clearly 1n th1s study, w1th D1g1trs: .
.span 1oad1ng on the success1ve factor as expected A]so cross-moda]

a cod1ng 1oaded on the s1multaneous and success1ve factors a]though the L

"load1ngs for th1s test were not as symmetr1c pn re]ataon to the two |

: factors as had been found prev1ous1y (Das, 1973c) Possxb]e reasons for:f *

. the changes in factor 1oad1ngs for th1s test w111 be noted 1n subsequentf;"'
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d1scuss1on ‘ | - o
It is ev1dent that there are many poss1b1e ways of extendlng and
v1eW1ng the constructs of 51mu1taneous and success1ve syntheses An.

1nterest1ng quest1on to be asked for 1nstance, is the extent. to wh1ch

these modes -of process1ng 1nformat10n may be taught or developed That

is, if the two types of syntheses represent a sty]e of cogn1t1on, rather B

than a stab1112ed "ab111ty" in accord with"the trad1t1ona1 v1ew of mentaT :

ab111t1es, can they be- deve]oped by certaln teachlng techn1ques?

Krywan1uk (1974) 1nvest1gateq/th1s p0551b111ty 1n the context of LR

] oo

remed1at1on research program for 40 Canad1an Ind1an cht]dren Pretests .

on. the ch11dren 1nd1cated that they had h1gh scores on the performance IR

; sect1on of the wechsler Int¢111gence Scale for Cht]dren (NISC) and the

Raven s Progress1ve Matr)ces suggest1ng that the1r Spat1a1 ab111t1es f;f_ T

Were adequate However, resu]ts on the NISC verba1 and the Schone11 and-.ft

Ser1a1 Learn1ng tests 1nd1cated d1ff1cu1t1es 1n the verba] sequent1a1
b

~area, The ch11dren were, then d1v1ded 1nto exper1menta1 and control ..bfl” :

-groups - by match1ng them on the wISC scores w1th thg exper1menta1 group

‘ rece1v1ng 1nstruct1on in verba] sequent1a1 strateg1es The 1nstruct10n f”-'fg

)

1nc1uded the use of -(1) Sequence Story(Bo'rds wh1ch use 12 p1ctures

to be’ arrahged 1n order to make up a. sto}
e )

> (2) ParQUEtry Des1gns wh1ch;,'?-$<

are geometr1c f1gures to be f1tted toge”her to make a design, (3) Ser1a1”‘k_hftﬁ

: reC&]‘ Wh1Ch was Pract1ce in the recall of a ser1es of 12 obJects after_cf”

ethey had. been removed from s1ght (4) Cod1n9, whrch was a system.of handi" "

“and knee "c]aps"‘coded for dots and squares respect1vely, and presented LA

1n a fashlon 51m11ar to cross-modal codlng, (5) Matrix Ser1allzat10n, _,ebjfitff

""t-t, wh1ch was spec1f1c praottce 1n readlng and reca111ng the order of



B 3
presentat1on of the d1g1ts in. the Vlsual Short term Memory test and
(6) Fl]mstr1ps wh1ch Were a serles of f11ms on V1sua] D1scr1m1nat1on
and Spat1a1 0r1entat10n stua1-Motor Co ordinat1on V1sua1 Memory,

L

o |
Flgure and Ground and Vlsua]1zat1on.

- Pr1or to 1nstruct1on both groups had been g1ven pretests on the- L

battery of 1nstruments that. have been d1scussed prev1ous]y Fo])ow1ng .
' the remed1a1 exper1ence wh1ch was approx1mate1y 15 hours for the |
- experlmental group and three hours for the contro} group, the battery

',3of tests was g1ven aga1n Pretest and posttest pr1nc1pa1 components

'h Matrices sh1fted 1ts 1oad1ngs more ctearly to the sxmu]taneous factor
B fo]]ow1ng 1ntervent1on The V1sua1 Short term Memory test wh1ch had
‘de'loaded on the speed and s1mu1taneous factors 1n the pretest, shlfted tts |
.4f”1oad1ngs to the success1ve andsswmultaneous factors These sh1fts were

conswstent w1th the nature of the 1ntervent1on program and resulted 1n a

ana]yses were done Among the flnd1ngs was the fact that the Progress1ve L

iy :v' . :

factor1a1 def1n1t1on of s1mu1taneous and succe551ve syntheses wh1ch was
_,,comparab1e to that found 1n Caucas1an ch11dren The study, therefore, }f?3 :
denon?trated the eff1cacy of teach1ng these bas1c strategies and :;T"

| 'lﬁencourag1ng the1r use. N A,t.uff"'T]' [;;;.ﬁ'.e. S , L »‘h
‘ . Of part1cu1ar 1nterest to the present study is the nature of g1

‘?group differences as def1ned by IQ tests 1n the utllization of

-y that has been used in the prev1ously mentioned studies The retanded

."YEESWmultaneous and succe551ye syntheses Research 1nth15 area 1s 1im1ted_{7¢~f,=f
| J'ij-to a s1ng]e St“dy by Das/(1972), in wh1ch 60 nonretarded children were_f,f";"

' ~f“compared with 60 retardeb ch11dren on ‘a subset of the battery of tests byf{fe@ji

- ch1ldren were matched ’n menta] age (MA) w1th the nonretarded children,_fﬁﬁfﬂfﬁf
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the mean-IQs of the groups were 67 08 and 91 56 respect1ve1y In the |

resu]ts t-tests between the groups 1nd1cated s1gn1f1cant d1fferences ‘

'for all 1nstruments A pr1nc1pa] components ana]ys1s was pefformed for;rif"f5

- nega

B both groups the resuTts of wh1ch are presented 1n Tab]e TT

" The patterns of process d1fferences between the two groups are

: s1m11ar 1n some tests but d1sswm1]ar for others The tests Wthh Show _jf_;ff:f
| -d1fferences are the Graham KendaTT Memory for 09519"5’ Cross-moda] C°d’"9
: and to a lesser extent V1sua1 Short tenn Memory The ma1n marker tests o

. for. s1mu1taneous and success1ve syntheses have S1m11ar load1ngs for the T;f

retarded and nonretarded groups

There are somé curlous trends 1n these patterns Memory for De51gns

'<-has zeen shown in nearTy aTT«other studles by Das to Toad strongTy and ";“;f}

vely on the 51mu1taneous factor /Its negatave Toadeg 1s to be

<expected because the test TS scored for errors, not correct responses veﬁr" .
: fIn the study d1scussed here, Memory for De51gns has a strOng pos1t1ve
- Toad1ng on the 51mu1taneous factor A further anonaly 1s the Cross~moda1

"*ﬂch1ng test For the nonretarded ch1]dren thTS test had 1ts pr1nc1pa1

. .°.]oad109 only on the s1muTtaneous factor F0r the retarded ch11dren the

e

. ,-test Toaded approx1mate1y-equa1]y On the SimuTtaneous and SuCcessive - ,4,.r;,\

'”fffsign1f1cant1y better on the task than d1d the retardates

:TAftype do ex1st betweena%etarded and nonnal chderen The nature of these lf

RS atffactors One @1ght have expected the reverse to be true for these two

0

”7‘;groups. glven the earT1er discussion regardfng s1mu1taneous and successive

4 R

:75 syntheses both enterlng 1nto the cross-modaT matching tasksgv It should

v

*_“‘be recal]ed however, that the nonretarded Chderen stlll performed :f;fiff

Th1s study'by Das (1972) 1nd1cates that process differences of some |

)
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_differences;-however is not clear\ The battery of tests used 1n th1s :Q

B study was a reduced set and therefore some of the anomal1es of ‘the //'. -

/,

results are l1kely due to the fact that the factors could not emerge

clearly One purpose of the present study is to dellneate the Aature

of these factors more expl1c1tly for d1fferent IQ levels

3‘Model of 1nformat1on 1ntggrat1on L o

The factor analyt1c extens1ons of Lur1a S (l966a, l966b) cl1n1calt‘.j
' .'research that have been descrwbed briefly 1n the prev1ous Sect1on haveigxi
f:been summar1zed recently by Das, Klrby and Jarman (l975) As a method?b;
";of synthes:z1ng the1r research, as well as. general1z1ng to other areasfff

x;_.such as memory, Imagery and language Das et al have proposed a modelwff

'"?~'of 1nformat1on 1ntegrat1on Th1s model 1s descr1bed here 1n complet1on

S of th1s dlscuss1on of 1nformat1on proce551ng Much of the following
T flﬁdescr1pt1on is. verbat1m from Das K1rby and Jarman (1975)

As demonstrated in. F1gure 2 the model of 1nformat1on 1ntegrat1onf'

T e

'”ﬁ;dconta1ns four un1ts the 1nput the sensory reglster, the central

'f;‘;process1ng un1t and the un1t for output.;-;drgi-lfail'f;"anf”f,to55'7'”

In the 1nput un1t a st1mulus may be presented to any one of the f*f

'“1'"receptors, extero—; 1ntero- or propr1oceptors and w1th1n the extero-

‘fifceptors to any one of the sense modal1t1es Further, the 1nput can bejfy}

'“"Presented in. a parallel (s1multaneous) or a, ser1al (Succﬁagpve) manner{if

'%7£d?The stamulus is: reg1stered 1mmed1at9ly by the sensory reg1ster and mayf-gt

T the

"f'be passed on for central proce551ng ' UL e
. ggp thas process the sensory reg1ster acts as a buffer, from which
entral processor may rece1ve 1nformat1on 1n one of two ways Nhen ?i

7_;1nforma\Ton is transmitted the central processor may 1nterrogate the

P
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buffer to see if anything is there, or alternatively, the buffer may

..'interrupt the.prOCeSSOr-to force it to7accept'information The latter"

would occur more frequently perhaps, because sensory 1nformat1on cannot

'be deTayed

' Of partlcular 1nterest 1s the form of 1nformat1on representat1on in

;the sensory reg1ster There 1s a substant1aT body of ev1dence 1n North
.Amerwcan T1terature on ser1a1 and para]TeT process1ng to suggest that |
lthe sensory~;§p1ster niay not be T1m1ted to ser1a1 process1ng of 1nforma-- 5f}
Tft1on._ Sper11ng (1960), for 1nstance, has shown'thata 3x 4 v1sua1 array :

3‘~is not reta1ned as a sgquence, but rather as a simultaneous 1con thus,

i N

.'Ti.ﬁst1mu11 of a compTex nature are a]so processed 1n the sensory reg1ster :
43{1n paral]e] (Averbach & Cor1e11 1961 Averbach & Sper11ng, 1961 Ne1sser,};c
- _1957 Sper]1ng, 1960) They may then be."read out% ser1a11y 1nto the ﬁfz”i*;
M'f;centrai processtng unlt Such an account TS cons1stent w1th most modern h7i.

‘Yfitheor1es of’memory (e g s Atk1nson & Sh1ffr1n, 1968)

’ ;
The central process1ng un1t has three maJor components that wh1ch

:5processes separate informat1on 1nto S1multaneous groups. that wh1ch

‘-~ﬁj{processes dlscrete 1nformat1on 1nto temporally organized success1ve

1

;‘ser1es, and the dec151on-mak1ng and pTann1ng component whwch uses the t"ff-

-3

'15f;51nformat1on so 1ntegrated by the two other components The process1ng 1n ;[}
ssffthese components TS not affected by the form of the sensory 1nput--visua1 fl}
' ﬂfj1nformat1on can be processed success1ve]y and aud1tory 1nformat1on can e
' be processed simultaneously It 1s suggested fo]Towlng Lur1a (1966a),giyéff
':&ythat these components can be 1dent1f1ed w1th the funct1ons of spec1f1c :t{f;;
;:‘parts of the cortex-—the occ1pita1 par1eta1 area has evo]ved to spec1alizeﬁgi

- :j1n s1mu1taneous synthes1s, the sa‘fess1ve 1s Tocated in the anterior



E ifyaccordance w1th the requ1rements of the task For e§amp1e, in memory

L depends on two cond1t1ons | (a) the 1nd1v1dua1 S hab1tua] mode of
. process1ng 1nformatlon as determ1ned by soc1a1 cultura] and genetlc

“»fafactors, and (b) the demands of the task

1nformat1on and determ1nes the best poss1b1e p]an for act1on Perhaps

dsuccess1ve patterns of nervous exc1tat1on 1nto a subgectlvely mean1ngfu1 v
-frame &f reference (p 1283) Both s1mu1taneous and success1ve e
";-process1ng can- be 1nvoTved 1n aTT forms of respond1ng Th1s 1s the
T case- 1rte5pect1ve of the method of 1nput presentat1one Perhaps Lash]ey s
ﬁfh(1951) work 1s reTevant to the decod1ng or behav1ora1 part 1n ser1a1
'ji-ttasks Ser1a1 order1ng of behav1or may not depend elther on the manner
4,f;;1n wh1ch 1nformation was coded or the motor aspects of the behav1or

ifhh1tse1f The output un1t then determlnes and organ1zes performance 1n

if 1n categor1es suppT1ed by the exper1menter thus approprwate output

e organ1zat1on 1s necessary

68.

4

.l_reg1ons, partlcd}arly tn’the-fronto;temporaTJarea; :Both'of'thesefareu
{concerned with’ cod1ng and storage of 1nf0rmat1on they do not plan,
-jregu]ate or controT conscaous behav1or That functlon is carr1ed out
'by the frontal Tobe as suggested by Luria on the bas1s of cT1n1ca]

observat1ons

The model assumes that the two modes of process1ng 1nformat10n are

ava11ab1e to. the 1nd1v1dua1 The se]ect1on of e1ther or: both modes

‘ The th1rd component whlch coqu be ]abe]ed th1nk1ng, uses coded

‘1t As aTso cruc1a1 For the emergence of causal th1nk1ng wh1ch Hess (1967)

descr1bes as "an 1ntegrat1ve act1v1ty wh1ch br1ngs s1mu1taneous and

¥

',1tasks a subJect may be requ1red to recaTT ser1a11y or'recall the ltems eﬂxﬂft

-~ N




'ti:y_ Ornste1n and others 1n the near future
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In summary of the mode], therefore, 1nformat10n may be represented
either s1mu1taneous]y or success1ve1y in a]?ﬂfour un1ts w1th an 1nterchange '
’1n the form of representat1on between un1ts Thus the mode] subsumes
the North- Amer1can research on ser1a1 and para]]e] processes, 1ncorporates
the c]ass1ca1 ph1losoph1ca1 1ssues of space t1me re]at1onsh1ps, and
,dperhaps most 1nterest1ngly 1t addresses the quest1on of se]ected types o
of cogn1t1on and bra1n local zat1on The. centra] 1ssue ra1sed by the
. model 1n this latter'area is the ro]e of the bra1n hem1spheres in
s1mu1taneous and success1ve DFOCESSIng Lur1a s (]966a, 1966b)‘researCh S
“ is based on 1es1ons of the Teft hem1sphere on]y In contrast Ornste1n
-(1973) has sumnar1zed a ser1es of themes in ph1losophy and psycho]ogy
re]ated to 1eft r1ght hem1spher1c d1fferences, the essence of wh1ch is
the theme for a grow1ng body of research 1n psycho]ogy -
‘ ?\'Z The left hem1sphere is: predom1nant1y 1nvo]ved w1th ana]yt1c
th1nk1ng, especially. language and Jogic.  <This hem1sphere
seems to- process information sequentlally, which is S -
‘ necessary fob: 1oglca1 thoughit since logic depends on .o
' sequence and order.*: The’ right hemisphere, by contrast, o
appears to: be pr1mar11y responsible for our orientat1on
in_space, artistic talents, body awareness and recognition e
.of faces. It processes 1nformat1on more d1ffuse]y'than the L

’1eft hem1sphere does, .and-integrates material> ‘in-a f-'f.u
s1multaneous rather than l1near fash1on (p 87)

The operatlona] measures supplled by the current_f;

work may be app]1ed and 1ntegrated w1th some of the research quoted by

{.’h’ L

\‘)



Summary'and-Conclusions

The' preced1ng review of 11terature has dealt with three top1cs/
1nte111gence moda11ty match1ng and 1nformat1on process1ng The maln
points that have been noted will be stated br1ef1y here

R Inte111gence, as def1ned by'IQ tests, 1s a samp11ng of general

cogn1t1ve sk1lls wh1ch is very: broad an terms of developmental periods -

70

. and test content ~These tests. samp]e 1evels of know]edge that have been |

transferred and ref1ned from ear11er and current developmenta] stages,

and have been se]ected to have pred1ct1ve va11d1ty for schoo] or1ented |

behavior.. Alscore on an-1Q test does not 1nd1cate a f1xed Teve] of
._1nte1]1gence, ca ac ty for 1earn1ng, apt1tude a centra] force 11ke

. or a measure of avior beyond the test content The d1st1nct1o

between pred1ct70n and explanat1on poxnts out the techn1ca1 ef 1cacy of

' 1nte111oence tests wh1ch coex1sts WTth the1r exp]anatory W ’knesses

pred1ct1ve 1nstruments Masked in t‘ j

however, 15 the most s rtant exp]anatory 1nformat1on on how the

‘, and/gr/ups For the 1atter reason, 1nte]11gence tests a1one supp]y

//J tt]e or no valuab]e psycho]og1ca1 1nformat1on They may be used

effect1ve1y, however, when the1r techn1ca1 eff1cacy for the pred1ct1on
. | of academ1c success 1s app11ed for the c]ass1f1cat19n of groups who )
- h_fdm are subsequent]y stud1ed by other 1ndependent research methods

ModaTnty match1ng has been def1ned as the Judgement of equiva]ence

11terature that the ma1n d1mens1ons of - match1ng 1n the aud1tory and -

/.

/o

| :' ~ RNy

of st1mu11 presented‘1n two moda11t1es It has been suggested by the Qﬂ:ifl
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- wisual modalities are time and space, and that individual differerices

enist on these dfmenstons,'not in use of the modalities' The ab111ty to
1ntegrate 1nformat1on in time and space increases ontogenet1ca11y at a .
steady rate in ch11dren, at:-Teast from k1ndergarten to grade 4.

Individual differences 1n aud1tory and- v1sua] memory do not pred1ct '
;sk111 in these tasks. An area of Elsagreement in the ]1terature 1s the
“strateg1es 1nvo]ved inanodality match1ng, espec1a]1y w1th respect to the
p0551b1e use of imagery and language as. forms of | med1at1on A further

but re]ated area of d1sagreement 1s the s1gn1f1cance of cross modal tasks
as 1nd1cators of 1nte1]ectual deve]opment, strong c1a1ms have, been made N

' to th1s effect but emp1r1ca1]y the ev1dence 1nd1cates these c1a1ms are L

‘.'unfounded Further the’ s1gn1f1cance to 1nte]]ect§%] deve]opment of

- competence in match1ng 1nformat10n intra- moda]]y is unknown Jo

The mode] of 1nformat1on process1ng whlch is. 1ncorporated 1n th1s
| d1scuss1on 1s s1mu1taneous .and success§¥e syntheses Slmu}taneous
| synthes1s is a process1ng strategy in wh1ch cogn1t1ve content is |

arranged in some type of un1tary spatlal compos1te Success1ve :
"synthes1s is a strategy in which contemt -is- arranged in a sequent1a1 _'-:

order These two process1ng types are “Seen as eogn1t1ve strategtes

| wh]Ch are 1ndependent of moda11t1es Thatﬂ", audttory and v1sua1
,st1mu]1'may be processed e1ther stmu]taneous1y or. succe551ve1y ﬁThef '
:Tu;usual nature o"tasks, however, has tended to spec1a11ze success1ye ‘fU
fprocess1ng for audttory and°s1mu]taneous process1ng for v1sua1 st1mu]1
f'Factor analys1s has been used to def1ne these strateg1es operat1ona]1y;
f'and to examtne thelr use across severa] popu]at1on parameters From 3‘

' t'fth1s research, a’ mode1 of 1nformat1on 1ntegrat1on has been developed



¢ 72
whicf\can be used as ‘a conceptual framework for the generation of further
research. - o | o S

. A + . \
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CHAPTER 111
PROBLEM -,

‘Statement of the ProbTem

The genera]‘problem.of this study is to'determine,the reTationships

among 1nte]]1gence, 1ntra modaT and cross moda] matchlng, and s1mu1taneous o

f and successive Syntheses This prob]em is composed of two spec1f1c
quest1ons | | . | : B | ‘
_T.. What patterns of s1m11ar1t1es and d1fferences ex1st both in the use
..and effect1veness of s1mu1taneous and success1ve syntheses by ' |
- distinct 1ntel]r§ence groups? _ | o
l2. '-What patterns of s1m11ar1t1es and. d1fferences exist bbth 1n the
T 'levels of performance in moda11ty match1ng tasks and the use of o
fs1mu]taneous and success1ve syntheses in, moda11ty match1ng tasks |

for d15t1nct 1ntelligence groups’ C " A‘" ”'j'” ?_‘ . X
Rat1ona1e '-f.iJ \_g

The rat1ona]e for the prob]em is d1st1nct for each of the two ;5,# o

quest1ons above,,‘ 'ﬂ'“§}"<iﬁ*~f,j,,;

The f1rst quest1on anm1ned in the study, concerning s1multaneous
and success1ve syntheses -and- 1nte111gence, is an extension of research

conducted uy°Das (1972) In th1s study, Das compared the patterns of;\ﬁ'w

51mu1taneous and success1ve syntheSes 1n retarded and norma] chi]dren; ;afyf,‘

The subJects were matched on menta] age (MA) w1th the mean IQs of the,';
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groups as 67.08 and 9. 56,,respect1ve1y, for the retardates and normals.

There are three SpeC1f1C aSpects of Das' (1972) study that are
. mod1f1ed here in order to c]ar1fy and qenerallze h1s results F1rst,
j- an MA. match procedure was ut111zed by Das An a]ternat1ve procedure
is to match d1fferent 1nte111gence groups on chrono]og1ca1 age (CA)
the course of study1ng patterns of cogn1t1ve ab111t1es (E111s,-]969'v
vHea1 ]9]0) For purposes of the present study, a CA match procedure 1s
"useful because 1t is the character1st1cs of vary1ng 1evels of adaptat1on
.that 1s ~of 1nterest in the study, IQ is v1ewed as a measure of this :
.adaptat1on and therefore as an 1ndependent var1ab1e w1th CA equa] for f__’
subJects in. all IQ groups A |

Second the use of two groups by Das der1ved 1ts @yt1ona1e from the

. fact that the study focused on mental retardat1on It 1s poss1b1e to

exp]ore cogn1t1ve competence genera]ly by us1ng three groups from a maJor-*‘> :

'port1on of the total IQ range, w1th a low 1nte111gence group as one part

d of the des1gn Thus, 1n the samp11ng of a range of 1nte111gence, further_ f:.

| 1nformat1on is supp11ed on how patterns of cogn1t1ve strateg1es vary from; ', o

:.below norma] to normal IQ, and also beyond 1nto the h1gh IQ range, thus f 'fff7¢

f'mak1ng the retardate normal comparlson more mean1ngfu1

}_ | Th1rd ‘the battery of tests wh1ch Das (1972) used in hlS study has
‘e.SInce been ref1ned .and expanded (Das, 1973c Das & Mol]oy, 1975)
-Jbattery is: used 1n 1ts expanded form here across the three Ip groups
In summary, these three extens1ons supplement the 1nformation now .
ava11able onss1mu1tanEous and success1ve syntheses by |

‘f‘;;]f' Study1ng the character1st1cs of vary1ng 1eve]s of adaptat1on as‘

def1ned by IQ through match1ng on chrono]og1ca] age
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2. Generalizing the current 1nformat10n to -a broader range of adaptation

through the inciu51on of a high IQ group

-3 | Improving the methodoiogy of the past’ research through the inciu51on

of a iarger number of tests o

s

Question‘Z»

k The second question examined 1n the study concerns both the ieve]s

'of performance and cognitive strategies which are characteristic of

'different inteliigence groups on the modaiity matching tasks In order

to emphaSize the distinction between ievei of performance and types of

I L
strategies, these two aspects of the question are given sepaﬁ"e -

' rationa]es : 7. L I at..ft: ll 3 *f,,iﬂu‘l“ ;}'"

Ci

The f]rst aspect regarding ]evei of modality matching performance

:and 1nteiligence appears to be ba51c to any COnSIderation of 1nteliectuai L

processes B’rch a"d BﬁlmONt (e 9us. 1965b) 1n al] their studies con51der i

cross-moda] tasks to be key 1ndicators of 1ntersensory deveiopment which.“i;

' 1osten51biy wouid be the foundation for hlgher order thought processes

4f,'Biank and Bridger (e g y 1964) take the v1ew that eross-modai matching

1nvo]ves processes beyond the levei of perceptuai 1ntegration and argue .

| u;'that the task is anhindicator of basic prgceSSes 1n conceptua] deveiop-.

© " ment. Rudnick Martin and Sterritt (1972) have stated that the critica]

',*ifon these primary orientation dimen51ons that children vary in their fjg._l B

"jfdimensions of modality matching tasks are space and time, and thairit 1s o

ii'faCT]ity w1th the tasks Jensen (1969) has Simp]y Stated that cross-- SN

- 7;‘modai matching is: the 51ngie most 1mportant 1ndicator of 1nteiiectua1

L

-;;deveiopment | leflff':.v_ie ."._m,eftij"l

These statements regarding moda]ity matching are unusuaily sfrong bztﬁ;;
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"with respect to the relat10nsh1p of modal1ty matchlng to broad levels

‘t. »

of 1ntellectual competence Yet very féw stud1es ex1st~wh1ch examlne

" cross-modal match1ng as related to 1ntell1gencet gIntra modal matchlng, :

»

whlch has been stud1ed w1th1n only a s1ngle level of 1ntellectual e )

I P

competence has rece1ved even less attent1on 1n thlS context Most

1mportantly, not a 51ngle study ex1sts whlch examlnes both cross-modal

- and 1ntra-modal match1ng among 1ntell1gence groups It has been

| yregardlng the s1gn1f1cance of modallty match1ng tasks to 1ntellectual V,[.;‘=‘

'empha51zed 1n the preced1ng rev1ew of llterature that 1nferences

) :development cannot be made unless both cross-modal and 1ntra~modal tasks

'wlnclus1on of all comblnat1ons of these tasks that the 51gn1f1cance of the S

,ab1l1ty to pro ess 1nformation w1th1n and between modalltles can be

' *,i’assessed Thlh

. 7,?'”the general populatlon

study 1ncludes both of these types of tasks 1n a battery

of tests adm1 istered to three d1st1nct intell1gence groups Together

Tk,
o

o fare 1ncluded in the de51gn of the research It is only through the htf"‘:f

these groups make up the maJor port1on of the range of 1ntell1gence in 337_

" K -

Thus the present study actually accompl1shes two purposes 1n e

| }_ _;studymg levels of performance 1n modallty matchmg as }elated to

if~made regard1ng cross-modal match1ng and 1ntellectual development, and

‘f5._jw1th cross-modal matchlng 1n terms of 1ntellectual development

;;“ffthat are used by d1fferent 1ntell1gence groups 1n modality matchlng taskstr“'

’ der1ves 1ts rat1onale from the possible 1somorph1c dimensfpns that enter '

v
x

| "fﬁ1t explores the relative 1mportance of 1ntra-modal matchlng as COmpared

The second aspect of the question, which relates to the strategies

Lh o

A.-’ N

ST e « S : S
S §

./;u.1ntell1gence It examlnes the val1d1ty of the claims that have been h.f_‘,,,a




1nto both moda11ty match1ng and STmuTtaneous and succe551ve syntheses |

h That 1s, it has been noted that modallty matchfng 1s a task wh1ch ’

va1ncorporates the pr1mary dtmen510ns of,space aqdﬁttme lntegration of ;:‘\3
v1nformat1on on these two d1mens1ons is the maJor source of. 1nd1v1dua1 | |
- dlfferences on these tasks, s1nce the role of modafﬁttes E__ se has been

'demonstrated to be’ negT1g1bTe In compTement, 1t has also been noted

| *that the prtmary character1stics of s1mu1tane0us and suc¢e551ve syntheses p‘

"'erare spat1al and temporaT 1ntegration respecttveLy These forms of

N\

‘ e1ntegrat10n have been def1ned operat1ona]]y 1n the factor anaTytic studies n;

"h,that have been d1scussed E ST e
On the ba51s of the research rev1ewed previously, it mtght be A
ffjexpected that tenpora] modaltty matchwng tasks (aud\tory audltory) w111f‘f,ﬂg'i

710ad on the success1ve factor, spat1a1‘moda]1ty matching tasks (v1sua]—,fe_ 4

R g
5 j.v1suaT) w11] Toad on the s1mu]taneous factor. and cpmbjnat1ons of thesejEL"-

‘;tasks (audxtory v1suaT and v1sua1 audttory) w111 10ad simllarly on bothijfffifi

“ I;fthe stmuTtaneous and success1ve factors These expected factor Toad1ngs

A”'-f{i-are based gn the common spat1a1 a"d tempora] dime"5i°"5 i" moda]ity

.:5:match1ng tasks and s1mu1taneous and successive syntheses

But the poss1b1e congruence noted here 1s tentitr'e‘Vl

'.,“from the past factor ana]ytTC werk that the simu]taneous’and successive' 't@ffrr

; Tf::ﬁffactors are more stab]e than the mediation tyPes that enter tnto moda]tty fﬁ*d“f

?match1ng tasks Das (1972) found that these two factors emerged 155*3‘f“¢"

' :“7":>.

