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| Abstract
ST Vayne Arnold ,
Beading Abllity and. Hemispheric \Speclanzatio}:
T . in Boys amd Girls - '

'I'he present study asseseed the relation between readins
abulty and the .degree of 1ate\ralization of verbal and non-

verbal functions to the left and right ‘hemlgpheres respec-

tively. Four group;s, ‘Qach consisting of 16 rlght-handod sub=
Jecta, were matched in terms of chronological age nnd I.Q.,
and were differenti,ated by sex and resding abuity (auperlor
or sUbaverage). Each subject was’ presented ‘with both a

verbal (consonants) and & nonverbal (tones) dichotlé listenc

ing task knd was tested for recognition using a -uo:_gigog: _
ent response paradigm. . As predioted, verbal information o

i

gaperally Bettbr‘rgaognia_od—wﬁen presented to the right war, . 3
nonverbal information when presented to the leﬁ’ _eay. Con= \
trary to hypothesia, theae asymmetries 4id not d&ftor with
sex and, with verbal uteriala, the risht-oar nuperlor:lty

was found only with subaverage rudora. Bomver. the super-,
lor readers did ténd: to be ioro Qrﬁoiont and sensitive than
the subaverase readers in prooonins auditory .mfomuon.

The results were interpreted as suggesting that ngiat:lon in -~
readfng' ability within the non-clinical popun'tlxou mey not.
be a funotion of degree of 1atorntution but, r-ther may e~
flqc’c general differences 1n the ‘ability to proaou Mu:ory

information,
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‘ A;though Ath.e' pgr;bé'ai ’h‘emisp\her;e in 'man are “atrubtur_- ' ,
. aYly similar, they serve different functions: . Usually, the .

“left hemisphere predominates 1n ‘the . processing of verbal in-
formation whereas t:he right hemisphere appears to process ' ' ,.vi
ok nonverbal materl&l. -It has beeﬁ suggested that' the function-
‘ al*epeciauzation of the hemispheres oscurs at en early age

nnd develops differentially in Jboys and glrla. Hore specl-

. fically, it appears that the lateraligation of language de-
o B velops at an earlier ‘age in'girls (Bryden, 1970) with boys‘
] L possib‘.l.y showing enrner laterallzation of mechanisms %ﬁrﬂng

. "the prooesuns of nonverbal atlnuli (Knox and Kmura, 1920). '
L ~ 'The apperently differential: dévelopment of hemispheric fun L
'tionins in boys end girls .is of pertlcular mterest slnoe z
- several studies (lloney, 1966: denlrsh. 1968; Critchley, e
" 1970) have auggeated a lmk between delay in lateralization 3 e
3 of function end resding dlsability. °"l‘he preaent study ex- ' x‘,
i smines this whole queetion of a mletign between lateraliza- . " |
T tion to the left end right hemspheres, sex, and reading
" ability. . x .
] ' The coneept of apeoienzation of runotion of the ocerebral
Lot "-‘ ‘heuephe 8 18 bleed on the observation that damage to. the
L right hhhpheres is eoconpaniod by dirfqrent per-
: hnﬂ.n%\te. umn recently, however, knowledge
v'}nbout ‘he percep ual umnriee of the\oerebral heulepheree

S ; : {m aepeaded i nly on et\unee of' n enrologloal petienta with
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.. structurally altered brains end 1t has been diffioult to

generaligze these 'oniucgl f_‘indi.ngs to;@ lt;dlv1¢}u§18 with
1nt§ci: nervous sy'steqms. 'me lnvest‘:lg’ayion of ‘hox'nisphorlo
r\_mctions in the normal person had.to awalt the development
of techniques applicable to the normally functioning brain.
Such a \technﬂ;ue‘ was developed by Kitira (1961a) who adapted
Brpadbént's (1954) dichotic .l1stening teohniqu,e‘ for use in .
the. st.udy of hemispheric agymetry of function in normal
a-dnlts »(Ki\.:mra, 1961b). The technigue lmrolvea“‘the ,aiuul-'- s

‘taneous presentation of two different auu%li'r‘y, mesgages, one

€0 'each ear, by means of a dual channel tape reoomar with

sterxreophonio oarphones.

. -

Kimura (1961b) obaorved that with dichotie audltory

,'presentation of verbal information (dlslta), normal right-

s handed adults were able to reoal:l. nore information: presented

to the risht ear than that donv’ered to the left ear. She
attributed thls perceptual asmotry to the runotlonnl super-

: \
lority of- the contralateral audu;ory pathways over the ipcl-

lateral pathwaya 1n transnittms verbal mfomtlon to the
speech proeessing regions of the ‘brain (nnura. 1961b). This
interpretation is oonalstent wu:h aloctrophnlolosloal ovi-a
dence demonstratms that the crossod oqnneotlonq from ear %o

' cerebral cort&x J.n tho cat (Rosenmis. 1951), the dog (m—

turi, 1949)" and man SBocoa. Caleéaro, caasinu'l,. and !ﬂ.sua-
vacca, 1955) are noro efficient tlum ﬁhe uncrossed patmm.

Confirmation of the auporlorlty or the c:*oapod over Inorolspd
pathways in man was obfained in a -igady ,.(nnuu..t.%tb) of "
. unilateral bi;am;danasad pﬁtlonté 'for whom_the loouitnum . ¢

‘
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. Of. speech reprpsentation had been established by ,the sodiun

amytal techrique (lu].ner, Branch, and ‘Ragmussen, 1964). Pa-
tients with speay‘epresentation in_the 1ert: hemisphere
showed a right-edr superiority.on the dichotic digits test,
while patients 'wlth,ape‘aoh representation in. the right hem- ‘;J
isphere showed a Yeft-ear superiority. Thus, the perceptual- |
aa‘ymmetries observed on noximai rlght-handed subjects and a
unllateral brain-damaged’ pntlants lndicate a clear relat:lon
between the ear laterality effect on the dichotlc verbal
listening test and cersbral hemispherlo donlnance fbr lan-
guage. N .

Risht-eaz; guperiomity in dléhot;ic listening has since
been replicated on groups of normal right-handed sdult.sub-
jects for verbal stimull such as digits, words, fupction _
worda. nonsense words, and consonant configurations (Kinura.
1967, Curry, 196?3 Curry and Rutherfozﬁ. 1967 - Shankweuer
and St;uddertoxennedy, 1967). ‘Kowovor, . when verbal stimuli

“are presented dichotloally to lett-handed‘ STroups more var-

ubuity is obaervod with respect to ear aaymetry (Curry,

) .1967. Curry and B@therford. 1967). ‘l‘hese flndlngs appear

to reflect the fact that handedness ig a much better predlc-- g

! tor of 6orebral dominance for 1;n3nase in right-handers than . -

in left-handers (Milner, Branch, and Basmussen, 1964). To
be noré apeoitle, using the aodmn amytal technique to asgess V
the loous of speech reprenantau?n. Milner (personal commun=-
1oatlon. 1973) has reoently round that 92 percent of righte-
handed patients. (n = 95) are lsft-hemispheric dominant for

.apesech while 49 percent of left-handers (h = 87) have 1ef,t-‘

. & .
" . =
t&\ﬁt-r .aem&u‘:":-uvn P fs% I AR L reys



hemispheric speech representation- : ' . 4

v N 7 X »§
' " In additlon to Aits application to the probl_m of oere- R
bral dominance for 1anguage and the doninanca-han&odnesa'ra-

lation. the dichotio llstenmg technique has been used to -
o investigate the functions of’ the rlght hemiaphere. Hhen non-

: speach ssounds spch as melodic pattems and onvlromontai

‘ noises . (e.g+ car starting, tooth brushlng. etc.) are Moho-

' 'uoally delivered\ to normal right-handed mdivmuala. 6' 313- .

' ~n1f1cant left, ear laterality effect energes (nnura, ,196#: B

o .. curry, 1967). Since the contralateral oonnectlonz between -

. ‘the ear and cortex are more eftioient than the lpauateral )

- B ' , pathways. this peroeptdal laterality effeot supportn the ‘ K
. conten’tlon that the rlght hemiaphere ptredoninntee in the pro-

‘ cesslng of nonverbal ‘auditory stumll. !‘urtharqoro. ‘ghank-

' ’ weiler (1966) reported that when melodies wero d.lchotiogllr

v

presented to patienta with tenporal lobe duago. those ‘nth

rgght-hemlspherio lesiona showed more. impairment than cubjeotc
with left-brain d»amase. \l‘hus, the auditory umctrion or ]
© ©‘the dichotic lfstening procedure reflect the aiffemtnl g
contribution of the 'cerebral hemiapheres in the mcoulns | ‘ '
of verbal and nonverbal audltory mfomation. . T :h. L
One of the most mterutins uses of the a1chotio listen-_ g
! 1ng techniquo has ,been u:a appnoation to. the study of thc
'development of hamiapherio laterallza"élon. Kimura (1963) _
studled the performance of - riame-handod boyn and si.rla bptwioa
tha ages.of 4 and 9 on a dlohotic digits. tut. , 8ho rom .
right-ear supertority wffect for 81k u;o*-aax groups, : Im.l-
/‘ ' ting that cerebral doumce fgr l.nns\ugo lh “milm_;lu
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'tlcally presented digits has since been replioated on normal

*1967; Knox.and Klmure, 1970). 'The data suggest that the 1
\plateralization of speech runotions doea not develop with in-~
preaslng -age. In taot. the findings indicate that the degree »

ncontradlce ‘the clinical data on aphaaia follqwmg early brain

‘damage whioch lndioate that language is more "equipotenflally
repreeented m “the left and right. hemlspherea at younger ages,

’ b“-‘s: \1967)- '. - C e

T e . . R
‘early.as age k. The rlghb—ear 1ptera11ty efreot" for dioho-

rlght-handed chudren' between the ages of 5 and 8 (Kimura,

e,f lqterality deoreaaes with age. These observat;iona geem. to

(Basaer. 1962) and that hemlspherio specialization lncreaaea .
‘with Berebral grovth until about the age’ of puberty (Lemne—

. ‘However, the fauure tq obtain eny developmentatl trends '
with the cuohouo liabenins prooedure could be attrlbuted to

PR

a phenomeqon wh.toh has been termed the ear order of report
(Bryden. 1962)s Bryden. (1962) has s’om that when digits
are preeented diohotlcali

‘most subJeote prefer, to recall all the utdrla.l nel’lvered to

y a€ a rate of 2 pairs per Beoond

the risht eer ‘before giving any rrom the Left ear. Ingus )
ena Sykes (1967) end Bryden (1970) have shom that the over- e
eu perromanoe on a dichotic digits test, eepeolelly on the ‘

L

eeeond ear reponted. ulproves with ége, ' In the Kimuras S
etud;ee (lunure. 1963; 196?1 Knox and Kimura. 1970) order _'
of report wes not controlled. end 1f her eubaects ﬂd tend ' ',' , L
to ;‘eport the right: ear material nrst. the ..92 nnited : / Y
ICIO!." fpan ot the younser eu’baeets may have linited thelr .

- .

le?t ever reoell. produoms the appaxeyt - 1atere1izenou ‘a8 "‘ \ ‘“ :
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. lateralization of language funotions (Money, 19661 deHirsh,
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an artifaet. In support of this interpretatilon, wtf en Brmn
(1970) presented diglts dichotically to- riétt-hended boys ard .
girls from grades 2, L, and 6 end eontrolled statistically -

for.the efrec-ts of ear order of report by calculating the -

'
s

relative incidence of right-ear superiority, he found that

oerebral dominance for language emersed earlier 1{; girls than =
1n boya a.n&‘ that lateralization of speech funetlone developed“'
w‘lth age and was clearly established only by age 12 or 13 ®
(grade slx), a flnding eonsistent with the oll?ileel data on )
aphasia in children (Bryden, 19?9)’. ‘
The Alchotic listening technique has also bgn used to oo
test the hypothesis that developmental dyslexia is attri- m

-

buted tovcerebrai 1mxtatur1ty: that is, faulty or incomplete

1968} cCritchley, 1970). A child with developmental dyslexis 3
e A

1s unable to learn to resd with proper facility Yespite con-

v
© ventional instruction, adequate 1nte1113enee, and xooie-—

eultural opportunity. A lerse numbéar of defioits ua\eelly
accompany the readins difneulty ‘such as left-right eonrmueu
(Belmont and Birch, 1965). caloulation difficulties }elnont
" and Birch, - 1966), ringer dirrerentietlon probleu (‘nnlbourue
and. . Warrirgton, 1966) N sponteneoue Wit and ‘spelling

/

R impairments (Zangwill, 1962), mpeinent 1 t‘om pereeptlen

<

'(Benton, 1962) and depreesed verbal 1ntelnsenee (Belmont and -
Birch, 1966). The pattern of deﬂelte observed in ohildren
with developuental dyelexle veries sreatly trel 1m1uam

t0’ individual sand as yet' no ugn or group: ot usn- hu bna & T



é

R has been, therefore, difficult to isolate cases of develop- .
|; _ mental dyslexia from-amongst the total population of poof
b readers aﬂd thé'conald;ration of developmental dyslexia as a
.unlqﬁe form"of‘reading retardation becomes highly suspect,

" . The differences of opinion regardiné the existence of
developmental dyslexla apart from the total population of
T_\\\\ ‘ poor readers stem éiom the dlfflculty in 1ntegrat1ng the
. ( emplrlcal findlngs in the llterature. Several studies have

~inocluded subjects from heteroseneous populatlons of poor
readers (Bhlmont“g?d Birch, 1966). Furthermore, many inves-
tlgations have been based on clinic samples which have in-

- cluded children from socially and eduoatlonally deprived

, areas, many of whom have ueurologlcalIcomplications, sensory
‘ K | defioits, emotional problems or even lypairod intelligence

: {Satz and Sparrow, 1970}, The enblranl findings reported .

in the literature have been conteminated by poor experimental
i.nethodolosy making it difficult to intégrate the results and

theredby to idontify the existence of develommental dyslexia . .
apart from ruadlng rotardatlon.
?~' ‘ Bowovar, the oonsidaraﬁion of develemental dyslexia . /.
g{ . ) as a dlagnostio entity still peraista and sevoraT researchers
; (Money, 19663 deniruh. 1968: Critohley, 1970) postulate
that‘the'prinary ocause in developmental dyslexia is faulty
or_incomplete oqrebful dominance for language. This conclu-
. sion 1s primarily besed on the observation that the pattern
" of-defioits seen in developmental dsalexii_ohlidrcn dre
othillr to lnpclruont- in adults who have sustalned .danmsge
‘to the left oombra.l ‘hemisphere, - Purthermore, mény children

G
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with developmental dyslexia are left-handed ( ; 11, 1960)-

or show .weék,. mixed, or inconsistent manual preferences
(Ingran, 1959: 1960). .

or mconplete lateralization of cerebral functlon is oloaoly
1inked with developmental dyslexia. ‘ -

Because of the diffioulties in diagnosing developmental
dyslexia apart' from reading retardation, it may be more pro-
fitable to consider reading ability as exlsting along a con-
tinuum with severe readmg iotaleatlon &t one end of the .
-distribution and superior. readmg ability at the other end
of the dlatrlbntlon. It thon becones approprlate to 1m.
tigate the relation between corebral dominance and . roulmg
ability in normal children at operationally defined levels
of Teading sbility. In support of this proposition, Goody
and Boinhold (1961) postulate that the functlonll htordl-
‘ mtlon of the two cerebral hellspheres as a child dm].opc
‘1s closely .related to the performance of ngdins in general.

% d;te. research has céptered on the relatioh between
readms ablility ‘and the l;boranzatlon of langusge 'to the
left henisphere. This o.pproach seems most obvious ulnco
reading 18 a 1anguage-dcr1nd skill.. However, reading. iu-
volves the transformation of vism-lpatm. inforsation to
some auditorily stored equivalent. ’m. pcroopt!lon of mm
spatial conﬂgurations is a nonverbdal’ tuk, -and }t hu b“n
convlnclngly demonstrated . that the mom&m of the rtsht
‘hemisphere m'edounhto ln tho proconim or MM :til-
uli. The

uohdnig_ns




N '
. » )
! - 9 - ,
. M b I
. ‘ .

it 1s postulated that tﬁe lateraligat on process may bet
-g8lower in both hemisphéres of children whq are less profi-

. oient in reading than those who show superlor«readrng;abll; -

ity. .