' factor ana]yses of a battery of tests for E:tardetes and norma]s, but
'"the Toad1ngs for cross~moda1 matchtng were different for the two groups

“In ,_-;faae, . ,c".gnteary towha t may;»;;aa_"axpe:tea _ﬁt;.ne_f re'aa;naaté-s. us\e’d:"_ ,be

v.')_ .

g 7js1mu1taneous and succe551ve syntheses to perform the cross moda""



"1fwh11e the normals
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used a strategy that was ma1n1y s1mu1taneous

Thus, s1mu1taneous and Succe551ve syntheses are apparently more o

_.another way the
iAof syntheses enco
‘jztasks encourage t

-:111terature that m

"7}Ai1mag1na] (spat1a1

- stab]e in factor analyses than are moda]tty matchlng tasks Stated 1n SN

tests that have been used to 1dent1fy these two types

urage the1r use more strongly than the moda11ty match1ng :'..;f

hose strateg1es that would be expected on the basns of

»3the1r spat1a1 tempora] propert1es It has been noted 1n the rev1ew of

oda11ty match1ng tasks may be performed by var1ous

.strateg1es, 1nc1ud1ng a verbal (temporal) type of med1at1on or an

) var1ety of med1at1on It is apparent]y the case that

l dlthese two types of med1at10n are used 1ess systemat1ca11y or 1955
" ?QTaPPropr1ate1y W1th respect to the type °f modality match1ng task at
'ffhand than they are in the tasks wh1ch 1dent1fy s1mu1taneous and fftijﬁfd7tiﬁ

fsuccess1ve syntheses

- Rather than moda11ty match1ng contr1but1ng to the operat1ona1

.ﬂstrateg1es The factorp of simu]taneous and successive syntheses,

"‘zie;‘these factors are

jdef1n1t1on of s1mu1taneous and succe551ve syntheses 1n factor analyt1c Tﬁ;,f{;

1fstud1es etherefore, these tasks are apparent]y‘performed by vary1ng

.&the’&ther hand are qu1te stable becadse the tasks used to 1dent1fy

consxstent]y performed by the same strategies while '
=5 L

o 5?fthe strateg1es that are used for the moda\ity matchthg tasks can be

'~afjfpostu1ated a priori on the bas1s of the spat1a1 and temporal aspects of "1

"-3ffthe tasks as re]ated to simultaneOus and dlccess?ve strategies, their

"Tff;actual emp1r1ca1 re]at1onsh1ps are unknown{_

B Of 1nterest 1s how the app\ication of’%hese strategies varie? am

':{wahlch may be perfonned by either Of these two strategies, the question

Moda]itfwmatching 1s a task'
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. 1nte1]1gence groups 1n the course of comp]et1on of the tasks

In summary, the use of al] combtnat1ons of modallty matchlng tasks

. 1rffor d1fferent 1nte111gence groups supp11es 1nformat1on on:

.*T{\.AThe va11d1ty of c1a1ms concerntng cross modal match1ng performance'

' 3. "The strategles used 1n 1ntra-moda] and cross-moda] match1ng tasks,.{}ufq'

. ;:uand 1qte}11gence, :

o~

‘2r;»gThe re]at1ve 1mportance of 1ntra-moda1 match1ng to 1nte1]1gence.

and the re]at10nsh1p of these strateg1es to 1nte111gence.g;-_ifu

oL e . T | . -v.'/- ": : v‘-»".'v'
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| The method of 1nvestwgat1on con51sted of samp11n////pepﬁTat:on ‘in
EH)T. order to def1ne three IQ groups, seTect1on and/deVETopment of tests, L nj
-"i T‘and the ut111zat1on of appropr1ate‘test1ng procedures Each.ofﬁthese":
,j.steps are presenteo//n/the/sect1ons wh1ch foTTow ' o
- - }‘w-SampTing S
I~ S
In seTect1ng the subJects for the study,.a number of cr1ter1a were

l

'Tﬂf:taken into: account These cr1ter1a were determ1ned by the parameters
,'of the gopulat1on from wh1ch the sample was drawn, as weTT as by the
erequ1rements of the design of the study _" B : ; 'T _';"' o

| The pr1mary seTect1oﬁ cr1teria for the subJects were verbaT and _

0 nonverbal intel]1gence test scores The use of IQ as a start1ng point f"ful*i
AThf[{for the 1nvest1gat1on was as a gross meaShre of 1ntellectua1 deveTopment,79?:§;
"’f_”ﬂa po1nt of v1ew reflected by E]]TS (1969) > “IQ 1s nothlng more than a .9.‘"'..

':1{ samp11ng deV1ce for se]ect1ng poﬁulat1ons thCh vary 1n TeveT of

i f«;; ':Thorndike InteTT1gence test. whiﬁh 1s admwnistered annually in tpe E;;?z“:iah~;

~*f‘ffotTrevorrow, & Massa, ]97])

’1*a“;;fdmonton Publlc SchooT System and has been noted to haVe the, highESt e
| [fire]iabi]lty of the IQ tests currentTy in use in Alberta (Ogston, 1973),5f{ﬂj;;f
'”~azh1gh stab111ty (EagTe, 1966), and h19h Pre¢40tive va]idity “51"9 the :

s-f.Stanford Ach1evement test as a crit!r1on (Proger, McGowan Bayuk Mannéeeifhﬂah

A cons1denation in the use of IQ as~a se]ectt ngcriterlon was an’_



. order to def1ne the 1Q ranges of these groups It was f1rst dec1ded

. o 8
to utilize three groups in the study in’ order to be ab]e to draw )

1nferences on trends of cogn1t1ve processes across broad levels of

'_adaptat1on, 1t was then necessary to comprom1se a number of factors 1n

. that. verbal IQ shou]d be a pr1mary cr1ter1on because in prev1ous factor:;_;f;f
o ana]yses 1t tended to rema1n.somewhat 1ndependent of 51mu1taneous and h
.success1ve process1ng, performance IQ on the other hand tends to“]oad

'on a 51multaneous factor (Das & Mo]]oy, ]975) The ]1m1ts of verba] IQ.@ “

- ;}for the 1ow IQ group were: then set at - 90 Th1s range was chosen for -

' fsevera] reasons, 1nc1ud1ng the fact that 1t al]owed samp]ing from

A norma] c]asses on]y, thus avo1d1ng any potentia] spec1a1 c]ass effects,'f“

"“1but st111 supplied enqggh w1thrn group var1ance 1n IQ to avo1d undu]y

: ’restr1cting the corre]atmrto; IQ scores w1 th other measures A]so use

:of thvs range for the: low v al IQ group a]lowed symmetr1c samp11ng of

| ”‘fwthe ba]ance of the IQ curve for the other two groups, the verbal IQ range

"'*3for the normal and h1gh IQ groups were then def1ned as 91 110 and 1]1 130

7pf5f1broad for the study of cogn1t1ve competence at a genera] leve]

'“"fff;1nstruments,qa problem wh1ch 1s common to th1s type of research

h;fgﬁ(Baume1ster. 1967) F1na1]y, and most pragmattcally, 1n the p]anh1ng

“ﬁf:respect1ve1y Together these three ranges were Judged t° be 5"ff1C1e"t1y |

r,

:eh“st111 narrow enough to avo1d severe f]oor and ce111ng e#fects oni ‘the. "

"".fjffstages of the study the 1nvestigi§or .ﬁghgucted a complete survey of the it
. Jd - : ‘_,,‘

'"‘Vih]jcr1ter1a

S
L 30

'ty Viédmonton, and found that by




' neCessary to- con51de]

82

With verbaI IQ'as=a'primary selection criterion, it'was then'

e 1mp11cat10ns of concurrent use of nonverba] or .

cr1ter1on It is weII knoWn that for «‘“

5 jperformance IQ as'a secon"
subJects in the Iow 1nteII1genc' range verbaI s 1113 are the predomlnant

sburce of Iow 1nte1]1gence scores ,' :.cted therefore that 1n
"L“a survey of the verbaI and performance IQ d1str1but1ons the subgects in. -

"the Iow IQ range wouId tend to have hlgher performance scores reIat1ve

"'to the1r verbaI scores than wou]d the subJects in the normaI and h1gh

"lt IQ ranges It was dec1ded that an upper bound §xm1d be pIaced on thts Af.

- trend 1n performance scores 1n the Iow IQ range, in -order to reta1n ,];:' ,

' "1fﬁthat ranges of 66 95 86 115 and 106 135 were the most feas1bIe ranges of N

‘symmetry of sampI1ng 1n both IQ scores. A survey of the IQ data suggested?j;;

”.performance IQ for the Iow, normal and h1gh 1Q groups respect1ve1y, given;ﬁV
all, of the add1t1ona1 samp11ng con51derat1ons The def1n1t1on of the

‘:'ffsample by 10 as d1scussed 1s summar1zed in Tab]e 12

e e '; e “lﬁiff’*
L ’j*f;} G Tab‘e 2. e
S IQ RangeS‘for SampIe GrouPS ﬂjf}fffIi

u-‘_

NormaI IQ f;fr;91L11o];;f?f;,“fff;v;fzf?*;_ 86-115

These def1n1t1ons of IQ ranges for use as sampl1ng crwteria, 1n

'""-turn evoIved from cons1derat10n of four addit;Onal cr1teria1wh1ch were { 5
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noted as necessary aspects of the samp11ng procedure The~first of
N
- @& these was samp]e s1ze wh1ch was set at 60 for each IQ group, ‘The

J

selectlon of a group size of 60 was based upon the requ1rement that
;;w there be a suff1c1ent]y 1arge samp]e to perform w1th1n group pr1nc1pa1
coéhonent and factor analyses It is often preferred in factor ana]yt1c
'*! stud1es that a ]arger group size than 60 be used for th1s purpose dfh f

L
A

" stud1es wh1ch 1nvo]ve the use- of 1nd1v1dua] tests, however, as was the

case 1n th1s study, a sma]]er samp]e s1ze must suff1ce A sampTe size’

of 60 s con51dered to be m1n1ma1 beeause of error of measu'ment;:>ghe h
s standard’error of measurement for correlatton coeff1c1ents'( r) is ,r"“
+ 3 est1mated by QMagnusson 1966) Sl ,,ﬁ=7:y j“':'l’:' S _
4 , R SR S
sk T e -.u_-l S pS e

-

where p:: coe f1c1ent of corre]at1on in the populatton

)&_, samp"le sue

fﬁ%fyv»Thus, for the samp]e size to be used 1n th1s study, when s 1s at o
N , e
- max1mum'(p 0) the standard error of measurement would be equa] to

’*ﬂufapprox1mate1y 0. ]3 The s1ze of th]S error may be larger than 15 Qfét.x

"‘hygéii,:preferab]e for research emp]oy1ng pr1nc1pa1 components ana]yses.,.n;~;ifh: 1ff»

';However, Das (1973c) has summarwzed severa] stud1es on the t0p1c of

7;;2t51multaneous and success1ve syntheses, a]l of which have 1nvo]ved

t7',hf|’comparab1e sample s1zes to the present study, and notes that the ffmffifjs°_ﬂ1f

h'*,stab111a' of the factor structures in these studtes is veny h1gh Th1s

*;lndlcates that errors of the magn1tude noted above are at least not

‘._'_.;'_., P S

"Vf]”'cr1t1ca1 1n stud1es 1n th1s area

;7»jf,;fff*3 Second, the sex of the subJects was restricted to males fOr alJ IQ

RS 1 -

J;groups-~-Th1schoace was made 1n recogn1t1on of the diff1cu1t1es 1n f;;{7figg
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pooling groups w1th d1sparate means on the 1nstruments for correlat1onal

ana]yses It is 11kely that .sex d1fferences wou]d be found in some of °

the tasks, and 1f each IQ group con51sted of both sexes, within- group

_ 1ntercorre1at1ons of - the tests would be - Spur1ous]y affected

Th1rd,,grade Tevel and chronolog1ca1»age were estab11shed as

qgrade 4,with age~egua1 across all three'groups Grade 4 was chosen in |

A

i_szhe present study 1nvolves ch11dren of this grade 1eve1 and thllefore

~ order to a11ow comparab111ty w1th preV}ous research on s1mu1taneous and

success1ve syntheses (Das & Mo]]oy, 1975) The equa11zat1on of
chronolog1ca1 age across the ‘groups,. or CA matchlng, is an add1t1ona1
1nterest1ng prob]em of. grade 1eve1 samp]1ng 1n c1rcumstances of vary1ng

ab1]1ty 1evels. There.are severa1 a]tErnat1ve techh1ques for approach1ng

_th1s problem the most connmn of . wh1ch is to match as c]osely as p0551b1e
. by grade and then cons1der addataonal stat1stlca1 contro] (Hopk1ns 1969
':‘Stanley, 1967) Thus the subJects were seJected so]e%y from grade 4

3
’ and as expected a h1gher age range was found among the 1ow IQ group

a,'

| F1na1]y, soc1oeconom1c status (SES) was constdered 1n~the samp11ng

"°'vhfof the popu]at1on A]though it has been noted 1n the d1scu551on of ‘h‘h';

4

moda11ty match1ng that SES cou]d conce1vab]y be a s1gn1f1cant pred1ctor

3~f.ﬂ1of performance on th1s task thls poss1b111ty 1s h1gh1y uncerta1n

-

','factors tend to d1sappear by the t1me ch11dren have reached grade 4
.':’»1t 1s un11ke1y that SES wou]d be found to d1fferent1ate ch11dren 1n the

.5'ifeffects, SES was random with1n a middle range w1th avo1dance of the

"iat the present time. A recent study of swmultaneous and success1ve ffbf7'7r:"

'vsyntheses (Das & Mo]loy, 1975) 1nd1cates that SES d1fferences 1n these~/ :jftf;

‘:'“:G_use of these strateg1es Nonetheless, 1n order to reduce any poss1b1e '{ﬁf@fﬁd
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;would requlre recons1derat1on of 1nc1us1on in the study

\ ﬂiserve as subJects in the study A .'"Ar;," f+~;,-"w;;ﬁ;§;

't"”ijhave been used by the 1ocal pub11C SChOO] System fQP i

el end of th1s sectlon

selection of subjects from exciusively_high or low SES population aress.

Using the 1Q ranges and the additional criteria that have been
: s ’ _

&

o discussed,la three phase procedure was used to identify the subjects .. -

First, a list bf-approximate]y 400 grade 4 boys was made, with. the boys

dtstributedxroughly'equally in the three IQ groups. This list was drawn

'from the school system central office ‘records, and schools in very high

- and very Tow SES areas wére de]eted» aNext “the pr14c1pa¥i of thé schools .

®haq

“were 1nterv1ewed regardlng each potent1a1 subject for the study and‘%sked

if any ch11dren shou]d be de]eted for fam]ly or personal reasons. ';The. )
teachers were also 1nterv1ewed regard1ng any 1dent1f1ed d1sab111t1es

that would requ1re de1et10n of a chlld F1na1]y, each ch11d s cumu]atlvey (

.frec0rd card was . checked for any psycho1og1ca1 or personal data that

By th1sprocess 60 grade 4 boys 1n each of the IQ ranges were o
S S
1dent1f1ed in: 19 pub11c schools, and approva1 was obta1ned for them to

‘ "‘S}é1e’c‘t\"5"”=5“‘dgf‘_DeV‘é10pmenlt of Tests *

V The tests used in th1s study were drawn from three sources and

IS

"'J. “

v:compr1se a total of 17 measures These sources 1nc1ude tests that have -
:‘*been used prev1ous1y at the Un1vers1ty of A]berta for re]ated research

B f#f»tests wh1ch were deve]dbed spec1f1ca11y for th1s study, and tests that

( P

54f:purposes In the follow1ng d1scuss1on al] of thes:awy_fgyﬁillfbe;\;"rj;t‘b

}ﬂ;?‘descr1bed 1n the order noted above wlth a summary lnst sﬁpp11ed at the
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.

A,

Selectis tests. _ ' N\ | I
The first source of tests Was the set that hés been used by Das.

(1973c; Das & Molloy, 19{5 A battery of sax‘tests, .comprised of the
prlmary 1nstruments that have been” found tb 1dent1fy s1mu5;3neous and
successﬂve syntheses were selected from thTS set. . In addition, a test '

. Al \

which measures speed of test taking resppnses was a]so adoptedh

A

Raven‘szgrogressive‘Matrtces. Th;s ts a well-known test involving.
the matchingofa colored\ijUal matrix, on which’there is a configuration

of symbols> with its counterpart in a’set of‘alternatives (Raven, 1965).!
The test is generally thought»to.be a relatively‘purencu1ture—reduced

measure of reasoning. The total score on the test is the number of items
S - | ) s R | _
correct, with a possible maximum-of 36. A sapple item from this test is-

included 1in Appendix B. ,
S ~ , . _ _ - :
Figure copying. The figure:topying test was deve]oped by the Gesell -

Institute (I1g & Ames, 1964), and has been used as a measure of 1nte11ec-

tual ability. The test’ cons1sts of 10 geometr1ca1 f1gures which are’

s .

. presented consecutively. to the SUbJECt for reproduct1on wh11e they are

in fu]] view. A maximum score of two is possible for each 1tem, with a

test total'of 20. Copies‘of'thevlo figures-in'the test and'guidelines
} : »

for’ adm1n1ster1ng and scor1ng the test are in Append1x C v
Y g
Graham Kenda]] s Memory for Des1gns This test was developed by
’ »

~ Graham and Kendall (1960) to measure m1n1ma1 bra1n -damage. A set of 15

geometr1c f1gures, each on a separate card, are presented for f1ve
"seconds to the subJect '“Fo]10w1ng the presentat1on oﬁ each card the
subJect is asked to reproduce the f1gure The tota] score on the test

s the number of errors made, as descr1bed in deta11 in. the manua] with
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scores\for each item varying fromh;eroifor a satisfactory reprodrction
“to three for a reversed or rotated reproduction. The maximumhscore )
which would result—from consistent ernorS‘js 45. A copy of_the

geometr1c figures is in Append:x D. ¢

s

¢+ Serial recall. T\e serigl reca]] task consists of a sef of 24

,word lists, with‘four words” Tn‘each llstt Qf these lists, 12»conta1n.
words which are semantically similar to one another; and the other 12
contain four unrelated words. The two tppes ot word tists are randdm]y '
ordered.tn the;test; Each 1jst>is presented by the use of a cassette
tape recording,vfoltowing which the subject/is asked to reca]tvthe 1ist\
in the order given. The total score for each 1ist is the number ot words
in the correct pos1t1on w1th a poss1ble tota] of four per 11st g1v1ng
~a maximum test’ scere of 96. A 11st of the words used 1n the tedt 1S'fn
Appendix E. ‘
Free'recall The task is the same as the ser1a1 recal] task noted
‘.above but 1nv01ves a d1fferent scor1ng procedure In the free reca]l
task all words,correct]y<reca11ed are given one point, irrespective of

order of recall. The max1mum poss1b1e score is 96.

Visual Short term Memory This test was developed by E. Howarth

and J. Brown of the Univers1ty of A]berta Each of the 20 1tems consists -
of a five- sect1on gr]d wh1ch is presented to the subJect for f1ve seconds.

Fo]10w1ng presentat1on, a two second‘f11]er task of co]or nam1ng 1s used

R

- to e11m1nate rehearsal The.stimuli are s1ng]e d1g1t numbers and the S

SUbJECt 1s asked to reproduce the d1g1ts on an empty gr1d fol]ow1ng the :

AN [ 4

,'f11]er task Each d1g1t in the correct 1ocat1on 1s scored as. one mark

'g1v1ng a poss1b1e score of fle for each 1tem and. a poss1b1e test tota] A
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‘of 100. A schemat1c representat1on of the timing of the presentat1on
of each 1tem and a 11st of the sets of d1g1ts used is 1nc1uded in
Append1x F | ' "j f |

Word reading. - Th1s test is one of the Stroop (1935) charts of co]or

names. <Ihe nat:s\ot f0ur primary colors (red green, ye]]ow and b]ue)

? »

are printed on a chart in b]ock capital 1etters uslng b]ack ink. The\
names are pr1nted 1n elght sets with fiue wordsiin each‘set and‘the
order of the sets random1zed The'score on the test 5sithertine obtainedt
by a stopwatch~for‘the subJect'tomread the“dijords.‘.A list of the words

-

in the format in which they'appear'on~the chart is in Appendix‘G.
- K S T v

Deve]opment of tests
| The four tests which were developed spec1f1ca11y for th1s study are

»

compr1sed of aJthory and. v1sua1 moda11ty match1ng tasks

Aud1tory aud1tory match1ng Th1s task 1nv01ves match1ng a st1mu]us

‘-pattern of 1000 cyc]e tones With a comparvson pattern of tones A11f '

- tones are of O 15 second duratton w1th var1at1on in patterns created by

short pauses of 0. 35 seconds and long pauses ‘of 1 35 seconds A_score o
~ of one 15 given for each of the 30 1tems 1n the test A copy of the -items

i.used in the test is 1n Append1x H]

L.

tAud1tory v1sua] matchlng The Jtems in th1s test ut111ze an audltory

' pattern as-a st1mu1us as in the aud1tory aud1tUFy test but th1s 1s

| ‘matched w1th a compar1son v1sua1 d1sp1ay of dots For a dot of 1 un1t

in d1ametér a short gap 1s 0. 80 un1ts in length and a 1ong gap 1s of

7. ]7 unlts in: 1ength Each of the 30 1tems 1n the test 15 scored as one f

mark A copy of the test 1tems 1s 1n Append1x H{ ‘f-



f‘ﬂ,‘1tem type requ1res a d1chotomous dec1s1on on the part of the subJe
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Visua]-auditOry~matching Th1s test is the converse of auditory-

. v1suaT match1ng, the v1sua1 d1SpTay is the st1mu1us port1on of.each -

item .and the compar1son sect1on is a set of tones Th1s‘test is included
' :

in Append1x HI L o , ; : '. ’)

!

V1suaT visual match1ng This test is’compriFed of\sets of visual
patterns, where the first pattern of each set 1s kompared to the second
pattern with a. score of one glvEn tokeach correct response for a test

‘\total of 30. A copy of the test 1tems is 1nc1uded in Append1x HT r'It(
‘should be noted that the 1tems in the test are. dlfferent from those ff
o used for the other three modaT1ty match1ng tests, the reasons for tQJS‘

d1fference w1TT be d1scussed

| As stated these four moda]1ty match1ng tests were. deve]oped by the :
.1nvest1gator, 1n contrast to the f1Pst set which were seTected from : |
_ex1st1ng tests In order to deveTop these‘tests such that both the ‘
particuTar needs of the. study were taken 1nto account and the tests
;met des1rab1e psychometr1c cr1ter1a a de51gn and p110t phase was

' undertaken prior-to use of the tests in the ma1n study The course

of deveTopment of the moda11ty match1ng tests 1n th1s phase 15 descr1bed

'!'here 1n four parts asc -~ (a) Des1gn cons1derat10ns,_(b) Test

&

construct1on; (c ) P1Tot test1ng,‘(d) Test rev151on.

Des1gn cons1derat1ons A f1rst cOnswderat1on in the des1gn of the o

1moda]1ty,match1ng tests was the 1tem type to be used The 1tem format f;p"'

"that was empToyed in: these tests 1s the same d1fferent var1ety ThTS ﬂ;,”'

7

';.the st1mu1us 1s presented 1n the f1rst modaT1ty, and then removed or\~
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term1nated fo]]ow1ng which a st1mu1us de51gnated as the comparlson 15 ,i Y,
: presented in the second moda11ty, the subJect 1s asked if the compar1son _ N
stfmulus 1s the ‘same9 or’“d1fferent" from the first stfmu]us. As noted 3
1h the.rév1ew-of ]iterature ‘this‘type of ftem format reduces reTfanCe‘{" |
on short term menmory to a m1n1mum (Goodnow, 1971a)» Furthermore, 1t

appears to be the most feas1b1e 1tem type forqpresentat1on of the, second‘?i ‘
| stimulus in the aud1tory modalfty Mu]tfp]e cho1ce 1tems for match:ng |

‘ tasks that 1nvo1ve the aud1tory modalfty in the presentat1on of the

second st1mu1us are character1zed by the creat1on of 1nterference by :

each alternat1ve for its prev1ous member( )_1n the set of a]ternat1ves“'
;.The effect of th1s 1nterference 1s to make moda11ty match1ng 1nvolv1ng :

. the aud1tory modallty as - the second moda]1ty more d1ff1cult than when

this moda]1ty is v1sua1 thus creat1ng differences in’ the d1ff1cu1t1es h.fﬁ,

© of these two tasks ‘that. are not d1rect]y due to- the nature of the tasks L

. themse]ves ’In Campbe]] and F1ske s (1959) term1nology, the method
‘;var1ance is then d1sprop@rt1ona1 to the tra1t var1ance for v1sua1 audttory
i match1ng As a resu]t of the prob]em, a ”same d1fferent“ item format 1s
preferre§ in stud1es 1nvo1v1ng all comb1nat1ons of ébda11t1es o
| A second cons1derat1on 1n the construction of these tests was

'commona11ty of-st1mu1us patterns across moda11ty comb1nat1ons Mueh] and |

5Kremenack-(]966) stud1ed al] four comb1nat1ons of aud1tory and v1sua1 t'“

o ;~moda]1ty mateh1ng but used d1fferent stlmulus patterns 1n each of the1r L

"four tests The différences they found between performance ]eve]s across
the four tests cou]d not therefore be attr1buted on]y to the nature of
»ithe tasks, because task effects were confounded w1th the vary1ng st1mu1us

'_patterns among the tests The invest1gator 1n th1s study used 1dent1ca1

. >
Y



stimu1us patterns for’ai] four tests tn-the pilot version;, a1though |

~as wif]ube noted in the section on test revision, tt was not possible to

- retain th1s criterion. R | o ’.'v,‘ : S
A th1rd cons1derat1on in the des1gn offthe modal1ty match1ng tests

- was the number of.items to be used In\many c1rcumstances of test

construct1on a comprom1se must be reached between us1ng a large number _

. :\of 1tems in order to 1ncrease re11ab111ty, and reduc1ng the number of -

items in order to m1n1m12e test adm1n1strat1on time - (cf Oosterhof &

Glashapp,hl974) As noted, each item developed for th1s study used a

same d1fferent format and therefore had a chance probab111ty of correct

response of 0, 5 W1th the expected chance score of a test wtth k 1tems

of this type as k/2 The e@fects of theég chance scores on test

hyre11ab111ty through an exam1nat1on of test length and number of a]ternat1ves\

per item has been' d1scussed by Ebe] (1969 1972); who notes that in the'

. case of 1tems w1th two ch01ces a 50 1tem test m1ght be eXpected to have

a re11ab111ty of O 48 by the Kuder R1chardson 21 formu]a and 0 59 by the

Spearman Brown. In the case of the present study, 35 test ltems, flve of |
| which were pract1ce 1tems, was cons1dered to be the max1mum poss1bie .
;number to be USed 1n v1ew of the exten51Ve tota] test1ng t1me requ1red

';lof‘eech SUbJECt It m1ght be expected therefore that test re11ab111ty

,"would be a concern 1n th1s c1rcumstance but as noted by Ebe] 1969)

:~_ h1gher re11ab111t1es than the est1mates he has supp11ed m1ght be found

<~‘1n cases where “:i”‘ _.". ,.' o R ' -

. The test 1tems are’ unusual]y h1gh in qua11ty |

-2 The test 1s unusually homogeneous in content .:;ff ”p°;[['

' 3 The group tested is unusually varlable 1n ab111ty (p 569)
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In lhe present study all three of these cond1t1ons ho]d to a consaderab]e
extent and as will be d1scus§ed in the resu]ts, rel1ab111t1es were found
to -be well above the est1mates supplled by Ebe]b | |

" The ordering of itemsfin terms of difficu]ty indices was a fourth

COﬂS]deratlon in the des1gn of the moda11ty match1ng tests In recent

years some research has been conducted on the merits of var1ous order1ng

‘fcrwter1a but the resu]ts appear equ1voca1 Marso (]970) has noted. that

placing a few easy 1tems at ‘the . beg1nn1ng of a test 15 a well agreed

Ypractwce but the use of. monoton1ca]]y ascend1ng d1ff1cu1ty in test

Bl

»]_ 1tems throughout the balance of a_ test may "be no more effectwve than‘~
'_severa] alternate techn1ques In view of the sample popnlat1ons to be

’ used in this study and the amount of testlng t1me needed for the four

'~hmoda11ty matchvng tests, 1t was fe]t by the present 1nvest1gator that

}‘f subseque blocks, w1th ascend1ng d1f 1cu1ty w1th1n blocks Th ug

ma1ntenance of test mot1vat1on and attent1on would be cr1t1ca1 factors

| For th1s reason a "p]ateau“ techn1que of 1tem order1ng was adopted

ywhereby 1tems were placed in blocks of comp]ex1ty Item patterns .“

-

‘conta1n1ng the lowest number of components (des1gnat1ng a component as
~‘;a s1ngle tone in the aud1tory case and a 51ngle dot in a d1sp1ay 1n the '
b;v1sua1 case) were p]aced f1rst 1n each test to form thé\:1rst block w1th:'
.:‘the d1ff1cu1ty of these in asdend1ng order w1th1n the block. Item »

' patterns conta1n1ng 1ncreas1ng numbers of components were\blaced in Lo

’d1ffypu1ty of the f1rst 1te q

| Fdast 1tem of the prev1ous ' ' obed. e 'H"‘;jvef ts

.,Appendlx H1. . The reader. ma

~referring to th1s ‘Appendix. X\Ft
.. purposes the d1mens10ns of -the items shown in’ the\Append1x are reduced : ...
- from thOSE actua]]y used, see Append1x H2 for/techn1cal spec1f1cat1ons o

]The f1na1 versions. of-the m,da11ty match1ng tests are suppl@ed in.
Ck the ‘test structure d1scussed here by
_should aiso be noted that for d1sp1ay

D

L m .

.
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of these periodic slight regressions in the\overa11 ascending order of
4d1ff1cu1ty of the: 1tems woi'ld be not1ceab1e in the coorse of p11ot

test1ng, and. th1s was noted subgectlvely by the investigator to be the '

L\

case ‘._ R .
The final and perhaps most 1mportant con51derat10n in the des1gn o

v

' of the moda11ty match1ng tests was the deve]opment of the st1mu]us -
1

_patterns to be used In develop1ng the patterns 1t was necessary to
o i '

‘ est1mate first the needed spread in the number of components per 1tem
over the tota] test A su vey - of the moda]1ty match1ng tests used in the

'p.stud1es quoted ondevelopmen al trends1n the 11ght of the age range used

1n th1s study, w1th some add1t1ona1 1nformat1on from Orn s (1970) research
at’ the Un1vers1ty of A1berta, resu]ted in a dec1s1on to vary the 1tem

l

'.complex y from four components to” seven components The b]ocks of four, t-“s
.f1ve, si and- seven component 1tems were proport1oned as. q@ted 1n [

1 ‘Table 13 to make up 30 test items.

5 Tab]e wo |
Number of Components per Item X, .
in P1lot Moda11ty Match1ng Tests o
.ﬁNo;'of Componentswfv- ‘ ,:"1:1 No of Items
5. 8
6 | 8
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The next dec151on w1th respect to the deve]opment of the 1tem -

patterns to be used was the number and placement of 1tems that contalned

Vst1mu1us patterns (i. - the pattern presented in the fTrst modaT1ty)

l
that were the samé* as the compar1son pattern (T e., the pattern presented

_ in7the _second moda]ity) The number and p]acement of 1tems was‘ ;
»random1zed through the f11p of a co?n glVlng a des1red correct answer
" of same or- d1fferent to each of the th1rty 1tems to be constructed
The f1na1 step 1n thlS procedure was then to des1gn the 1tem
’patterns using the number‘of compOnents dec1ded‘upon ‘Several gu1de]1nesl ,
~ were. adopted‘in thds'procedure F1rst the 1ocat1on of cozponents was d-‘
systematlca]ly var1ed 1n the 1tem patterns across the tota] test A |
noted prev1ously, the patterns of the components var1ed from s1mp1e to
comp]ex in b]ocks def1ned by the number of components in each pattérn. 1.

,Second for those 1tems where the compd?1son pattern to be constructed

was to be d1fferent from the stlmulus pattern, thrs d1fference was a]ways .

, restr1cted to a re]ocatwon of one component 1n space or time 1n the
_comparlson pattern w1th no change in the number of components

: Fubthermore the re]ocat1on of the s1ng]e component was randomly var1ed’ B

Coin pos1t1on from the start of the compar1son pattern to the end of the jl‘-' .

,compar1son pattern Thus any 1tem hav1ng a correct answer of "dlfferent”,] e

could have a d1fference in the compar1son pattern at the beg1nn1ng of the"»*,AT

o 3pattern, as for examp]e 2

: . ?D1mens1ons used in the fo110w1ng two examp]es are d1rect1y
o proport1ona1 to fhose used 1n the flna] verswons of the tests
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Stimulus pattern ‘ ‘
. o ¢ {

e  eeee o0
- . “Comparison pattern | A '
S ) | o, , o,
. e® @ eee - ee ot

~or a difference at any point throughout the pattern to the end, such as:
. . . . . \. ) . ) o . .
%% " Stimulus pattern. o : oy

e - eeee oo
, - Comparison pattern
o 4. o0 - ® lbii

On the basis of the f1ve des1gn cons1derations noted above ftve
Aexamp]e 1tems and . th1rty test 1tems were p1anned for construct1on

It was dec1ded that scor1ng of the 1tems would be zero and one for
an 1ncorrect and correct response, respect1ve1y, WIth no correctlon for

.{ - guesSJng (A1ken, 1968 Frary, 1969) ; : B U t' .

N

Test construct1on Once a comp]ete set of 1tem patterns for the test

‘had been de51gned construct1on commenced on the p110t vers1ons of the S
tests A comp]ete de3cr1pt1on of how the tests were constructed 15

5 1nc]uded in Append1x H2 w1th the 1nstruct1ons and scr1pt for each test

~1nc]uded separately in Append1x H3.

2 - . .
. . O CEEN . N -

P110t test1ng_ The four moda11ty match1ng tests were g1ven a p110t ‘ ;f-,,

'tr1a] 1n the’ year prev1ous to- the ma1n study (see Appendlx A)
"The subjects selected for th1s purpose const1tuted a samp]e def1ned o
'\'fs1m11ar1y to the sqmp]e used 1n the ma1n study, w1th some reduct1on 1n B

jes1ze A group of 60 boys in grade 3 1n«the Edmonton Pub11c Schoo] System*' E

g

'w{ ifwas 1dent1f1ed on’ the bas1s of Canad1an Lorge Thornd1kﬂ Inte111gence Test@ﬂ? B

-—

_::scores The sample was made up of . 30 boys with verbal IQ Scores bEtweep 'Tj>;”¢

P e T T

i I S i



as be1nq of equa] d1ff1cu1ty for all 1nte111gence groups w1th no h‘

'~// Test rev1sion “on the bas1s of the plTot data (see Appengix H4)

';one of the tests was- rev1sed The v1sua] visua1 matchlng test

96
70 and 90, and 30 boys with verba] IQ scores between ]10 and 130. :
A]] of the subjects were ‘given.the four moda11ty match1ng tests, ;o
with the order of administration of the tests random1zed |
The data which was co]]ected from the test1ng was ana]yzed in terms
of 1tem d1ff1cu]t1es for each group separate]y, and for the pooled
groups. 0rd1nar11y in construct1on of te}ts of the type used here, a

second cr1ter1on that would be used 1n the se1ect1on of 1tems wou]d be :

tetrachortc correlat1ons between 1tem score and group membersh1p An -

~1mportant po1nt in the ratlonale for th1s study, however, is that the

ob3ect1ve of construct1ng the four moda]1ty match1ng tests was not to

bu1]d 1nstruments which wi]] d1scr1m1nate between 1nte111gence gr0ups;

3 Rather, it was to construct tests by vary1ng content systematlcally, and

then note how th1s content 1s processed by d1fferent 1nte111gence groups

~ fIt hay be poss1b1e us1ng the 1atter rat1ona1e that some 1tems emerge

d1scr1m1nat1ng powei Th1s of 1tse1f is an important f1nd1ng and would
be h1dden by screen1ng 1tems at the pllot stage on the. basas of the

cr1ter1on of d1scr1m1nat1on Thus the only necessary stat1st1ca1

'Acond1t10n’that the items had to meet once they had been constructed

u51ng other a Er1or gu1de11des is that there was a su1tab1e leve] of

f"; d1ff1cu1ty SO that f]oor and ce111ng effects could be reduced

)

onta1ned

Vﬁfan exc9551ve number of 1tems that had dvffxculty ]eve]s 1n the range of

g

= :
85 and above Some of the 1tems in th1s test were retalned and fu“ g;,

Ty

B add1t1ona1 1tems were constructed In order to 1ncrease the 1eve1s of ;
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difficulty, longer.item‘patterns were uséd, employing a range of
components.from five-tO‘nine; The distribution of blocks of.patterns
_in:the thirty items was redesigned as shoun in Table 14:

Y

Table 14' | B (e

: Number of Components per Item
in Rev1sed Vers1on of V1sua1 Visual Match1ng Test -

~ “No. of Components S R No. of Items
vy | X \“ )
2 S _
6 | | A 4 .
7 6
8 ' . : ; 8 _
9 ' 10

Thus, as 1nd1cated in the f1na] ver510ns of the. tests in Append1x H]

Rl

the v1sua] v1Sua] match1ng test was rev1sed to a compos1t1on d1st1nct

from the other three unrev1sed tests for aud1tory aud1tory, aud1tory-

[ 3

v1sua1 and v1SUa1 aud1tory match1ng

' Schoo1 system tests N

A

In add1t1on to the 11 tests d1scussed preV1ously, a11 of wh1ch were

<o,

adm1n1stered to the subJects by the 1nvest1gator s1x test scores from

1

student records were 1nc1uded A]] of these scores had beeq,obta1ned

through a. regu]ar sch001 system testtng program w1th1n six- months prev1ous T

to the date of commencement of th1s study The tests are compr1sed of ‘ ;'

s two 1nte1]1gehce measures and four ach1evement measures 7?3‘

S
i .
[
|

P
B
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Verba] 1nte1119ence, This test is the Canadian. Lorge- Thornd1ke

\
Inte111gence Test, CanadJan Mult1 Level Edition (1967) The test

.

conta1ns items 1nvolv1ng synonyms,,semant1cs, reason1ng, concepts and

funct1ona1 re1at1onsh1ps A verbal IQ score 1s der1vedufrom norms.

1.

Nonyerbal intelligence. The Canad1an Lorge Thornd1ke -also- supp11es |
a nonVerba1‘IQ score. The items in this. test 1nc1ude shape s1m11ar1t1es,.
numerical seriatjon; functional relationsh1ps between-obJects,,and.shape

’.analogies;. A set of norms‘is used for this,teSt to derive the IQ.score.

Word meaning. This is a.subtest of the Stanford Achievement Test,,
Form W (1965). The’?TEms 1nvolve cho1ce of the correct word from ‘a set
of four alternat1ves, to form a comp]ete sentence o

»

Paragraph meantég This test is a]sc>a subtest of the Stanford Ach1evement

test, “and conta1ns 1tems made up of short. paragraphs, several words of
wh1ch are m1ss1ng Theccorrect words are chosen_from sets of fougt

. a]ternat1ves. :

<

»Word stUdy'ski11s The fh]rd subtest of the Stanford Ach1evement test

conta1ns 1tems on. s1m11ar1ty in aud1tory and v1sua1 phon1cs

g

Mathemat1cs ach1evement Th1s test 1s produced by the Edmonton

Pub]1c Sotoo1 System and measures understand1ng of bas1c ar1thmet1c s

operat1ons 1nc1uding number Tines,. re]at1onsh1ps operat1ons and zfd

geometr1c f1gures
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- Summary Tist of tests ; '
A list of the tests thgt have been d%scus;ed is given in Table 15'.
- The order in which these tests are listed will be retained throughout
all subsequent references to them.

0 Table 15

Tests Used in Study

1. Raven's brugressive Matrfces
2. Figure copying | . ~
3. Memdry fbr’Desibhs
4. Serial recall |
- 5. Free recall - .
6. Visual ShOh%-tenn Memory [/(‘ h\ g
7. Word reading
A8. Auditory audltory match1ng
h9. Auditory-visual match1ng ‘
QQ 10. V1sua1-aud1tqry\match1ng - %"
11, Visual-visual matching
12. Verbal infélligénée' «"\
13. Nonverha] 1nte111gence

14. WOrd mean1ng

15. Paragraph meaning"

16. Word study skills

4

_7 ~ 17. Matheméxics>achieVement




Procedure

LA

Of the seventeen tests on which daté were coi]ected 1h'the studu,
e]even of these tests were administered by the 1nvest1gator The ffrsf
set of seven tests drawn from Das {1973c), weregedm1n1stered in random

. order. o 1 | T ot o | .

The second set of four tests which were constructed by the

investigator, were administered in-a ba]anced design‘within each IQ

‘ gromo,&n\order to_compensate‘for possibTe.transfer-effects from a given

sequence of adminisﬁration of these teSts " This ba]anc1ng was
- accomplished by uswng a s1mp1e four by four. Lat1n square des1gn

(Cochran & Cox, 1957) and randomly ass1gn1ng 15 subJects in each IQ

- group to each of four orders of tesﬁ adm1n1strat1on SubJect ass1gnment

/

"and ordér of test adm1n1strat(;rkgs sunmar1zed in F1gure 3.

~ .")

) - e Order of Test Adm1n1strat10n
Groups (N = 15 each) o ' - .
R A B c D -
2 D A
3 B C
4 A B
. ) 7.

: Audwtory aud1tory ma ch1ng
Audifory-visual matching
Visual- aud1t?ry matching

Visual- -visual matching, |

OO
oo

- Figure 3, 'Balanced»desrgn‘for»order 6f‘adhfnistration.of modality

-matchipg tests

- E 100
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In the administtation of the tests, the chmmon]y accepted '
'procedures for eStablishihg testfng~environments were recognizedt(Fiske,&-'
Butler, 1963). Cehtra1| flong these tonsiderations was ah/attempt to
estab11sh a common 0r1 ntation towards -the tasks on the part of. sﬁbJects
~in the three IQ qroups. It was anticipated that attention and" other
factors that .arp part of the re]at1onsh1p between ‘the. test adm1n1strator
»and the subject would vdry across the IQ groups » Therefore, in part as
a result of this variation, and in part~ae é re$u1t of the requlrements_»
of the taihs themselves, the tests were adm1n1stered 1nd1v1dua11y, or 'v
in smé]] groups of four to six subJects with no 1arge group test1ng
A Tist of the 11 tests wh1ch were adm1n1stered w1th the order of

- test adm1n1strat1on and the group s1zes used, is glven 1n Table 16

Table 16 2

Order of Presentatidn and Group StZesCﬁor_TegttAdministratidn‘

'Order'of f:

“_;- Tests ) Admimistration Group' Size
L - : bl . C L
1.:Raven's Progressive Matrices random ‘ small
2. Figure copying | o random - _Smal]
" 3., Memory for Designs —_ random - small

4. Serial recall o . random .~ -individual
b Freerecall . - . . random  individual

6. Visual Shokt-tenn*Memory‘._'eA} o ~"random'v\ ©two :

7. Word reading .. " random o nd1v1dua]f .

‘8f'Aud1tory aud1tory matching =~ . '5ba1anced'tt t<.'ﬂsma11 |

7 9L"Aud1tory visual matching R 'bhjanced-* T small-

0. Visual- aud+#hry matching o ba]anceqf'_ - small “
1;‘V1sua1 v1sua1 match1ng S balanged - ‘1”§ma11;. .

U d d

——r



CHAPTER V
*RESULTS

- The following discussion 15 d1v1ded 1nto sect1ons by type of
analysis, with the- substant1ve 1mp11cat1ons of the resu]ts of these
.analyses deferred for later examtnatton A descrlpttve overview of the
age character1st1cs of &pe samp]e chosen and the data col]ected for the
1nvest1gat1on is g1ven f1rst  This is fo]]owed by the results of the ‘
ana]yses performed on the data, which 1nc1ude ana]ys1s of var1ance,-

~d1scr1m1nant, and factor ana]yses
Descriptjve Statistics;

As d]SCUSSEd prev1ous]y, the des1gn of the study 1nc1uded sampllng
from three ranges of the IQ d1str1but1on for grade 4, w1th match1ng-
among the groups on chrono]og1ca] age It was expected that the mean o
chron01091ca] age (CA) of the subJects in the ]ow IQ (LIQ) group would

“"be h1gher than ‘the mean CA for the nOrma1 IQ (NIQ) and h1gh IQ (HIQ)
groups‘ Table 17 demonstrates this dlscrepancy vThe LIQ group was.
apprOX1mate1y Six months o]der than the other two groups.. A]so as
expected the standard dev1at1on of the. LIQ group was h1gher than that R

f{»d _:;' of the NIQ and HIQ groups The dlfference between the LIQ group and 'éﬁfk~ 3

{each of- the other two groups was found to be stat1st1ca11y sign1f1cant

: (F [2, ]77] 32 60, E_s 0. 0) w1th no d1fference between the NIQ and .
lHIQ groups The 1mp11cat1ons of th1s CA d1fference WIll be-. d1scussed in f”j_V;f;
-terms ‘of its effects on subsequent statlst1ca] ana]yses, for each analys1s |
'-1n turn _.;' ) hf,, ﬂ.;f-'.v | f:fd':up4ﬁ75fh","'éf~t'ﬂ"f"“Tfifa‘:

Ltz
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o ~ Table 17

Means and Standard'Deviations _
of Chronological Age for-the'SampTe'Groupsu

BN NI - HIQ
L D ) Mo sD

Comnesot M2.s5, Ly
641 335 0 3.

' The data that was co]]ected for the study 1ncorporated T7
/

varlabTes, as summar1zed in. Tab]e 15 for 60 subyects in each ‘of the.

‘;.three IQ groups The f1rst TT of these var1ab1es represent tests that
were dm1n1stered by the 1nvest1gator w1th the &ataufor the rematnlng
.s1x ests .drawn from schoo] records The means and standard dev1at1ons

fo each of the IQ groups on the 17 var1ab1es are g1ven 1n Tab]e 18

There are three maaor aspects of the results in TabTe 18 that
should be noted F1rst verba] and perf0rmance IQ, Wh]Ch for most -
'sequent anaTyses will be treated as 1ndependent var1ab]es have been
1nc1 ed 1n the descr1pt1ve 1nformat10n as var1ab1es 12 and 13 )
frespect1-e1y These two var1ab1es acted as the ma30r selectwon cr1ter1a
" for the subJects in" the study with- the Lig, NIQ and HIQ subJects :

:'sselected 0 verba] scale from the ranges 71 90 91 TTO and TTT T30'.‘l'

~'The per“rmance Scale ranges for seTect1on of these three groups were ]'}: -

t_set at 66 95 86v115 and 106 T35 Of part1cuTar 1nterest is. the symmetry
aof means and standard dev1at1ons for the three grgups on these IQ '

'T“_ measures The Canad1an Lorge Thornd1ke has been normed w1th a popu]atlon

l;fmean of TOO and the NIQ group 1n th1s study has a verbal IQ mean of TOT 03



'C>>‘ _Variable 0 Test. {

——— e o iy med e a0 a e o

Raven's Progressive Matrices. 23.23

.10
1

12

.321713. { Pérfofmance IQ ;:
Y
."f5f»L
Sf; 1§ }j

7 :

1

" Serial recall

‘Verbal 10

erdﬁmeaning_gT_'

‘ Table 18
“Means and Standard Deviatjons'of Data for Sampl¢ Groupé

-

~Figure copying

‘Mémory for Designs -

AN .

Freé recall

Visual §H5rt-term‘Mémony_':’

Word reading

Ayditory-auditory matching
‘Auditory-visual matching -
* Visual-auditory matching '

Visual-visual matching -

ParaquphjmeanihQ,di;A;fﬂ“
Word ‘study skills

~Mathematics achievement . -

LIQ

NI

oM

SD

.

4.

14.82 .

68

81

43

.00

57.

8]

‘_ 24;
fiéo}
'  39;§5
s

07

)
10.

—

89
 -?14&
.88
.35
78.
564'

57

28

j T7;
23

65

63

15,05
- s,
12.88
S “"'v’”
12.92

59

.70

09
101,
99

100,
27

26.08:

88.

22

27

18 .

i}i'32; )
97" 19,65
L ar.92
S .30 o
1508
.

| 63.
21

" 23.
97
o2
04
.26,
66 . |
R T

10

55

0
405

15

03

370

20

92

B >532,
27 . i

92

376

',_5;21:{

7500

18,78

R

3.38

2.41

2.1

o e e

SRR T
L N

.26;i4f  4I ﬁ?
21.38

i



g
- 105

b

Furthermore, the LIQ, group mean for verba] IQ 18 approx1mate]y 19 points

S~ 2y

: be]ow the populat1on mean, and the HIQ group mean/1s approx1mate1y '
. ,) T
19 p01nts above ‘the p0pu1at1on mean,- w1th standard dev1at10ns approx1mate]y
equaI for aII‘groups Thus, random samp11ng on ‘the maJor cr1ter1on of

verb/J/tQ/resuIted in the def1n1tron of three groups with almost prec1se

SN

symmetry reIat1ve to d nor‘al IQ ﬁurve »
Eor performance IQ, h9We r,\the/sdmleng re u]ted if an expected

s11ght asymmetr1c def1n1t1on of the gr//ps/ For the‘NIQ’agd HIQ. groups ,,~’*//

the means are extreme]y c]ose to expectatlon, and to the means for .7(4eJ:'
- verba] 1Q, but for the LIQ group the performance 10 mean is s]1ght1y

more than four po1nts higher. than the verba] IQ mean, Th1s asymmetry'v'
- resu]ts from the generaIIy h1gher performance IQ scores of . ch11dren
def1ned by ]ow verbal 1nte111gence Aside from th1s s]19ht asymmetny

1n performance 1q, then, the f1rst maln po1nt to be noted regardlng the ,”
resu]ts 1n Tab]e 18 lS that the def1n1t1on of the groups by IQ is"
surpr1s1ng]y symmetr1c, in v1ew of the random samp]1ng of a]] IQ $cores
in. grade 4 in the schoo] system N | o - |

A second and more m1nor p01nt 1n terms of the focus of thIS '

S study 1s the 1ncrease 1n ach1evement scores represented by var1ab1es 14

to ]7 as a funct1on of IQ Wh1]e 1t 1s not the 1ntent10n of the present
| study to exam1ne ach1evement in depth the p051t1ve and un1form 1ncrease
-T 1n the read1ng and mathematwcs data by IQ c1a531f1cat10n is 1nterest1ng, ;ig'tﬂt
1f not d1sconcert1ng The pred1ct1ve power of the Lorge Thorndlke |

Inte]]igence test for - the Stanford Ach1evement test has been noted ear11er
(cf Proger McGowan, Bayuk Mann Trevorrow & Massa, ]97]) and w111 not

/

be conf1rmed formal]y here but the var1at10n 1n the groups 1s seen
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' scores for the tests that were adm1n1stered These tests are ]1 ted

. "tests.that appear to 1nd1cate the greatest d1screpanqy 1n group

o performances are Raven S’ Progress1ve Matrices and Aud1tory-visua}

106

readi]y. This™achievement data will be utilized in a minor way in

subsequent discussion.

The th1rd and major aspect of 1nterest in the resu]ts that ar

as var1ab1es 1 to 11 w1th the f1rst seVen tests drawn from prev1ous

s1mu1taneous successwve process1ng research and the 1ast four

. constructed by the 1nvest1gator In order that the trends of these .
variations may be more read1]y~d1scern1b]e the data for each of the

'var1ab]es was standard1zed by pool1ng the three IQ groups and then ;_"

express1ng the IQ group means for each test as a. standard score
re]ative to the grand mean ' For var1ab1e 3 Memory for Des1gns, the {

1nverse relat1onsh1p that resulted from scor1ng errors rather than f:

correct respOnses was transfonned by the formu]a Y 5 00 - X

:r’J'

' S1m11an1y, var1ab1e 7 WOrd read1ng, 1ncreased 1nverse1y 1n re]at1on
to IQ and- was transformed also, ut111z1ng Y 50A- X when standard1zed
o ‘the data from varwables 1 to 11 1n Tab]e 18 becomes a clear prof11e v"

'for each group as shown 1n Tab]e 19.