The only study that hes assessed left and right hemis-
pherio- differences in the same groups of normal right-han¢ed
boys and girls was reported by Knox and Kimura (1970), Sub-
. Jedts between the ages of 5 and 8 were preaented with dichoti

hpairs of digits and environmental sounds (dog barking -
washing; phone dialing - olock ticking; ohildren playing -
car starting). They found a right-ear superlority for each
agersex gro&f\on the dichotlé dlgl;g test and a le{F-ear
supsriority for each age-sex group oh the envlrpnméntal sounds
task. The contristlng auditory asymmetries in the same srouﬁ;
of ohildren suggest that the fﬁnotional ditferentlation of
the two hemispheres along the verbal-nonverbal dlmension

_ooours by age 5 (Knox end Kimura, 1970), although as alyeady
noted; this upparant functional d;rferentiatlon night be an
artifact of the fallure to control the ear order or roport.

A second problem with 1ntegpret1u3 the Knox and Kimura (1970)
findings is that the verbal and‘nonvarbal dichotic taskc

‘were not oonp-ruble;. on the diohctio digits task, the sub-.
Jeots were instructed to recall the digits they had heard
'uh-roas on the envircnmentsl sounds task, the subjects were
p!oaentod pairs or sounds &nd were asked to recognigze the
stimuli, Both recognition and recall prosunably involve

ntttneion snd memory, but recall 1s sonorally aaaungd to
r-qniro npcoznllzod r.tridvnl -meShanisms as well (!umdook.
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1968). Since the verbal and ‘nonverbal t-.s/ks in this atudy
were not strictly oomparable in terms of the mechanisms ine
volved in responding to them, cautlon must be taken in attrl-
buting the differences between them to the difference between
the pgpoesalng of 'verbal and nonverbal ~i.nformatzi.o‘u.. |

© In addition to finding a left- and riglit-ear superlority
for each age-sex group wlph nonverb_a.l and verbal stimull
resi:ectlvely, Knox and Kimura (1970) also reported that the
overall performance of the boys on the entiromental sounds
test was significantly better than that of the 311']4. The
superiority of the boys over the girls 1n identifying non-

verbal stimull was interpreted as probably roprdhuit:lng a

differential maturation of functions (EKnox and Kimura, 1970).

Thus, the data suggest that the 'runctlonn organization of
the brain may be different in boys and 311’13 lnd there m
be a differential maturational dovelopent 1n the latorﬂ.l-
zation of mechanisms that.serve vorba.l (Bryden. 1970) amd
nonverbal (Knox and Kimura, 1970) information prooontns.

The finding that 1oftehenuphoric nechanisms l"atomlzo ‘

at different: rates in bays -and gu-la (Bn&cn. 1970) -na tho

suggestion 1n the Knox and nnura (1970) asta tht,rlsht-
hemispherm mechanisms may )Quteuuze at d!.ftomt rates in -
boys and girls raises mterostins qhutlom ?cosmlu ‘the
relation between reading abluty m oorobml hnhmxlo
specialization. Beadlns hbu\lty hu b«n ahom bo bo wor

\\\\\
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. study, therefore, is to,asaessétha relation between reading

- 11 -

naﬂerlal, a function of the right henlsphere, possibly read-~
ing abillty in girls 1s more associated with the lateraliza-
_tion. of ubnvérbal functlons to the right hemisphere. noua
over, reading dlsability is preeminently a male dlaorder
(Bentzen, 1963) which suggests that reading ability may be
related only to the lateralization of verbaixfuqctions to the
left hemisphere despite the appargnt requirements for visual-
spatial skills. - )

Nevertheless, since reading méyﬁinvolve ;eft— and right-
haniepherio‘meohanisma and boys and girls may lateralige
differentially, it is important to assess reading sbility in

‘relation to the lateralization of verbal and nonverbal func-

tions in comparable groups of boys and girls. To date, no !
study has been undertaken which'inveatigates the functions

. AN
- of both the left and right hemispheres of children of diff-

erent levels of reading ability. The purpose of the present

. abllity and the oerebral lateralization of verbal and non- : | !

verbal funotions in normal right-handed boys and girls.
’r .

Method 7
®

Hago;lg;s ggg Apparatus
' The comprehension subtest of the Gates-!accinltle Bsad-

lns Test, the Goodonoughanarria Drawing Test and the ten hand-
prororanou itens or the Harria Tests of Lateral Dominance

.

W
E

‘s

X
kS

2

"

(B-rr13.41957) were used to oclassify subjects as to‘readlng
’ability. 1n§alligenog and handedness respectively. Two sét ;
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J
channel tapa recorder (aevox, Type 77A) and atereophonio

e | earphones (Sharpe. Pro HA 660)e ‘ o
Y " Subjects ’ R . : .
) " : A total ok 260 Grade 3 students in four eleneritary
’ -aghools in 'upper-middle class suburban areas- under the -Bald=-
S ‘win-Cartier Catholic School Conmission were soréened for
. Co intelligence and rea'ding ability using the Goodenough;narﬁc
o - and %tes-ﬂaccmitie tests. The actual srado level’ of stu-
dents at the ‘time of screening was 3.8. During the soreening,
all students who wrote with their lett hund were:noted and
were eliminated from further testing (n - bS). Following
soreenins. rour exporinehtal groups of 16 subjocts each were
I , constructed, 'l‘hese groups were matched acocording to median
. ‘ and range of age and I.Q. and were’'differentiated by sex lnd
( reading ability. 'rable 1 presents the median and ranso coor«
v, »  of the superio and subaverase resding boys and girls on the
= various neasurSa and: includes the grade level performance
qnivalent to the median a.nd range standard soores on roadins
' : ‘ ability. . The superior and subanmée ronding boys and sirll
" 'd14 not differ significantly with respect to sge or 1.Q. and
the boys and girls within the two resding groups .hond no
significant difference on readins ability. The suporior ;
' " readers, of course, differsd from the lubamaso Teaders on
. reading f’ability at j highly ‘ignificant level.

, m& subjects in this atudy reported :mins no Mitory\
- .defioits ,Or uncorrected vi-ual dcticimiu and no !ubfjoct A
' ) showed anr motor i‘paimnu,- mmamg-, iimv uu i‘o\u;
‘ _cchools wero lmted in ma«muy Wwﬁdh m“«,,: :

o

.
L e

S s e . S u
o Wy N s A
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a

_ "Superior Besders N lsubaverage‘ Readers
« . Boys Girls Boys dArls .
. Reading | " '
b _ Abilieye : ‘ ' ~ .
o Median . ’ .
R (6.0) (6.0) (3.0) (3e1)
Ringe: . . .
572-7 57-7 32-47 30 - 47
(5.8)=(7.0)  (Sul)=(760)  (L.7)=(3.8) {1.6)=(3.4)
Age in o ; '
. llodun v ’
) ) 109050 105.50 107000 105.00
‘Bange’ .. e
- 102 = 112 5400 - 112 . 101 -« 113 102 - 113
l B .
I.Q. o ‘ ) J ) . .
Nedien | '
. 99,50 . ~105.83 101,00 ' 105,50
mngo - Co ' ) >
.90 =119 | 91~ 119 90 - 118 92 '- 116
A I, —_—

: ‘ FOR THE SUPERIOR AND

. 1 . ) . ,
MEDIAN AND RANGE SCORES ON I.Q., AGE, AND READING. ABILITY,
. WITH .THE BQUIVALENT GRADE LEVEL PERFO

SUBAVERAGE READING BOYS AND GIBLS

.

o Bl sotual g:ﬂ. level at time of soreening was 3.8
RO ( q)mm!.'u:.m‘tsl crulo level performence '




areas, it was assufed that the groups were reasonsbly well °

tonal’ patterns; the other was patterns of paired letters of

/eeoonds separated the orrset of the recoshltlon pattern and

I'A‘

matched on academlic opportunity. - ,
. . ey
Dichotic Stimuli - ' o
In this investigation the subjects were presented with

two sets of dichotlc stimull, One set oonsisted of nonverbal

the alphabet. L
The verbal and nonverbal tests ‘esach consisted ot 3 ai-
chotic practice tests followed by two Senea of 20 dlchotic