The transformed means d1sp1ayed in Tab]e 19 show a un1fonn rank

‘f'order1ng of performance on the ]1 tests as a funct1on of IQ This data S
"4§;1s plotted din F1gure 4 where th1s rank order1ng 1s apparent w1th the ST
".-only except1on of an 1nverS1on of means for F1gure copy1ng 1n the LIQ ‘

and NIQ groups a]] of the group means 1ncrease as IQ 1ncreases _The:.-V*h:ﬁ

"‘

fﬁatch1ng The ]east d1screpancy between the groups appears in Visual
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~ " Table 19

~ Standard Score Means. for Sample Groups]'

—_— et o e

Variable S Test 0 LIQ: NIQ . HIQ

et e e e e el

U Raven's Progreésivg»MQtrices" -;0;64 | —0.12‘,. 0.76
2 Figure copying R AL 028 0.4
“;.3 }_ Memory. for Des1gns S . -0.23 012 f.0;35
4 “Serial recall o ,.'0.-54 ©'0.05. 049 |
| S :  .Free reca]]  J:f_ f "‘.'; '9;52‘7' ”O‘is | 0‘36'

6 Visual Short-term Memory 027 0.09. 018
S iord reading - ,‘15‘A ' "'g-o'4i 008 0.3
-"8;': Aud1tory aud1tory match1ng o -0.48 . '0.07 ‘_'0}41"

9 | 'Aud1tory v1sua1 match1ng > | v-O 70_.A  0.00 "ij;0{70:
JO ‘Vlsualfaudltory_matchmng‘_ )  _-0f53 “_.0.63?  1-0,§01‘ ; .@: |
0

R N ”':77‘VisuaT-QiSualfmaching' T '.;0,51 .f:",Tﬂfl] QOJ40“__

e ke - P

1M6mory for Des1gns transtrmed by Y 5 00 - X, Wordfreédiﬁg :
transformed by Y = 50 - X i RN
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‘vShort term'Memory Ana]yses to be d1scu55ed subsequent]y w111 refine
the 1n1t1a1 v1sua1 1mpress1ons given herg"g | -

In supplement to the descr1pt1ve 1nformat1on supp11ed by the means
""and standard dev1at1ons, Tab1es 20, 21 and 22 g1ve the 1ntercorre1at1ons

- of the tests for each of the IQ groups Chronolog1ca] age has been

l ‘added in’ these tables as var1ab1e 18, in. order that poss1b1e effects of

'.unequal CA across the ~groups may. be referred to in subsequent dlscuss1ons '
g - The, final descr1pt1ve 1nformat1on to ‘be d1scussed 1s the ' | |
“reliabil]ities of the four: moda11ty match1ng tests constructed hy the
'.1nvest§iator Kuder R1chardson 20 coeff1c1ents (K-R 20) were ca]cu1ated
~w1th1n each 10 group for each of the tests These coeff1c1ents are }

s .

dlsplayed in Tab]e_23.
Ta“b1é 23' R |

Kuder R1chardson 20 Coeff1c1ents TEN
for Moda11ty Match1ng Tests for Samp]e Groups ’

” | s ’f-L;o - NkI,-Q‘.-.jﬁ wme
. AUdjtory-auditory.matching:""50.60h=f‘ ”077],”;¢n30;74 . o
L Auditory?visua};matching o f~“0;64' f'h.0;6§:?:’.;uf78f
Visial-auditory matching ;‘;<5-o.éo:-_:'ﬂb§a4;] j’39164ﬁ:ff"vf57[.
”h*!z@suajfvisaajimafghigg«'j=;;,_aﬁo;731’,§;.0;53, vf:;6554i}_‘"
| A R .;t\,;s

The range of the K R 20 coeff1c1ents shown 1n Tab]e 23 1s from 0. 60
Es to 0 84 Kuder and R1chardson (1937) have shown 1n the1r der1vat10n of }hf

the K R 20 that 1t 1s a conservat1ve estTmate of re11ab1]1ty, with

underest1mates g1ven when assumpt1ons Qf the formula are not fu1f11]e'if'5jf
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by the data (cf. Stanley, 1957). Thus, in terms of the earlier’
discussion on considerations in test‘conStruction, and projected

re]1ab1]1ty estlmates for tests of this type as given by Ebe] (1969), the

(N

‘luég expectat1on of good rel1ab111ty 1n the case of the present study was

-~

supported. The coeff1c1ents-noted 5bove are not exceptiona]1y~high, but

they are adequate.

Analysis of Variance
5 a . . . | |
It has been-suggested by the trends, noted in'tﬁe previous settion

that 1Q group differences exist on most if not’ al] of the N dependent

var1ab1es 1n the study. In order to expﬁore these trends, a three- group

S

one- way fixed effects mu1t1var1ate analysis of var1ance (MANOVA) was
performed on the data from the 11- tests (Tatsuoka, 19713 The cho1ce

of this technlque, rather than the use of 11 separate un1var1ate
. N
ana]yses of 'variance, was made fgr two reasons: - (1) the relat1ve1y'

&

1arge number of tests could resu]t 1n 51gn1f1cant d1fferences be1ng

" found on one or more un1var1ate tests merely by chance (2)-it was

poss1b1e, a]though not 11ke]y in this" part1cu1ar study, that no 51gn1f7-

cant d1fferences could be found on separate un1var1ate tests, but W1th
a general effect found  when the tests are cons1dered co]]ect1ve1y

- The resu1ts of the MANOVA 1nd1cated s1gn1f1ca“

the groups with a W11k‘s Lambda of 0 44,"and F 22' 334) 7 70
(R< 0. 01) As a p01nt of 1nterest the 1 un1variate aha]yses of :
var1ance were a]so performed a]] of wh1ch resu]ted in probab111ty

values less than O 05 w1th most estnmated by computer at 0. 0 Thus,i"-

in conf1rmat1on of the v1sua1 trends 1nd1cated in. F1gure 4, the three

i

"1fferences between L
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groUps in the study represent samp]es from three distinct populations
relat]ve to theQ11 dependent var1ables utilized. .

Before leaving this d1scu551on of the stat1st1caj significance;of‘.
the'djfferences between the IQ groups, an‘important:point,should‘be
noted with respect.to the original destgn of the study. . It has heen
' stated that conceptua]]y'the:study'is-a CA match design.with id as the
ulindependent variable. The effects of the s1gn1f1cant 6 month d1fference A

in CA between the LIQ group and the other two groups therefore needs to
be addressed It can be observed in Tab]e 20 that' the corre]at1ons of
“CA w1th the ]1 var1ab]es ana]yzed~by the MANOVA are all 1ow w1t lt o
"obv1ously 1nslgn1f1cant »Furthermore tdg s1gns of these coeff1c1ents
.are a]] consistent with a direct deve]opmenta] re]at1onsh1p between .

' _performance on the 11 tests and chrono]og1ca] age On the bas1s of these

.correlat1ons, it is possible’ to pred1ct 1og1ca11y the effects of

| equallzIng CA in the MANOVA through covar1ance, 1 e , matchwng the -

- groups stat1st1ca]]y through using’ CA as 2 covar1ate (cf Hopk1ns, 1969

Stanley, 1967). For a]] 11 varlables th1s wou]d further 1ncrease the
.d1stance between ‘the’ samp]e centro1ds a d1stance wh1ch has already been..'
shown to be S1gn1f1cant If the latter was . not. true a Type II error °'H
wou]d be p0551b1e in not covary1ng (G]ass & Stanley, 1970) Thus 1t 1s i
1:not necessary to exam1ne the su1tab111ty of the data for covar1ance B

H(E]ashoff 1969; G]ass, Peckham & Sanders, 1972), or to broach the

"thorny issue of match1ng and ex pos ﬁacto de51gns (Meeh] 1970 Stan]ey,t;.'

l}1965 1966 1967) The MANOVA results/xeported here 1nd1cate, 1n effect,"*

Aut]ower bound estrmates of the resu1ts of covar1at1on and the ana1y51s of L

\R

.‘1 Var1ance results may be referred to 1n the context of a CA match between 7'f_f

igthe samp]e groups
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Discriminant Analyses

It was indtcated in the results of .the MhNOVA that differences
exist between the three sample centro1ds as def1ned by the s1mu1taneous;
success1ve‘¢ests and the moda11ty matchln; tests As a 10919&1 |
extension of the MANOVA procedure, a d1scr1m1nant ana]ys1s was performed

“to artlculate the nature of the d1fferences on these 11 var1abTes -

' (Tatsuoka, 1970, 1971) | |

| " The vectors of we1ghts for the d1scr1m1nant funct1ons ut11121ng
-,var1ab1es 1 to 11 are presehted in Table 24. It was- found that the two
,Afunct1ons der1ved accounted for 55% of the var1ance in the dlscr1m1nant
space, with Chi square = 139, 57(9_ 0.01) for the f1rst dlscr1m1nant ‘
"root and Chi square =17, 06 (p < 0. 07) for. the second doot

Severa] aspects of the resu]ts presented in Tab]e 24 are’

/ A
informative. - F1rst the very strong effect of Vector 1 re]at1ve to

Vector 2 is ev1dent both in the Tevel of s1gn1f1cance of the f1r5t | A

e1genvalue and the. OVerwhe]mIng amount of common var1ance accounted ford'
-by th1s vector In compar1son Vector 2 is only of pass1ng 1nterest ‘
Hbecause 1ts root does not have strong s1gn1f1cance and the vector ’A,'
-acc0unts for. on]y 9% of the var1ance._' | | _ e
The test re]at1onsh1ps to the two vectors found 1n the/d1scr1m1nanti'ﬁ

‘ analysws are of course of pr1mary 1mportance The f1rst and maJor

_ vector:has 1ts 1argest pos1t1ve we1ghts der1ved from Raven s Progress1ve :v,'

Matr1ces and Aud1tory v1sua1 matchlng A]l other welghts are
-»con51derab1yfjess s1gn1f1cant re]at1ve to these two The domlnance of
.these two tests in d1scr1m1nat1ng between the IQ groups s conf1rmat1on

"[‘Aof the trends d1sp1ayed in F1gure 4 ’
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Table 24 .
Mormalized Discriminant .Function Neigh£s=.""'.].
for Simultaneous-Successive and Modality Matching Tests -

—_— - - - —_— —— e e,

Variable '  Test . Vector 1 Vector 2.

1~ Raven's Pkoéressive Matrices .-649' - ;v;084;

Y  Figure cqpying:‘__,' - 1 -3 ;812 i
3 Memory for Designs -~ e ]42"_..- | 664' 5

4 Serial retall e am
5 Fféefkeca]]\ | .vf' 130 ,' ;3191}‘-'

1, 6 f~ , stua]Shdrt-term Memofyv  - -027. '.‘-‘» 6084'{

7 wbrd }eadipg o f‘ ,j_A f}024-. -; -065_';'

g . 11Audffory-agditory%matcning o Jzéf:' _  :126_A
l.9‘?u:'.1Auditory4visﬁa1 maﬁch{hg; ', :n..:_697_f,- 1 :aO34'?ﬁ
10 vVisdaiaaqdftdfy matching. 003 0%

1 Visual-visual matching ., 178 43 .

[

- ._"-—-' T . i ‘. v‘ .

. % Variance o S B  _“i;'“: 90:9iﬁf {_'_“9709ff"

| Eigen9a1ugs-<"' r ,(‘ f' : ‘;:f o  ’]}056ii;i  0;166 ;31‘~'."'*v

| _]Deéiméisxomitted_from‘ve¢;6r1w¢igh;$y» ;.



| i are presented 1n Tables 25 and 26

7
The second vector found 1n the d1scr1m1nant ana]ys1s has a large :
negative weight g1ven by F1gure copy1ng and moderate p051t1ve we1ghts
given by Free reca]] and V1sua] v1sua1 match1ng It was noted 19 the
descr1pt1ve stattst1cs that the NIQ group had a, lower mean than the. LIQ
on Figure copying, whvch could’ account for the curlous trend of we1ghts
'Aon th1s vector. No- 1nterpretat1on will -be p]aced on’ th1s vector because
of its ]ow s1gn1f1cance | | | ) .
The resu]ts that were presented in Tab]e 24 1ncorporated both the
;s1mu]taneous success1ve tests and the modality match1ng tests into.a T'
s1ng]e d1$cr1m1nant ana]ys1s Thus the relat1ve contr1but1on of each
| test in the context of the total 11 varlables was: determ1ned Add1t1ona1
d1scr1m1nant ana]yses were performed for thz two batterles of tests
Z separate]y, 1nnorder that: (1) the poss1b1]1ty of d var1ab]e 1n one. 1d.
-battery act1ng as a suppressor for a varwable 1n the other battery could
b’ ) .

~ be precluded (2) the re]at1ve 1mportance of tests w1th1n batter1es

'.could be asses$ed The results of the separate dlscr1m1nant ana]yses B

AP _'

o

The’ trends noted in Tab]es 25 and 26 conf1rm and sl1ght1y magn1fy the;:i"

'ﬂzresu]ts estab]1shed by analyz1ng a]] of the tests col]ecttvely, w1th1n

fthe 51mu1taneous success1ve group of tests‘éhe IQ groups are maxwmally

‘ disc"’m’"ated by RaV%n s Progresstve Matr1ces The Audttory-v1sua1 match-pff::

t’~1ng test 1s the strongest d1scr1m1nator among the modallty matchtng tests"

As an adJunct to the dlscrlmlnant ana]ys1s on the s1mu1taneous- ;_;*vf

successlve and moda11ty matchtng tests together, d15cr1m1nant score means_;,n_:n

and standard dev1at10ns were ca]cu]ated 1n order that the var1ance

;1
-on. each of the tests could be. d1splayed by vector sca]e va]ues
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Table 25

'.Norma11zed Dlscr1m1nant Function Ne1?hts
for S1mu1taneous Success1ve Tests

Variabie ‘ o Test .~ wvector 1 Vector 2!-

S :} | vRaVen‘s.PrOQréssﬁve Matrices | ) .944 | '_'-036» _
2 . Figure copying . s e

3 :Memory’fofJDesjgns o :  T o0 R ;.1]5af

'.4‘,f1 'Seria] recall” R ': _L‘ : f.;.pgg. ;'.vf_,153'} .~i"'

K -'.5. '_"Free reca]] ". ;f .vf *»..249'i;f‘,.1,46§{r:n‘; o

 § v"'o V1sua] Short term Memory A~‘:};Qq9f'; ’;:f;osoi.ei

S 7 Word reading - ‘:'.['-;030 BRI T

--------

FRVariance gy 57?_;'_._]_,»;.'10;43:]‘;? o

' Eigepvalues v C RER 0 745: gz

 7Déc1maTs,om1ttedfffom‘yec;or:weights S

.
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Table 26

MNorma11zed D1scr1m1nant Function: we1ghts.
for Modality Match1ng Tests! '

Variable - | Test - "Vector 1 Vector 2

8 Aud]tory aud1tory match1ng o297 - 230

9 Auditory-visual matchlng 939 '4551
10 _:. 'V1sua1~aud1tory-matching ' "~]OO' | 027

1 Visual-visual matching = . 142 860 -

Klariance T w1

CEigenvalues . . " g5y 0 o1otﬂ

o

"Dectmals omtttEd.fbr;vectOr-WeightSZ

In add1t1on the cross products of the norma11zed we1ghts were ca]cu]ated

'.d f,to g1ve the cos1ne of the angle between Vector l and Vector 2 wh1ch 1n

'turn 1nd1cated that the ang]e between these two vectors close]y

;’*:'approx1mated orthogona11ty at 91° 55' The means and standard

,'.5jdeV1at1ons for the d1scr1m1nant scores are. g1ven 1n Tab1e 27 A 910t of .

;'th1s data uswng orthogona] axes for d1Sp1ay purposes 1s g1ven 1n F1gure 5,; df
ﬁjﬂthe length of each bar 1n thlS f1gure des1gnates one standard dev1at1on -
; The effect that 1s d1sp1ayed 1n F1gure 5 1s 1nterest1ng in severa]/
‘respects The tests wh1ch ma1n1y compr1se VectOr 1 are demonstrated to

"d1fferent1ate the groups qu1te equa11y on th1s d1men510n On Vector 2

';;however, an 1nverted relat1onsh1p 1s evident with the LIQ and HIQ groups 55;“.:

approx1mately equal and the NIQ group s]1ghtly above both of these groups

TR
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Table .27 - |

| D1scr1m1nant Score Means and Standard Dev1at1ons
for S1mu1taneous Success1ve and Modal1ty Matching Tests]

'»LIQ - _NIo‘, | ‘i~fh' HIQ -
o - SD.p_ oM ,SD.1_~Vh' N s
CVector 1 38 L me aoas |
T R s s
Vector 2 1454 16.26 U ass | :
| S 230 52;19

ToeriVed_from Variab1esflftl

‘"dThe trend on Vector 2 appears to.result 1n 1arge part from the Iower 3
scores atta1ned by the NTQ group on F1gure c0py1ng d

In summary, the results of the d1s¢r1m1nant ana]yses dlscussed
B 1nd1cate several'trends inthe. data for ‘the three IQ groups First as

‘an exten51on of the MANOVA results 1t has been 1nd1cated that,although

| “the IQ groups d1ffer 1n their 1eVels of performance ‘on all of the 1]

-tests adm1n1stered 1n the study, there are var1at1ons 1n the degree of

;f'these d1fferences on. each test The strongest group d]fferences were -{'t

d'-

'f*found 1n'Raven S Progress1ve Matrlces from the s1mu1taneous success1ve
‘tests, and Aud1tory v1sua] match1ng from the moda11ty match1ng tests

‘ Second th1s d1fferent1at1on was found to be predom1nantely un1dimens1ona1

'ffthat is, both of these tests contrTbuted to a s1ng]e vecto s with this ;'

O

y vector account1ng for nearly a11 of the common var1ance 1n the

| dlscr1m1nant space F1na11y, group d1fferent1at1on on th1s d1men51on

' h‘h'g_was re]at1ve]y un1form with the IQ groups equ1d1stant 1n discr1minant

‘i;-space from each other.:,vb*
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- Factor Analyses

"tA]1 of,the preutous analyses haue dealt with‘group dtfferencestn;
Ievet of_performance onﬂthe simu1taneous-SUCCessive and modality |
‘ matching tests - In contrast, the resu]ts to ‘be d1scussed here deal w1th
.the 1nterre1at1onsh1ps between 1nd1v1dual/performance on the tests, and?
subsequently through factorana]ys1s, allow som& tentat1ve 1nferences to t
" be drawn concern1ng process dlfferences among the IQ-groups,, :
- As -a- prelude, severa] methodo]og1ca1 cons1derat1ons;kn the use’ of

factor ana1y51s w111 be noted here The use of this techn1que has had av’

'l cons1oerab1e hlstory of controversy (Eysenck, 1953) some of wh1ch has

4 centred on. the ]eve]s of meanlng that may be ascr1bed!to factors (Coan, »

“11964' Royce 1963), and some of wh1ch has dea]t w1th the appropriateness _,h-i

- of use of the techn1que under var1ous c1rcumstances (See Gorsuch 1974 R

,for a f1ow chart of dec1s1on p01nts 1n the use of factor ana1y51s )_iItf

'1s not the 1ntent1on here to exam1ne these 1ssues 1n depth Rather, three BEE

V'bas1c cons1derat1ons 1n the use of factor ana]ysls as they relate to th1s el

d

'sstudy w111 be noted br1ef]y, fol]owed by an exam1nat10n of the resu]ts

'.for each group

A pr1mary cons1derat1on 1n the app11cat1on of factor analys1s 1s the ":l?

,fmode] to be ut111zed For reasons of comparab111ty to prev1ous research

Al

(e g . Das & Mo]loy, 1975), the pr1nc1pa1 components model w1th var1max ;77”}.

:V:;pf rotat1on was: emp]oyed (Mu1a1k, 1972) .':1tlrk--_v¥“-

’ Second, 1n the use of factor analys1s, the su1tab111ty of the

/

corre]at1on matr1x for analys1s shou1d be determ1ned An exam1nat1on of

the matr1ces 1n Tables 20 21 and 22 reveals that the corre]ations between
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‘ the f1rst 11 var1ab1es are - genera]]y ]ow, 1nd1cat1ng the poss1b111ty of
~some var1ab]es actlng random]y re]atlve to others.. Var1ous techn1ques
are ava1]ab1e for test1ng the, su1tab111ty of a corr7]at1on matr1x fort
factor ana]ys1s (Dzu1ban & Sh1rkey, 1974), but the/most‘su1tab1e techn1que'f
st11] appears to be stab111ty of factors under an aTternate mode]
(Dzu1ban & Harr1s 1973)._ In the.factor resu]ts to fo]]ow; a]pha
: factor ana]ys1s was emp]oyed as ver1f1cat1on of non random var1ates,
g " and h1gh correspondence was found between the a]pha and pr1nc1pa1
components so]ut1ons, the anha resuTtS'w111 not be reported
- The th1rd and posS1b1y most d1ff1cu1t cons1derat10n in the use- of
factor ana]ys1s 1s the. number of factors to be extracted The hypothesesd' |
-of - this study'1mp}y a. three factor solut}on but expToWatory anaTyses I
'1nd1cated that ne1ther a three factor so]ut1on ‘nor_an e1genva1ue greater.
B than one cr1ter1on appeared appropr1ate ln terms of 1nterpretat10n A £j 
A‘comprom1se was establtshed by pTott1ng the e1genva1ues accord1ng to the -

SCREE test and seTect1ng a po1nt of c]ear demarcatlon for each group

(CatteTl 1966) o

Before 1nterpret1ng the resu]ts of the prtncha] components X

P

,,,,,

.»anaTyses, 1t was necessary to exam1ne the effects of the s1gn1f1cant
dlfferences in chronolog1caT age (CA) between the. LIQ group and the ;57_“?.
other gtoups The effects of th1s CA d1fference were found to be e

; negT1g1bTe as v1ewed from three 1nterre1ated perspect1ves (T) For each
group the correTat1onL between CA and the ftrst 11 var1ab1es, as ffufffv:' “
‘d]SpTayed 1n Tab]es 20 21 and 22‘ -are’ h1gh1y 51m11ar, s1m11ar corre]at1on ?:3:
prof1Tes for~each groupsuggest no d1fferent1a1 effect of CA among the

B
groups : (2) The squared mu]t1p1e correTatton of the 11 var1ab1es w1th CA

-
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was found to be highly. simi1ar‘among'the'groups (3) As a coro]]ary of -
,(1)-and (2), the CA variable behaved s1m11ar]y for all groups when |
-1no]uded in a factor ana]ys1s of the tests’ to be d1scussed

In the se]ect1on of var1ab1es for factor analys1s, Free reca]] was

[

,om1tted from the 11 var1ab1es stud1ed in the MANOVA- procedure because 1t »

. Y

is the same' test as Serial reca]] w1th a var1at1on 1n scorwng procedure

: Ser1a1 reca]] scores are a 1ower bound for Frée reca]] scores and

A

.therefore the . two measures are not 1ndependent The de]et1on of th1s \

'var1ab1e for the final step 1n the data ana]ys1s resu]ted 1n the. use of

~

. ten var1ab1es 1n the pr1nc1pa1 components so]ut1ons The so]ut1on for

. ~each IQ group w1]1 be exam1ned in turn fo]]owed by a Sumnary of the
5 . o |
three analyses L '_\

The factor matr1x for the ]ow IQ group 1s presented 1n Tab]e 28."
l

Factor I ‘has strong ‘test ]oad1ngs from Ser1a] reca]] Aud1tory v1sua]

’? match1ng, V1sua}-;ud1tory match1ngg and V1sua1 v1sua1 match1ng Anji:’f;

‘examlnf o ?ther factors revea]s that th1s factor appears to be |
'»-un1que 1
- and appah

:_1y success1ve 1n nature thus exp1a1n1ng the loadlng of'
;7’@’ L

'vh'fcod1ng 15?:
ﬂ] task on th1s factor and 1t 1s the genenat1on ot the

'fi the ser1a]»
wcode that df J5ent1ates 1t from other succe551ve tasks 1n\factor_f‘-s“l'
| ;vanalyses, ' L e , SRR

:?The'seipjd factor in Tab]e 28 is clear]y s1mu1taneous synthe51s

>

;j The tests wh1ch 1oad on this factor are Raven s Progre551ve Matrlces,.?j{

fhe hypothe51zed s1mu1taneous success1ve speed factors* :”n~

;;esents a form of cod1ng It w111 be argued that thlS ~"aA:

| F1gure c0py1ng and Memory for De51gns The Memory for Des1gns load1ng R

1s negat1ve becaUSe the test 15 scored for errors



Prinicipal Components with Varimax Rotation:

"Table 28

Low IQ Group

125 |

Test

Communatities .

U

Raven's Progressive Matrices -

Figure copying
© Memory for Designs -
Serial recall

Vlsual Short- term Memory

-1_'wOrd readlng

Aud1tory aud1tory match1ng
Aud1tory v1sua] match1ng
‘ .iVlsual aud1tory match1ng

‘ ~V1sua1-v1$ua1-matgh1ng '

578
621 .
i672__ B '
622 :
612
809
703
702
671
D 760

377
086
931

429
280
826

089
-130

- -2390

1

R=R N

" C onent:Varfance :
/dzgmponent Var1ance
| % Total Var1ance o

E1genva1ues ‘

6751
”1ooi.
6751

,34 47 25 49 2] 88

1225
1815
<;-12??5i, :;’
1,;0.§9i5g i ’

.-

-;Jﬁecimals’omitted_l.;{ab‘lr
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Factor III apparently represents successive'synthesjs,}:V15uaT .
Short-term Memory is a-task which involvés the sequentjaT recall of a set
of dtgtts, and as'shohn here the Auditory-auditory matching task is also
performed by the LIQ subjects using a successjve strateoyJ The;sequences‘

of tones.in this task are apparently matched by recaTTing the sequence
Tn its originaT temporal form; as'opposed to coding the'sequence_asdts
done in the other three modality matching tests * The distinctiveness of

the strateg1es used in the Aud1tory aud1tory task re]at1ve to the other

B

; three moda11ty match1ng tasks 15 partlcu]arly 1nterest1ng and %1]] form.
- .the basis Tater for some d1scus51on and- specuTat1on ‘

Factor IV of the matr1x for the LIQ group “is the speed factor often .

"found by Das (T973c)-_ For the-LIQ group it is apparent that speed aids :V‘

seria] recaTT probably through cumulat1ve rehearsaT of the word T1sts as

J
W

‘they are presented
The resu]ts of the prlnc1pa1 components ana]yses for the normaT IQ
group show' some var1at1on from those of the LIQ grOUp,vas demonstrated
~in TabTe 29 Most notabTy, the use of the SCREE test gave a three _
'7factor soTut1on, rathér than the four factors g1ven for the LIQ group
| Factor T of the NIQ matrix appears to be a s1m1Tar coding factor
‘;;to the one found for the LIQ group In contrast however, Raven S
._T“Progress1ve Matr1ces and Memory for Des1gns, rather than Senjal recaTT
ﬂ)have some reTat1onsh1p to th1s factor ATso' the Aud1torx§éud1tory

' match1ng test ‘has a- shared 10ad1ng bei een th1s and the” second factor.

;’ The second factor of the matr1x appears to be a comblnatlon of
' 'S

= success1ve synthes1s and speed The two marker tests for success1ve

- synthes1s, Serlal recaTT and VlsuaT Short term.Memory, have h1gh Toadlngs;‘“ o
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Table 29,
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: ) ; . .
- Principal Components with Varimax Rotation: Normal IQ Group

Test

——— e e

Communalities L7 111

-

Raven's Progressive Matrices' = 522

Fiéﬁre‘copying

: Memory for Designs

Serial recall

Visua] Short-term Memory;
Word reading
) .Auditory-ayditory matching

lAu&itory;visual,matching

/

© Visual-auditory matching

Visual-visual matching_5;;

552 '-018 466

:&‘i‘{ X ‘ - :
79 M2 191 g6l
550 -386 -051  -632
555. 140 731 036
574 350 672 =025
L7422 <761 -286
42 410 524 137
o
601 V% 735 - -001 248 -
82 88 239 073
631 617 . 305 282

~ Componént Variance

% Component Variance

% Total Variance -

Eigenva]ues '

6.8
100

6181

2.568. 2.029 1.585

41,55 32.83 25.64

25.68 20:29 15.85
3747 1.493 0.941

——

V-]Decimals omi tted

i

0,
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on this factor, in conjunction with'a high negativeﬂloading tor Word
,read1nq and a moderate pos1t1ve ]oad1ng for Aud1tory auditory matﬁh1ng |
Factor 111 of the matrix for the NIQ group is cIearIy s1mu1taneous‘
synthes1s, with a sTightly reduced Ioad1ng for Raven s Progre551ve
Matrﬁees.u This is the only var1at1on‘1n this factor as it appeared for
the LIQ group. | . o -
The final pr1nc1p$1 components squtlon the matr1x for the h1gh IQ
group, is presented in Table 30. As in the matr1x for' the LIQ group, fdur
factors were der1ved | | | ._ B |
| Factor I of the matrix, thCh has been des1gnated as'a cod1ng factor ,_1'
prev10ust,p15'very 1nterest1ng, because for thls ]eve] of IQ the.factor _
inomvjs made up almost solely of the modality matching tests hui1t~hyfthe 3
investigator " These four tests have-Ion to moderate Ioadings onfthe"
h other. factors, 1nd1cat1ng cIearIy that they are performed by a common N
strategy-ln the high IQ group of spec1f1c 1nterest 1s ‘the’ three step’
- trans1t1on of the Aud1tory aud1tory match1ng test onto th1s factor tThe'.‘
test 10aded compIeter on a success1ve factor 1n the LIQ group, sp]lt 1tsh
| Toadings between the success1ve factor and the codtng factor for the VIQ fo‘,'
“group, and 10aded compIeter on’. the cod1ng factor for the HIQ group
| The second factor of th1s imtr1x 1s s1mu]taneous synthes1s.- The 't
"IOad1ng of Raven S Progress1ve Matrtces s reduced sI1ghtIy by the effect_‘
of the th1rd factor but the 1dent1f1cat1on of Factor II rema1ns cIear 8
VnonetheIess._ o 'R_r' 'f_' . o H
| Factor III 1s apparently success1ve synthes1s The moderate
negat1ve Ioadlng}from Raven 'S Progress1ve Matr1ces may 1nd1cate an’

| L
1ncrea51ng preference in SUbJects by IQ of. one strategy or the other but o
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Tab]e 30

Principal Components w1th Varlmax Rotat1on ‘High IQ Group

Test  Communalities I 11 1 1y

~Ra;éh's Pkdgressive,Mqtrices ' ?66' B 275_ 519 .4596' 2m

ngdré copying. ) L - 618 368;_ 483 -1]4 485 

-  Memory for Des1gns : uiA,_A'846f __ _1j8 '-909 ~-083 ‘.OOQ
serial recall T .'642 o 029;_"582"-508

Visual Short-tern Memory 548 166 051 74 -0g3 -

Word reading < 'seq 056 021 -043 767
Auditory- aud1tory match1ng B 7 645 251.'-i355 ﬂ..]88
Audi tory-visual match1ng o se6 714 109 2100 -014

. Visual- a“d’t°ry matchwng o 801 823 ©-108  -149 299

) Vlsual visual match1ng S 12 709".—]11, -'05?-»';305 e

Component Variance . - 6.633 - 2.407 1.431. 1.413 1.382

% Lomponent Variance - < 100. - 36.29 21,57 21.30 20.88
~ kTotal Variance . 66.33 20,07 14.31 1413 382

Eigenvalues . o 2.58 1.660 1.288 1.118

‘;]De¢imals5ohitted
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this is very tentative. h |
The fourth factor in the matrlx is apparent]y b1poTar to those found .

prev1ously for the other two groups The factor has a h1gh load1ng |

‘associated w1th word read1ng, but -the Toad1ng is. pos1t1ve Also, a moderate
negat1ve Toad1ng 1s found for Ser1aT recaTT, and a moderate pos1t1ve

j']oadmg for Figure copy1ng H1gh scores on th1s factor woqu 1nd1cate Tow

-}speed Tow scores in Ser1a1 recaTT “and. thh F1gure copy1ng scores A 4;~J'
'Apparent]y in the HIQ group, low scores on speed, wh1ch coqu samp]e |

| tempo of response generaTTy, are 1nd1cat1ve of sTower and Tess comp]ete
rehearsal and therefore Tower scores on Ser1aT reca]] reTat1ve to the rest

: of the group, h1gh speed may resu]t in less accuracy in F1gure copy1ng -

' through Tess attention to the quallty of product1on of the f1gures

The resuTts of the three analyses that have been d1scussed demon-
'-.strate ‘some contrasts and some s1m11arit1es between the strateg1es ]
_};enployed by subJects in the three IQ groups These resu]ts are o
'summarlzed now in terms of the constructs of Tnterest
S1mu]taneous synthe51s Was seen to emerge qu1te cTearly 1n the

: factor ana]y51s for each group OnTy m1nor varlatlons were found where'v

1n the NIQ and HIQ groups the three tests shared Toad1ngs sl1ght1y w1th
' comb1nat10ns of other factors e o

,‘,

e Success1ve synthes1s was not found to be qu1te as stab]e across IQ

a fgroups For the LIQ group spec.f1ca11y, the factor was not deflned as

“}tc]early as 1t was for the other groups In the case of the NIQ group,,

_‘ﬂthere appeared to be suff1c1ent var1at10n 1n 1nd1v1dua1s 1n speed of

ST e-processwng that thxs 1n turn was 1ncorporated 1nto the success1ve factor

S The - speed factor also d1d not appear as c]ear]y as the s1mu1taneous .'“”

S
\ -
\
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factor. - For the LIQ group th1s factor was def1ned a]most so]e]y by 1ts
- marker test wOrd read1ng, but for the NIQ group it co]lapsed onto the
' successxve factor. As a further var1at1on th1s factor became a latencyh‘
factor when the normally negat1ve load1ng for WOrd readln changed to a'i'
“h1gh pos1t1ve ]oad1ng ' ‘_ | | ‘ |
As a summary of the factor ana]yses of the s1mu1taneous success1ve .
‘tests, therefore, the three factor so]ut1on found by.Das in prev1ous
l' research (Das 1973c) was repllcated genera]ly in thls study, a]though
1the var1at10ns found are notab]e in the c1rcumstances of some tests for
::some 1Q groups The 1mp11cat1ons of these var1at1ons W111 be cons1dered ;
' 4,‘;n a subsequent d1scus51on N | " L
x} | The' results of the factor ana]yses of the modallty match1ng tests
a{:demonstrated some clear trends ~In each of the IQ group factor analyses, ;i:’
none of the moda11ty match1ng tests loaded on the s1multaneous factor |
;Woreover, 1n each of the analyses the three moda]1ty match1ng tests wh1ch
: lncorporate spat1a1 1nformat1on, Audltory v1sua1 match1ng, V1sua1 aud1tory5tr}
.hgmatchtng and V1sua1 v1sua1 matchlng, formed a separate fabtor whwch 'f;,; i{,]
g ;accounted for the most varlance The test whtch contalned so]e]y :
' tempora] 1nformat10n, Aud1tory-aud1tory match1ng, Shlfted ltS load1ng
fprogress1ve]y by IQ group from a strong load1ng on success1ve synthes1s
}‘Qw1n the Tow IQ group,to a shared 1oad1ng on the cod1ng factor and A
| _”Tsuccessxve syntheses for the NIQ group, to a strong loadIng on the coding ,sruf
4 itgfactor with the other moda11ty match1ng tests for the HIQ group |

.~1?Aud1tory aud1tory matchtng was performed by vary1ng strateg1es by

:"1d1fferent IQ groups therefore, but the other three moda11ty matching

4»stests 1nvo]ved the same cod1ng strategy for a]l groups ‘E;[sz ,Z’f vt‘dfff‘v



CHAPTER VI *
| DISCUSSION |

The resuIts of th1s study are d1scussed here in f1ve sect1ons As't

an 1ntroduct1on, some reIat1onsh1ﬁs between cogn1t1ve strateg1es and |

task perfonnance are proposed f1rst FoIIow1ng th1s, the two ma1n |
résearch quest1ons of the study as stated in Chapter III w1II be

.'.fcons1dered These quest1ons are concerned w1th the reIat1onsh1ps of
; (1) s1mu1taneous and success1ve syntheses to 1nteII1gence and |

.‘1(2) modallty match1ng to 1ntell1gence The f1naI sect1ons conSIst ot

. some concTud1ng remarks on’ the nature of 1nteIT1gence and suggestwons

J .

”‘for future research
} '“C09nitive;StratEgiesfandrTask-Performance.“-3

The stat1st1caI anaﬂyses that have been conducted 1n thTS study
have been of essent1aITy two types Through anaTys1s techn1ques wh1ch s

’,assess mean TeveIs of performance the prof1Ies for the groups on- the '

”-1tests have been compared Second corre]at1onaI and factor ana]yt1c ‘A;1.1';"

techniques have been used to descr1be cogn1t1ve strateg1es among the

' ;tIQ grOUps

| ,;these two perspect1ves, 1t may be usefu] to note here in a very
S A S
- condensed form that Iog1caIIy the d1st1nct10n betweeh Ievels of j_f"

<

As an. 1ntroduct1on to a d1scuss1on of the 1nformat1on g1ven from E”Tdt L

' ‘}7'performance and cogn1t1ve strateg1es can be shown by the simpIe two-t }~V~” |

"'-54]f01d reIat1onsh1p 1n Table 3] The 1nterpretat1on of th1s,tabIe rests
'TUPOn the not1on that cogn1tive strateg1es 1nteract w1th cogn1t1ve _rp-'iﬁ'

':; 132



| o o | "13.3- 3
capac1ty to produce measured IeveIs of performance (cf Bortner & Btrch
~1970)] These IeveIs of perfonnance may be of 1nterest in terms of
1nd1v1duaI d1fferences w1th1n a group, or may be of 1nterest 1n

- c1rcumstances of group compar1sons as 15 the case 1n th1s study

| TabIe 31 |

- Cogn1t1ve Strateg1es and Task Performance i.'i';/{_

“Level of}EerfOrmance?“

Strategy‘Typeot' t.'Siijarf. ffbi?ferent
N | DIfferent T 3 g
For each of the numbers 1n TabIe 3I a part1cuIar set of reIat10nsh1psi‘{ff

' ..can be . hypothes1zed for strategy type, Ievel of performance and cogn1t1vet,’ff

: capac1ty In a Type 1 d1st1nct1on two groups us1ng the same strategy
' atta1n a- s1m1Iar IeveI of performance on a cogn1t1ve task, 1n th1s '

_c1rcumstance, we tac1tIy assume equaI mean cogn1t1ve capac1t1es for the e

';ffgroups and equaI fac1I1ty w1th the strategy In contrast, 1n a Type 2

T fd1stinct1on the same strateg1es are accompanled by d1fferent IeveIs of i'b;_,

A

S performance between two groups we may 1nfer that the or1g1n °f the

; ;;;d1fference is. 1n cogn1tive capacvty, In d1fferent1aI fac1I1ty WIth the f_

.'TfA; Strategy by the groups, or both In a Type 3 dist1nction‘§d1ffereht R

| o strateg1es between two groups accompany s1m11ar IeveIs of performance, }f,;f?7‘

‘0

"'}Iog1caIIy, there may be or may not be d1fferences in cogn1t1ve capac1ty

‘It u;between the two groups In the fourth type dlfferent group IeveIs of

2 i;'.performance are accompan1ed by d1fferent group strateg1es as 1n the\,_

]Capac1ty is. deflned as structural constra1nts (cf Das, et a1 19]5)

E



o 1:of papers by Jan]een Huttenlocher and Herbert C]ark for 1nstance‘ have ;1;"fhf~

o wh1ch s ]argest?:(C]ark 1969a 1969b 1971, ]972 Hutten.ocher, 1968 lt:f

: M111er (]956) descr1bes how strateg1es of codtng d1g1ts 1nto "b1ts and

: Johnson, ]970 Restle,_1973 Rest]e & Brown, 1970) and has Been 301ned ';]p’
n:'by research on 1magtna1 and verba] med1at1on 1n parred assot1ate (R

i,‘learnlng (e g B Pa1v1o, 1969, 1971 Pylyshyn, 1973)

'ffjjmemory has had 1ts counterpart 1n the study of reasoning tasks A series ,f'h'

;~r3term syl]og1sms of ‘the type X 15 larger than Y Z 1s sma]]pr than Y ‘ y

134

th1rd type, cogn1t1ve capac1ty~may or may not be equa] between tne

" groups.

. The reiationship be tween strategteSoand task'performance‘noted in -

: Tab]e 31 apparent]y has not- been stated exp11c1 ly and in. 1ts two fo]d o

form in the research 11terature And yet ano .rwhe]m1n9 number of

the current psychologlca] and educatlona1 stud1eS‘1ncorporate parts of,"

}3th1s two fold re]at1onsh1p as ba51c assumpt1ons in thelr rat1ona1e and‘r

' ;nare d1rected at determ1n1ng the types of strateg1es used by d1fferent

el

groups and the relat1ve efflcacy of d1fferent strateg1es | :3r??;”

In the area of human memory, for 1nstance, the c]ass1c paper by _ ,
.

"chunks“ may be used i the reca]] of d1g1t sets’ that exceed the capac1ty

- fof the short~term store This type of research on ser1a1 1earn1ng has

<

‘.f been extended and generallzed recent]y to other types of content (e g y

4

Th1s 1nterest in. the effecgy oY cogn1t1ve strateg1es on human
l

erba] seqﬁent1a1 strategles 1n represent1ng the 1nformat1on ]

”’s';’fHuttenlocher & H1gglns, 1922 Jones, 1970)

Ve S e
An add1t1ona1 perspective 1n wh1ch th1s strategy performance SRR
B L o R L RRRR S
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- d1st1nct1on has been of 1nterest is cu]tural vartattons tnrgogn1t1ve
f‘strategtes and the effects of formal and 1nforma1 school1ng on: strategy
development (e. g s Co]e & Bruner, 1971 1972 Co]e Gay,‘G11ck & Sharp,
,"Tfléf}t,Scribner & Cole, 1973). In the context of educat1ona1 research
'as‘neil the recent 1nterest tn the concept of apt1tude 1nstruct1on
ﬁ_ 1nteract1ons ref]ects an effort 1n part to comb1ne d1fferent cogn1t1ve-

"isstrateg1es w1th d1fferent 1nstruct1ona1 techn1ques, 1n order to ratse

task performance (Berllner & Cahen, 1973 Cronbach 1967)

In the present research th1s dlstinct1on betwee ﬁ]evel of performance S

»(and cogn1t1ve strateg1es 1s of 1nterest in two r'spects F1rst, 1n

: x{f;fwhtch are characterlst1ciof d1fferent IQ groups }’r:{!;_‘;e; ﬂf‘*tfjf, o

*f:ffIndeed the prof11es of the groups on these seven measures

The resu]ts of thj study 1nd1cate some c]ear trends for the

1ev~s1mu1taneous and successive tests The d1fferences betweeﬂ the IQ

.';groups 1n mean levels of performance were 51gn1f1cant for_allﬁtests._“j:M

"f"r’,'gsymmetrlc; 1nd1cat1ng uniform group d1fferent1ation.;,fﬁnltﬁ-fs7-

/‘ '. .
A
/

A v




'~'.factor The Tatter two factors tended to coaTesce part1aTTy 1n ‘the- -

136~

N1th respect to the strategles in the groups, the resuTts 1nd1cated

| that the s1mu1taneous synthes1s factor emerged cons1stent}y in the
factor matr1x fbr each group “Success1ve synthes1s, however was not

as cTearTy def1ned in the results for the groups nor was the speed

“low 1Q. group, totaTTy in the normaT 1Q group, and were d1st1nct in.

the n1gh 1Q group. ' | »
The f1rst aspect of the resuTts of the study that is of 1nterest

is the var1at1on found for the groups in. the speed and success1ve

n."

fsynthes1s factors Th1s var1at1on was T1keTy due to an 1nteract1on
‘ between the nature of the success1ve tests and the speed capab1Tit1es l
.‘of the IQ groups Ln v1ew of the fact that the SUCCESSTVE tests are
;‘:aTT t1med tasks as opposed to pureTy power tests as 1n the 51mu1taneous..:“ "

eset, 1t is understandable that speed pTayed a roTe 1n succe551ve

“synthe51s As speed of process1ng decreased w1th IQ, the ro]e of

_ succe551ve factor

",speed became more 1mportadl| the temporaT T1m1ts of the success1ve ;P
bxtests taxed the speed of process1ng capab111t1es of the subaects more

fiheaV1Ty, thus 1ncorporat1ng 1nd1V1duaT differences 1n speed 1nto the

-

The fact that speed varfed unlformly w1th IQ, then, created the

‘Vf;reTat1onsh1ps found between succe351ve synthes1s and speed It may be

\

'*l1nterest1ng to exam1ne some poss1b1e sources of this variatfon 1n speed ’

'3;;among the IQ groups in order to determlne if 1t was an artifact of the R,

' ”lltest1ng s1tuat1on There appear to be two bas1c sources, as noted by

- JfagHorn (1968). who d1st1n9w1shes between SPEEdineSS re]ated t° the

??:development of centraT inteTTective funct]ons and speed related to |
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peripheral funct1ons, such as mot1vat1on and 1ncent1ve i

"In the present study, an 1mportant quest1on is the ro]e of these -
vtwo sources in contr1but1ng to the speed dlfferences found between the )
IQ groups Data on deve]opmenta] trends 1n speed of 1nformat1on\ i
process1ng, as summarfied by wlckens (1974), 1nd1cates ‘both sources
.‘are 51gn1f1cant W1ckens notes that as determwned in a number of
exper1menta] parad1gms 1nc1ud1ng react1on t1me exper1ments, tachlstoscopic

f recogn1t1on tasks,;search tasks'and‘cont1nuous,track1ng tasks, there are - B

- ‘some clear indicationslthat's ed of centra1:processingiis?a’fUnction 1

- of age or maturat1on and a]so 1t covar1es w1th a number of non- o

process1ng var1ab1es “such as pract1ce, mot?vat1on, 1ncent1ve and

attent1veness ‘ = ‘
As a comp]ement to w1ckens (1974) conc]us1ons on deve]opmental

trends 1n speed of centra] process1ng, comparat1ve data for IQ differencesf"d

s supp11ed by Holﬂﬁm (1970) ~In a study of retarded and norma1 ch}ldren.i"

‘ '/Ho]den determ1ned that d1fferences 1n speed between the groups ‘was due ;']':;
"a~to centra1 process1ng d1fferences and was not spec1f1c to any s1ngle

t';_moda11ty...f

When v1ewed co]]ect1ve1y, therefore w1ckens (1974 ;rev1ew df

”,fjf'developmental trends Honen s (1970) research on retarded and norma]

*“ich11dren, and the present study a]] 1nd1cate that SPEEd Of PFOCESSi"Q

| f;}lvery 11ke1y covarles w1th IQ in. terms of a centra]lnntellect1ve funct1on

’z-:and success1ve syntheses 1n grade 1 chi]dren 'wt was found that the

s In add}tJon, other s1mu1taneous success1ve research 15 further ev1dence

M‘,f{for th1s conc]us1on In a 4tudy by Das and Mo]]oy (]975) of SImultaneousf:ff

\ .

”;:succe531ve factor conta1ned a Speed component.t when the results from 7"5‘“
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: the present study’are viewed_deve]opmentally in'terms.of menta1 age, .

‘the coalescence fa;nd between speed and success1ve proce551ng ‘with ]ower

 mentdl aoe istad in;toward the resu]ts found for the grade 1
" children by Das] i . | o
| | In el s sirst po1nt 1n th1s d1scuss1on regard1ng the
; “relations: }}tft J:d-and success1ve synthes1s the var1at1ons in
' the'faCtoiv i:t? ;;re probab]y die to d1fference5’between the groups;t‘
}in centraTLt} Ll _fts of speed-of 1nformat1on process1ng Per1pheraT
| 'determinantsl :éd may a]so have p]ayed a ro]e in group d1fferences,ﬁiij3j
\;aithOUQh}thisz 'ess lwkely, as 1nd1cated in the dlscuss1on of . the _‘
method’of;thei f s mot1vat10n and other test s1tuat1on var1ables weref :
matnta{néd_ast; i;nt as poss1ble for a]] groups and the groups were
X mtxed*1n~IQ:ievi‘ 'r»the test1ng procedure Lo | |
) The conc]us1o 'above regarding the ro]e of speed should not over-
shadow the maJor fo;ﬂf of th1s study Beyond the var1at1on 1n speed by
IQ and 1ts effectj. ' 1succe551ve factor the results of the study

indwcate a clear? Ahtaneous factor for each IQ group, and a recogn1zab1e -;'

] success1ve factor'for‘each IQ group o

' A second po1nt of 1nterest 1n the results of th1s study 1s a’
compar1son W1th Das (]972) research on norma] and retarded ch11dren
| As stated prev1ous]y, Das resu]ts 1nd1cated a clearer factor pattern
for retarded ch11dren than fOr norma] ch1]dren, such that the ‘h‘”
‘rl s1mu1taneous and success1ve factors were congruent w1th thé present

research on]y for the retarded ch1]dren It has been noted 1n the

b rat1ona1e for the present study that Das resu]ts were 11ke1y

// "N e
7.

"vffgfi 1ndetermtdate due to a low number of tests ln the factor ana1y51s

g \«’.‘ . N .
T T T L ST s e
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| and therefore the concTus1ons of the study were: on]y tentat1ve '
Th1s study obtained results both s1m11ar and d1fferent in compar1son
with- Das (1972) research Asin Das" study,_the groups 1nv01ved in the
'_present research d1ffered 1n TeveTs of performance on aTT of the tests .
:4In contrast to hf% study, however the var1at1ons in factor patterns
for the IQ groups are not as maJor as those found\for hfs retarded and
norma] groups The present study, therefore suggests more cons1stency

s

;in patterhs of’ 51mu1taneous and’ success1ve synthes1s as a funct1on of
‘1nte111gence than~the resu]ts reported by Das (1972) | .
There are several p0551b1e reasons for the d1fferent resu]ts 1n

| these two stud1es (It s very T1ke1y that the present study has ' } -
~demonstrated more stab111ty in the factor patterns for the IQ groups : |
because the test battery was expanded from Das (1972) study Th

Targer number of tests used here, as noted in the rat1ona1e for the
| -l;study, allowed c]earer def1n1t10n of the factor patterns charactertst1c

©of the groups | ~'} ‘ : | ‘J : . e _y
: €§:'- A second source of d1fference between Das' (1972) ;tudy and the ) fraf,
| present research is that the former 1nvoTved match1ng the groups on B
;'mental age (MA) and thts study used a chronoTog1ca1\age (CA) match
‘::fjprocedure Is 1t poss1bTe that 1f the Tow IQ g{oup 1n the present
| study had been matched on MA w1th ch1‘rdren of no\mal and above normal 5
T"_ff1nte111gence that the patterns of strateg1es woqu be d1fferent for the TR
rigroups? Th1s is: very un11ke1y as 1nd1cated by the study conducted by
~ Das and Molloy (]975), 1n wh1ch the factors for s1mu1taneous and | f
\'aisuccesstve syntheses were found 1n grggel chi]dren of normal lntelligence """
."'iThe grade TeveT that woqu be used f0r se]ecting normaT and above |
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normal IQ ch11dren for MA matching w1th the low IQ grade 4 ch11dren of

]40

the present study would be approx1mate1y grade 2. G1ven that Das and
Mo]]oy have demonstrated that the s1mu1taneous and success1ve factors
emerge 1nDnorma1 ch11dren at the grade 1 ]evel, and the present study‘

has found these factors at the grade 4 1eve1, 1t 1s 11ke1y that they- .

‘ wou]d be found in the 1ntermed1ate grades One-wou]d expect no maJor.

d1fferences, therefore, between the factor patterns for grade 4 1ow IQ

‘children and. MA matched norma] and above normal IQ ch11dren

‘In conc1u31on of the compar1son with Das (1972) study, the present

research has demonstrated that the s1mu]taneous success1ve factors are

-

_more cons1stent across IQ than-was found‘by Das. . The larger number of
] .tests used in. th1s study contr1buted to th]S f1nd1ng,. nd 1t 1s 11ke1y

‘ J.
‘that an MA match des1gn,wou1d demonstrate s1m1]ar resu]ts

- As a th1rd and f1na1 po1nt regardlng the results of the ana]yses

0/

—-on 51mu1taneous and SHCCESS1VG syntheses, 1t can be noted that as a G

. resu]t of two aspects of the destgn of the study, the f1nd1ngs are:

V,Vsample 51ze, the resu]ts are remarkably con51stent with prev1ous

especxa]]y s1gn1f1cant These two aspects of the des1gn are the samp]e

‘_s1ze and the 11m1ts on IQ used to def1ne the three groups

The sample s1ze used for th1s study was 60 subJegys for each IQ

o group Th1s was the max1mum number poss1b1e due to the amount of

'_‘1nd1v1dua1 and small group test1ng 1nuolved 1n the research This

B

L"‘f } samp]e s1ze was fa1r1y smaTl, 1n v1en of the number of tests admanistered;_;Y;

% ,and the use of factor ana]ys1s as a data ana]yt1c techn1que

ﬂ-‘ Desp1te the poss1b1e er"_ 1ntroduced by the re]at1ve1y smaﬁi:

' ”research Ear11er stud1es have used comparab]e sample s1zes, and

N



. factors

) groups as def1ned here for the factors to emerge

»
14]

therefore potent1a1 error has been a cons1derat1on in the 1nterpretation

- of results. The present research is further 1ndependent conf1rmat1on

of the s1mu1taneous and success1ve factor pattern, thus 1ncrement1ng

the degree of conf1dence that may be p]aced in the ex1stence of these
& ‘ . " _

A second aspect of the des1gn wh1ch potent1a11y m1t1gated aga1nst
f1nd1ng the s1mu]taneous and>success1ve factors in each of ‘the IQ groups
was the limits placed on IQ in order to form the groups ‘The effect of -
restr1ct1ng the range of IQ for each group was to 11m1t the d1spers1on '
in the sample d1str1but1ons ThaL is, to the extent that the tests .used

in the 51mu1taneous and succe551ve battery corre]ated W1th IQ in the ‘”

comp]ete grade 4 popu]at1on the1r var1ance was restrltted by restr1ct1ng

LTQ. The effect of th1s restrlct1on cou]d be a reduct1on of 1nter—

correlation 1n these tests, and therefore an. 1ndeterm1nate pattern of

resu]ts when the tests were factor ana]yzed

o

But the restr1ctfon of range 1n IQ d1d not have th1s effect -The

1ntercorre1at1ons of the s1mu1taneous success1ve tests tend to be o )
f1ndependent of verbal IQ, as noted in the rev1ew of 11terature Further,i,'
 the reSU]tS of the present study demonstrate that rnd1v1dua1 d1fference5'm”i"

;"on the s1mu1taneous success1ve tests are. st11] strong enough w1th1n IQ

RS

In conc]us1on of the des1gn aspects of the study, therefore, it 1s

‘.}‘s1gn1f1cant that both samp]e s1ze and restr1ct10n of range in 1Q were
A poss1b1e source of error in the study, but the s1mu1taneous succe551ve ‘j"

“tfactors were found nonethe1ess These two potent1a1 sources of error

Ob

)

: add further we1ght to the conc]us1on that s1mu1taneous and success1ve

Vo
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syntheses are strategies which_eXist over a major portion of the
spectrdm‘of‘inteT]igence;
Moda}ity Matching
The second question of this study concerns the patterns of
*simtlarjties and differences which are characteristic of the IQ groups
“in the moda]ity'matching tasks. These patterns are'of,interest both

in levels of performance and in the use of simultaneous and successive

syntheses _ ‘
The results of the study 1nd1cate that in mean 1evels of performance_

the. moda11ty match1ng tests were: ordered from easiest to the most

';d1ff1cu1t as: v1sua1-v1sua1 (V-V), visuat-aud1tory (V-A) aud1tory-

visual (AQV) and. auditory-aoditory'(A-A)” Th1s order of d1ff1cu1ty

| f1n the tests was 1dent1ca1 for each of the IQ groups | i

| In terms of group d1scr1m1nat1on, however, the tests were ordered

| different]y A- V match1ng demonstrated _much stronger group d1fferences )

than the other three tests, which were rough]y equa] in strength of

d1scr1m at1on~ In fact, A- V match1ng was the maJor d1scr1m1nator of

*all of the tests adm1n1stered, 1nc1ud1ng the simuitaneous success1ve

tests. Only ﬁhe Raven s Progresswve Matr1ces which 1tse1f has been

.{used 1n some research as a test of 1nte11igence, demonstrated comparable :

‘group d1scr1m1nat1on

_ The resu]ts of the factor ana]yses 1nd1cated some very c]earv
patterns in. the strategtes used by the SubJeCtS in the modalrty matchtng '
tests. These patterns are part1cu1ar1y 1nterest1ng when comb1ned w1th

rmagce on each test, and v1ewed 1n the l1ght of the

l
1
l.