"V'n«....._ mndd M

te[st presentatibns. Bach dichotic, presentation oonahte“d

of/a warning signal, the dichotic stimull and s recognition
pattern. The blank, interval bestyeen offset of f:ho warning
signal and onset of the dichotic stimull was 2 npm/)dt.‘thai;,/“’r
between the offset of the dichotio stimili and the qnset of .
the recognltion pattern wTs 1 second. To a!.;oithe lbji

y oY

cte _‘

enough time to respond, a brlank period of approxmtoly 8

the onset of the subsequent wamms slsml mtmn sach

Series of thq dichotlc teatc, 50 percent of the. rcoosnlt!.on .
stimuli were dissimilar froa either pattern pronutod as-
ohotiha:l.ly while 25 percent were Idontioal to tho pateqm ‘ ‘:Jf::: -
delivered to the left ear of the dichobic munuuon ml
25 percent were ldontical to that doliverod to the r ur.;

Prio:: to constructing the tapes, the nrbl.l md nonv,orbll




_ stimnli wers ﬁever paired together. . Furth;rmore; in the di-

ochotic verbal test, any. meaﬁinsful combinations of letters .

were awolded. Within each Series\\\\zo pattérns, it was

randomly determined which 10 items had recognition patterns

digsimilar from elther dichotic pattern end which 5 items

had recognition patterns similar to the left ear and right

ear dichotic patterns respectively. B
The stimuli for the nonverbal dichotlo test consisted o

of sinewave tones cﬂnprlaing the octave from AL to AS on ‘the o

chromatic scnle (40, h9h 522, 586 660, 7008, 784, snd 880

- Hgv)e The uarnins tono was arbitrarily set at a frequency

of 500 Hg. C'lhe tonea ubro derivod from an audio generator

and ;acorded on & tape rescorder. In opder to 1noreasq the

accuracy of each tonal rrbqnéncy and intensity, the tanes ‘

were monitored over an oacllloacope at thd time of recording. .

‘ With these ptlnull, two tapes were constructed, one for

chanpel 1 and the other for ohannel 2 of‘a dual’ channel tape

rocofﬁor. .On esach of these tapos the 500 Bz. warning aignals

lasted approxinmately 1.75 seoonds and each tone lasted 500

milliseconds. In constructing. a tonal pattern, the tones '
were arranged . to be played contiguously 80 ‘that the duration
‘of a tonal pattern was 1.5 seconds.

" The nonverbal dichotic test was constructed with the
tones generated on the two tapes. The tonal patterns uare‘.
. r'cotdhd on aitrorunt trnck- of & dual chanhel tape reoordor
- 80 that one tonal p‘ttorn oould be delivered to the left ear
at thc same time that tho other tonal puttern was being deli-

vered to the Tight ear.

. K4
PP PN
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The format of the dichotic verbal teat was comparable
to that of the dichotilc nonverba]. ‘test. ' In constructing. the
verbal patte;'ns, 8 letters or the a].phabet were. selected: r, ‘ '
8, 1, k, ¢, h, \ 2 q. Onlﬁ consonante mre chosen ror the 3
test and the selytlon was based on the apperent aﬂdltory ‘

-

" ' diaerlminabnlty of the 8 consonants fron each other.

LA

N In the verbal dichotic test, .the warning signal was the ° L
. dign 1dentifying the test 1tem. In an at;ta;pt to ensure
comperability of the stimulus presentation uner the two "
dichotic tests, the oxperucnter recorded the letters of the . Tal
alphabet to the beat of a netronone soet at two beats per

‘seoond. . In constmctlns the dlchotlc verbal test, the
warning signal, the recognition pattern and the dichotic '
paptem to be presént':ad to the left ear ware recorded on
both channels 1 and 2 of -a dual channel tape redorder. The
1ert-oar diohotic pattem on channel 2 was then omod and
_ replaoed by the diohotic pattem to be prosonted to the

right ear.. With this procedurs, the warning s}pul.nnd the
e 'recogni.tioq pattern of the test inmsentauon oould be played
 stereophénically and one pattern of letters could be delivered
to the left ear-at the ssme time that s different pattern was. ‘
being presented to the right ear, The ongeij. and- offset of
;ach._ letter within the dichdtically purod‘ p-ttoni-- were
matched by sensitive recording no'tez;-, one connected to each
channel of the dual chsnnel tape recoxder, g M
Prior to tésung. each snbjeot was mm tor M m-
feronoo using the: nam- hnu of utor‘l Do-imo (Mh, i
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y
1957/). The questions were rgad aloud by the oxporineni:er
< and the students wers encouraged to pantomime each of the
‘ ! . 10 manual activities mentioned on the questionnaire. .If a \\
o : ' student performed an activity with the right hend a score of
5 10 was assigneda a score of 0 was asqlgned whenever a tagk . N
was perfomed with the left hand. On tasks where students \
- ghowed no manual preference, a score of 5 was oredited. With
/ this procedure, a score of 100 indicates strong right-handed-
ness whereas a score of 0 indlcates strong left-handedness.
d Harris (1957) ’olaborates further 'by.oonslderlng scores be=-
t , ' tween 75 -« 95 aa mnoderate right-handedneas; 30 - 70 as .o
- mixed handedneas and scores of 5 « 25 as nodorate left-hand- l
edness.
‘ ‘ Following the manual preferonce. qugstionnalre, subjects
o \ were individually tested with the two dichotie ‘tests. The
_gv . -Soqu:nt;al ordqﬁr'of' pr;asantlns the tests amd thé ear order
. et presentation were ayaton;atiqqlly oc;unterbalnnoed across
o, cnﬁjeots \jithln src;qpo. By this means, /half the subjects .
7 y - within each group received the verbal dichotic test followed
A. ) ‘' by the nonvorbal} dichotic test end half the subjects received .

k ‘the reversed ord"or of,, presentation. )uthm each order of
dichotioc test presentation half the subjects performed Series
) § ot thc dlohoﬂ.c tests with the r!.sht phone on the rlght ear -
and the Teft phono on the left ear and half the aubJecta '

received the reversed order. On the presentation of Series . .
- II for the two dichotic tests, the sarphones were reversed ,

for sll subjects. Use of these procedures to-balence for .. |
- mu« and fatigue effects, ears and channels oon_trbno& q?_
. _ . . 4



‘for possible biasins effects or theee varlablee on the re- .'
sults. Throughout each test, the subjects .were encoureged.

.

' to attend to the stimulus naterial pree‘qted to both oars;: :
. In each dichotioc teet. the eubjeot'e thek was to'. ldan-

’ > ' tiry whether the recognition pettern m the same as one or _ .
the pat;t:ems presented t}ichotloelly or di,fferene from both )
these pattemss that 1e, eene-dirferent response wag re-
qulred of the snbjects. h dlchotlg; test .was preoeded by )
three practlcentrialq. etl,f'nlu‘a “material on the two -

" . channels of the practice items was deliyered nomtgruuy and

followed by the dichotio presentation of the practice trials.

This’ prooecl.ﬁre pernitted the subjects to become familiar nth

the material and the task required of ﬁr’m.-' Mo dichotic test

- was presented until- the eubJeote were ab:l.e to umeiry COXT-
eetly the moridural and diehotio preeentatlone of the pnntice
trials. In both dichotic teste, liacenmpgh enoournged
to guess\ careruny. when necessary. For mh ‘of the Mohouo
o - . tests, the score tor each ear was -the number of oqmet gm
et | - .. 'identifications for that ear on items with rocoguelon pat- -
S _ teims ldentloal to one of the dlchotically delivered pltborut.

i o " m eddltion, the expernenter recoraed the utency rm tlu oY
orfset of a reoogu.uon ptttom to the m’bject’l mnouewi
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‘sent study glves rise to a 2 by 2 truth table in which there ..
, : by . .

respectively.

‘ Beoomltio;‘; SR S \

ofrooe a8 obtalnod’for Stimulus 'I.‘ypo. F (1, 60) = 72.17.