"the 1evels of perfo
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d1st1nct1ons drawn-in Table 31lregard1ng cognitive strategies_andbtask
performance. ' i | | | | | _

A- -A matching demonstrated less group d1fferences than the other
tests, but.also differential strategtes For the low IQ group it was
performed succe551ve1y, for the normal IQ group a comb1nat1on of
sucoess1ve synthes1s and cod1ng was used and for the high IQ group

the task was coded Thus, it ‘can be sa1d that A- A match1ng in this
5 study approx1mates the Type 3 d15t1nct1on in Tab]e 31 (s1m11ar '
Aperformance, d1fferent strateg1es), | | | | ‘- '

The A-V match1ng task. demonstrated very strong group dtfferences,h .
but the same cod1ng strategy was used by all of the groups Th1s task{
approx1mates a Type 2 d1st1nct10n (d1fferent performance, same strategy)

The, rema1n1ng two tasks, V- A match1ng and V- V match1ng, d1scr1m1- )
nated the groups less powerfu]]y than the A V task but were comp]eted_‘
:by the subjects in a]] of the groups by the same cod1ng strategy Thv
des1gnat1on that may be made for these tasks 1s an approxtmat1on of
-nype 1 (s1m11ar performance,‘same strategy) | _

In draw1ng these d15t1nct1ons for each of the modaI1ty match1ng J
tasks, 1nformat10n is sl1ght]y over51mp11f1ed Technlcally, no two
: ‘_groups actually had the. same mean level of performance on any'test andi‘
the statements above dea] w1th magn1tude of d1fference, where al] |

e .\

l» d1fferences are s1gn1f1cant stat1st1ca11y But nonetheless, the } e

",Vadvantages of conce1v1ng of task performance—cogn1t1ve strategy

v

E re]at1onsh1ps as ftrst proposed in Tab]e 31 1s a]so c]ear, because
_three of the. p0551b1e four comb1nat1ons of c1rcumstances are approxi- |

- mated 1n the data for th1s study Most 1mportantly, the ro]e of
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strategles in modal1ty matchlng is hlghllghted
As a f1rst item. of cons1derat10n regardlng the modal1ty matchlng
‘results of the study, it is 1nterest1ng to note that s1mply 1n mean -
~levels. of performance the data is cons1stent w1th some previous researchA
t‘ln modality matchlng The f1nd1ng that the order of d1ff1culty of
modal1ty matchlng is from v1sual 1ntra modal tasks tq v1sual and
aud1tory Cross- modal tasks, to aud1tory 1ntra modal tasks is cons1stent :
| w1th the results reported by Sterrltt- Martin -and Rudn1ck (197l) and
Rudn1ck Martrn and Sterritt (l972) The repl1cat1on of th1s order of
d1ff1culty for each IQ group 1n the present research general1zes the
o results reported 1n these two studles Also w1th1n the results for
'-A v matchlng and V A match1ng, the f1nd1ng that V- A match1ng was the
eas1est of the two tests for each of the IQ groups is cons1stent w1th
.research by Muehl “and Kremenak (l9665 | | ‘_ |
In terms of the strateg1es used by the groups however, the results"
‘of the study d1d not. demonstrate all of the relatlonsh1ps that were
'expected on the bas1s of the rev1ew of l1terature Notably, none of
,the modal1ty match1ng tests were performed by a slmultaneous (spat1al)
.strategy as operat1onally def]ned i the factor analyses of prev1ous
"research (Das, l973c) Th1s f1nd1ng 1s 1ncons1stent w1th Kahn and
Blrch s (l968) study,for 1nstance, 1n whach by post test report 1t was
'ifound that some subJects used a spat1al v1sual1zatvon techn1que for the r~h
.?A-V match1ng task Thus, no conclus1ve 1nformat10n lS suppl1ed hére B
'_regard1ng the role of stmultaneous synthesis in modal1ty mg chlng Kt
"ffa later po1nt in the dlscussion some poss1ble reasons for thts result

-i"w1ll o<3t0n51dered i}"'if,'ldj ’H"'~f;ﬂff;#f ,;‘j(n B
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In contrast to ‘the Tack of reTat1onsh1p between SImu1taneous ,.,
‘ synthes1s and the v1suaT components of modaT1ty match1ng, the temporaT
aspects of success1ve synthes1s and aud1tory modaT1ty matching are qu1te
’1nformat1ve /0f . spec1f1c 1nterest are the reTat1onsh1ps between the
tsuccess1ve factor and the factor that has been TabeTTed as cod1ng
v An exam1nat1on of the success1ve factor reveals that both of the
utests represent the mnest1c TeveT 1n Lur1a s (1966a, 1966b) term1noTogy.‘
The Ser1aT recaTT task and the V1suaT Short term Memory task 1nvolre not:
'_'perceptual or conceptua] processes on the part of the subJect Rather,i
| the tasks requ1re that the subJect s1mpTy recaTT a. set of st1mu11 1n
their or1g1na] form and sequence It 15 the sequenc1ng aspect of the

: tasks wh1ch def1nes the succe551ve factor

What is the d1st1nct1on between thTS successtye factor and the

| 3h'other maJor factor that woqu 1nd1cate a. cod1ng funct1on in the Tatterl"

- Three p01nts of ev1dence support the cod1ng de51gnat10n The f1rst of

.A these is the d1fference between two d1st1nct strategy types as dtscussed
v__by Kahn and Bwrch (1968) - The f1rst strategy noted by Kahn and B1rch
:'15 the dlrect recaTT of tone sequences, 1n the present study th1s was
"demonstrated by the Toadtng of A-A matchlng on the success1ve factor isl’f
: : for the Tow IQ group The second techn1que 1s numer1ca1 coding Kahn f’f
'}.iyand B1rch note tﬁ%t 1n the1r study rough]y han of thetr subJects |

| :treported th1s techn1Que as a dom1nant strategy I" the present study,-*;‘;

"'fiaTT of the tests wh1ch had a v1sua1 component were performed by the

“-'_5‘ same strategy by aTT of the groups It 1s very T1ke1y that v1suaT

'sptd1sp1ays encouraged the subJects 1n aTT of the groups to use a countingadl;

"-fstrategy because of the eas1er cTusterlng and grouplng that was

~_/'A,



{.EVthe same strategy as the other tasks they encoded a]l 1nformat1on, B o
(l';vaud1tory and v1sua1, to a common numer1ca] code Further, reca]] of

~}*;th1s code d1d not become a success1ve task and 1nstead cod1ng formed a

I AR e

{2 o _
‘possible.in this type of presentation.

' A second p01nt of ev1dence for the main factor represent1ng numer1ca1
coding is an exploratory factor ana]ys1s not reported. prev1ous1y ' It was .

ﬁ-fouhd that among the var1ous ach1evement tests only the ar1thmet1c

test loaded on the coding factor in a factor ana]ysrs of all var1ab1es

t

-Some ev1dence for the effects of numertca] fac111ty may be 1nferred

Iy

- from th1s 1oad1ng, a]be1t thJS is tentat1ve

The th1rd reason for the designat1on of th1s factor as cod1ng is

'-'perhaps the strongest of a]], and 1s supported by the resu]ts for the

0

A- A task. It is eV1dent that the numer1ca1 cod1ng of an aud1tory sequence ﬂ

'_1nvolves a trans]at1on to a new form of cogn1t1ve representat1on (e g . o
| beep, " beep, pause;, beep pause, beep . becomes 2 1 etc )
' (Lehman & Goodnow, 1972) f In contrast, reca]] of an aud1tory sequence

Tin its or1glna1 f0rm is not a translat1on strategy | The reason that

T

the A A task for the low IQ group 1oaded on the success1ve factor, then, S
: __1s that the SuDJECtS in th1s group attempted to reca]] the sequence

‘ ]1tera11y In contrast the h1gh IQ group performed the A A/tasf/b;// fh

':ofseparate factor,'because 1t was the accuracy of encoding (B1ggs, 1969)
't[:and ab111ty to match the code w1th the compar1son st1mulus that o
‘;”dxfferent1ated and1v1duals and created 1ntercorre1at1ons, not the ‘
V:qéstorage and retr1eva1 of the code Thus the emphas1s 1n the codlng
.h"f.;tfactor is on. the organ1zat1on and representat1on of st1mu11 at the }f

o ,_;fpoznt of 1nput

i
s
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- Spitz (1973) has’ noted that menta]]y retarded ch11dren have .
d1ff1cu}ty 1n organ121ng and se]ectlvely scann1ng both - aud1tory and
- yv1sua1 mater1a1, and dlfferences between normal and retarded ch11dren
,:1n memory are due 1n large part to this d1ff1cu1ty Menta]]y retarded
.ljch11dren may differ from norma]s in other aspects of memory also (E1]1s,1
1970) but the encoding stage may be the most 1mportant po1nt of
.d1fference In the present study, the ability to encode V1sua1 and
-aud1tory stimuli covar1ed w1th 1. This f1nd1ng genera11zes the
1nformat1on noted above regard1ng retarded ch11dren{ then, to a wldel
range- of 1nte11ectua1 competence | | - |
In conc]us1on of the f1rst po1nt of- th1s d1scu551on regard1ng o

cons1stenc1es w1th expected resu]ts, the mean daff1cu]t1es of the 5

| moda11ty matching tests were cdns1stent 1n th1s research w1th ear11er

_ stud1es The strateg1es 1nvo]ved in the tests, however, d1d not 1nc1ude,3f}7

';simultaneous synthes1s as expected and 1nstead 1nvo]ved succe551ve if~ A

_ ’synthes1s and numer1ca] cod1ng

It ds 1nterest1ng to note as a second P01nt that these interpreta--j;»V“

'.-h Xf1ons of the strateg1es used in the modality tests appear, 1n turn, to

be c0ns1stent w1th the d1fferent1a1 Tevels of performance by the IQ

'i Qroups on. each test Th1s 1s due to the 1nteract1on between the manner ﬁ}.'~l

'751n whjch 1nformat1on 1s presented 1n each test and the strategies

‘fadOpted by the groups to match the sttmulus 1nformation w1th the

The A A test was the most d1fficu1t of the four tests fOr al] of

NI
R

-:1f"the groups because 1nformat1on was presented 1n t1me only, and bits of;fifh°d”

o ‘5771nformat1on had to be processed 1mmed1ate1y w1th no opportunity for i



| ‘ 148
confirmation of‘accuracy The reason that th1s test d1d not dLscr1m1nate
the groups as strongTy as the A-V test even though 1t w&s the most |
"dwff1cudt of the four tests, may have been the d1fferent1a1 effect1veness
_‘of the strategles used by the groups The Tow: Iq group attempted to-
ﬂ’reca]] the sttmulus port1on of the. 1tems T1tera11y, and therefore the1r- -
main source of error was 11ke1y 1n the storage and rehearsa] of the -

:sequences . The h1gh IQ group coded the 1nformat10n numer1ca1]y but o

derﬁto

then had to code the comparlson sect1on of the 1tem also 1n

. T uudge the 51m1]ar1ty of the two port1ons of each 1tem As a nesult ofd

' the need to correct]y code two tempora] sequences, the T' ;;group

. may. have been prone to error as a resu]t of 1ncorrect codtng a]most as

B much as’ the low IQ group was prone to/1ncorrect reca]] ThUS even «?;:11;,

though d1fferent strateg1es were used by the groups for the AeA test, : .ff Q

. the Strateg1es were apparentTy not marked]y more effect1ve than each
VATother _5 _-,-_g ‘1;7?;4 f" T “, ,A, | R p;
In contrast, 1n the A V test the ab1T1ty to code information

_spresented tempora]]y strongly dtscr1m1nated the groups The groups a]l d§=:‘*

ff]used the same strategy 1n th1s test but because the 1nformat1on was

',presented in. t1me 1n the st1mu1us port1on of each 1tem, the groups

| TV.ffwere d1fferent1a]1y effecttve 1n cod1ng 1t correctTy The accuraey of

"'“nthe subsequent match to a V1sua1 st1mu1us therefore, was a function 5h

"Vhfof the correct cod#ng of the st1mu1us port1on of the 1tems

I'.

For the V A test group d1fferences were reduced The groups ;_,ﬂj“’**“'

_=itended to have more comparable ab111ty 1n cod1ng when the st1mu1us

A5;, 71nformat1on was presented v1suaTTy, because rehearsa] and rechecking of.‘&rl}f

W‘“fthe code was poss1b1e wh1Te the 1nformat10n was 1n V1EW W1th a correct}ﬂeﬂTf
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code,-1nd1v1dua1 d1fferences 1n th1s test were more 11ke1y in the -
| app}1cat1on of the code to the 1nformat1on presented in t;me in. the o | \
compar1son hal.f of the 1tems | Errors, and therefore group d1fferences, K
'1\were reduced as a resu]t 'i. f' o c -.“' 3
The Iast test V V match1ng, w§§ ea51est and dlscrtmvnated the
’:‘groups least because coding the st1mu1us port1on of the 1tems was done.vdt ;
| ”from a visual d1sp]ay, thus al]ow1ng conf1rmat1on of the correct code T?:

_ before remova] of the 1nformat1ona\\nd then the code was. eastJy app11ed
to 3 second V1suqi dlsplay E '_ | T o

‘ In conc]us1on then the tests were d1fferent1a11y dtff1cu1t because ]

. of 1nteract1ons between the form of presentat1on of the 1nformat10n and

o the strateg1es adopted by the groups to process the 1nformat1on w1th

':{ respect to. the stud1es c1ted ear11er on the order of d1ff1cu1ty of

o gjtlme and space

:’Amodal1ty datching tests, the present study 1nd1cates that d1fferént1a1
':dwff1cu1t1es of audltory and v15ua1 comb1nations of modallty match1ng

>”f:are not s1mp1y due to the moda11t1es 1nvo]ved Rather, they are du%
fthe effectlveness of strategies to cope wrth ﬂnformat1on presented t

These conc]us1ons, 1n turn relate to two further p01nts regari1n§}f"'

h<aspects of moda11ty match1ng that have appeared 1n the l1terature, bOth, g

| f7f{of whwch have been ment1oned 1n the review for this study The flrst o

ma;of these 1s the relat1onsh1p betwee modaiity matchlng and 1nte111gence7‘s;»4}

".t'as postu]ated by Jensen (1969) Jensen specif1ca11y referred to cross-ﬁﬂ;pjt:

A ftpmodal forms of modaltty match1ng when he stated that 1ntelligence 1s SRR

| ‘"'character1zed by a centra] symbol1c or cogn1t1ve processing mechan1sm, ;f.f{;Q

e:hand Cross modal match1ng 1s the purest examp]e of a task ln wh1ch use of ..f



" This study has demonstrated that Jensen s (1969) statements have‘ﬁl

this mechaniSm is essential..

e]ements of va11d1ty but are over51mp11f1ed The A-V task ‘was the

' most powerful d1scr1m1nator of the 1Q groups, but the V A task was not
h.as strong in-IQ group d1scr1m1nat10n Thus, it 1s not s1mp1y that a
task must be cross- modal in order’ to demonstrate 1nte111gence but-
rather 1nte111gence is character1zed 1n these tasks by the ab111ty to
use an effect1ve strategy'utaccord w1th the form in. wh1ch 1nformatlon

BRE presented Add1tlonal comments on the nature of 1nte1]1gence w111 be: .

TJ_A1nc1uded at the end of th1s d1scu5510n

A further respect in wh1£h thlS study c]artftes some relat1onsh1psr ;
h;fpresently in the ]iteraturé/1s 1n the ro]e of memory in- modallty

E match1ng It was noted that a11 stud1es (e 9., Ford 1967 Jorgenson & Y'T'

\“-”Hyde ]964 Kahn & Blrch, 1968) have found ]ow to zero correlat1ons -

: “”ffIt is understandab]e that modallty match1ng wou]d not necessarlly

- between moda11ty match1ng and short-term memory But short‘term memory*qj;;:

fhas been measured 1n these stud1es by the type of tasks represented 1n ;_‘-‘.

¥
,the succe551ve factor Often for 1nstance Dtg1t span has beef used

’ifThe emphas1s 1n these tasks 1s on the storage and retr1eval asp

1memory, the 1nformat10n may not be recd\EQ to a new fbrm follow1ng

cts of :gf""

.;;sensory reg1strat1on In contrast, 1t 1s the cod1ng aspect of m0d311tYil“-*7'

match1ng that ma1n1y d1fferent1ates subJects,vbecause once coded the ,m_ﬂgﬁ

ﬁ”;1nformatlon ls w1th1n the short term store capac1ty of most subJects

I

o »jcorrelate strongly w1th short-term memory as measured by tests like

"°i'ff0191t ‘span. _.7¥f7 ']»*'ﬂﬁx;f;'ﬁft”zsf{7ﬁ< f;}-;ﬁq”:T;*?57 ;?thf.@jif73fﬁff

fii A f1nal aspect of the resu]ts of th1s study wh1ch caﬂnot be

L 4.“
S S



SN swmuTtaneous and success1ve syntheses, and then br1ef1y cons1der some

. VN s
. \ .

exp1a1ned eas1]y is the \ack of relat1onsh1p between modaT1ty match1ng
and s1muTtaneous synthe51s It has been noted that in prev1ous research
(Das, 1973c an aud1tory visual matching task Toaded to vary1ng degrees
in d1fferent studwes on the s1mu]taneous factor The onTy difference
between the aud1tory-v1sua1 task in the. prev1ous research and the

i

moda]1ty match1ng tests used in the present study 1s that the former A

o used a card with three aTternat1ves for the compartson st1mu1us, and

o thws study used a same d1fferent 1tem fonnat The groups 1n the present 1

study may have used the numer1ca] cod1ng techn1Que 1n T1eu ofﬁa e

s1mu1taneous strategy because this techn1que was mOre appT1cabTe to
all four tests The subJects were. aware at. the beg1nn1ng of the test1ng

per1od that they woqu be expo$ed to aTT four modaT1ty comb1nat1ons, and

poss1bTy as a resuTt they adopted d1fferent strateg1es than the subJects T

. I ]
in previous research ' :g‘ ;“ S =

\

Thus, the poss1b1e use of s1muTtaneous synthes1s 1n some forms of

: modaT1ty match1ng tests 1s not prec1uded by the resuTts of th]S study

As a conc]ud1ng sect1on to- the d1scussmon of the present moda11ty.v~‘

match1ng research, 1t may be 1nterest1ng to attempt to synthes1ze the

var1ous stud1es of moda]1ty matchvng 1hto a modeT relate the modeT to

recurr1ng 1ssues 1n research 1n modaT1ty match1ng

AXpes of 1nformat10n representation A mode] '1fw5f1~ 2

On the bas1g of the modaT1ty matchlng resuTts of th1s study, as |

f'} weTT as other research that has been exam1ned, 1t 1s possib]e to conc]ude

that moda11ty match1ng tasks are a particu]ar]y pure parad1gm for iﬁ
study1ng the generaT probTem of cogn1t1ve representat1on (Py]yshyn, ;}; ;

. N v- o
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_} o ‘J\ @ T m
‘1972) ' %hat 1s, in these ‘tasks 1nformat1on 1s presented 1n terms of '
the gener1c d1mens1ons of space and t1me and the maJor p01nt of 1nterest

;f1s the relat1onsh1p between the manner in ‘h1ch the 1nformation is
”presented and the strategy that the subJect adopts to. represent the

'1nformat1on cogn1t1ve]y in order to match 1t w1th a comparison st1mu1us

_ Th1s study has demonstrated that a]ternate forms of representlng the

o 1nformat1on in moda]wty match1ng tasks are used by d1fferent 1Q groups,»

zand it may be conJectured albe1t it has not been demonstrated here,
i
that these d1fferent forms of representat1on p]ay d1fferent1a1 ro]es 1n

the accuracy of the match to the compar1son st1mu1us S

It is proposed here that the;e are four maJor ]eve]s of cogn1t1ve -

‘7fﬁ§: representat1on poss1b]e in moda11ty match1ng These IEVE]S are des1g---

h”f~'1n F1gure 6 are spec1f1o 1nstances of the genera} mode] of 1nformat1on

gnated 1n F1gure 6 as L1tera1 Vartant Convers1on and Numer1ca1 Each

| of these ]eve]s takes a part1cu1ar form, dependent upon whether the

1nfonmat1on 1s presented 1n an aud1tory-tempora1 mode or a v1sua1—

W
P

1ntegrat1on pr0posed by Das, Klrby and Jarman (1975)/and 1nc1uded in.

”k*}yth1s study as F1gure 2 “As W111 be seen each Ieve] 1n Flgure 6 can behf

J:de51gnated as e1ther 51mu1taneous or succe551ve synthes1q

:‘to a compar1son st1mu1us Th1s‘ﬁs rote memory of the aud1tory pattern

o used by the Iow IQ subJects for aud1tory-aud1tory match1ng 1n the

,present study The strategy for v1sua1 informatlon represented at

At the f1rst 1evel whlch has been des1gnated as L1tera1 aud1tory; -

o -
spat1a] mode A]so, the forms of presentat1on and representat1on noted o

A o S

;vand isa SUCCGSSIVE strategy' It 1s 11kely that th1s was the ma1n type:kfe
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the Titeral 1eve1 would be s1m1]ar, it wou]d constltute an attempt to

cont1nue to visualize the appearance of the array fo]low1ng removal of

the st1mu]us, and wou]d be simultaneous. The strateg1es 1n the 11tera1

level for aud1tory and visual presentat1ons have been d1scussed but
&

‘not .proposed in thls form, by Kahn and/B1rch (]968) ' | ng

The next level, des1gnated as Variant, is a s]1ght mod1f1cat1on of

~ the Literal ]eVe] Auditory :nformat1on may be sequenced for recall more |
effectively through~rhythm mnemonics,’ f1nger tapp1ng, etc As. above,
:.thls strategy wou]d st11] be successxve, however * For v1sua11y presented
;‘1nformat1on ,other typesﬁo;_hnehohwcs may be speculated upon, but a’ |
i-s1mu1taneous strategy may be retaTned Goodnow (197la, 1971b) has '
'ld1scussed the strateg1es assoc1ated w1th the aud1tory presentat1on of

1nformat1on, less 1s known about var1at1ons on represent1ng v1sua]

T a

-1nformat1on f_ R e o R

At the. Convers1on ﬁeve], a substant1a] change 1n the form of

'vrepresentat1on of 1nformat1on takes p]ace Aud1tory 1nformat1on is
‘converted to a v1sua]1zat10n of Jdts spat1a1 counterpart (Kahn & Birch
j'1968) Thus, success1ve]y presented 1nformat1on is changed to a |
fs1mu]taneous representat1on in centra] process1ng, as dlscussed by Das,
.‘.K1rby and Jarman (1975) in the1r model In the. case of v1sua1

"_71nformat1on, th1s is converted through mnemon1cs to a success1ve form

At the f1na1 1eve1 des1gnated as Numer1ca1, 1nformat1on presented‘" E
\. o

in an aud1tory or v1sua] mode can be represented numer1ca1]y 1n one of

o .

'b:two subleve]s At the d1rect numer1ca1 level each tone or dot rece1ves
-ta number 1somorph1ca1dy, w1th t1me pauses or spaces des1gnated by a ﬂtgj.

‘pause 1n countlng Kahn and B1rch (]968) descr1be th1s strategy as:
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”f'counted the.taps‘1ﬁke this . . . 1, pause in S's voice 2A 3, pause
n S's voice . . . etc. . 2 (p. 465)>" This strategy 1nvo]ves a New
representat1on of the information, but no information reduct1on In |
contrast, the’ .grouped numerical techn1que involves substant1a] reduct1on
of 1nformat1on, as descr1bed by Kahn and B]PCh (1968): "1 counted the
taps but I added up the ones that come together and _put them 1nto groups,
like this . . . 1, 1 +1 =2 and then] . . etc. L (p. 465)." The °
high IQ group in the present ‘Study probably used the grouped numer1ca1
technlque for all four of the tests As noted prev1ously, once the
1nformat1on s coded, 1t is -processed success1ve1y, as wou]d be the
case for the direct numer1ca] strategy. | |

It is important to note that the four 1evels that have been

descr1bed deal with the st1mu1us presentat1on part of modality matchlng.
The form of the compar1son st1mu1us 1s not spec1f1ed in F1gure 6 and it
may or may not be congruent W1th the level of representat1on chosen by

a subgect For instance, 1n an aud1tory v1sua1 match1ng task the

aud1tory sequence could be represented ]1tera1]y, in Wh]Ch case 1ts

form\would not be d1rect]y compq!’B]e to the visual. compar1son st1mu1us{

Alternat1ve1y, the aud1tory 1nformat1on cou]d be represented at the |
Conver51on level that is$ v1sualtzed, 1n wh1ch case 1ts form wou]d be

. d1rect1y comparab]e to the compar1son st1mu1us Thus, d1fferent

\

strateg1es may be dvfferent1ally effect1ve for d1fferent.moda11tyf

match1ng comb1nat1ons, and a]so changes in strateg1es to those more:»
effect1ve for h1gh 1nformat1on loads may be necessary for tasks W1th
V" Iarge aud1tory or v1sua1 arrays S o

- As presented the mode] of moda11ty match1ng 1n F1gure 6 is a B

RN

£
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h'fspec1f1c sectaon of the more general model proposed by Das, K1rby and
Jarman (]975), as well as a compOSIte of some of the more re]1ab]e '
research in the area of modality match1ng Af‘a final step 1n the
d1scuss1on of moda]1ty matchtng and this model, four 1mportant issues
in this area W1}k)now be touched upon . very br1ef1y and ge 1nterpreted

" Wwhere possible. | . / p ‘

The f1rst 1ssue to be ‘shSIdered is the ro]e of 1anguage It was
_noted. in the review of ]1terature for this study that a point of -
content1on in. moda11ty match1ng research has been the ro]e(o;ilanguage'
in fac1]1tat1ng task performance in modal1ty match1ng The extrem1ty
“of the points of View adopted regard1ng ]anguage is: notab]e 1n the case
of some authors Exemp]ary of the v1ew that ]anguage is a necessary

' mediator for moda11ty match1ng is a statement by Br1dger (1970) "The
temporal spat1a1 match1ng test can only be. solved by means of ygrbal
cod1ng of the tempora] st1mu11, suggest1ng that the def1c1t in the

brain 1nJured ch11dren m1ght be cogn1t1ve rather than perceptua]

RO (under11n1ng added . 258) ":T

: In contrast B1rch and Be]mont (1968) have argued that because
"aphas1cs and nonaphas1cs do not d1ffer apprec1ab1y in moda11ty matchlng
'performance, ]anguage use is. not a necessary aspect of th1s task :
) The po1nt of view adopted.tn the present study is that 1anguage '
- ‘may often be 1nvo]ved in® moda11ty match1ng,.but it 1s not an essent1a] y
component of performance in th1s kask The model that has been proposedf

A
here 1nc]udes 1anguage as one of severa1 means of representrng 1nfonma-

vt1on, others of wh:ch could account for the ]ack of d1fferences between S

faphas1cs and nonaphaswcs 1n modatlty match1ng As noted 1n the reV1ew

[+]
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of literature for this study, to’phrasevstatements on the"roie of
. 1angua§e such that it-is used as a totai exoianation- or alternatively,’
s exc]uded compieteiy, is to over]ook the other p0551b1e ways avaiiabie

AW

in the human repertoire for representing 1nformat1on \ s

i A second 1ssueyin the modaiity matching literature is the use: of
this task in understanding reading deficits. Despite all of the
differences in theoreticai v1ewp01nts regarding modality matching, one
fact has remained unchanged . modaiity match1ng predicts reading

achievement A substantial problem, however, is that no one has been

1 ‘»ab]e to prov1de a satisfactory reason for this re]ationship

§

. 'This 1ack of e;glanation, of course, ise due as much to. the
comp]ex1t1es of ‘the reading process as to differences in modality
: matching theories It is high]y likeiy that reading retardation 1s
an omnibus category w1th1n which many specific varieties of disability
:ex1st With refined definition of the types of reading difficuity, 1t.
is. qu1te p0551b]e that modality matching will predict diffituities more
| strongiy for some types than is. the case now. for the genera] reading -
deficit. popuiation, and not predict other types o? reading difficulty
.ataH | o |
| It appears that the area of modaiity matching has reached an

. asymptote in- its contribution to the understanding'of reading difficu1t1es

S What is requ1red now is the deveiopment of measures for subd1v1d1ng types ;.

of reading difficuities which can then be studied inten51ve1y by
»"c0ntent—pure" types of tasks like modality matching
o A third 1ssue 1s the notion of modaiity dominance. In recent years -

_ there has been a good deal of 1nterest in the hypothesis that children i .