3
1
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‘ &y

' The seme-different response paradigm used in the pre-

e e s
B X U, SR I /)

are four possible response outcomes, Accordiﬁg to the truth

° N

table which is presented in Table 2, a correct aame and

. )
ST TE]

",

dlfrerent response would be regarded as a’hit and a correct |
rqjoction .respect.ively whereas an incorrect ssme and differ-. A
ent response would bp considered a false alarm and a miss

-

I . . T ,jé

_ Results . e .~

Hand Preference | . o
The raaults of the hand preferorice sectlon or the ‘Haxrris:

Tonts of l’atgral» Dominance: showed ﬁhat 51& subjeots obtained’

scores of " 100, 6 obtained soores ~of 9% and the remsaining y K
‘were oredited uth goores or 90. Thus, the sanple or subjects , '. g
in this study were predomlnantly rlght-handed. . «

4
e

"’.l"».":’r A m i o
o he

) _i._ﬂ. ‘An snelysis of vark ce was a“ppugd to the hits
a8 & function or Reading Abl;ity. SQX, Stimulus Type (verbal
or nonverbal) and Ear to whloh the pattern m ‘presented
‘during the diohotic preaentauon. A highly signiﬂcant uln

L4

ek L ha i M
v e R

< r»‘% s

-

2(.001, wu:h tho subjcota in the two reading sroupu co-
mocly 1ddnt1tnns -mtﬂomtly more verbal 1nfomtion
(X =-16,00) ﬂmn non'varbal intqnagion (X = 23.33)e ,

* In addition o the main, effeot of Stimulus "l‘ypp. there . u

. 9 * ) -
LT ST T i N e
e e et St B A BT

' 'was o mignificant. Stimulus Type Xi Besding AbAlity by Sex - ., I

s o
mtmﬂon. 1 (1. 60) = 5.92, %;925. Figure 1. siyes'the I %
nptu uor« u&orlnns this tr le interaction. In order to g
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. " assess this iﬂteraotion and sny snbsequent\intemtlnn in
this study, Clcchettli's lod'irloauo:‘z{ (Cicchetti, 1972). o?
the Tukey (a) test (Winer, 1962) was applied to the data.
‘This post hoc test showed that the significant Stimulus Type
[ ﬁy Baadlns Ability by Sex interaction was- due. to the re-
l latively poor performance of the subaverage reading girls
,‘ with verbal material, with none of the Reading Ability by
Sex groupe differing in performasnce on the nonverbal ma-
terial. . ‘
The double interactions, Ear by Boadlns Ability, F (1,
60) = 7.29, P <.01, and Stiwulus Type by Ea.r, P (1, 60) = -
8.59,,‘. P <.005, and the triple interaction Stimulus Type by
Ear by Reading Ability, F (1, 60) = 4.79, p <.05, Were all
significant. As Pigure 2 shows, the Ear by Resding Ability
interaction reflected an overall significant left-edr super-
iority for superior resders and an overall rxght;u: super-
' iority for subav‘erago readers. The Stimulus wpe by Ear
lnteraetion replicated “the typl.oal finding of a right-ear
- ‘snperiority for verbal ‘stimull and a laft-oar superfority
. for nonverbal mateéyial. However, ‘as Hgn:o 3 shows, the
~ Stimulus Type by Ear by Resding Abllity intersction modified
s thig effect in that the superior readers, instesd bf -houi;m, N
| the expected significant right-ear énperlorlty with verbal . - .
-0 ' materials, showed a slight loi’t-;ar superiority. The post |
. hoo test on this interaction indicated that the portor.mc Cor
- of . the superior resders differed a:sniflcautly frol llh‘t df |

the subaversge readers only in & -muume enmoneyin‘?
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Tq assess the possibility of a practice effect acroas .
Series I and Series II, an analysis of variance was applied
to the hits as a functlion of Reading Ability, Sex, Stimulus
. ‘Type, and Series. ‘The ﬁ:ndlnss of this analysis showed a
highly significent main effect for Seriles, P (1, 60) = 15.43,
P <.001, with the subjects in the two reading groups co-
motly identifying signiflcantly more information on Series
IT (% = 15.13) than Serfes I (X = 1%.20) of the dichotic -
tests. In ‘ddiqtion to -the main effect of Series, there was
a significent Stimulus Type by Series by Reading Ability in-
; " teraction, P (1, 60) = Q.OQ, P <.05. . The mean scores under-
; lying thi_.s triple intersotion are presented mlmgum 4, In-
) spection of the data in Pigure 4 shows that- the superior

resders scored no‘re hits than tﬁe« subaverage readers except

~ N
T

for a reversal on Series I of the nonverbal test. The post .

) | hoo test on the Stimulus Type by‘Seres by Reading Ability
-interaction indicated that mproven'ent from Series I to
Seres II was signifioant; for subaversge readers with verbal
e uteruls only (p <.05) and for superior readers with non- O

verbal materials only (p <.05). 3 .

’ n Sensitivity measures (g"l. The superior readers in the
_ present 1nvos§igation obtalned generally more hlt.sx suggesting
| ehnt they were soaswhat more efflcleént information processors.
.- However, the cubjécts were required to recognize the stimuli,

a proceduro that is particularly sensitive to the eftecta of
- .guessing. In oxrder to assess whether the superior amd sub—-

—avouso resding boyl and girls uoro differentially sensitive
to Mztory mfomuon. the measure of sensitivity used m
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signal detection studies, d°', (Tanner and Birdshall, 1964;
Swets, 1964) was tabulated for each subject. Each d* score

" 1s derived from the proportion of hits and false alarmg, A

subjeot who adopts the strategy of making a lot of same re-
sponses will have a high rate of both hits and false alamms
and honoe s low d* score whereas a subject who 1s truly sen-
sltiu to the auditory input will have a high rate of hits,
a low rate of false alarms and therefore a hlgh d* score.

| An analysis of variance was appllied to the d' measures
as a function of Reading Ability, Sex, Stimulus Type, and
P (1, 60) = 67.40
P <.001, was highly significant with the subjects in the

Series. The main effect of Stimulus Type,

two reading groups being more sensitive in processing verbal
inforsation (X = 3.92) then ponverbal information (X = 2.05).
The analysis also showed that the main effect of Serles,

r (i. 60) = ‘6.79; P <.05, was significant indlcating that

‘the subjects were more sensitive to auditory information

processing in Series II (X = 3.18) than in Series I (X =
2.79)s In sddition to the main effeots of Stimulus Type
and 801'10:; there was a significent Stimulus Type by Sgrleé
by Besding Abulgy intersotion, F (1, 60) = 5.25, g<.(;5.

‘Pigure S pi'cu'hﬁ the mean scores in. sengsitivity for Series

Pand II as a funotion of Stimulus Type and Reading Abllity.

‘Inspection of the dats in Figure 5 shows that the superior
-r‘odcra were more amluu then the supaverage readers to
. ‘both verbal and nonurbal auditory information except for a

~ -reverssl on Series I of the nonverbal test. The post hoo
. test showed that significsnt improvement in sensitivity from

.»,
~ )
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. ‘ 301‘108 Ito Seriles II ocourred only with superior readers
on the nonverbal task (2< .05).
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; Response Latenc 8 ]
} ‘ An analysis of variance was applied to tl(e median re-
i sponse latencies for the hits as a f‘unctlon of Reading i
Abi11ty, Sex, Stimulus Typs and Ear to which the pattern - :’
‘ . was presented during the (_ucr{otio presentation; The maln
eoffect of Stimulus "l‘ypo. P (1, 60) = 46.40, p <.001, was
highly significant with the mean medisn response latencies
for the verbal snd nonverbal dichotic tests being 4.4l and
3.50 respectively. q'._l'he longer response latency foér the
verbal materiel may reflect the fact that there was more
information to process in the verbal than in the nonverbal

" . dlonbtio test. ‘ .
; . Acoording to the statistical analysis of the medisn

i
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response latencies, no other main effects and no interac-
tions were slgniﬂ.omit. The nonsignificant Stimulus Type by
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Ear interaction indiocates that the response latencies for

-

' - the left and right ears under the two dichotic tests did not
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differ; ‘that i'd. no ear superiority in speed of reéognition

S
e

was obtained for either the verbal or nonverbal dichotié
. tests. In sddition, no interactiof with Stimulus T}pe by
Bay proved to be signifiocant,

T

| . Discussion
S , The pruout stuly assessed the relation between the
[ 'J \ 1utorn1nt1on of verbal nd, nonverbal funotions in boys "and
PR girls at au'r-nne ‘levels of resding abinty. The oouunoa

£ T data tor tho two. roaﬂ,tns groups showed -“I’Tt'mfﬁur
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snpgrs.orlt‘y 'for nonverbal and verbal uterlals mpectlvoly.
With nonverbal material, the expected- lott-m suplerlority
was shown by both reading groups whne with verbal material,
although the subaverage readers shoved a utrong right-ear

superlority, the auperior readers, contrary to the expected
hypothesis. showed a snght loft-ear\nuperiority. Boys and

girls mthin the superior and subaverage reading groups
showed no differential d?{elopmnt in the latoi'auzatlon of
verbal and nonverbal functions. Pun(uy, there vas & aussu
t:l.on 1n the data that the superior Treaders were more effi-
clent and sensitlve than the- subanrlso roador: to auditory
inromatlon processing. -

bt The results of the present investigation indicate that
when consonants are presented dlphotiully. normal right-
handed children are sble to recognize signifioantly more
information presenfed to the right ear thnn that delivered
to the left ear. The opposite pattern of ear superiority
emerges with the dichotic presentation of tonal patterns.