. may deve]op a preference for process1ng 1nformat10n 1n a part1cu1ar
modal1ty as a resu]t of cu]tural env1r0nmenta1 1nfluences (B1sse11 :
“White & Z1v1n, 1971 L111y & Kel]eher 1973 S11verston & De1chmann, :
1975)" The or1entat1on taken in muéh of thlS research appears to involve
" the implicit assumpt1on that there is a d1rect 1somorph1sm between .
information presentat1on and 1nformat1on representat1on Ch11dren are A!
often referred to as "verba11zers" or "v1suallzers" and this in- turn is
related to the respect1ve moda]1t1es | ,

This po1nt of view does not appear to. 1nc]ude in 1ts assumpt1ons
the prop051t1on that tempora] 1nformat10n may be represented spat1a11y, ;
and spattal 1nformat1on may be represented temporally Both of these
:poss1b111t1es are bu11t 1nto the model proposed here, and are. supported;
‘ iby some. of the stud1es rev1ewed | . | ‘
| " The. not1on of preferential modes shou]d not however be d1sm1ssed {_
jrbecause of th1s shortcom1ng It may we]] be that as a resu]t of
cu]tura1 env1ronmenta1 1nf1uences ch11dren deve]op a preferred strategy i .
of | process1ng information: (Das, K1rby & Jarman 1975), 1%}15 s1mp1y

un11ke1y that these strateg1es correspond d1rect1y and so]e}y to a

a s1ng]e sensory moda]1ty

R

f: The fourth and f1na1 1ssue conswdered here regard1ng moda11ty
‘match1ng and the mode] proposed 1s ctosely related to the prev1ous 1ssue | _“
':;of moda11ty preferences It has been noted “in the rev1ew of 11terature
‘f: for th1s study that essentlally two theoret1ca1 v1ewp01nts ex1st _ |
| regard1ng d1fferences among sensory moda11t1es As exemp11f1ed by the
-r %rk of . Herbert B1rch and h1s co]]eagues the modal speC1fic po1nt of

"view emphas1zes the sensory moda11t1es as seperate units wh1ch are '
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able ‘to exchange 1nformat1on on]y through the gradual ontogenet1c p
'emergence of 1ntersensory 1ntegrat1on mechan1sms The, Contrasting

'po1nt of v1ew, as represented to a certain extent by Mar1on Blank and’
her colleagues, and more exp]1c1t]y by G1bson (1969) 1s essent1a11y J
amoda} The 1nformat1on extractzon propert1es of the sensory systems :

Y
‘are emphas1zed in the amodab view, with comm0nal1t1es between sensoryax

‘v'systems estab]IShed through sharlng oF 1nformat1on

Freldes (1974) has noted that nelther v1ew in, 1ts most extreme form
1s ab]e to. account for a11 of the resu]ts currently ava11ab1e tn moda]tty -
Qhatch1ng research Some fonn of sem1 spec1a11zat1on in 1nformat1on
.'proceSS1ng appears to be characterlst1c of the moda11t1es, but a]so,
‘this - appears to ex1st at d1fferent ]evels 1n order that 1ntegrat10n of
var1ed forms may take p]ace ‘,'* i ,;_;'-‘.] o _-”firi'__'v".,.,&7 ‘ﬁ[
The mu1t1 level concept1on of‘moda11ty match1ngvthat has been i
'fproposed here is a sem1 spec1a11zat}on point of v1ew This 1s besti
.'- summar1zed perhaps by Lur1a (1971) in h1s descr1pt10n of the secondhf |

vb]ock of the bratn S S T .'_;A ‘ﬁaf T

It: ls?well known that the systems of - th1s “are hvgh]y
modat¥: ty- specific: the. occipitat—To e, being a centra] ‘
. device ‘for visual analysTs, does -not ‘take part in the
- de-coding of acoustic signals, ‘while the temporal lobe -
part1c1pates only ina; 11m1ted and- spec1f1c form in the
- organization of visual information.”. It is well-known
“that each system entering this-block has a h1erarchica1 B
. ~structure, -and: that the work of. each’ primary -(ar extrins1c) SEe LT
-’.j-zone is- organtzed by -a supertmposed secondary. (1ntr1nsic) .
- zone with h1gh]y developed upper levels of "associative"
- peurons . . .“only a small part of the reurons of - thesel
1. zones.are of ‘the" non-specific type of "attention units"
".-while the greater part play-a highly specific. functton '
- firing to isolated cues of different modalities. The = - e
i-_spec1f1c1ty of these areas. decreases with ‘the trans1tion ‘
- -to the. 'tert1ary zones" of the cortex or. ta. the "areas of
R ._I;overlapp1ng“ whlch include units reactwpg to different ‘, SR
r‘.Q';”modalwtwes ( 10-1]) : | - .wﬁ_vlf,.f,»' i




‘i'_f‘general that they serve 11tt1e

h;fWechs]er (1975) for 1nstance, def1nes 1nte1
_'_an 1nd1v1dua1 to understand the world about hi

. to” cope wtth 1ts cha]]enges (p 139)" ' 'v"‘

'"fctvalue and yet st111 av01d Purely Psychometric term1nology The maJo':;T" o

e 160
.Thus, the semiispecia]izedvpoint-of-view supported. by Freides

(1974) in: h1s extens1ve review of the corre]at1ona] and exper1menta1
'11terature has been proposed lndependently by Lur1a (1971, cf. @970)

‘ ; on the bas1s of h1s c11n1ca1 observat1ons, and co1nc1des with the

conc]us1ons of the present study

\

*:Intelligence B

Th1s study has exp]ored the re]at1onsh1ps of 51mu1taneous and .

" success1ve syntheses and moda11ty match1ng to 1nte1119ence
The study or 1nd1v1dua1 competence 1n these two areas as a .'{-“
o yfunct1on of 1nte111gence, in turn, supp11es some 1nterest1ng

N .
,1nformat¥bn on the nature of 1nte111gence 1tse1f

As' fioted in the 1ntroduct1on to th1s study, in recent years there {,.‘

has been a d1scern1b]e trend 1n research on 1nte111gence toward the studyi;f°

.»of the const1tuent processes 1nvo]ved in task competency Th1s stands

f1n some contrast to. research prev1ous to the last decade wh1ch was f_.;‘ B

dom1nated by the techno]ogy of IQ tests (Iy]er, 1972)

As part of th1s Change of emphas1s 1n research new def1n1t1ons of

E g1ntelllgence have begun to appéar ' Some of these def1n1tfons are so

nct1ona1 p‘rpose in research parad1gms. ,ifjﬁ
“gence as "the capac1ty of

' and h1s resourcefu]ness L

Other recent def1n1t1ons however, appear to'have*: .
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- var1ety which seems.: to be emerg1ng is what may be termed a means\ends .
def1n1t1on of 1nte111gence In this V1ew, the appropriateness and
effect1veness of the 1nd1v1dua]'s methods in atta1n1ng goa]s are sald

to character1ze 1nte11ectua1 competence F1scher (1969) for example,

- defines 1nte]]1gence as’ "the effect1veness, re]at1ve to age peers of

'.the 1nd1v1dua1 S approaches to s1tuat1ons ,ﬂ_whlsh_competence 1s h1ghly
regarded by the culture (p. 669)"“ In a paral]el fash1on, Das (1973)
has def1ned 1ntelllgence as'“the ab1]1ty to p]an and structure one s |

' behav1or w1th an end 1n V1ew (p.. 27)" ‘ More recent]y,_Das, K1rby and

' Jarman (1975), in a d1scu551on of the relat1onsh1ps of s1mu1taneous

'~and success1ve syntheses to 1nte111gence have stated that 1ntelligence o

_ does not PP ev1dence wtself by a fac1!’ty 1n us1ng s1mu}taneous

rather than success1ve processes It 1s the u" of 1nformat1on obta1ned

| ',through these transformat1ona] procedures 1n order f  p]an and structure :i:f
trbehav1or effectxve]y fOr goa] attainment (p 98) o - ,” | PRI

_ As an extens1on of the def1n1t1on offered by Das, K1rby a »;Jarman

jA(1975), it s proposed here that 1nte11ectua1 competence or 1ntelllg nce SR

may aCt“al1y be a funct1on of three factors R A

As noted 1n the def1n1t1on the maJor aspect of 1nte111gence 1s the

z-»nab111ty to p]an behav1or effect1ve1y and ut1l1ze 1nformat1on in dec1s10n

;':f;f:maklng.: Th1s corresponds ma1n]y to the-p]ann1ng and dec1sion-making ,ffvf}"

.{'component of the mode] of 1nformation 1ntegrat1on proposed by Das, Kirby

‘:_and Jarman and 1nc1uded here as F1gure 2 This funct1on would be

'-~rcomparab1e to the execut1ve component of some recent computer-models

“oof human cogn1t1on (e g 5 Newe]l & S1mon, 1972 cf Anderson, 1975) and

'.';may be re]ated to the plans of behav1or d1scussed hy Mi]]er, Ga]anter ‘tcffil;
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~“and Pribram (1960). | | o -
B Lurla (1966a) postuTates that planning and dec1s1on mak1ng is d1st1nct

’from s1mu]taneous and succe531ve syntheses by - v1rtue of " d1fferent cort1caT

il

Tocatlon in add1t1on to d1fferent funct1ons W1th respect to the funct1ona1
'dlst1nct1on, the pTann1ng and dec1s1on mak1ng aspect of 1nformat]on 1nte-
.gration cannot be v1ewed as: s1mpTy a more generaT set of cogn1t1ve strate—"'
.1‘g1es than s1mu1taneous and succe551ve syntheses, but rather 1s quaTlta- L
2 t1veTy d1fferent from these by v1rtue oF 1ts role 1n the controT of

A'behav1or . L 1, T t.'<.;54 ,;J,"!' T ,' ,.f’
e

'i,w1th capac1ty T1m1ts of the 1nd1v1dua] to produce performance on a task

In the case.of the’ modaT1ty match1ng tasks, capac1ty d1fferences would ]1e ;

7'pr1mar11y in- the T1m1ts of the short term store in memory Ind1v1duaTs may

-

:~;vary n both fac111ty w1th s1muTtaneous and success1ve syntheses and capa-
'!fc1ty, but because these two are confounded 1n measurement degrees of

ngd1fferences in each of them cannot be assessed Thus strateg1es and
?;capac1ty are 1ntertw1ned but together they may be d1st1ngu1shed from

R pTannTng and dec1s10n making :'f‘sfr';_"" 0 : : ',i

o The present study demonstrates these d15tﬂnctions Th1s research

. was a study of task behav1or in 1nteTT1gence groups 1n "naturaT1st1c"

’JOr un1nstructed env1ronments That 1s, a serxes of tests were presented

o the subJects with no gu1de11nes or suggest1ons on how to complete

"feach task Wh1Te the des1red goaT was cTear to aTT of the sub cts,gthe

. dec1510n on the most appropr1ate and effect1ve means for reaCh1ng thTS e
ﬁr:gan Was - Teft to each 1nd1v1dua] e Do

i The,study has demonstrated that IQ gr0ups d1ffer 1n the1r pTann1ng R

: ”ﬁtan«a-ec1510ns regard1ng an approprlate strategy for cogn1t1ve tasks

1%

' ”TThe Tow IQ group chose to use a rote memory succe551ve strategy for the

;aud1tory aud1tory match1ng task and a numerlcaT cod1ng strategy for the '
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’:other moda11ty match1ng tasks In contrast the h1gh IQ group chose to
use a cafmmon strategy for a11 moda]1ty matchlng tasks These dlfferencesi

A

in the choice of strateg1es between the groups 1nd1cates the operat1on
of an execut1ve|funct1on B | | o
“ The effect1veness of strateg1es and capac1ty d1fferences are
fdemonstrated in, the resu]ts from the other three moda11ty match1ng tests
A;aud1tory v1sua1, v1sua1 aud1tory, and v1sua1 v1sua1 In these tasks, o

‘ desplte the cho1ce of the same strategy by subaects of al] IQ 1eve]s, .

“strong group d1fferences st111 were found Thus, sources other than the ;Ij

» execut1ve funct1on a]so contr1buted to a d1screpancy 1n performance
‘fbetween the grou%% These sources appeared to 1ncorporate fac111ty 1n
f'the formation of a- numerlcal code for tempora]]y presented 1nformat10n, ?f'

':whlch 1s a comb1nat1on of fac111ty in; succe551ve synthesus and capac1ty

The—present Study has demonstrated therefore that IQ groups ._'“‘ L

.'_:d1ffer in the1r performance on tests 1n at 1east two funqamental ways ' /d”p i
.F1rst they d1ffer 1n the manner 1n whlch they respond to task demands, .
'~h that - 1s, in their dec151ons regarding adppt1on of a particular strategy ;t;;
gfor a part1cu1ar task Second they d1ffer 1n the1r fac111ty w1th o
';ustrateg1es, spec1f1ca11y s1mu1taneous and success1ve syntheSeg o
"':.Collect1ve1y, these two po1nts 1nd1cate d1fferences 1n the funct1on1ng‘.
:J.fof the central proce551ng unit 1n the mode] of 1nformat1on 1ntegrat1on i:ﬂ B
"’htlproposed by Das, Klrby and Jarman (1975) | v 5
| | '“’#uturé~ne555r5ha7 . g

m.

There are many d1rect1ons that research re]ated to the Presﬁnt 3f',ffff

"'fjh;f_study could take,,three of wh1ch w111 be SUQQEStEd here ‘" very

;:*figeneral terms" o
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The ftrst d1rect1on is re]ated to thesubt]et1estn the d1st1nct1on
between ab111t1es and cogn1t1ve strateg1es s noted prevtous]y, the

use of the concept. of ab111t1es in research appears to have resu]ted in

a3 view of 1mmutab1e menta] characterlst1cs “and 1ndeed has approximated

a return to. facu]ty psycho]ogy 1n some c1rcumstances In contrast the

. not1on of strateg1es 1ncorporates assumpt1ons regard1ng the adaptlon of .-

' man to vary1ng task s1tuat10ns and a nonpass1ve ro]e in act1ng on the

env1ronment

" Much of the Tocus for th1s d1st1nct1on 11es in the postulatlon in.

~ var1ous cogn1t1ve mode]s of an execut1ve funct1on or spec1f1ca11y 1n

the mode] by Das, K1rby and Jarman (1975) a p]ann1ng and dec1s1on—mak1ng,- .

un1t At the. present t1me 1n psychology we have a gneat dea] of data on.

how djfferent groups and cu]tures perform on a mu]tttude of tasks we"'

know very 11tt]e, however about the or1g1ns of ﬂec1s1ons regard1ng the L

o use Of one strategy aS Opposed to another Research 1n th1s d}rection o

cou1d we]] 1mpl1cate persona11ty var1ab1es as. suggested by Mess1ck .n'

(1972) and noted 1n the 1qtroduct1on to th1s study, as we]l as many v

“a

other socvocu]tura] and genet1c factors 'T ?ff

SN S
. A second and sllghtly more spec1f1c d1recﬁ1on 1n wh1ch research 1s :?J'L’
needed 1s the c1ar1f1cat1on of the factor1a1 structure of s1mu1taneous |

and success1ve syntheses Lur1a (1966a, 1966b) has postu]ated three ‘;ﬁ'lz

forms of each of these syntheses s1mu1taneous synthes1s takes the formyjf,f,

Of PercePtual mhestlc and comp1ex 1nte11ectual processes successive 5:5“
synthes1s 1s found in: sensor1motor, mnest1c and complex 1ntel]ectua]

processes The present factor1a1 representat1on of these appears to

be a b]end of some of these forms foE‘Each of s1mu1taneous and success1v§'f‘f.

IR . . .",“-'....s ta
. Sl 5 - R
s N [} L



syntheses . _(? | |

An 1mportant d1rect1on in terms of both supp]ylng further construct

| va11d1ty to the preserit factor anatyt1c work as well as- open1ng other

_ research p0551b1]1t1es, would be to def1ne factor1a11y the three forms

of each of the syntheses In order to accomp11sh th1s, Carro]] 5. (1974)

- tasﬁ ana]yt1c research parad1gm, as descrlbed in the 1ntroduct1on to

:li_th1s study. cou]d be used ﬂ‘,>: R ‘, ;\"’

\S" . . e .

A thlrd d1rect10n for future research 1s the area deve]oped -in the

present study modal1ty match1ng These tasks represent an exce]]ent

techn1que for study1ng how 1nformat1on 1s processed when presented in "‘
. the gener1c d1mens1ons of space and time. In the future the suggest1ons

' made in the mode1 proposed in the present study regard1ng 1nformat1on L

\-
representat1on cou]d be explored systemat1ca11y 0r1g1ns of the tendency'

of d1fferent groups to use d1fferent strateg1es in these tasks wou]d be
.Aa very 1nterest1ng top1c of research as wou]d ‘the effects of 1nstruct1ons‘ :

"j "to perform the tasks by d1fferent strateg1es

Together, these three suggested d1rect1ons encapsulate much of the

'f]avor of future needs 1n research on human 1nte111gence

“#
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Sample Item from Raven's Progressive Matrices
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Gu1de]1nes for Adm1n1ster1ng and Scoring )
the Flgure Copy1ng Iestl g L

. o R
-, . C o, \

The ch11d is. asked to make an exact free hand copy of ten shape‘;

a c1rc1e, a square, a cross, a trlangle a rectang]e with’ 1ntersect1ngm

. d1agona]s and m1d11nes, a d1amond in wh1ch length is 1. 7 t1mes helght a

: d1amond in wh1ch he1ght 1s 1.7 times 1ength, a cy11nder and two cubo1ds

‘.1n d1fferent'perspect1ves No- t1me 11m1t is g1ven Each. draw1ng is

’

scored as 0,1 qr 2 accord1ng to the degree of correctness of the

e ®

\\j/productton The tota1 score 15 the sum of the scores for the 1nd1v1dua]

draw1ngs w1th a range from 0 to 20 The sc0r1ng cr1ter1on is one of-

exact1tude of shape and not the ab501ute s1ze of the draW1ng These -

scor1ng pr1nc1p1es apply: . . ® i,

€y

‘General principles for all drawings .

e

.

. The draw1ng shou]d be approx1mate1y symmetr1ca1

'The draw1ng must have tne correct genera] shape and 1ook 11ke that

"whach 1t 1s supposed to be

-~

.fAng]es shou]d not be rounded

. The draw1ng shou]d not. be rotated

~

;'Angles must be approx1mate1y 0pp051te each other (except for the
. tr1ang]e) | ' | | '_ | j TR |
.’Sl1ght bow1ng or 1rregu1ar1ty of 11nes is a]]owed

. L1nes shou]d meet approx1mately, but as long as other cr1ter1a e

- are met sma11 gaps at Junct1ons are acceptab]e

= e . e i e — - - -

]From Leong (1974)
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co

. Slight crossing and overlapping of lines is permitted.
9. If two attempts are made in a sihg]e;drawing score- for the wbrsb

one.” *® . o ’ e

10, Provided other cr1ter1a are met neatness is not mportant

" Scorigg;printip]es specifi¢ to each drawihg

~ ,:( ) No diameter of the c1rc]e hay'be as much as 1 1/2 t1mes as‘
| }ong as any other "
b'_- L ( ) The draw1ng must not be ang]ed -
- i c)‘Overlapp1ng'of curved Tines 1s_permfttee:bf
..( ) The ang]e must be approx1mate]y 900 |

o o .,( ) The draw1ng must be symmetr1ca1 }‘ﬁ;' o 'r'ff .
;\\ o | L (c) No s1de may be as much as 1 1/2 t1mes the 1ength of any other"
. | s1de o | | | '
3 grggg.zbJ» , C . 1
| } ) The draW1ng must be approthately 90o DR Cat
: : (b) No s1de may be as much’as 1 1/2 t1mes the 1ength of any otherhf”&
. T:L *; vh'- side. | . S

4,.fr1ang1 o

.}( ) No s1de may be as much as 1 1/2 t1mes as- 1ong as any other
R ,,L' i;;(b) There must be three wel] deflned ang]es : 1h;,eft,5t27'.y;f*~5l‘
BT ey g co Co - T S



’

S /.
. } ’ i -,
. : . . 14
.

, . . R - | ' ' ’_ ‘
5, Rectakgle w1th _ytersect}_g d1agonals and m1d11nes

(a) The draw1ng must be rectangular w1tﬁ angles approx1mate1y 900.

Tb) The d1aqonaTs must.run from on¢ corner to tht opposite. one

s (cY The midlines, both Morizontal and vert1ca1, must run .

s

. approximately 1n'the middTe of the~drawing -

"(d) The d1agonals and m1dT1nes shou]d 1ntersect one another at '

;_,n o i approx1mate1y the 'm1dp01nt‘ of the draw1ng

_6,"7.'D1amonds '

-

(a) Therewmust bg f well- deflned an Testp
}U( g 'i\

: (b) The drah1ng must be more d1amond shaped tnan square ‘or k1te-

shaoed Tg f‘; | } o ji'f :-f.;

(c ) The pairs of ang]es must be approx1mate]y opposite.
_ﬁdg;for draw1ng no. 6, the Tength of the d1amond shou |d be X

R
approx1mate]y from 1. 1/2 to 2 t1mes the he1oht For_drawing 5

- no. 7 this is reversed._
8. Cylinder | | |
_”(a)TThe diaheters-of~the'base-and the top'should‘be approkinateTy

_ equa] and tnese in: turn shou]d be - approx1mate1y the same as

0 j the hETQTt | ‘u>: h.'i5! .T. |
kﬁ%, 5(b) The base and the top 11nes shoqu be curved o f{ yfssﬁ}fffl

i

'9} Td{,Cubo1ds in d1fferent perspect1ves
f; a) Proper perspect1ve must be preserved as in the spec1mens zf “:f;

X ",,Tb) Lengths w1dths and he1ghts should be approx1mate1y equal

RN
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Memory for Designs Test:
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. wide Targe big high | o

- pen wa]T“,bobk key -

" ‘book bar wall hot

'

‘Serial and Free Recall Tests

Examples: -A. big long great -tall
' B, cow ‘day key few
€. man mad’ map” pan

-

key hot cow pen

day cow Wé]l- bar -

long' big fat great

. A e
key few hot - book - SRS

high fat. huge ‘wide

1uge >great fat large

key day cow bar -

‘wide tall HTakge VﬁUQE' '

bar _pén;~?ew day

40 second rest

high tall fat big -

194

wide “Tong big great

- great high tall long

few’,pénf°hot wall

"day cow bar wall

tail"fét ‘large high

“long big great fat

few day cow book

~tall long big huge -
key- book qayg hot

Qide 'hugé lbng' 1argé_, A

pen - few ’wa11’;cow :
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13)
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VISUAL SHORT-—TERM MEMORY TASK
Ex’qr‘npléih Read as: | Expmble- Read as -
"9 9 . ,
845 845091 631 63195
! o 5 ‘ »
2 ‘s 7 : 7 4
497 (2) 239 (3) 529 (4) 893
|- 6 ’ 4 S
5 o 9 - 3 T .
481 (6) 753 {7) 56 1 (8) 398. -
. / ] /
‘ 4
A ,’ | 4
3 - « '
869 (10) 361 (1) 329 (12) 359
4 - - 9 5 B 6
& N
8. ' I 2 5 . .. 8
165 (14) 358"  (5) 458" ) . +365
3 9 I ( I
S .5 L 4
563 . (18) 923 (19) 592 (20) 924
8 . 6 7’ B
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Y

~J

‘ s ' ,w./.,_. COLOR
- R &\\ NAMING
- . .» STIMULus - FILLER o
READY A - -y | GRID | (TASK ) (RECALL

NN -

k2 sec— ‘&5<sec.+—u.'k2»sec.3- |

cycle - prajector - projector - .
- activated . ch%’r%@oear\ne -, change time
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RED
. h]
RED
- BLUE
GREEN
RED

" YELLOW -

© BLUE, - ¢

BLUE

" Word Reading -

CBLUE C YELLOW "BLUE

GREEN\ . RED - YELLOW

GREEN  YELLOW  RED

CYELLOW . RED . . GREEN
CGREEN . BLUE  YELLOW.

BLUE  RED  BLUE

GREEN  YELLOW  ReD

RED. YELLOW °©  GREEN

GREEN

o
'_'vEL;ow<
BLUE( -
'-GkEEN'
'fGREEN |
! YELQQﬂl

~RED
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Modality Matching Tests: Auditory-Auditory,
Auditory-Visual, Visual-Auditory

]

I'TEM 1 . ot S _ ‘
o - STIMULUS . COMPARISON

NUMBER

200

same (sy/ |

DWFERENT(D?
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ITEM

"NUMBER

STIMULUS

§AMEIS)[

| OIFFERENT (D)

EXAMPLES

21
22
.23
2‘4-

25

2
27
28
29
A‘w‘"
_.éf
a2
13

3
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ITEM 'SAMEks)/

DIFFERENT (D)

STIMULUS - '|. "~ COMPARISON

- NUMBER - -




. NUMBER

ITEM

9

iy

STIMULUS"

COMPARISON

204

SAME (s)/
DIFFERENT(D )_

EXAgﬁLES

21 Jee o

22 o

25 ie

23.. - le

26 oio

27 lee o ®ee o o .

"28' le

‘29L oo "o

30 » Voo.‘ )

31 : e

2 e

33 : Oo .

34 )

35

Q

IS8 8

qx\¢

7

e
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Précedures for Construction of Moda]ity Matching Tests
. v ) \
.‘. The construct1on of the p1Tot versqons of the four modaTlty matchlng
: ftests was compTeted in two stages ATT of the aud1tory port1ons of the

- tests were bu11t f1rst foTTowed by the v1sua] porttons

'I§§t~construction Aud1tory

In the constryction. of the aud1tory portlons of the tests, the

.foTTowwng equ1pment was used

. Heathklt AudTO Generator Mode] 16- 72

;‘2,;Aka1 reel- to-reel’ Tape Recorder Mode] GX 3650 | .

3. Aka1 CaSsette Tape Recordeb Model GXC- 38D (mth Dolby hTSS reductwn) §

| d.fStoeTt1ng Unlversal T1m1ng Modu]e Ttmer Mode] SA600 Power Unlt

- Model SA590. | | | | |
The spec1f1cat1ons for the aud1tory portlons of the tests were f

adopted from Orn (1970) These spec1f1cat10ns are as foTTows

A

. Frequency of tones 1000 cyc]es per second

.4\) i

Length of tones 0 15 seconds

. Length of short pauses 0. 35 secondsq, RRRR S

o

1

Length of Tong pauses 1. 35 seconds

"-b

- An 1n1t1aT con51derat1on 1n the construct1on of the aud1tory
/-

S patterns was the probTem of how to operate manuaTTw aTT of the e]ectr1cal

_’equ1pment noted above to create the st1muTus patterns when the t0ne and
7hpause 1ntervaTs are as . short as spec1ﬁaed by Orn (1970) Th1s probTem
: "was aTTev1ated cons1derab1y by the use of the know]edge that a: 1000

~'cycle per second tone can be created hy record1ng a 250 cyc]e tone at a
B ol

"fftape speed of T 7/8 1nches per second and then pTayIng the tape at a

‘T'Speed of 7 1/2 1nches per second U51ng thTS factor, 1t was poss1bTe to

\"
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quadrup]e a]] of the tames used in record1ng through the use of the

L~

3

| _ slower tape speed thus maklng it feas1ble 4%1be1t demand1hg in_terms of «
manual co;ordtnat1on,‘to,record al] of. the item patterns consecut1ve1y _
A converSion of Ornts (1970) spec1f1cat1ons for a tape speed of 1 7/8

ftnches per second resu]ts in the fol]ow1ng spec1f1cat1ens
K / B 3
\ ;250 cyc1es per second
’ - :’ ’ |
2. Length of “tones: O 60 seconds

«

BZTLength of short pauses 1. 40 seconds f f?ﬂf.i L A‘j*” . | -
‘4§‘Length of 1ong pauses: - 5.40 seconds. - |
| A further cons1derat1on ‘in creat1ng the: aud1tory patterns ‘once the
- time a]lowances for manually operat1ng the equ1pment were quadrupﬂed
was how to- ut111ze the t1mer to create an open c1rcu1t of 1. 40 seconds d
'ffor a short pause in t1me 1n an item pattern and an dpen c1rcu1t of -
:5 40 seconds for a Tong pause in an 1tem pattern | 'd "
Th1s problem Was so]ved through u51ng bank one of the t1mer for the
:c1osed c1rcuft t1m1ng, and then w1r1ng banks two and three for open :
. c1rcu1t t1m1ng such that the 1esser of the two tames that were spec1f1ed
on these banks wou]d be chosen automat1ca11y by the timer for use: as the -
I.nopen c1rcu1t perlod Thus, jf bank two was set at 1 40 seconds and
ibank three was set at 5. 40 seconds, bank two wou]d be chosen However,
A1f bank two was 1ncreased by a factor of 10 g1v1ng a sett1ng of 14 00

' f’fseconds, as cou]d be accomp11shed eas11y by a manua] switch on the t1mer, T

'h'n‘bank three wou?d be chosen by the t1mer for the 0pen c1rcu1t

e
The task of oonstruct1ng the tapes began by sett1ng the ree] to reel

'.ftape reconder at a speed of 1 7/8 1nches per second w1th record1ng on

track one on]y The aud1o generator was set for a constant tone of 250
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cycles per second»and.the timinq module was piaced betwéen the recorder.
and the aud1o generator-as a c1rcu1t sw1tche r, ut1]121nq the settlnqs
| Bank one . 0.60 seconds
k‘ S - Bank two | 1.40 seconds
. o Bank three A' 5, 40 seconds .
For each 1tem 1n-turn the. fo]]ow1ngnsequence took place Dur1ng
R the 1.40 second 1nterva] 1mmed1ate1y pr1or to the po1nt at wh1ch the
first tone of the st1mu1us port1on of the 1tem was to be recorded the
h ~vo]ume of the aud1o_generator was turned up to mod'rate, UnIeSS‘otherwtse“

:‘h'anSesfof‘

Chanqed; recording~commenced of'tones of'O 60 seconds

1.40 seconds CIf at- some po1nt in the st1mu1us pattern al ‘g'pause.was.

' speC1f1ed in the 1tem des1qn, then dur1ng the 0.60 second of tone
recordlng 1mmed1ate1y prev1ous to the pause the t1m1ng sett1ng of
bank two WdS 1ncreased manua]ly by a factor of - TO g1v1ng bank two ‘a

sett1ng of 14 00. . The resu]t of th1s was se]ect1on of bank three by the

&

timer for an open c1rcu1t g1v1ng a pause per1od of. 5.40. seconds fo]1OW1ng
. the tone By sw1tch1ng the rat1ng on bank two manua]ly in thlS fashlon,vlr

'pauses of 1. 40,seconds and 5 40 seconds were generated accord1ng to: the .
, | e

In order to’ create an 1nterva1 between the st1mu]us and compar1son

{

|

t‘ sectwons of each 1tem the aud1o generator was re- set w1th a vo]ume of

zero at the end of the record1ng of the 1ast tone 1n the st1mu1us sect1on

‘ of the 1tem and thxs volume was left off wh11e the t1mer comp1eted 51x E

',‘cyc]es w1th the c1rcu1t c]osed for 0 60 seconds and open for 1 40 seconds

T.The compar1son portlon qg the 1tem was then commenced by re sett1ng the

kvo]ume of the aud1o generator ‘at moderate dur1ng the 1ast open c1rcu1t

0



o recorder

F 4 | , . ‘,) 209 >
perjod of the six cycles.. The sahe procedure wastUsed following recording
of the coﬁparison portion of the item in order'to‘create a SUbject
response interval on the tapes; the audio generator Volume was set to
zero-whi]ert6'cycfes of open and c¢losed circuits were.compTeted.‘

Ustng t}e”technﬁque noted aboye,ag continuqus recordjné was made of
the complete Auditory-auditory matching teSt'item‘patterns;as specified
in Appendix H1. The next task was\to record a script and directions'for
each item such that 1t wou]d mesh with the recorded tone patterns To
accomplish th]S a sound -on-sound procedure was used the reel-to- ree]
recorder was set at a speed‘of 4/2 1nches per second,_w1th track'one |
set for 11sten1ng and track two set for record1ng The script for
Aud1tory audltory matchtng as- supp]1ed in Append1x H3 was recorded on
;track two,of‘the tape and then, while ]1sten1ng to»the'tone; ofieaqh
item in turn;.a number designation for the'item'was recorded fo110wed -
py the cue word "Ready” . After the st1mu1us t0nes the word “and" was
recorded to de51gnate the separat1on between the st1mu1us and compar1son
: patterns | Us1ng th1s t1m1ng, each 1tem structure was, establtshed as
shown in Figure 7. b 1 V‘J‘ ~:‘;. ?E
’ | Once the comp]ete Aud1tory aud]tory match1ng tape was recorded on
- '}both tracks, these tracks were p1ayed S1mu1taneously and the record1ng was%

| swttched to a s1ng]e track on a cassette tape u51ng the Aka1 portable A

£~

t Us1ng the master Aud1tory aud1tory tape the tapes for Audttory-'.'

'Fft Y

o V15ua1 V1sua1 aud1tory, and V1sua1 V1sua1 match1ng were then constructed ”

The scr1pts for. each of these tests as suppl1ed 1n Appendfx H3 were
L/ .

recordedjon separate tapes and then port1ons of the Auu1tory aud1tory
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I .
approxinately 1.5 seconds "Number . "
approximately 1.5 seconds | = “Ready" ’
. ;
o
wgi 1.15 seconds - 8.15 seconds Stimulus
Z;fu9
! . .
£y i ’
. ., :
- 3.0 seconds - "and"
S
R ) ' - ] . s I . ) - . .. «..Cq:
1.15 seconds ~ 8.15 seconds | Comparison
approximately 5.0 .seconds - | Résponse timeiiiquﬁ'
- L -
Y

© Fiqure 7.. ‘Structure of modality matching items
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tape wereitransferred;to new tapes, dependent upon which~sect10n of‘the
item in a test was to be'visua] In recording the Auditory visual
match1ng tape, for examp]e th% Audi'tory-auditory matchlng tape was

' recorded with deletion of the comparlson sect1on of the items,. thus
‘creat1ng a t1med blank section on the tape dur1ng wh1ch the v1sua1
port1on of the item could be shown By this. process, the remaining three
| tapes were constructed thus complet1ng a]] ‘of the aud1tory port1ons of
the modality. match1ng tests R ' e .

a

' L

Test COnstruction: _Visual

The equ1pment used in tre construct1od’bf the v1sua1 port1ons of

- the modality matchlng 1nstruments is as fo]]ows

-—

. N1kon F35 mm camera w1th e]ectr1c motor drive

-2. Large tripod | |
3 Kodak High Contrast Copy film and Ortho Copy f]lm o '
4. 32” X 40" sheet of flat wh1te paper et _‘h N
_5; N1ne buttons of 11. 00 mm: d1ameter ‘

\ S1m11ar to the construct1on of the aud1tory port1ons of the modalltyi .
-match1ng tests, the v1sua1 port1ons of the tests to be constructed used
-d1mens1ons supp]1ed by Orn (1970) ' These spec1f1cat10ns are:

1. D1ameter of dot 2 5 nm1‘u . |
:2 Length of short gap: 2. 0 mm ‘
| : 3. Length of 1arge gap 18. O mm .h.}

Orn S vers1on of the cross modal match1ng task was presented on 3”' 5“ “
(‘

cards. In order to create s]1des for sma]] group adm1n1strat1on of the .:iff

;f7test, a procedbre of photograph1ng buttons placed on. a large whlte card ;f:“

/ .
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was used. Black nonreflective buttons of diameter{11.0 m were
se]ected and then Orn S spec1f1cat10ns were sgaled by a factor of
11 O mm/2. 5 mm to give: |
1. Diameter of ‘dot: 11.0 mm .
2. Length of short qap: 8.8 mm
3. Length of long gap: 79.2 mm. |

To create the slides the buttons were placed in the spec1f1ed

patterns on the Sheet of paper and photographed from a point d1rect]y |
above the paper. A]] patterns were created us1ng spacers and a horlzontal
.gulde both of wh1ch were removed before each photograph was taken }Thef
. film used in the camera was h1gh contrast copy film. | ThlS f11m 1n ‘turn ;_
~ was printed on Ortho Copy film sheets, Wh]Ch were dyed a ]19ht blue
'color to reduce glare when shown in a s11de proJector The sheets were B
then cut, and mounted as slides. Add1t10na11y, an lnexpens1ve black and |
-wh1te f11m was un1form1y and part1a11x exposed to Create: b]ank s]1des
for exposure in. the s]wde prOJector dur:ug§the test adm}nlstrat1on -\hl.’

N
periods when the st1mu1us or comparlson sectlon,bf an 1tem'waSjnot\

Al
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-and see if some of them are d1fferent than others.
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Scripts for Modality Matching Tests

-

Auditory;audftory matchiﬂg}

He]]o Today we are go1nq to listen to some. patterns of sounds

' A]] of these sounds w1]] be 11tt1e beeps Wevare go1ng to p]ay a game

with these beeps We w111 see 1f some - of themrare the same as, others,4

\

Let's 11sten carefu]ly to some beeps
- [Stimulus part of Example 1 is heard.] -/
: N o

Now let's 1isten to somefmore'beeps

[Compar1son part of Examp]e 1 is heard 1

-

-Did you. not1ce that the last beeps were not the same as the f1rst

"beeps? Let's ]1sten to both of them aqa1n Ready for the flrst beeps?

L

; They were d1fferent from each other Let s 1i

[St1mu1us part of Example 1 is heard 1

'and now the second beeps

. o
[Compar1son part of Examp]e 1 is heard ]

.The f1rst beeps were not the same as theLsecond beeps, were they?

the same as each other
Ready7 , | o | e
o [Stlmu]us part of Examp]e 2 1s heard ] L -
- ﬁéghd'<,l _.a.;. '_"”:';;;:jl :t v;p [_Tf .t_f,ilf;_::;dt A

E [Compar1son part of Examp]e 2 is heard ] e :

Those were Ahe same as each other weren t they? How can we wr1te

| on paper that they were the same as each other? On the paper 1n front

of you, the WOrds same and d1fferent are wr1tten dQWn for each group of

:., beeps that we w111 hear Let S 11sten to some more/beeps and see how if[';"

sten to some beeps that are;ff
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we would write the answer. -
Reagy? o .~g - i _n.i s : R
. [Stimu]us.part‘ot‘Ekampte’Q,is»heardQJ'
and _‘ _ B
o [Compar150n~part Of‘Example é:fs heardf] ;_ |
They were: the same, weren t they? If'we‘1ook at»number‘l'on-the'

~ page, a c1rc]e is drawn around the word same to show that they were

[ I

RN

the same |
T let's. ]1sten to the beeps for number 2

e ’ Ready" |

W »

N [St1mu]us part of Examp1e 1 is heard ]
1iand-," ' '

[Compar1son part of Examp]e 1 is’ heard ] _

o Those were d1fferent weren 't they? If we ]ook at. number 2 on the

-.\.

page, a c1rc1e is. drawn around the worﬁ d1fferent to show that they were7
d1fferent | | H o .. | | i
Let st 11sten to the beeps for number 3
Ready7 R j “' | }' ‘ ' A
[St1mu1us part of Examp1e 3 1s heard ]
. [Compar1son part of Example 3 1s heard ]

o _/ \ | Those beeps were d1ffeyent so a c1rc1e has been drawn around the

l-

| L word d1fferent for number 3 Now, wouﬂd XOU 11ke to try some’ Use the ;P“‘

| have heard the béeps iijiryff a"i:i;t '3r %f Hﬂfp

Let s do number 4

"fﬂi penc11 that you have 1n front of you to c1rc]e the rlght word after you ;”f; ;
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‘ Ready7 _H" . L R K ) '
- [Stimulus part of Examﬁle 4 is heard ]

.iand" v \
) [Comparison part of Examp1e 4 is heard;J;;

[Pause for 15 seconqsu]-. ' | |

. Did‘ypu:ciro1e the word'same for numbé}‘43 mThat:ts'the right .-

Lnswer. | - | ‘7 . - " |

- Let's try,another one.,'weiwiT]fdo'number;S._} {4f_f' RS

Ready? , .‘ _ . | S - .
[St1mu1us part of Example 5 1s heard ]
- ?“d ' ' ‘

[Compar1son part of Examp]e 5 1s heard 1’

[Pause for 15 seconds ] _ | o | .

| D1d you C1rc1e the word different for number 57 That_ts-thefrtohttf
answer | o a . e S .
't_ Let 3 do some ‘more of thesel After each group of beeps that you

hear c1rc1e the rwght answer on your paper to show 1f they were the

o same or 1f they were dlfferent

Number 6. f-xf f";v fhf,}if:i”;,fxit-gf.e.ffht-f?is'T7*h‘

i':Aud1tory v1sua1 match1ng : i R :
| ' He]]o Today we‘are §o1ng to 11sten to Some patterns of sounqs

' 7Me are a]so go1ng to look at some p1ctures A11 of the sounds w111 be
- 11tt1e beeps A11 of the plctures w1]1 have dots 1n them Ne are'

7”? go1ng to play a game w1th these sounds and p1ctures We:w11] see~jf~;;7



. some of the sounds are the same as some of the. p1ctures we‘thl'aLsd:
. see if some of the sounds are dlfferent than some of the p1ctures
Let's s listen carefully to some beeps B .
[St1mu1us part of Examp]e 148 heard ]
: Now, Iet 's. 1ook at the- dots in th1s p1cture
[Comparlson part, of Examp]e 1 1s seen ]
; D1d you not1ce ‘that the beeps were not the same as the dots in the '
p1cture7 Let S compare them aga1n Ready for the beeps’ .
| [Stlmulus part of Examp]e 1is heard ]
and now the dots ‘_‘r “; _ o .“ ,
[Compar1son part ot Example 1 is seen ] .h;ﬁd‘n.f”_;s' '.snfé}d
The beeps were not the same as the dots 1n the p1cture were they7 |
-They were d1fferent from each other Let s compare some beeps and dots av?d
“that . are. the same as each other B | o S
: ;_t Ready7 - L‘:‘ ) f'; :fp}"

[St1mu1us part of Example 2 1s heard ]

: [Comﬁar1son part of Examp1e 2 15 seent] R

Those\were the same as each other, weren t they’ How can we wr1te |

xf:von paper that they were/the same as’ each other? On the paper in front S

"dfd:of you the words same and d1fferent are written down for each set of

”"7;fbeeps and docs that we w111 compare Let S compare some more beepS and

’ lf‘dots and see how we wou]d wr1te down the answer

Ready7.;*v , R Sl e
IStlmulus part of Example 2 1s heard ] ..??755f1u;;f5;_1fﬁaff;:r



[Compar1son part of anmp]e 2 is seen.] - \ig\\ A
S
They were the same, weren 't they7 If we 1ook at number 1 on h

page, a c1rc1e is drawn around the word -same, to show that. they were the fa
e, ‘ | : . o . )
| “,tet‘svlisten to the'beebs anddlook at.the dots>for.number 2.
 Ready? o o o .l |

»f'[Stimu1us~part of‘Examb1e ]fjs heard{]_
. and : o | ‘
| [Compar1son oart of Examp]e 1 is seen ]

' Th beeps were d1fferent from the dots weren t they? If we 1ook

' at number ot e page a c1rc}e is- drawn around. the word d1fferent to L

‘show that they were d1fferent - y

Let S 11sten to the béeps and Iook at the dots for number 3

Ready? | . | AR “ § L
1‘f”, [St1mu1us part of Examp]e 3 s heard ]
"a'ad}' AT e e T
| [Compar1son part of Examp]e 3 1s seen ] Sl e
The beeps neEE,Qlfferent from the dots so a c1rc1e has been drawn

laround the word d1fferent for number 3 Now, wou]d you 11ke to try

'

. word after you have heard the beeps and'seen the dots

Let S do number 4 now

‘

fsome7 Use the penc11 that you have 1n front of you to c1rc1e the right }f

[Stfmu]us part of Example 4 is heard ]

' .’,A.'a.n'd y 5. IR

- [comparison. part of Example 4. is seen. ] S R
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[Pause for 15 seconds ] | .
- Did _you C1rc1e the w0rd same for number 4? ‘That 1s the r1ght
answer. | . ; | | ' .
Let s try another one., Ne wffl-do number St
Ready? N | o
[St1mu]us part of Examp]e 5 1S<ﬁedrds]
l"TCompariso part of g;ampie'S is)seen.]_j - .'.‘
[Pause for‘ 15 seconds ] L s .

-

D1d you c1rc1e the word d1fferent for number 5? Th%t 1s the r1qhtA;

. l
. . \ . - -~
. - Y

~"answer_,

'ﬁdots, c1rc1e the r1ght answer on your page to show 1f they were the
B gsame or.if they were d]fferent ; ";::" . ‘fvgﬂ'-:u ;f.iﬂ,j_ ;;t'
" Number 6. ° i o

S RéadY?;.377 T T e T T e

' il V1sua1 aud1tory match1ng

HA’ He]lo Today we are go1ng to 1ook at some p1ctures wéséfé;algdranf,

Let's-dotsome more of these -~ After you1hear theibeepS’and seesthe_ o

"jgo1ng to 11sten to some patterns of sounds A11 of the p1ctures w "fﬁj,;,ffi

. have dots in them Al] of the sounds w111 be 11tt1e beeps We are

. rsrgo1ng to play a gameu*nth these pictures and sounds we wi]] see 1f

‘7jsmne of the p1ctures are the same as some of the sounds We w111 also ;v5

' TVQf;See 1f some of the p1ctures are d1fferent from some of the sounds.,‘ﬁafffff A

Let s 1ook careful]y at the dbts in thJs p1cture
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[Stimu1us'part of Example 1 is seen.] SR

Now 1et's'1isten/to some beeps.
[Comparison part of Examp]e 1 is heard ]
. Did you not1ce that the dots in. the p1cture iere not the same as
the beeps’ Let' s compare them again.  Ready for the dots?
- [Stimulus part of Example 1 is seen.]
and now the beeps | N
[COmpar1son part of Examp]e 1 is heard ] |
The dots in the p1cture were: not the same as the beeps were they? §
?They were d1fferent from each other Let S compare some dots and beeps . f‘
‘that are the same- as’ each.other, | .
[St1mu1us part of Examp]e 2 is seen ]
[Compar1son part of Examp]e 2 is. heard ]

Those were the same as each other weren t they? How can we write

7

- on paper that they were the same as each other7 On the paper in front if o

. .
of you the words same and d1fferent are wr1tten down for each set of

- dots and b ps that we w111 compare Let s compare some more dots and

T abeeps and - see how we wou]d wr1te down the answer -h.da.5:4f~ﬂ”7

[St1mu]us part of Examp]e 2 is seen ] "-f;vsﬁ;_ L
t_11:fj§' [Conpar1son part of Exampie 2 15 heard ]

They were thé same we?en t they’ If we 1ook at number 1 on the

page a c1rc1e is drawn around the word same, to show that they were the

N
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same. |
-Letfs 1ooh at theldots‘and,}tsten to - the beeps for number 2.

' ﬁéady? r | | |
| [Stimuius part of Examp1e‘]?is seen.]'-
,-'.and | L
[Compar1son part of - Examp]e 1 ]s heard ]

Lo

The dots were d1fferent from the beeps weren t they’ If we Took/
| LA
at number 2 on the page a c1rc1e~1s ‘drawn’ around the word dafferent to

- show that they were d1fferent . ',p s
Let s Took at the dots and 11sten to the beeps ﬁor number 3

Ready?

[St1mu]us part of Example 3 is. seen ]

[Compar1son part of Example 3 is heard ]

?The'do,~a;;;?w"”ferent from the beeps so a c1rc1e has beenidrawn L

- around theﬁ 1t for number 3. Now, would you 11ke to'tryidgiz

‘ SOmet 'uséif jou have 1n front oi@you to c1rc1e the r1ght word

after you ha}v ,'e dots and heard the beeps

-,

Ready7 ]
[su'  part of Example 4 is seen.] - o

[Compa son part of Examp]e 4 1s heard ]

'"‘:i [Pause for 15 seconds ]

R

D1d you c1rc1e the word same for number 4? Thét;jsdthefrfghtf.;fjfg}

answer

C).
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_ . ,
Let's try another one. We will do number 5.

Ready? .

[St1mu1us part of Examp]e 5 is seen,]
and SR
) [Comparisdh partiof,ExampIelé_js heard.]
| [Paose for 15 seconos.]‘
Did you eircle’the word_ditferent:fohhnumber 5? That~isvthg right

o

answer. |

Let's do some more of these( After you see the‘dots~and hear the |
beeps, circle the r1ght answer -on your. page to show if they were the
~ same or 1f they were d1fferent | |

Numbeh 6,

5eady?

' V1shal v1sua1 match1ng
| He11o Today we are go1ng to 1ook at some: p1ctures A]l of these,-
p1ctures w1]1 have 11tt1e dots in. them’ we are go1ng to p]ay a game
with theSe p1ctures - We w111 see 1f some of them are the same as others;j'
huand see’ if some of them are d1fferent than others | |
- Let's Iook carefu]]y at th1s p1cture
[St1mu1us part ofoExemple 14s seen ]
» Now, 1et S 1ook at th1s p1cture ?:‘“Iﬁﬂﬁ e ;.i /o
[Compar1son part of Examp]e 1 is seen ] i

D1d you not1ce that the f]PSt p1cture was: not the same as the 1ast

«

p1cture? Let s 1ook at. both of them aga1n._: _ffijiffg".'éjfeiiV“'"'Vs R
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Ready for the first picture? A %.'
| [Stimulus part of Example 1 is seen. ]
And now, the seoond picture.
[Comparison part of Ekample 1Lis seen.]
~ The first pﬁcture-was.not the same as the second pieture, Was it?
They werevdifferentAfrom each other. Let's look at some pictures'that
“are. the same as each other. ' |
Ready?
e [St1mu1us part of Examp1e 2 is seen.]
| and = |
[Compar1son part of Examp]e 2 1s seen ]
AR Those were the same as each other weren' t they’ How can we wr1te
. on paper that they were. the same as each other? on the paper in front
'of you, the words same ‘and d1fferent are wr1tten down for each pa1r of
p1ctures that you w111 see. Let S 1ook at some more p1ctures and see

v

how we would write the answer j
Ready? - - |
[Stimu]us.partoot Example Z'ds‘seen;]ff d
‘and | | | .v
| [Compar1son part of Example 2 s seen ] |
They were the same werenut they7 If we look at number l on the
‘;_ page a c1rc1e 1s drawn around the word -Same - to show t t they were the
‘same, Let s look at the p1ctures for number 2 i -
Ready? : lr . o " ,v‘,
‘ [Stlmu}us part of Example 1 is. seen ]

o and"



. o - | | '\ o
: é‘ .5“. [Compar1son part of Example 1 i5-Seen. ] |
| Those were d1fferent weren"t they? If we look at number.2 on‘the-
page a circle is drawn around the word different to show that they were
d1fferent Let's 1ook at the plctures for number 3
Ready? | |
}[Stimu?us'part of Example 3 is<seen.j ' - oL
and 4 o
[Comparison part of Enamp1e 3'is seen. ]
Those pictures were d1fferent, SO a c1rc1e has been drawn" around
the word dlfferent for number 3 Now, wou]d you Tike to try some? . Use1

the penc11 that you have 1n front of you to c1rc1e the r1ght word after

you have seen the p1ctures‘ - '-_g_}g;:f
Let' s do number 4. | .
Ready? | ‘
- éﬁ | . [St1mu]us part of Example 4 1s seen. ] | |
and | o w"l L " - o
[Comparwson'part of Examp]e 4 is seen ] - N ,.\f " {
5 ." :jﬂ [Pause for: 15 seconds ] ' “

D1d you c1rc]e the word Same- for number 47 That is the ridht

©answer, L .' o i
Let s try another one.. We-will dOjnumberzS. S ;u1596;5
| Reaay? ;' | R R
[St1mu1us part of Examp]e 5.is seen.].
iand,. a

[Compar1son part of Example 5 is seen ] :‘

[Pause for 15 seconds ] Co
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Did you circle the word different for number 57 That is the right
answer. Let's do some more of these After each pair of p1ctures that

you see, circle the r]ght answer on your paqe to show if’ they were the», L g

same or if they were d1fferent;

Number 6. T
Ready? | o T B |
[ "F . ] . . ‘ . f . v' ‘
O - ’ ' , .A R " .
* | ' N P »
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Item Difficulties for Pilot Administration of Modq]ify Matching Tests:
L “Low IQ (P ), High IQ (Py) and Pooled Groups (PT)

v

- Audi tory- Auditory- © Visual- . visual-
‘auditory .- visual. ' auditory - visual -

T

Item . matching = matchng ~matching / matching

PL Py Pro o PL Py PT P Py Pr R LT

.93 .93 .93 0 .90 .97 .93 .83 .03° .88 .97 .97 .97
.83 .93 .88 .90 .97 .93 .70 .83 .77 .83 .90 .87.

O -~ o

.57..77 .67 .63 .9 .80 . .67 7370 .83 .97 .90 .
10 .50 .87 .68 .69 .90 .75 .63 .83 .73 © .97 1.00 .98
W .77 .80 .78 .50 .73 .62 . .83 .80 .82 .93 .93 .93

12 .60 .60 .60 .67 .77 .72 57 .80 .68 1.00 .97 .98

.67 .90 .78 .73° .93° .83 .73 .93 .83 - .93.1.00 .97 -

13 .67 .87 .77 .67 .83 .75 70..93 .82 .97 .97 .97 - °

14 .90 .83 .87 .63 .80 .72 - .77 .83 .80~ .90" .90 .90
15 .57-.80 .68 .57 .83 .70- .77 .93 .85 .97 .87 .92
16 .50 .63 .57 .73 .83 .78 .77 .93 .85 .93 .03 .93
7 @3 e 80 .60 .80 70 .87 .97 .92 93 .93 .93
18 .73 .80 .77 . .50°.80 .65 .83 .83 .83 .70 .93 .82

19 .70 .63 67 .63 .57 .60 .77 .77 .71 @ .90 .88

S .53 .53 .53 57 70,63 .77 .63 .80 871,00 .93
21 .53 .63 .58 7370 .72 .73 .90 .82 .90 .93 .92

2247 .63 .55 40 .50 .45 .63 .87 .75 .93-.93 .93

23 .53 .57 .55 .57 ':77;*;61 1'_;27’ .80 .78 .60 .80 .70

24 .50 760 (55 43 .40 .42 80 .77 .78 93 .90 .92
2 .. .50 .63 .57 .60° .83 -T2 773900 .82 - 0.93:1,00 .97

L2 .50 .57 .53 .63 .73 .68 * .53 173 .63 | .83 .87 -.85.

B

L2137 .47 .42 43 67 .55 - ~70. .67 .68 .83 .93 .88 .
28 .67 .63 165 .60 .60 .60 - .57 .70 .63 .40 .80 60"
/29 . .63 .57 .60 .43 .63 .53 .63 .83 .73 .80 .83, .82

30 .80 .90 .85 .63 .87 1)75'j*ﬂ;soj?}éé_:;az;3;1257ff,sg_f,68§j*T .

3V l60 707,65 - .70 177 73 .70 .87 78" .63. .67 .65 -

"‘ff32r' :55431";57.;;50,- .37 ;43,n.4o;%;.{804I193f,;a7,{v ;83>;;3z;";35if:».7 |

S ;::;43_,:50‘Zg$2ﬁff:L5753{57f1;57j:I;.77‘f;90,7;83‘}if;6d n;9OH_;Z55;: -
357 40 48 43 743,43 .60-.83 .72 .53 .31 L4500
© 035063 .30 4705173280 L7700 0.70. .73 .72 60 .80 .70