- Previous studies on groups of normal right-bandfd chvudr'on E
have denonatratod a right-ear anpouority in dichotic listen~
ing for verbal stimuli such as dlgu:l (nlu;b.\i%h 19673 ’
Enox and Kimura, 1970s - Bryden, 1970) smd. vom (Bonarl and
Taylor, 1972), and a 1ort-m -nporlorux m ducmt.tc nctuh
ing for nonverbal stimuli’ such as mimm u\mdl (lxpx

and Kimurs, 1970). '!hu. the m'uout .tm upilum thi o




r o/ ne laterality effects of the dichotic listening tech-

ique have been interpreted to represent the differential |
Gontriﬁuuon ‘of the cerebral hemispheres in the procg_saln‘g N\
of verbal and nonverbal aud 1tory lpfomation (Kinmura, i961b|
' Kimura, 1964y Curry, 1967). This interpretation 18 con- \\
sistent with evidence demonstrating that the contralateral
- " connectlons between the ear and cortex Jarca Rore efriciépt'
S t};an the ipeilateral pathways (Bocos, Calesro, Cassinari,’
;' . ‘ and mgnavaooa, 1955). Assuming a olos§ relation betwsen
the peroeptual asymmetries on the dlohotlc listening tech- ]
nique and hemispheric speclialization, the results of the
77 present ictudy support the contention tha_t by ege 9 the left h
m henisphere p@odpninaﬁ:es in the processing of verbal infor-
; "mation (Kimura, 19635 1967; EKnox and Kinurg. 1970) while
| \ the right henisphere appears to be more responsible in pro-m
‘ N o:aéins nonvo:;bai information (Knox and Kimura, 1970). The
fact that this stuly d1d replicate the usual laterality’

at‘toots. foundl with ‘ve;-bal' and nonverbal materials can be

T . v .
BN 2 R S

interpreted, as validating the mpregohtatlvenesf of the par-
'tioular samples of stimulus materials and 'subjeots ugsed in
this study. : S
The results 3‘: the present study fall to 1nd1cate any ‘,;‘17
association between roadlns ability and henispheric speclal- - =~ .}
uatlon for langusge. Qn 40 vorbal dlohotlc test, the sudb- (
" uvemo resde}s obtained a highly significent right-ear
‘ lutoranty effect whue the suparior readers unexpeotedly’

showed a slight left-ear supsriority. 'rms could be mtus"
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- mt!d. contrary to previous roaenroh and theory, as -unlng y
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that: oerebra]. dominance for language is more clearly octub-
S lished in children at lower levels of reading abiuty than
- in thildren who are more pronoient in reading, !Iowovor,’

IR g

rmravighe ppssibiilty exists that -“the superior r'aaders falled to
‘\fn N .

-

T olincy assimilating the amount(of verbal information
‘Q s
pregented rasultu: in a ceuing orfcot in the data. Such

show ceTbral\ dominance for language because their effi-
5§ g -

v a ob\umg efrect would, ot oourse, attemmte any aigniﬁcant

N
e concept that reading ability -is rolatod to henl.--

late ality etrects. s -

‘m ,

. pherio specialization for language atm rron tho nation SR

‘ ' ‘. that the. primary cause in &oﬂiomnm dnlexu 1s faulty

) or incomplete cerobral dominance for langunse (Money, 19663

| . o dem.rsh. 1968 Crltchley, '1970) . me postulate that in ‘

s oonplete cersbral dominance Tor language 18 the caushl taotor

- : ' . of devolopnen,tal' dyslexla 15 largely based on the clinical .
‘ ; observation that many resding disnblui chudru; are. left-

( ' " handed (Zangwill, 1960) or ahow weak, wixed, or lucmht-n\t
o i manual preferences (Ingm 19598 .1960), - '!hm. the inol-

} _dence of ambiguous- and lcft-hlndednuc l.n rouung tu.ublgd,

L ' ' chudron is comidqrod & measure of mcmplotm-torlnhtlm
.\ . of verbal funotions, As Kimura (1961bs° 1967) Kias poantqa

Wl : out, however, the dichotis lutonink toohnique n l norh

s

adequata way of assesaing cerobm doninm- tor
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to the left hemlsphere, as indexed. by right-ear superiority,
ﬂ‘" ' . have had largely negative nhaihgs. Hence, the present"’ re-
_ nsults ere not meoxwlstent with the previous llterature, "
despu:e the widespread citation of delayed laterallzation

N
as being a factor i.nvolved in resding disability. A furthar

z problen with the present study is that the subaverase readers
;  waere not all the.t deficient in reading ability. It is still
| possible bhererore that the assooiation betv:en reading
ebulty and cersbral dominahce for 1anguase does exist, but ~°
_ that 1t is limited to Ireaders who are markedly retardte{ in
" | resding apility. . H
The preeé,ﬁ‘f; study appears to be the only 1x§veat15ation
that hes used the dichotic listening technique to assess'the

: © relstion between resiing sbility and ths 1a£era11z3txon of
nonverbal funotions.  The ear performance of the superior
and eubav;e;?'ego readi,r{s groups did not differ on “the non- L
verbal dichotic test. One possible interpretation of this _

" £indifg-would be that resding ability s not related to the
lateralization of nonverbal fﬁnotloiu to the right hemis-
phere because it 1s basically a langusge-derived ekill.
Boxeyer, as already noted, the widespresd belvie.t in an asso-

L ciation between ree;uns ability and the lateralizatlon of

verbel funotiona to the left hemisphere has been quest:l.onod

, - -in more recent resesrch. If lateralization of verbel’ funo-

tions u indeed unrelated’ to resding eblnty, it 1s not -
(. surprising that.the results of the present stuly failed to
N delmmter -8 fe],ntton between resding ability and the later—
L tnution of mmrerbn funotions to the right hemisphere.

-
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SHankweiler and Liberman (1972) suggest_ that poaubly thexe
is a relation between reading abulty and’ heupptrorlo spe-
‘olalization but that 1t 1s ‘far more complex than has ‘been

assumed and that it ingq}ves visual and motor funoctions.as

»

“well, ’ ¢ - !

The present study falled to find any sex differences.

A
"in the lateralizeation of" verbal and nonverbal processing

capdcitl‘es; In cc;ntrastf the Knox and Kimura (1970) study,
whioh‘\included children between the asés of § and 8, diad
show some suggestlon of an earner lateranzation of right
hemispheric functions in boys than in girls and Bryden (1970)
reported earlier laterauzatlon of 1eft hemtapheno rnnotionl
in@irls than in boys but only at gudea b and 6. The sub-
Jects in the present’ inveatigation were older than most of
the' chudren in the Knox end mm (1970) study but were
younger than the s:;adb 4 and 6 chlldren of the Bryden (19?0)
study, Thus, one possible explanation of the prcunt find-

lnr may be that the ohildren in this study &ore olthcr too. ‘F’

olda or too young to show'any sex differences in the rate nt
which laterallzg%tlon of functlons -t¢ the two hemispheres '
takes place, In further resdarch on thli problem one would

'obviously want to examine uore than one age sroups.,‘ although

9, ~

the difficulty with. uains ohudren youngor than ‘those of" tho
present study 1s ehat thoy need cone/ -chooueg before tho:

.6an be. classiﬂed u disabled roadaz‘l.

)

The d1fference batwoon auxser!.or and lubmmo rouhu i:' ‘.
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generally over all conditions except Series I on the non-~
verbal task. That this higher hit rate is not simply an

" artifact of superior guessing strategies on the part of

superior readers is shown by the analysis of the 4' scores
(Pigure 5) where the superior réade;‘a were found to be more
sensitive to am;itory information under all conditions ex- \
cept Series I of the nonnrbal‘tgpk.

It could' be argued that the differential abilities of
the superior and subaverage reéders in processing auditory
information are assoociated with differences in attention,
However, on the two dichotic tests both the superior and‘sub-
av‘era;e readers generally obtained more hits and higher d°

scores on Series II compared to Series I whereas one would

" expect that if lack of attentioh were’'a factor, performance

would deteriorate over what was a relatively long testing
session. ' ) «

- The difrerencea obtalnod between the snperlor and sub-
aversge readers m procesains auditory information are pan-

ticulafly mtoreatlng sinoce the subaverage readers in this

study were roadlns on\iy slightly below expected grade level
ﬁorronmoa. It 1s possible that.children who are still
less proﬁ.ciieut in roading would chon even more pronouncod
difficulties in processing auditory information. It 1s

’ mtr.lsnln's to 'speoulato that it might be more diffiocult to
teach the skills of reading to aversge reasders than to

superior resders with the mo:g method which involves the

usiouuuon of wordc meo 80 units. l'urthomre. it

" ma¥ be cautiously suggested thnt resding qu.uoa ohildren
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' information dichotically to children at three different

!
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would benefit more from the whole-word method than from the'

phonic method of teaching reading.

The present findings suggest that future research in
thi‘s area conslder the presentation of verbal and no;xverbal

$

levels of reading agllity: - children at actual grade level
and children reading two or three g;pde levels above and
below expgc‘ted Jgrade level performance. However; it appears
that finding such samples for investigation would dbe Aiffi-
cuit 1f the socloeconomic variable were held constant, The
present stud'y was conducted in an upper-middle class area of
Montreal and, of the 260 children tested only.a small propor-
tion were reading boiot‘; expected grade level performance,
In contrast, Zurif and Carson (1970) ;:onducted their study

/in a low socioeconomic area of Montreal and had difficulty

‘: v
finding children of average resding ability (Maag, 1973,

personal communication).

¥ # Iy
s AT y

The present findings also. iﬁsgest the mnstigation of
auditory information pwooesslng in reading disabled chndrm.
Any deficiency in a\uutory Mbmtion procesBing may de a
cause or an effect of reading disability. In oxder to tease

«=ijpout a cause-effect relationship, it would be necessary to

conduct a lgngitudinal study assessing”auditory information

" processing ani subsequent ability to scquire the skills of ...

reading, ‘ . ':. ':v"z'[
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.. SCORES ON READING ABILITY, AGE, AND I.Q. -
- THE ANALYSES OF. VARIANCE SOURCE TABLES
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. . ¢, REAGING ABILITY
: . ANALYSIS OF VARIANCE

. . Source e 83 d \“B 'J SN

- Between groups 5990.30 T3 1996.77 91. Z‘t oL
Vithin groups < 1313.44 ° 60 . 21.89 SR

C*p < .001
- . TABLE 2 ' <

o 1 AGE IN MONTHS S
| ANALYSIS OF VARIANCE - R

- -

. . ~ Source T 8s ar s » ‘

. L
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L ‘ ' . ~'Instruo‘ttons

- " Verbal-dichotic test

| — . ©

Monaural presentation. You are going to hear l‘,e.tters : \

. o ‘ |8 . , .
of, the alphabet (r, 8, 1, k, ¢, h, v, and q). When the man,
‘on’{:ho tape says the number 1 that means you shoultirilsten’

\ Sarefully because you are soon 5olng tp/hear a set of three‘
\. Tetters (e.gs 'h, o. a)e . And after a short pause you will
hear another set of three lette played to you;r (right o‘&r ,
. left) ‘ear and t;ell me ‘¥hether the secohd set ‘gt\lotterp is.
ﬂ_\,} the same oF different “from t}‘ie first set. O,K.? ("It in-
¥ ,.correct repeat. When correct contlnue.) - Q,_ '
oW t;} the next two tests. *Just berore the second tqst
begﬁ the man w111 soy the number 2 a.;a before the third
‘test he will say the numbe.rva. When > hea® e. numbers,
A “begin listening ver'y oareh'xlly.; (Be at any Inc rrect trials,
" Continue 1r and whgn all resp{mses are correot.) ) ‘
" / j '. \ - We are going to do thq same ‘thing, this time with the
‘ } dther -eam O% K. (Bepeat any 1ncorreot trials.. COntimu i -
and whep all responses are‘correot) ' ' »
| Diohouo gresgntation. This time you will h'oa?\ the lan
\ -
on the tape sajr the mimber 11in bot ars. This lets you .
T know that you must etart istening very caréfully. Beoauso
| you are goiné to hear letter's of’ thf alphabet};. This tine
you wnl hear a set of three 1ette to one. par and at. ox-

" getly the sa;nb tige You will hest ancther set of‘ three letters -

-

»

in_the other par. , You must Tisten oaretully to ‘the tﬁ*s‘ata

/ - of 1ettgrs pléged to 3our eara at tho sna, bme.\ Arter u ;
R short pause ydu will -Jisar another sef‘ or thraa lettqrs l:ut




_the game as one of the two you Just heard before or it may ;

.played to your (right ;:r left) ear and. tell me whether the o

1
als. Continue if and w!;en all: responses ere correct.) .,

. other ear. ‘0.K.? (Repeat incorrect .trials. Continue:

L

- 49 -

will be the same. in both eers. This set of letters may be

be different. I went you to tell me whether 1t's the same
or different. To get esch test right you must listen care-

fully to both ears at the same time. During the tests I'1ll .
1 .

keep reminding you to_lisWen to both ears. At times you
ﬁay have to guess. If you guess, try to make a very good
guess, 0.K.? (Play the 3 practice trlals - 1f all are
responded to brrectly, continue, Bepeat any incorrect
""‘\’\w; . o . \
trials.) i}
Nonverbal dichotic test : ' .

. Monaural pregsentation. fou are éoing to hear sounds '
A

like music (nlustration). The rlrst sound means that.you

should 1listen cerefully beceuse you are soon going.to hear a
set of three short musical notes (illustration). And aftir

.
»
PO o & Pt Ty SOS TG

a“short pause you will hear another set of three short musi-

' cal sounds. I want you to listen carefully to these sounds

&L

seognd get of three musiocal sounds is the same or different _
from the first set of three musical sounds. O0.K.? (If in= A

correct repeat. When correct continue.)

3

. . T g
Now triﬁ‘\e next two tests. (Repeat any incorrect fri- .
\\

We are going to do ﬂx\ea:;me thlns, this time with the

¢ &

S 4 and when all responses are correct.)

\
Dgchotio muntatio . 'mls time yon‘wln\haar the

rarat muudal sound in both ears. Rémember that this first



sound lets y&u kriow that you must start llsteqing very care-
rully because you are going to hear more musical sounds very -
soon. Thls time yqu will hear a set of three short musical
sounds to one ear and at exactly the sax;:e time you will hoar’
'a different set of three sounds in“the other ear. You must
1isten carefully to the different musical sounds you hesr im
both ears at the)same time. After a short pause you ‘will
hear another set of three short tonés that will be the sawme
In both ears. This set of .three short musical soJ.nﬂa may be
the same as one of the two you just -heard before or it may
be different. I want you to tell me whether it's the gsape

. or different. To get each test right you must listen oare\-
fully to both ears at the same time. During the tests I'}l
Keep reminding you to listen to both ears. At times you
may have to guess. If you guess, try to make a very good
guess. 0.K.? (Pl‘air the 3 practice trials - if alf ares re-

sponded to correctly, continue.,  Repeat any incorrect trl.ilc)._-’
A ] %
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, TABLE 1

SOURCE TABLE FOR THE ANALYSIS OF VARIANCE Oll THE HITS AS A"
FUNCTION OF READING ABILITY, SEX, STIMULUS ‘.I.'!PE, AND EAR

.

“Source ar . M3 ' -

|
; Between grioups P
I &3
Readi Ability (BA) 1| 10,97 . 3.04
' Sex n? 1 1072 ) .OQgZ
BA XS 1 ' 0.88 Oe
Error 60

Within groups -

Stimulus Type (ST) 1 t
ST X RA 1 9% 3.75 -
G STXS p ! 3.75 2.37
ST XBRA X S ‘ 1 9.38 5,92
Error 60 1.
Ear (E) 1 1.1 0e53 40
E XRA 1 15.50 - 729
BEXS 1 0.32 0,15
EXRA XS 1 «79 2.25
_* Error L5 60 | . 2.13 - .
f. ST XE 1 19.69 8.59
ST XE X RA 1 10,97 b.79*
STXE XS 1 v 0266 0,29
) ST XE.XBA XS - 1 o1 ~0.62 .
Error 60 . 2:29 ’ ,
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- SUMMARY SOURCE TABLE FOR THE ANALYS
o ON THE HITS AS A FPUNCTION
. ' READING ABILITY, SEX, STIMULUS TYPE, AND SERIES

gF VARIANCE

Source -

ar

MS

~ Within groups

' Series (Ser)
' Ser X Beadin?.Abillty (RA)
Ser X Sex (S :
. Ser X RA X 8 .
|l " Error '

gg .~ - Stimulus Type (ST) X Ser

O
Ot b b

13.60
0.32
0,04
1.41

~ 70.88

0.19

1.60

0.20

; 1
A ST X Ser X RA 1 3.7 4,00*
e ST X Ser X 3 : 1 0, 0. 04
A ’ ST X8er XRA X 8 1 0.88 0.94
A ] Error 60 0,4
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Sensitivity measures (4°)

i

Superlor Readers

Verbal - | ﬁlonvorb'al ‘ :.

-

Series I Series IX Series I Series II

° ]

“ Boys Subject | ,
1.80 1.68 1,10 ' 0.78
I R
2056 0.26  3.16
PRI v B &
“ (2088 - 0.52 110
;.gg , 0400 i'§8
010 1.0
3.16 D -1.3%
. 0.26 : . 0.82.
30-16 ' 1
1.80
3.60'

1.80
2.12
2.12




€

‘Sensitivity measures (d°)

¢

Subaverage Readers

v

¥

T Verbal < Nonverb: N\
, . Series I Seriles II  Series I Series >£I‘

1

P <

I
Boys : Subject
) 2,12 1.36 0.76 0,00
' 1080 1.5“ . ."0026 0052
1.10 212 - ‘1436 1.05
1.10 1.80 . 1.28 -0052
" '1.10 2.12 ) * 2.06 ! 0052
- 1480 1.10 0.78; 3.16
1.80  4.64 1,05
1036 1.5“ - '
2.12 3.60
1.36 1,10
2-56 ‘284
3.60 2. 56
2012 208""
0027 * 2.12
2.58 212
1.36

; 1 , 2. 56

o * 2 ’ 1‘36

. ) . ;.gg
. B EN

g : 1.28

2.12

. 1.68

-~ -0, 52

9 1.05

0 . 2,06

1 1.36

12— 0.51

13 . 0.00

i4 - 1.28

T 1 o 2058"

-1

:
&

13




SOURCE TABLE FOR THE ANALYSIS or VARIANCE
. ON THE SEKSITIVITY MEASURES ‘'AS A FUNCTION OF
BEADING ABILITY, SEX, STIMULUS TYPE, AND SERIES

. SR \

Source

Between groups

| i 3 b B -

Read ing Abi1lity .(RA) 203.95
Sex (S . 2."6
RA X S . - 853,02
Errox . ’ 140.07

\uth,m groups

Y

Stileus Type_ (8'1‘)
ST X RA

STX S

STX RAXS

Errox .

g»uw#

=y

Series (Ser)
Ser X RA

Ser X 8

Ser X RAX S
Errox '

"ST X Ser

ST X Ser X RA

ST X Ser X S
STXSarXRAxs
Error

’

géﬂnu gwnHH

N

-

4-2‘ «05
+4p< .001




.&o a o Medlan Besponsé Latencies: Hlts

R _ . Superior Readers A _ ) ‘ oo - .
i - . . . . ~ . b)
- : ' - '» Verbal .Nonverbal
o , Left Bar Right Ear , Left'Ear Right ‘Ear
: Boys - Subject (’ e
- IR - R - N
v . . . ox «00
& ) » 50 3.25 3.50 - 4400 R *
% | 5 . . 3.5 3.00 3.00 - 2.83 ‘
rs ' ' ) 6 ‘ 5.50 4.50 N 2.25 2.25
2 7‘ } 5-.00 1&.1 . .00 3000
B 050 3.9 «00 U417 .
. 9 ’ osp 8-5 3017 6.50 . ’
: 10 < b0_75 "O 25 )&.00 3. 25
" 11 6.0 " 5.00 . h,17 5 ’hQO
: ' . 12 2083 B .00 ’&.00 e l&.OO
( * i . 2.00 ) 5083 ' 5050 . 2050
N SR | o33 5.50 5.00 3450
- 15 . 83 3.21 2,00 3.25
. 16 .00 3‘00 ’ 2‘00 Ty 2.30
. A .
Girls .
1 C ' 4400 T &,00 2,83 -
’ 2 ‘&.00 ’ 1&.00 3000
z ’ 5,00 3.50 3.00
. 500 - 2,00 “5,00 - -
_ o & 5: 5000 . . 1025 - 1'.75
6 50 . 4,00 5.00
‘g «83 . 3400 +00 ’
Lo 5.00 3.83 00 - .
9 2993 ; 225 2,00 *
. 11 ) 5.00 3.90 - - 4,00 . o
12 T 5417 5.007  5.83 .
. 1 . 5.00 l . 3. 00 20‘33,
: . 3.00 / 2,00 - -'2,00 -
| ‘}.08' Lo * 3400 3,00

3.00
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2 . 3.83 - ‘g

2 RN E 83 T 050
. 00’ 50

5 5.00 .- 5.00

6

7

8

9

00 325

. 2425

T W00
. 5.00
10 +50 .

2.00
ll». 1‘7

o 3 00 30
| 3225
18 ) 1‘5:70“ © 583

.

'S
"

OO O\ Wi

d

D b b b
FEWNN-O
-

O\

N
. Lpfg Bar Bight Ear

3.70 .

3.00

;

Left gaxg Right m]

Y

» ) . -,
“ 3,007 . 3.Q0 - "
: 033" 3.83 R

"2070

. 3.83 &,

© 3400 - 4,00

Nonverbal

%,
3
H

!
!

)
< o %

-

A
:

Yt g o Jo g

. _ 3.00 - o
30%0 T 6.00 :
“60 /. 4,00
3.50 - 400 .
2. 50. ~ﬂn00' \ R
2125 2025, ! :
3.00 4,17 : g
4,00 .. )
4,00 .
1,00 . oy
3,00 ° .
5.00 " 3.00
.50 N Tl
3.00 — . o

3.00
3.00

5,00 :
3,00
2:50

2.00



: 42
r’ 3
} ¢
.
-
-
L
.
. -
- s
»
k]

[

LI
.

[ ’
v 's
4‘-
L

3 .
-y
pa
s
o e

L.

Y

L4

e Ay YR i o
SRS N O
\

Sy
[°Y 117

\

R O G AR P
\)._6,- o

TABLE 4

&Bmacx TABLE FOH THE ANALYSIS OF VARIANCE -
ON IAN RESPONSE LATENCIES AS A FUNCTION OF )
(ABILITY, SEf, STINULUS TYPE, AND EAR ~ ~

e

)

. r X } :
N - ‘
~ “Source ° ar M .F
“-mhmmjmmn (L .l;
" A M ‘r ‘
Readin? Abnits’ (RA) 1 - 0.66 0.24 b
qu \ 1 0.08 0.03
BA X 8 1 0,14 0.05 o
Error | .° é0 -~ 272 f 5
* ) . L, ‘ .
: . -

uuunmmmgf

J

S’tilﬁiﬂ&'rype (s'r)

. ST X RA~ .
ST X8 ° : .
ST X BA X 8 -
RBrror

v /

+
L)

o)
—
\

e
Ll k]

"RYB
>
o

B3rar3n

MM
Froome

b2 b

g

.

W

¥

Srrpn

5
swwz‘

-~

el

2

v

’

ot
;.G'

T 0.95

. 71.08
0,11
0,27

™ 0.6‘5 +

00
0,36 4
0.‘4‘1 - ¥ (_
0.05 . B
0.55 "
o3
«67: i
t o. 16 - . -‘\;

14

el
eyl g

LY




